2. Describe all asseasments, analyaes, tests, tost results, studies, surveys,
simulations, investigations, inquiries and/or evaluations (collectively,
“actipns”), including any Failure Mode and Effect Analyses (FMEAs), that
relate to, or may relate to, the subject component or the alleged defect in the
subject vehicle that have besn conducted, are being conducted, are planned,
or are being planued by, or for, Honeywell. For each such action, provide the

following information:
a Vehicle make, model, and model year for which the subject component
is used;

b. Artion title or identifier;

. The actual or planned atart date;

d The acturl or expected end date;

a. Brief summary of the aubject and objective of the action;

£ Engineering group{s)/supplier(s) reaponxzible for designing and for
conducting the action;

E. A brief dascription of the procadure used to complets the action,
including testing or strvey sample asizes, where applicable; and,

h, A brief summary of the findings and/or conclusions resulting from the
action,

Far each action identified, provide copies of all documents related to the
action, regardleas of whether the documents are in interim, draft, or final

form. Organize the documents chronolopically by action.
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NHTSA Honeywell Questionnaire —Ref, Question # 2

Attachment
2A

(Gear Train Analysis)
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'=.==.-.-------:--=-:-=== VARIABLE EHEET amammsssss s nsmsmsecis - asrmsSammEc=ams==onas

.t Input---- Name---

48.0000
1z .5000

&0.0000
.37500

'Frm

3747

.0320
0

86.4167

ngar

.5292
.9654
.06337

.37541
.1385
2.2008
No

20

meth dr

cddr
modd dr
Emod dr
xndr
xnodr
xdr
soddr
nttodr
=1 eodd
ptd_dr
pddr
nttdr
S8n dr

hadr
ladr
Fdr_min
pedr
cpdr |
tmodd»
tpadr
tttdr
tbpdr
bhadr
ap_dr
lead dr
Dhi*dr
EDhi_dr
rddr
dbadx

SEEES

3747
.0213

L4540
.3333

3.5833
L1664
3.9000
1.04719
8.4666
76.4138
51240
24599
75.07301
.G6558
.0656
.2982
210.6171
.2H4B
.0783

1/in
deg

in

T3

in
in

in

in

1L
in
in
in -

deq

in
1/in -
in

in
in
deg

in
ia
deg
in
in

#1 Nominal

60-125 (Var 4.2}

CROBSED AXIS INVQLUTE HELICAL GEARS
{Non-Enveloping Worm Geara)

Press "Alt A" for Scolutrion Lisg

*NORMAL PLANK:
*Diametral Fitch
*Nominal Bregsure Angla
*Module
*Circular Pitch
*Basa Pitch

COMMON :

*Shaft Angle (+ or =)

*Operating center distancs

*Standard centesr digtance
*Langch aof contact
*Contact ratio {SAP > TIF)

*Contact_helow finished involute?

*Gear_ratio

*DRIVER:

Number of teeth

*Hobbad ('holy), Shaped ('shp)
Formed {'fym)

+*Qutaide Diameter

*Start Tip Modification
+Rol]_at_start of tip modification
*No _OD btip rmliaf

tNormal clrcular OD tip relief
*Transverse_clrcular CD tip relief

rEffective_outeide diamstar
*Noxmal_teooth_thicknesa at EOD
*Normal EOD tip rellief

*Popintad tocth diameter {Ho tip mod)

*Rafarence ED
*Finighed normal tocth thickneas
*Total normal circular finish

stock on teoth thickness

*Halix angle (+ Right, - Left)
*Laad angla {+ Right, - Laft)

*Minimum Face width (hi-rotation)

*Transverse diametcral pitch

*Transvarsa circular pitch

*Transverse noduls

«*Transverse prafsure angle

*Transvarse tooth thickness

*Trangverse basa pitch

*Base hellix angle

*Axlal pitch

*Lanad

tInv/Efillet intermection dia (TIF}
tRoll at_inv/Lll intersecticn dia

*Root amater

*Base_diameter

;254




20
tfrm

.4580

0320

3.5833

meth dn

medd_dn
Emod_dn

xnocdn

eoddn
actodn
xn_aeodd
prd_don
pddn
netdn
g88n_dn

hadn
ladn
Pdn min
ptdn
cpdn
tmoddn
tpadn
tctdn
thpdn
bhadn
ap_dn
lwad dn
Dhi_dn
Eohi_dn
rddn
dbdn

delca

CpC
work

nbbhl
po”
ncp

npa™

pddx™
ntedr®
had»~
ladr*
pedr™
cpdr™
tmeddxr™
tpadr™
teedr™
abhldr

Bap dr

nttsapr

SEEE:

4580
.01748

8

.4883
L4175

86.4167
0141
47.90&2
.0e558
5302
14.5272
.0321
06343
3.46905
1.04719
20,9439
L4044
2.0501
.3688
.4041

=.00041
-.0001
.0414

-0012

4§ .0000
-06545
14.500Q0

.3333
L0320
86.4167

3.5833 -

3.0000
1.04719
8.4666
76.4138
5120
€.815
.3048
.0383

in
in
deg
in
in
in
in

in
in
in

deg
deg

1/in *
in
deg
in

in

in

in

in

in
in

in

in -
1/in
in

deg

in
in
dag

dag
1/in =

deg
in
in

*DRIVEN:

Number of testh
+Hobbed ({'hoh), Shaped ('shp)
Formed ('frm)
*Outside Diamecer
*5tart Tip Modification

*Roll_at_start of tip modification

+*Normal 0D tip relief
+*Normal circular OD tip relief

*Transverse_circular 0D tip relief

*gffectiva . cutelide diamatar
*Normal tnath thickness _at EQD
*Normal_EQD tip relief

+*Pointed tooth diameter (Ne tip mod)

*Ra?arence D
*Pinished normal boocth thickness
*Tatal normal circelar finish

stock on tooth thickneas

*Helix angle {+ Right, - Left)
*Lead angle {+ Right, - Laft)
*Minipum face width (bi-rotation)
*Trangverse diametzal pitch
*Tranavarse_circular pltch
*Transvarsse module
*Transvarse pragsure angle
*Transverse_tooth thickness
*Transversw_bass pitch
*Bage helix angls
*Axial pitch
*Lead
*Inv/fillet intersection dia (TIF)
*Roll_at_inv/fil intersection dia
+Root diameter
*Base diameter

OPERATING DATHA:

rSaparation of pitch planas
*Contact_path ta line of centers
*Working depth
Normal Plana:
*Rage_backlash -
*Diametral pitch
*Circular pitch
rPreageure angle
*DRIVER:
*Piteh diamater
*Normal Tooth Thicknass
*Helix Angla (+ Right, - Left)-
*Laad Angle (+ Right, - Left)
*Transverse Dliametral Pitch
*Transverse Gircular Pitch
*Transverse_Module
*Trannvarae Presgura Angls
*Trangverse_Tooth Thicknaes
*Angular backlagh
*Btart of activa profile (EhPl
*Normal tooth thickness at SAP

j25 N




ngwlddr
recl ér

pddn”
necdn”
hadn’
ladn”
ptdn’”
cpdn”
tmoddn®
tpadn”™
tetdn®
ahldn
gap dn
ntteagn
nswldan
rool_do

mark
markm
teath
roll
c4

Egap_dr
Eod dr

Egap_dn
Eod dn

tpdr

hia dr
h“dr
£odx
ke dr
hia2 dz
rt_dr

u dr
ua_dr
uap dr
hu“dr

nsuthr

HppnppR

.0d51
.00386

L4175
.0320
3.E833
86.4167
47 .90€&2
.06558
.5302
14.5272
L0321
.341
4044
.0332
.0302
.0033

'Y
'Y
1

1

215.3512
268.1238

2,0801
3Q.5517

([ I O I

deg

deg
deg

des
deg

Aeg
in
in
in

in

*Normal space width at SaP
TRogt_eClearance
+DRIVEN:
*Pitch diameter
*Normal Tooth Thickness
*Helix Angle (+ Right, - Left)}
*Lead_Angle (+ Right, - Left)
“Trangverse Diametral Pitch
*Transverse_Circular Pitch
*Transversa Module
*Trangverse_Pregsgure Angle
*Transverse_Tooth Thickness
*Anqular backlash
*Scrart of active profile {SAP)
*Normal_tooth thickness at SAF
*Normal_ space width at SAP
*Root_clearance

PLOT CONFIGIRATION:
*Mark inv/fil intexsections?
*Mark mod/inv lnrersections?
*Number of testh on plot (Def=l)
rLriver contact roll angle of
*Driver toocth number {Deful)

DRIVER ROLL ANGLES:
*Scart_of_active profile
*Bffective cutgide diameter

DRIVEN ROLL ANGLES:
*Start_of actjive profile
+Effective gutside diamater

DRIVER HOB:
*Hob type {Semi-Top='s, Tip-Rel='r
Non-Top='n)}
*Flack angle
*Tip to Reference Lina
*Tooth thickness at Refarance Line
*Raference_Line ts Start Mod Ramp
*Pregpura Angle cof Mod Ramp
*Tip_radiug
*Protubardnca
*Protubarance angle from flank
*Protubsazrance_pressura angle
*Tip to_flank/prot intersection
*Ref_Lihe to Eub BAP
*Normal Space Width at Hob SAP
DRIVEN HOB:
*Hob type {Semi-Tops='s, Tlp—Rul-'r
Noo-Top='n)
*Flank angle
*Tip ta Referance Line
*Tooth thickness at Raference Line
*Reference Line tc Start Hod Ramp
*Pregsure Angla of Mol Ramp | .
*Tip radius

j25vd




P

14,5000
.0228
.032%
.008s

14.5000
L0229
-0327
.008%

ntee_dn

sapc_dn

rfa™~“dr
h™"dr
£ dr
re~Tdr
tc_dr
tr dro
xp_dr

rfa®“dn
o™ "do
L™ dn
retTdn
tc_dn
tr_dn
xp_dn

(I I

deg
dey
in
in
in

in
in
in
in

in

in
in

in

deg

in

in

in
in

1in

in -~

in
in

*Dratuberancs

*Protuberance angle from flank
*Protuberance pragsure angle
*Tip _te flank/prot intersecticon

*Ref Line to Hob SAP

*Notmal_ Space Width at Hob SAP .

DRIVER SHAPER:
*Number of Teeth
*Dutslde Diameter
*Normal Tnath Thickness
*Tip . Radius - Normal Plane
*Protuberznce - Normal Plane
*Center distance with gear
*Start_of active profile diameter

PRIVEN SHARER:
*Number of Teath
+*outsida Diamerer
*Normal_ Tooth_Thicknees
*Tip Radius - Narmal Plane
*Prptuberance - Normal Flane
*Center distance with gear
*Start_of_active profile diameter

FORMED DBRIVER:
*Basic Rack Form:
*Flank Angle
tTip to Reference Lina
eTooth Thickness at Refereance Line
*Tip radius
»Radial tip chamfer Def=0
*Normal_ tip radius Deaf=0
*Normal tip relief exponent Deaf=3/2

FORMED DRIVEN:

*Bagic Rack Form:
rFlank Angle
*Tip to Reference Lins
+*Tooth Thickness at Reference Line
+*Tip radius

*Radial_tip chamfer Def=0

*Normal tLp radiva Def=0

*Normal tip relief exponent Def=3/2

|25 A7
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.:::.-==.==-=====-=II- VARIARLE SHEET co—cwao=—acrrosc=Sr—cacmosronsmmmsos —ass = -

-t Input---- Name--- Cutput--- Unit

T T

g Py

.., ———— |

«ond Tl e

- BRI Y

.06

1.4E6

.335
.0625
.08

375

. 766
.35
-298
-307

Ve
r

alpha

theta

Lgs

ID

AL

o

+51
+ 4

18.592
1

9.296

76.878
64505
4486.2

0

A0E6
T&.223
1.125
4.6553
17.965
3.051

Q
i0.527

. 654
17.965
4.655
1.125
.231

30.538504
B88.18283

-0625
3.3585855

30.130728
45,355286

.0786751
.435932551

fr/min

Ll

1bf
bt

psl
pEi

ozf-in
pEi
deg
lbt
1Lt
1bf
1bf-in

azf-in

. psi

1bE
1L
1bE-
Ibhf-in

ozf-in
1lbt

*Maximm aliding wvelocity
*approx_coafficient of rricricm
{Dafault value is for hardened .
steal driver and bronze drive.
*Approx_efficiency
*Approx_afficiency backdriving
*anti-backdrive safety factor
*Toposad normal tooth load
*Overload factor Def=1
*Toeal _norxmal tooth load.
*AC_center of contact interval:
*Angle hetwean contact curvatures
*Spacific comprespive sLress, s
*Load/compressive atress factor, Cc
Driver:
*Power
*Rotational speed
*Torque
*Young s modulus (Default a Steel)
*Contact curvaturs inclination angle
rTangentizl force
r3aparating force
*Axial_ force
*Ovarturning moment
Driven:
*Rotaticnal speed
*Torque
*Young s wodulus (Default = Bronze’
*Contact curvature inclination ang.
*Tangential force
*Beparating force
*hxial forcae
Qverturning momant

Ecrew Connected to Driven and Nut
Screw Driving

Torgus

Total axial rapisting load

Thraad pitch diameter

Nunbar of atarta ’

Thread lead

Thread axial pitch

Coafficient cof friction: threads

One half insluded thraad angle

Thraad mean laad angla

Coafficliant of frictien: thruat cellar

Maan diametar of thrust eollar

Axis to thresad normal surfacs

Thread efficiency

Threaded length

Screw CD

Scraw Root Diamater

Mut ID

Tensile gtress arsa .

Total thread surface arsa ¢ .

/ZENIL 3



L]

L

L. ]
Prosrrasd

Corend

03125

SeT
arc
attER
attl
Bns
SnN
538
SsN
5tS5
SEhA

EtR
SER

200.723Q3

.04741581
05434401
56048004
. 78466012
157.33447
112 .328347
157.1794148
1120.848

1230.4209
669 .99689

p=i
in
in
in
in"2
in"2
pEi
PEL
psi
psi

pel
psi

Comprasgive stregs (Full contact)
Seraw axlal toorh thiskness

Serew axial tocth thickness at Nut ID
Nut axial tooth thicknesa at Scraw 0D
Total scraw shear arsa

Total nut shear area

Screw ghear stress (Full contact)

Hut shear stress {Full contact)
Torsicnal stcrese ac screw root dia
Axlal stress at screw root dia

Max tensila grress at s0rew root dia
Max shear atress at screw root dia

JAENMNILD




;.::--:-IH'-‘-'.H-- mIMLE EEEET =-'-'=========‘===-l-.-===.-===.--:-:::--:-“I'

-

—i eslescem, TF. L S -

Input-=--- Name--- Qutput=-- Uhit-=---
Vs o fr/min
.06 o
eff +51 ¥
effbhack +4 ¥
sfB _
nload 37.184 bl -}
Fo 1
tnload 1B8.592 1bE
cli 76.878 dag
= 81397 pei
Cc B972.4 pei
powar 0 HP
) rav_dr
& tork_dr gzf-in
E dr 30E8 psi
clidr  76.223 deq
tan Ar 2.25 £
gep dr 9.31 bt
ax dr 35,93 1ht
Mo_dr &.102 lhf-in
rav _dn 0 pm
tork_dn 61.053 cz#-in
1.4E6 E dn pEL
clidn .654 deg
tan dn 35.83 1bE
sep_dn 9.31 ph-1.
ax dn 2.25 Inhe
Mo _dn 463 1bf-in
T 61.053007 ozf-in
Fa 176.36566 1bf
.335 Dm in
- Ka
.0625 Tlead in
P -D625 in
.06 £°
30 phi © deg
alpha 3.3585855 deg
4 =
. 375 be in
theta  30,130728 deg
& 46 ,355285 %
. 766 LgS in
.375 oD in
2598 RD in
.307 iD . dn
At .0786751 in"2
*An .43932531 in*2

LOADTNG :
*Maximum sliding velocity

{Dafauvlt value is for hardensd

+*Approx_coefficient of fricticn .

atesl driver and broonze drive..,

*Approx_efficiency

*Approx efficiency backdriving
*Anti-backdrive safaety factor

*Imposed normal teooth load
*Ovarload Factor Daf=l
*Total normal tooth load

*At_center of contact interval:
*Angle bhetween contact curvatures
t8pecific comprassive stress, 6
*Load/compresalve atress factor, Cc

Driver:
*Powar
*Rotational spaed
*Torque

*Young~a meodulus (Default = Steel)
*Contact curvature inclinacion angle

vTangential force

rSeparating force

*Axlal_force

TCrerturning moment
Driven:

*Rotational spesd

*Torgue

*Young~s modulus (Default = Eronze’
+Contact curvature inclination ang. .

*Tangantial force
*Saparating force
*Axial force
*Ovarcurning momanc

Screw Conrnected to Driven and
Screw Driving

Torgus

Total axial reaisting load

Thread pitch diameter

Number of starts

Thread lead

Thread axial pitch

Nut

Coefficlent of friction: thrasada
Ona half included thread angle

Taread maan lead angle

Coafficiant of friction: thrust ceollar

Mean diamatar of thrust colla
Axis to thraad normal surface
Thread efficiancy

Threaded langth

Screw QD

Scraw Root Diametar

Hut ID

Tangile stress aresa

Total thread surface area

-

r

JLSAIL G



o—

i
i

.03125

5T
act
AttR
attH
Sns
SnnN
==
SsN
5t5
StA

StR
=11

401.44607

.04741581
-05434401
-S36048004
. 784866012
314.60854
224.,76655
734 .358585
2241.68%96

22560.8418
1339.5938

pel

in
in
in“z
in"2
pal
pai
psi
pai

psi
psi

Compraessive stress (Full contact)
Screw axial tooth thicknass

Screw axlal tocth thickness at Nut ID
Kut axial tooth thickness at Screw OD
Total screw sheaxy area

Total nut shear area

Screw shear stregs {Full contact)

Nut shear stregss (Full contacc)
Teorgicnal stregs at screw root dia
Axial stress at scraw roct dia

Max teneile stress at screw root dia
Max shear streas at screw roct dia

JEEArL L
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‘ot Input---- Name--- Qutput--- Uhiit=s==«
!
-1 z1l
20 4
i 20
| T .52916667 wm '
-1 DEn
m .93020322 mm !
DP 47.90615%
il 14.5000 npa deg
o tpa 14.5272 deg
. 3.9833 gamma,_TL deag
] L3750 a in
. 3747 dal in
T .458Q da2 in
: dml .3334 in
dm2 4167 in
-W wkd 0414 in
. 265.9475 F2 1bf
"D L - fefmin
!. ) b « Wil in
£z .66
"1 c 3654.59031 1lbf/in"2
k ¢ _al 1160.2019 lbf/in"2
B¢ .22
T .
‘ 315.93 Famax ibzL,
- 185 T F
' ral .1874 in
rml L1667 in
raz2 .2290 in
I L0331 CLC in
‘. tcom .0322 in
B dbg L4041 in
. - ¢hi 70.2200 dax
" rhi 18.0000 deq
L t 3
f am .0274 in
A .0188 in"2
3 taub 5545.48 1bf/in"2
Fb 104.0944 1bi&
- 3 2.90

1%
T

#1 Nominal
Hoechst 90 deg Worm Gears
Steel, Hostaform Worm/Hostaform Geaar
Non-Envelcoping (Crossed Axis Helic
(Sem §0-125 for Input Datz)
Praas "Alt U" for Units Change

GENEEAL :

Munber of Worm Teeth
Number of Gear Teeth
Ratig

Normal Module

NMormal Diamstral Piteh
Gear Trans Module

Eear Trans Pitch
Normal Prassure Angle
Gear Trans Frassure Angie & Raef PD
Worm Lead Angle

Center Distance

Worm OD

Gaar 0D

Worm Mean Working Depth Dia
Gear Mean Working Depth Dia
Werking Depth

LOAD CHARACTERISTIC:

Geaar Tangential Load

Flank $1liding Velocity

Bffective Fage Width

Toocth Number Coefficient

Load Characteristic, c

Allowable Load Characteristic, c
Load Characteristic Safety Factor

TOOTH BREAKAGE:

Maximum Gear Tangential Load

Qperating Temperature

Worm Qutside Radius

Worm Mean Working Daspth Radius

Geay Qutside Radius

Gear Trang Tooth Thicknass @ Ref PD

{If Bostaform Worn, Gear TIT Should

Be Approx Bdqual to Worm TTT)

Gear Trans Tooth Thickness ® Mean Dia

Gaar Base Dia

Pitch Angle

Numbear of Engaged Teeth

Ave Width of Shear-Strassed Surface
Total Shear-S5tessed Area

Allowable Shear Stress

Tooth Breakage Force

Tooth Breakags S5afaty Factor

HEC KM
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==owmxzc===zz=xz=c=== VARIABLE SHEET ccccosmr-amas==z-—casds—sswzrzo——c—ossummm==
t Input---- Name--- Output--- ORib----- COMMNE == = o e ==~ === == e e amam o mm e s
* #2 Min Eff {D -~ Cold
60-146 [vVer 4.2) Eff Center Distance
Due to Toleranca, Operating .

Temparatura & Moietura Abgorption
Press "Alt A" for Modal Soluticns

, e type External or Interral Set ('e oxr 'i)
ASSEMBLY CONDITICONS:
K} pn i/in * Normal Diamekbral PBitch
mI . 72571429 mwm " Normal Module
7 ha deg Helix Angle
25 tpa” deg Operating Transverse Pregssure Angls
+68 TR ' F Tanperatuzre (Default =68F =20C)
Houasing:
ig Hmatl Material Humber {(See Material Table)
' HN Zing Material Coda
K™ 15.20E-¢ 1/degP Thermal Coefficient of expanmion
oo qQ in/in Moisture Coefficlent of expansion
L3794 od in Basic or nominal center distanca
-.0082 oL~ in Minimum ceanter digtance tolerance
+,.0082 ce™" in Maximum center distance tolerance
TCTP 00110 in Piricn total compomite tolerance
TCTG .00410 in Gaar total compesite tolerance
0 bROD in Pinicn bearing runout (TIR)
[V BROY in Gaar bearing runcut [TIR)
¢ LRPD in Pinion bearing total radial pilay
0 bRPg in Gear hearing total radial play
Crin 3712 in Minimm azsemhled center distance
Cmaxx .3528 in Maximm assembled center distance
Pinion: ' ‘I’
7 Pmatl Material Numbar (See Material Table)
EN Brass Material Coda
1 np Nurnbar of teeth
io op AGMA Quality Class
KP 10.50B-6 1/degF Thermal Coeffisiant of expargion
K" 0 in/in Moigture Coafficiant of axpansion
2344 d in Nominal operacing pitch diameter
- {Enter Ref PD for X-Axis GZears)
Gaar:
22 Gmatl Matarial Numbar {Ses Matwerial Tlhll}
GN Forllsd Materiagl Ceode
18 ng Mumber of teath
B Qg AGMA Quality Class
: K 11.67E-6 Ll/dagP Tharmal Coefficiant of expansion -
Ks*™ 37.50E-6 in/in Molgture Coefficient of expanzicn
.5181 D in Nominal operating pitch diameter
(Enter Ref FP for X-Axis Gears)
OFBERATING CONDITICHSE:
-49 ™ F Housing temperaturws
-40 TR F Pinion terperature
-40 pac F Gear temperature
Effgctiva cantar distance:
gcT* - . 0002 in Changs in CD (Tharmal, Moisture)
dthl™  -.0p002 in Approximate change in trans backla: .
— Cmin_op .3710 in Minimim canter distance
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Cmax op .392%
dcd .02160

. in
in

Maximim center digtance

CD Range
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_'t: In‘p‘UE----‘ HEII'IE"' Dutput.--- Imit

|, 35.0000
25.0000

ey

{

|.

. 90.0000
.37100

frm

.3050

™

-

041k

33.0000

pn
npe
n_mod
ncp
pok

E

cd
gtd_cd
Lc

mp
mpec
xg

ndr
meth dr

oddr
modd_dr
Emeod dr
xmdr
xmodr
xdr
ecddr
nttodr
Xn_acdd
ptd_dr
pddr

atcdr
88n dr

hadr
ladr
Fdr_min
ptdr
cpdr
emoddr
tpad»
cttdr
thpdx
bhad

dodr

. 7257
.0838
.08135

-37630
1456
1.7504
No

18

HESER

.3016
.0100

.3198
L2344

7.0000
L1701
4.2654

. 736E2
5.9549
75.3534
. 3405
.18624
64.09928
. 09043
.0904
.1715
155.5780
.1589
.0583

1/in

in
in

deg
in
in
in

in
in
deg

‘in

in
in
in
in
in
in
in
in .

. in

dag
deg
in
1/in *
in

m L
deg
in
in
dag
in
in
in
dag
in
in

2 Min CD, TRe Max TTz,0D= -40C

6D=125 (Ver 4.2)

CROSSED AXIS INVOLUTE HELICAL GEARS
{Non-Envaloping Worm Gears)

Press "Alt A" for Solution List

*NORMAL PLANE:
*Diamatral Pitceh
*Nominal Pressurs Angle
*Module
*Circular Pitch
*Bage Fitch

COFMON -
*Shaft Angle {+ or -)
*Qperating center distance
*Standard center distance
*Langth of contact
*Contact ratio (SAP » TIF)

*Contact_below finished involute?

rE3ear ratloc

*DRIVER:
Number of teeth )
*Habbad {'hob}, Shaped ('shp)
Formed ("'E£rm}
*Dutside Diameter
*Starc Tip Modificaticon
*Roll at start of tip modificati-
*Hbrmal eD kip relief
*Hbrmal circular OD tip reliaf
+Transverss_circular OD tip relief
+*Effective_outside diameterx
*Normal tnuth thicknaes_at_ECD
*Normal EOD tip relief
«Dointed tooth dismater (No tip mod)
*Reference D
*Finighed normal tooth thicknass
*Total normal circular finigh
stock on tooth thickness
*Helix angle (+ Right, - Left)
*Laad angle {+ Right, - Left)
‘*Minimum face wideh (bi-rotation)
*Transverse diametral pitch
*Transverse_circular pitch
*Trangvarge madunle
. *Trangvarse_prassure angle
*Trangsverse tooth thicknaas
*Transverss_hase pitch
*Bass hellx angle
vAxisl pitch
*Laad
*Inv/fillet intarsaction dia (TIF)
*Roll at_inv/£il intersaction dia

*Root diameter :

*Bage_diameter

(25 L2
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18
'£xm

. 5750

T

-0425

7.0000

delta

cpe
work

nbbl
pa”
ncp

npa”

L

nctdr®
hadr*®
ladr”
ptdr™
epdr™
tmoddr
tpadr”
teedr”
abldar
gap dv
nttsapr

Y

5724
0136

3

5911
5181

83.00Q00
0231
14,7391
09043
L7312
25.1646
. 0428
.08185
6.34132
. 73852
13.2574
4695
<.6310
. 4287
4690

=.00530
-.0014
.0660

o007

35.0040 .

08976
£5.000Q0

2344
-3415
B3.0000
7.00ac0
4.2554
.73852
5.8545%
75.3534
.3405
0 3.293
-1788&
.Q6E3

1/in *

i/in

dey

*DRIVEN:
Number cf teath
*Hobbed ('hob),
Formed ('frm)
*Cucgide Diamarer
*Start _Tip Modification
*Roll_at _start of tip modificarion
*Hurmal OF tip relief
*Normal circulazr OD tip relief
*Transverse_circular OD tip relier
*Bffective _outaide diametar
*Normal tooth_thickness at EOD
*Normal_EOD tip relief
+Ppinted tooth diameter {No tip mod)
*Reference PD
*Pilnighed normal tooth thickness
*Total normel circular finish
stock on tooth thickness
*Halix anglie {+ Right, - Left)
*Lead angle (+ Right, - Left)
 *Miniwum face width (bi-robtation}
vTransversa diametral pitch
*Transverse circular pitch
*Transverse module
rTransverse pressure angle
*Tranaverse toath thicknass
*Transvarse basa pitch
*Bams_helix angle
*Axial pitch
*Lead
«Inv/fillet intersection Sia (TIF)
*Roll at_ inv/fll intersection dia
*Root diameter
rBage dismecer

Shaped ('shp)

OPERATING DATA:
rSeparation of pitch planes
*Contact_path to line of centers
*Working depth
Normal Plana:
*Bage_bhacklash
*Diametral pitch
*Circular piceh
*Prassura_angla
*DRIVER:
*Piteh _diamster
*Normal Tooth Thicknesse
*Helix Angle (+ Right, - Left).
*Laad Angle (+ Right, - Left)
*Transversa_Diametral Pitch
*Transverse Circular Pitch
*Transverse_Mocule
*Transverse Prefigure Angle
*Trangversa Tooth Thickneea
*Anzular backlash
*Start of active profile (SAP)
*Normal_ tooth thickness at SAP

1285 T Z




o ey

nawlddr

rt

pd
nt

¢l _dr

mﬁ
tdn”

hadn”
ladn™

pt
cp

CPp

dn~
dn~

adn™

Etedn”
abldn
sap dn

nkt
ns
rt

tsapn
wlddn

cl_dn

rk

maxrkm
teath
rell

c#

EE
Eo

ﬁﬁg &

o

FrpQ

ap 4dr
d_dr

ap _dn

&

2

&I

ph

I IO I O T I O |

£g
e

RiE AR
R

:

%

1EEEE
BEgEE

. B

g
I T S I

B

Q0224
.0040

.5181
.0425
7.Q000
B3.0000
34.7391
- 39042
.TA12
25.1646
.0428
.183
L4706
L0525
0288
0042

162.8160
285.7930

4.7292
40.1005

in
in
in
in
dmyg

1/in *
in

™
ceg
in
dag

ia
in

dag

deg
deg

deg

' deg

in

in
deg

*Normal_space widrth at SAP
*Root_clearance
*DRYVEN:
rPitch_diamster
*Normal_ Tooth Thickness
*Halix Angle (+ Right, - Left)
*Lead Angle (+ Right, - Left) .
rTransvarse_Diametral Pitch
*Transvarse Circular Pitch
*Transverse Module
*Transvarse _Pressure Angle
*Pranaversa_Tooth Thickness
*Angular backlash
*Start of active profile {SAP)
#Normal tooth thickness at SAP
*Normal space width at SAP
*Root_clearanca

PLOT CONFIGURATION :
*Mark inv/£il intersecticns?
*Mark mod/inv intersections?
*Humbar of testh on plot (Defal)
*Driver contact roll angle of
vDiriver tooth oumber {Dafal)

DRIVER ROLL ANGLES:
*Start_of_active profile
*Effective outsida diameter

DRIVEN ROLL ANGLES:
*gtart_of active profile

*Effactive putside diamecer .
DRIVER HOB:
*Hoh type {SEmi -Top='a, Tip-Rel=a'r
Non-Top='n)

*Flank-angle

*Tip to Reference Line

*Tonoth thicknesz at Referenca Lins
*Referance Line to Btart Mod Ramp
*Pragsure Angle of Mod Ramp

tTip radiug

*Protuberance

*Protubarance angle from flank
*Protuberance pregsure angle
*Tip to flank/prot intersection
*Ref Line to Hob SAP

*Normal_ Spaca Width at Hob SAP

DRIVEN HOB: .
*Hob type (Semi-Tope's, Tip-Relw'r
Non-Top='n}

*Flank angla

*Tip to Reference Lina

*Tooth thickness at Referance Line
*Raference Line to Start Mod Ramp
*Preggure Angle of Mod Ramp .

*Tip radius ' .

f25L 2
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u_dn in *Protubarance

ua_dn  _ deg *Pretuberance_angle from flank
uap_ dn _ deg *Protuberance pressurs angle
hu“dn  _ in *Tip to flank/prot intersection
hokAPdn in *Ref Line to Hob S5AP
nswAPdn in *Normal_ Space Width at Hob SAP
DRIVER SHAPER:
nc_dr *Numbexr of Tasth
ode_dr _ in *Outside Diamster
ntee dr in *Normzl_Tooth Thickmess
rta dr ic *Tip Radiua - Normal Plane
us_dr in *Protuberance - Normal Flane
cds_dr NA in *Ceater distance with gear
sapc_dr in *Start_of _active profile diameter
DRIVEN SHAPER:
ne_dn *Number of Teath
ode_dn in *Cutgide_Diamater
atte_dén _ in *Normal_Tooth_Thickness
rtg dn _ in *Tip Radius - Normal Plane
ug_dn  _ in *Protuberance - Normal Plane
cde_dn WA in *Center distancs with gear
sapc_drn in rStart_of active prefils diameter
FORMED DRIVER:
*Bagic Rack Form:
25.0000 rfa™dr deg *Flank Angle
.0218 h**dr in *Tip co Reference Line
-Q332 t* " dr ~in *Tocth Thickness at Refersnce Line
.Q102 rt™"dr in *Tip radius
te_dr 0 in vHadial _tip chamfar Def=0
-003¢ tr_dr in *Norwal tip radius Defw=0
xp dr  _ *Noxrmal_tip relief exponent Defw3/2
FORMED DRIVEN:
vBagic Rack Form:
25.0000 rfa™“dn deg *Flank Angle
0286 h**dn in *Tip to Rafasrepce Line
.0322 t"“dn in - *Tooth Thicknass at Rafsrence Llﬂ!
0043 re™"dn in *Tip radium
tc.dn O in +*Radial tip chamfer Defw0
.0030 tr _dn in *Normz)_tlp radius Derfal
xp_dn. _ *Nozmal_tip relief exponent Def=3/2

/25T




Gaar Mesh (Path of Contact Section - Virtual) Driver/Drivan




Gaar Mesh (Path of Contact Saction — Virtual) Driver/Driven




‘zzaows==muszs==smx=== VARIABLE SHEET maswscc=c===cc====Samaz===

t Input---- Name--- Qutput--- Unit
Vs o ft/min
06 £
eff +67 ¥
effback +51 ¥
s£B _
1 nload 14,482 bl -]
i Fo 1
tnload 14.482 1bE
ﬂ cli 76,622 deg
) B 74901 psi
o Cc 4398.2 pei
! power EP
0 rev_dr Ipm
| tork d&r gzf-1in
t 1S5RS E_d» pai
clidr  74.148 deg
: tan dr 1.6 1bf
" dep dr &.12 1bt
f ax &r 13.027  1bf
! Mo_dr 1.56 1b£-~in
; rey_dn 0 rpm
toxrk _do 36.007 azf-in
i 1.9E& E_dn pal
clidn 2.474 - deg
tan dn  13.027% 1bf
sep dn 6.12 1bf
ax dn 1.8 1bf
Mo dn  .403 1hf-in
- T 36.006979 ozf-in
Fa §5.428525 1br
| .333 Dm in
1l N8
Tlaad .1875 in
.0625 p in
.0& £
. 14 5 phi dag
alpha 10.161154 Qe
r 0 fe
.75 Dg in
theta 17.46629 deg
a 75_149633 ¥
.768 LgS in
.375 oD in
276 RD in
295 iD in
At .07282231 in*2
. An .51452402 in"2

-

- -

LOADING:
rMaximum sliding velocity
*approx_coefficient of friction
(Default walue is for hardened
stsel driver and bronze drive
rApprox sfficiency
*ipprox_efficiency backdriving
*Anti-backdrive safety factox
*Imposed normal cooth load '
*Overload facteor Def=1
*Total_normal tocth load
*At_center of contact interval:
*Angle between contact curvaktures
*Spacific compressive stress, B
rLoad/compressive atress factor, Cc
Driver:
*Power
*Rotational speed
*anque
*Young 8 medulus (Default = Stesl}
*Gcntact curvature inclination angle
*Tangential force
*Separating force
*Axial force
*Jvarturning moment
Driven:
*Rokational speed
*Torgque
*Young s modulus {Default = Bronza)
*Cuntact curvature inclination ang.
*Tangentlal force
rSaparacing force
*axial forge
toverturning moment

Screw Connected to Driven and Mut
Screw Driving

Torgque

Total axial reaisting load
Thread pltch diameter

Number of starts

Thread lead

Thread axial pitech

Coefficient of friction: threads

One half iancluded thread angle

Thr=ad mazn lead angle
Coafficient of friction:- chrust cpllar

Maan diameter of thrust collar

Axis to thread pormal surface

Thread afficiency

Threaded length

Scraw OD

Sorew Root DHiamater

MNut ID

Tangile straps Araa

Total thread surface araa .

JAFE2ED
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1 Teel—— v

kS

T

Ll

Fro— .0

et

PR—-TY

.03125

ScT
att
attR
attN
Sn3
STN
Ss5
S5aN
3ts
StA

EER
t=3-1:3

L07.92%77

.04081885
.04211194
L468521221
.60B04417
115.14675
91.15R715
545.1415%1
761 .14754

1045.4187
654.84291

pai
in
in
in
in"2
in"2
Pl
pal
psl
pel

psl
psil

Compresslve stragss (Full contact)
Screw axlal tooth thickness

Sgrew axlal tooth thickness at Nut ID
Mut axial tooth thickness at Screw 0D
Toktal sorew shear aresa

Total nut shear aresa

Screw shear stress {Full contact)

Nut shear stress (Full contact)
Torslonal stress ac scraw rook dila
Axial stress at ecraw root dia

Max tensile srrass ak scraw roof dia
Max shear stress at screw rootb fdia

(2851243



"==|l'====--==:-ll====- VARIABRLE SHEET ce=ccasaswsawc=S==StEo——aWeaSar=——mEs=—=TI=axm=am

» b i

&

‘¢ Input-=-~- Name-=-- OQutpuc--- Upit
Ve 0 ft/min
.08 £
eff +87 ¥
effback +51 3
sfB _
nload 28 .964 1bt
Fo 1
tnload 28,964 1bE
cli 76.622 deg
o 94370 pai
Ce 8796.3 psi
powar 0 HP
0 rev_dr rpm
& tork_dr ozf-in
15E§ E dr pai
clidr 74,148 deg
tan dr 3.15% Ibf
sep dr 12.241 1bf
ax dr 26.054 1bf
Mo dr 3,12 1bf-in
ray dn O rpm
tork dn 72.014 azf-in
1.9E6 E dn pal
clldn 2.474 - dag
tan dn 256.054 1bf
sep dn  12.241 Inht
ax _dn 3,199 ibf
Mo dn .805 lbE-in
T 72.013955 azf-in
Fa 110.85708 1bf
.333 Dm in
k| Ns
Tlead .1875 in
0828 P in
.06 £
14.5° dag
alpha 10.161154 dag
0 fe
.375 D in
theta 17.46625 deg
e 75.149633 ¥
.768 1g8 in
- .375 €D in
.276 RD in
-296 D in
At .07282231 in"2
An .51452402 in*2

LOADTING :
*Maximum 8liding velocity
*Approx_coefficient of friction
{Default value 1ls for hardsned
steal driver and bronze driv .
rApprox_efficiency
*Approx efficiency backdriving
+*Anti-backdrive safety factor
rImpeaed normal tocoth load
*Overload factor Defal
*Total _normal tocth load
*At_center of contact interval:
*Angle batween contact curvatures
*Specific compressive stresa, s
*Load/compresasive scrass factor, Cc
Driver:
*Bower
*Rotaticmal speed
*Torgue
*Young s moduluas {(Dafault = Staeal)
tContact _curvature inclination angle
*Tangential force
+rSaparating force
*Axial_ force
*Overturoing moment
Driven:
*Rotational spesd
*Torque
rYoung~s modulus (Default = Bronza!
*Contact curvature inelination anc
+*Tangential force
*Separating force
*Axial force
rOverfurning momast

Soraw Connactad 4o Driven and Nut
Scraw Driving

Targque

Total axial rasisting leoad
Thread pitch dlametar

Mumbar of starts

Thread lead

Thraad axial pitech

Coafficiant of frictionm: threads

Orna haelf included thread angle

Thread mean lead angla
Coefficiant of £riction: thrust collar
Maan diamatar aof thrust collar

Axis to thread normal surface
Thread sfficiency

Threaded length

Screw 0D

Screw Hoot Diamater

Nur IO '

Tensile gtrass are=

Total thread surface araa .

[ASTZLY
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. 03125

S8cT
att
atth
attN
5ng%
SoN
S=5
SEN
StS
sta

StR
SsR

215.45554 pai

042081585
04211194

-46521221 in"2
60804417 in"2

238.29351
182.317423
1080.2828
1522 .,2951

2080.8334
1325 . 6858

in
in
in

psi
psi
psi
psi

pal
pei

Comprassive stress (Full congact)
Screw axlial tooth thickness

Screw axial tootkh thicknesa at Nut ID
Nut axial tooth thickness at Screw OD
Total screw shear area

Total nut sheary ar=a

Screw chear siress (Full gontact)

Hut shear stress (Full contact}
Torslonal stress at screw root dia
Axial stress at scorew root dia

Max tensils strass at sorew root dia
Max shear stragg abk sersw ront dia

IA5ZT2LL




|'-=--L=l‘========--ﬂ-- ?MIABLE SEET B SIS S ENENEN S IO CSaEE O aEg TS EESIEE S oSS
‘t Input---- Name--- Qutput-=-- Unlc----- CoMmment===e=------emerrac e cuoam e
. - #2 Max Eff (D - Hot
60-1468 (Ver 4.2) Eff Center Distance
Lue to Tolegrance, Cperating
Temperature & Moisture Absorption .
Press "Alt A" for Model Solubions

"

'e Evpe _ Extarnal or Internal Set ('e or i)
. ASSEMBLY CONDITIONS:
'y 3% gorsl 1/in ~ Normal Diameatral Pitch
e e LT2871429 mmm T Normal Module
w7 ha deg Eelix Angle
. 25 tpa” deg Cperating Transverse DPressure Angle
[ +E58 TR F Temperaturs (Default =68F =200}
Housing:
19 Hmatl Material Number {See Material Table}
HN Zinc Matarial Ceode
KM 15.20E-6 1/degF Thermal Coafficient of expansion
KM™ Q in/in Moisture Coafficlent of expansion
- L3794 ca in Basic oz nominal center distance
L1 —.0082 ce” ) in Minionon centexr distance tolerance
* +,.DQ82 ce™™ in Mazximmm center distance tolarance
. TCTP L00119 in Pinion total compcaite tolerance
; TCTG .00410 in Gaar total composits tolerance
=0 bROD in Pinion bearing runout (TIR)
0 bROg ' in Geaar bearing runout {TIR)
10 bRPp in Pinion bearing total radial play
S0 bRPg in Gear bearing total radial play
. Cmin L3712 in Minimum assembled canter digtance
o Cmax .3928 in Maximum assempled center distance
g ' Pinion: . .
7 Pmatl Matarial Mumber (See Matarial Table)
PN Brasg Matarial Code
1 ng Numbar of tmeth
10 ap AGMA Quality Class
a2 10.50B-6 1/degF Tharmal Coafficlent of expansion
u-i 0 infin Moigture Coefficient of expansion
.2344 4 in Nominal operating plitch diameter
. {(Entar Raf PDy for X-Axis Gears!
i Gaar:
i 22 Gmatl Material Number (See Material Table)
GN Forlldd Material Code
18 ny Number of tasath
& Qg AGMA Quality Class
: e 11.67E-5 1/dagF Thermal Coefficient of axpansion
KG~ 17.50E-§ in/fin Moigture Coefficient of expansion
3 .5181 D in Nominal cperating pltch diametar
; (Enter Ref FD for X-Axls Gaars)
i OPERATING CONDITIONS:
'+ +185 ™ Housing tamperature
' +185 iy Pinion temperstura
+185 G Geazr tamperatura

F
F
F
Effective center dietance:
acT™ +,0002 in Change in C0 {(Thermal, Moisture)
in : Approximate change in trans backla
in Minimum centar distance .

/X2
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masEESTOEhEmTCExEEn VARIAELE SHEET sstsmswrsseaszrssaisdr s SemsdasdsisS=SssSan=ow=

t Input---- Name--- Output--- Unit----

35.0000 pn 1/in
r 25.0000 npa deg
. o mod .7257 mm
ncp .0854 in
pnb .08135 in
., 50.0000 E deg
i .39300 o in
j gtd_ecd 37630 in
L .0B24 in
b mp 1.0135
i mpe No
mg 18
I ndr
rgrm meth_dr
E .3030 cddr in
nodd_dr NA in
‘ Brogd_dx NA deg
‘ andr NA “in
' xnedr N in
! xrar WA in
i enddr .2973 in
5 nttodr .4108 in
xn_ecdd NA in
ptd_dr 31166 in
pddr .2344 in
L0400 ntedr in -
3 88p_dr in
« 33,0000 hadr deg
ladr 7.0000 deg
Fdr_min .0523 in
ptdr 4.2654 1/in °
cpdxr . 73652 in
tmoddyr 5.9549 mm
tpadr 75,3534 deg
ttedr  .3282 in
B thpdr 18624 in
- bhadr 64.05928 deg
- ap dr .09043 in
lead dr .0904 in
Dhi dr .1684 in
EDOY dr 152.3645 deg
rddr .1557 in
adr 0593 in
1

#2 Max CD,TRE Min TTs,0Dd +1BSF

6€0-125 (Ver 4,2}

CROSSED AXIS INVOLUTE HELICAL GEARS
(Non-Enveloping Worm Geara)

Pregs "ARlt A" for Solution List

*NCORMAL PLANE:
*Diametral_ Fitch
*Nominal Frassure Angle
*Module
*Circular Pitch
*Bage Pitch

COMMON :

*Shaft Angle (+ or -}

*Operating center distance

*5tandard center distancs

*Length of contact

*Contact ratio (SAP » TIF)

*Contact_beleow finished involurte?

"Gaar ratio

+*DRIVER:
Number of teeth
rEobbed ('hob), Shaped {'shp)
Formed {'frm)
t0utsida Diamater
*Start _Tip Modification
*RolY _at gtart of tip modifigatir
*Normal 0D tip relief
*Normal circular OD tip raliaf
*Transverse clrcular OD tip relief
+*Effective_outside diamster
*Normal tooth thickness_at_EOD
*Normal BOD tip relief
*Pointed tookth diameter {(No tip mod)
*Reference PD
*Finighed normal tooth thicknaga
*Total normeal clrcular £iniasbh
stock on tococth thicknsass
*Helix angle {+ Right, - Left)
*Lead_angla (+ Right, - Left)
*Minimum face width (bi-rotation)
*Transverse diamecral pitch
*Transvarse clrcular pitch
*Pranavarse module
*Trangyarse pregaure angla
*Transverse_ tooth thickneas
rTrangverse basa pitch
tBage helix angle
*Axial pitch
*L=ad
*Inv/fillet intergection dia (TIF)
*Rall at inv/fil intersection dla
*Rpat diamater
+tRage diameter

1Z5Xx 2.




*

*'"‘T

‘!

'r
-

Elna

meth dn

oddn
modd_dn
Bmod_dn

xnadn
xdn
epddn
nctodn
xn eodd
ptd dn

nccdn
SSn_dn

hadn
l1adn
Fén min
ptdn

tmodan
tpadn
tttdn
thpdn
bhadn
ap_dn
lead dn
Dhi dn
EDhl_ﬂn

dbdn

delta

CRC
work

bl

pa”
nep
opa

pddr”
necd=z™
hadr~
ladr"
ptdr”
epdx”
rmoddr™

- tpady”

tttdr®
abldr
sap_dr
nttsapr

NA
NA
NA
N

.565E
.016es
HA

.5881
.5121

283.0000
L0220
34,7391
.D5043
L7312

'25.1646

.D4DE
. 08185
6£.34132
. 73652
13,2574
4691
1.3987
L2244
LABHY

.RLETD
.0043
.03B4

0225
35,0040
L0897
15.0000

L2344
0400
83.00C0
7.0000
4.2654
. 73652
5.9549
75.3534
.3282
93.562
L2272
0434

deg
e
1/in ~

" 4in

in

*OCRIVEN:

Mumber of teath
*Hobbed ("hob),
Formad {(!'frm)
*Outsgide Diameatar
*Starkt_Tip Modification

Shaped ('shp)

*Rall_at_start of tip medification

*Normal OD tip relief
*Normal_circular 0D tip relief
*Tranavarae_circular OD tip relief
*Ef fective_cutside diameter
*Normal tnuth thickness_at_EQD
*Normal EDD tlp relief

*gpintad tooth diameter (No tip mod)

*Referance PO

*Finisghed normal tooth thickness

*Total normal eircular finish
stock on teooth thickmess

t+Helix angle (+ Right, - Laft)

*Lead angle [+ Right, - Laft)

vMinimum face width (bi-rotation)

*Trangverse diametral pitch

*Transvarse circular pitch

*Trangverse module

*Trangverss_pIessure angle

*Trangversa tooth thickness

*Transverse_bagse pitch

*Basa _helix angle

*hAxial pitch

*Lead

*Irv/fillat intersection 4ia (TIF

*Roll_ar inv/fil intersection dia

*Root diamatar

rBape_diameter

OPERATING DATA:

*Separaticn of pitch plan=s
*Contact_path to line of cepters
+*Horking deptch
Normal Plana:
*Baga backlash
*Diamatrel pitch
*Circular pitch
*Presgura_angle
*DRIVER:
*Pitch diamaeter
*Normal Taoth Thickness
*Hellx Anrgle (+ Right, - Laft}
*Lead Angle (+ Right, - Laft)
trTrangvergse Diamstral Pitch
*Transversa Cirocular Pltch
*Tranavarss Module
rTransverse Pressgure Angle
*Transverge Tooth Thickness
rangular_ backiash
*Seart of activa profile (SAP)
*Noermal tooth thickness at SAP

JRSH 2



| nswlédr .0464
. rtel_dr 0301

N pddn™ .B181
.. nstdn® L0408
hadrn™ 7.0000C
ladn” 83.0000
ptdn™  34.7391
cpdn®™ .09042
tmoddn™ .7312
tpadn® 25.1646
tetdn™ . 0408
abldn 5.534
gap_<n .4530
ntceapn 0483
newlddn .0372
rtcl_dn 0293

L
r' -

mark 'y
markm 'y
testh 1
roll

c# 1

Epap cdr 212.5626
Eod dr 3181.5779

Esap dn 18§,5853

" Bod dn 38.6074
cpds r
hfa_dr

h™>dr
L dx

-k
Frrirrriuni

g
B
|

EEhE

#ggﬁﬁﬁ
sl

B
111011

in
in
in
deg
ey
1/in *©
in
TIm
deg

deg
in

in

deg

dagq
dag

_dag

deg

*Normal space width at SAP
*Root_clearance
*DRIVEN:
*Pitch diammter
*Normal Tooth Thickness

*Helix Angle (+ Right, - Laft}
{+ Right, - Left)

*Lead Anglae
*Trangverse Diametral Picch
*Transverse _Circular Picch
*Transverse Module
*Transversa Pressure Angla
rTranaverse Tooth Thigkness

*Ansular backlash

*3tart of sctive profile {SAP)

*Normal_ tooth thickness at SAP

*Normal Epace width at SAP
*Root_clearance

PLOT CONFIGURATION:

*Mark inv/£il intersections?
*Mark mod/inv intersactions?

*Numbar of teeth on plot {Def=l)

*Drivar contact roll angle of
tDrivar tooth number

CRIVER ROLL AMGLES:

*Jtart of active profile
*Effgetive cutelde diametsr

DRIVEN ROLL ANGLES:

*Start_of_active profile
*Effective outside diameter

DRIVER HOB:
rHich type {E!mi-pr='E. Tip-Rels'r
HNon-Top="n)
*Plank Emgle -

*Tip co Refarence ‘Line

*Tooth thicknass at Reference Lins
*Raference Line to Start Mod Ramp

*Freasurs Angle of Mod Ramp
*Tip radius

*Protuberance

*Protuberance angle from flank
*Protuberance preassure angle
*Tip to flank?p

*Ref Line to Hob SAP

*Normal Space wWidth at Hulb SAP

DRIVEN HOB: :
+Hob typm {Semi-Topw's, Tip-Rela'r
Hon-Topw'n}

*Flank angla
*Tip to Rafarancsa Linm

*Tooth chicknasg at Referanca Lina
*rRefergnce Line to Start Mod Ramp

*Pressure Angle of Mod Ramp
*Tip radiug

125 X"

(Pef=l)

rot intersection




® .

|':' 1
WA
2

25.0000
0216
.0332
.0102

25.0000
.0286
.0322
. 0043

Q050

u_dn

uap dn
hu“dn  _
hobaAPdn
nswAPdn

ne dr

ode_dr
ntee _dr _
res_dr
us_dr
cds dr HA
papc dz

& g
EII I

rfa™"dn
h™"dn

£ dn

™ "dn
te_da O
tr_dn

xp da

in
in
in
in
in
in

in
in

in

deg
in
in

in

in

in .

in

i1

*Protuberance

*Protuberance angle from flank
*Protuberance pressure aalgle
*Tip to flank/prot intersecticon
*Raf_Line to Hok SAP
*Normal_Space Width at Hob SAP

CRIVER SHAPER:
*Nunber of Teath
routside Diamater
*Noymal Tooth Thicknass
*Tip Radine - Ngormal Plane
*Protuberance - Normal Plana
*Canter distance with gear
*Scart of active profile diamater

DRIVEN SHAPER:
rNumber of Teath
*Qutgide Diamerer
*Normal Tooth Thickness
*Tip_. Radius - Normal Flane
*protubarance - Normal Dlane
tCenter digtance with gear
*Start of active profile diameter

FORMED DRIVER:

*Hagi¢c Rack Form:
*Flank Anglse
*Tip to Refersnce Line
*Tooth Thickness ar Reference lLina
*Tip radiua

*Radial_tip chamfer Def=0

*Normal t1p radiyas Defal

*Normal tip reiief exponent Def«l/2

FORMED DRIVEN:

*Basic Rack Form:
#Flank Angla
*Tip to Raference Line
*Togoth Thickness at Eaference Line
#Tip radius

*Radial tip chamfer Def=0

*Normal tip radius Defa=)

*Normal tip raelief exponent Def=3/2

fR T X2
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-t Iopit---- Namm--- Cutput--- Unlit----- Commant =====--==r=--= e el
LOADTING:
Va & £t /min *Maximume sliding velocity
.08 o *Approx_coefficient of friccion
. {Dafault value iz for hardened
. steel driver and bronze driven)
afff +57 ¥ *Approx efficiency
affback +51 % *Approx_sfficiency backdriving
sfB _ *Anti-backdrive zafaty factor
i nload  14.482 1bf *Imposad ngrmal toopth load
E Fo 1 tQvarload factor Def=l
tnload 14.482 1t *Total _normal tocoth load
=1 *At_center of contact interval:
cli 78.683 deg *Angle betwean contact curvatures
B 57832 psi *Speclific comprassiva SLIMBE, 3
: . Cc 1096.1 psi *Load/compregsive atress factor, Co
_ L Drivaer:
S powar 0 ~ HP *Powar
0 rev_dr rpa *Rotacional spaed
£ 3 terk dr oczf-in *Torque
.| 15E6 BE_ar pei *Young“es modulus (Default = Steesl)
clidr  75.827 deg : *Contact curvature inclinarion angle
s7 tan 8r 1.6 1bE *Tangantial force
1 gep dr 6.12 inf *Separating force
. = ax_dr 13.027 ipt *Axial force
) - Mo dr 1.707 lkf-in *Qverturning moment
A Driven:
L rav dn 0 Ipm *Rotational speed
tork 4r 36.007 ozf-in *Torgque
*+  1.5E6 E_dn pal *Young s medulus (Default = Bronze)
cligdn  3.155 deg *Contact curvature imclination angle
fan dn 13,027 lbf *Tangent{al force
. £ zsep_dn £.12 1bf rSeaparating forca
d ax dn 1.6 1bE *axial force
Mo _dn 419 lbf-in *Ovarturning moment
a9 Screw Connacted to Driven and Nut

Bcrew Driving

-
L

T 36.008979 opzf-in Torgue
1 Fa 55.428525 1bt Total axial resisting load
© L3313 Dm in Thraad pitch diamater
I Ns Number of atarts
- Tlead .1875 in Thread lead
£ .0625 P in Thread aoxcial pitch
- 06 4 Coefflcient of fricticn: threads
. 14.5 phi deg One half included thread angle
f? alpha 10.161154 deg Thread mean lead angle
" 0 fc : Coefficient of frictionm: thrust cpllar
375 Pc in Mean diameter of thirust tollar
theta 17.4662% deg Axiz to thread normal surfaca
& 75.1496331 % Thrwad afficiancy
. 7886 Lgs in Thraadad langth
.., =375 oD in Screw 0D
4 L2786 D in Screw Root Dizmetar
T 1 ID in Hut ID
At © 07282231 in"2 Tengile gtress araa
. _ An 51452402 in"2 Total thread surface arsa
-1 -

j25X283
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o

.03125

ScT
atkt
akttR
artN

Sni
Ss8s
SsN
3tS
StA

SLtR
SgR

107.72777

.04081885
.04211154
.46521221
.60804417
119.14675
91.158715
545.14151
761.14754

1045.41€7
6564 .84251

pai
in
in
in
in®2
in"2
pei
pei
pai
psi

psi
pEi

Comprasgive stress {(Full ceontact)

Screw axial tooth thickness

Scraw axial tooth thickmess at Nut ID

Mut axial tooth thickness at Scraw OD
Total screw shear area

Total nut Bhear area

Screw shear stre=ss (Full contact) .
Nut shear gtrega (Full contact)

Torsional atress at screw root dia

Axial stress at scraw root dia

Max tensile Stregs at sorew root.dia
Max shear stress at screw root dia

|25 X243
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.- i TN " G e

¢

-y
Leoop it

-

¥

by

E:,

.06

15Ee

1.5Eé&

.333

L0625
.06
14.5°

375

. 766
.375
276
.296

Vs
E

eff
effback
s£B
nlcad
Fo
tnlcad

oli
=
Cc

powear
rev_dr
tezk_dr
E_dr
clidr
tan dr
gep dr
ax dgr
Mo_dr

rev_dn
tork_dn
E_dn
clidn
tan an
gep dn

Mo_dn

- theta

Lgs

ID
At

0

+67
+51

28.964
1
28.964

78.683
72863
€192.3

0

75.527
3.199
12.241
26 .054
3.415

Q
72.014

1.155
46.054
12.241
3.18¢%
.838

72.0139589
110.85705

L1873

10.161154

17.46629
75.149633

fr/min

1lbf
lbf

psi
psi

313

Ipo
ozf-in
pal

1bE
1ht
1bf
1bf-in

ozf-in
psi
dag
1ht
Ibt
1bt
lbf-in

pzf«in
1bf
in

in
in

deg
deq

.in

dag
E |

in
in
in
J.I'.I.

07282231 1n "2

.51453402

in"2

LOADTNG :
*Maximum sliding velocity
*Approx cosfficient of friction
(Default wvalus is for hardened
steel drivar and bronze driven)
*Approx_efficlency
*Approx efficlency ha:kdriving
*Antil-backdrive safety factor
*Impoead normal tooth load
*Qverload factor Defsl
*Total_normal tcoth load
*At_center of centact interval:
*Angle hetwesan contackt curvatures
*Spegific compressive stress, 3
*Ioad/compresgive stress factor, Cc
Driver:
*Pawer
tRotatlonal spead
*Torque
*Young“s modulus (Dafault = Stael}
Zontact curvature inclination angle
+*Tangentlal force
*Separating force
*Axial force
*rrerturning moment
Driven:
*Retational speed
*Tbrque
*Young s modulun {(Default = Bronze)
*Coptact_curvature inclination angle
*Tangantial force
*Separating farce
tAxial force
*Ovarturning moment

Screw Connected to Driven and Mut
Screw Driving

Torgue

Total axial resisting load
Thread pitech diameter

Number of atarta

Thread leard

Thread axial pitch

Coefficlent of rfriction: threads

One half inecluded thread angle

Thread mean lead anhgls
Coafficiant of friction: thrust cellar
Mean diametar of thrust callar
Axls to thread normal surface
Thread efficiency

Threaded length

Screw 0D

Screw Root Diameter

Nut ID

Taneile atreass area

Total thread surface area

;zfXZAf



.03125

ScT
act
ALtR
att
&ns
EnN
SBS
SN
5t8
SthA

BER
g8aR

215.45554

.040GB1BES
L04211124
48521221
60804417
23B.29351
182.31743

1080.2038

1522.2551

2090.8334
1322.6858

pai
in
in
in
in"2
in"2
psi
pai
pei
pel

pEi
pei

Compressive stress (Full ceontact)
Screaw axial tooth thickness

Scraw axial toothr chickness at Nut ID
Nut axlial tooth thirckness at Scraw oD
Total screw shear area

Total nut shear area

Screw shear stressd {Full contact)

Nut ghear stress {Full contact]
Torsional stress at screw root dia
Axial etress at screw roobt dia

Max tengile stress at scraw root dia
Max shear streas at screaw root dia

j25 X2t &




" ::.._..:=-:==-=-------- VARIABRLE SHEET mmw=

e Input--=-- Hamé--- Cutput--- Unit

ﬂ'

o
'
—_

Y S S

o

Ll

At _ Qo000
25.0000

9D.0000
.37540

Pfxm .

3040

0408
0

83.0000

P
npa
n_mod
ncp
pnb

cd
std cd
Lo

mpc

ndr
math dr

oddzr
modd_dre
Emnd_dr
amar
xncdr
xdr
eoddr
nttode
xn aocdd

ped dr

padr
nttdre
88n_dr

hadr
lzdr
Fdr min

. 7257
.0858
.0B8135

.37830
L1202
1.4777

ia

SEPEE

.2594
L0102
NA
3182
L2344

7.0040
1298
4.2654

. 73652
5.9545%
75.3534
-3344
-18624
64.05528
. 09043
.0904
L1700
153 ,9712
.15713
.05%3

1/4n
deg

1l
in

in
in
in

in
in
deg

"in

in
in
in
in
in
in
in
in -
in

dag
dag
in
1/in
in

mm
deg.
in
in
deg
in
in
in
deg
in
in

60-125 (Ver 4.2)

CROSSED AXIS INVOLUTE HELICAL GEARS
(Non-Envelopling Worm Gears)

Preas "Alt A" for Sglution List

*NCOCRMAL PLANE:
*Diametyal Picch
*Nominal Pressure Angle
*Module
*Circular Pitch
*Base Pitch

COMMON -
*Shaft Angle {+ or -)
*Operating center discance
vstandard center distance
*Langth of contact
*Contact ratio (SAP > TIF)
*Contact_below finished involucte?
*#ear ratio

*DEIVER:
Nurber of tasth
*Hobbed ('hob), Shaged ('shp}
Formed {'frm)
*Outeide Diametar
*Start Tip Modification
*Roll_at_start of tip modification
*Normal OD tip relief
*Normal cirgular QD tip relief
*Transvarse circular OD tip ralief
*Bffective_outside diamster
*Normal tnnth thickness at EOD
*Hbrmal EOD tip relief
*FPointed tooth diameter (No tip mod)
*Referance PD
*Pinished normal tooth thickhess
*Total normal cizcular finish
stock an tooth thicknsss
*Helix angle (+ Right, - Laft)
*Lead angla (+ Right, - Left)
*Minimmm face width (bi-rorcaticn)
*Transverse diametral pitch
*Transverss circular pitch
+Trangvearse_module
*Transverse pressurs angle
*Tranaverse_tooth thickness
- «#Trangvarga_base pitch
*Bada_helix angle
*Axial pitch
*Lead
*Inv/fillet intarsecticn dia (TIF}
*Roll_at_iov/2fil intergacticn dia
rRoot diameter
*Base_diameter

j2 5N E
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R

-

4 - e

o« TR i

frn

L8725

.0415

7.000Q0

delta

cpe
work

nbbl
pn°
nep
npa

nttdr”
hadr*
ladr™
ptdr*
epdr™
tmod&r
rpadr”
Lcedr®
abhldr
sap_dr
nttsapr

HEEEE

.5683
L1148
2 F

.5896
.9181

83.0000
0226
34.7391
.09043
L7312
25.1645
.0418
. 08185
6.34132
.T3652
13.2574
.4&93
2.0148
4265
L4690

.-90310

-0008
.0548

L0034
35.0000
08976
25.0000

.4344
-0407
B83.00Q0
7.400C
4.2654
.73652
5.9549
75.3534
41.732
.1976
.0576

1/in

in
deg

i/in *
in
deg
in
e
in
in

*DRIVEN:
Numizaxr of teath
*Hobbed ('hob),
Formed {'frm}
*Qutside Diamater
*Start Tip Modification
tRoll_at_start of tip medificabion
*Normal OD tip relief
*Normal circular OD tip relief
*Tranaverse circular OD tip relief
*Effective outmide diamater
*Normal tooth thickness at EOD
*Normal EOD tip relisf
*Pointed tooth diameter (Mo tip mod)
*Referenca FD
*Finished normal tooth thickness
*Total normal circular finish
stock on tooth thickneas
*Halix angle (+ Right, - Left)
+*Lead anglea (+ Right, - Left)
*Minimmm Lace widch {bi-rotation)
rTransverse diametral pitch
*Transverse_circular pitch
*Transverse module
*Transverse pressure angle
rTransverse tooth thickness
*Transverse hase pitch
*Bage_helix angle
*2xial pitch
*Lead
*Inv/fillat intersection dia {TIF)
. *Rell at inv/fll intersection éia
*Roat diameker
*Base diametar

Shapad {'shp)

QPERATING DATA:
*Separation of pirch planac
*Contact path to line of cantars
*Working depth
Normal Plane:
*Bage_backlash
*Diamecral_pitch
*Cireunlar pitch -
*Pregoura_angle
TDRIVER:
*pitch_diamater
*Normal Tooth Thicknese
*Helix Angle (+ Right, - Laft) .
+Iead Engle (+ Right, - Left)
+*Trangverse Dliamatral Fitch
+*Tranaverse Circular Pitch
#Transvergs Module
*Transaverss Eressure Angle
*Tranaverse Tooth Thickness
*Angular_backlash
*3tart of active profile [BAP)
*Normal_tooth thicknees at SAP

LSV L




ngwlddr .03148
rtcl_dr .0145

pddn*  .5181
ntedn” 0415

hadn™ 7.0000
ladn™ 83.0000
ptdn™ 34,7391
cpdn” .09043
tmaddn™ .7312
tpadn® 25.1646
tttdn™ .0414
abldn  2.318
gap_dn 4743
nccsapn 0518
newlddn .03048
recl_dn L0141

marik 'y
markm Ty
testh 1
roll

L 1

Eeap dr 182.1884
Eod dr 283.6851

Esap_dn 10,1630
Eod_dn 39.3557

r rhn 'II;
RR® R
&

l -

n oo
|

L

g
I'“l |

EﬁHﬂ'E‘
ﬁl

B P
pk
(11

[+

Eg%.
11
f

Hirtyr {rpr
r

in
in
in
in

deg
deg
1/in *

-

deg

dag
deg

deg
deg

in
in

in

*Normal space widch at SaP
*Root_clearance
*DRIVEN:
*Pictch_diamater
*Normal Tcoth Thickness
*Helix Angla (+ Right, - Leftf)
*Lead_Angle (+ Right, - Left)
*Trangversa Diametral Piteh
tTransvarsa Circular Pitch
*Transverae_Module
*Trangverse Pregsure Angle
*Transverse_Tcoth Thlckness
rangular_backlash
*Srart of active protfile {8AP)
*Normal_tooth thickness ac SAP
*Normal space widrh at SAP
*Root_clearancs

PLOT CONFIGURRTION:
rMark inv/fil intersections?
*Mark mod/inv intersections?
TNunber of teeth cn plotc {(Def=1}
*hriver contact roll angle of
*Driver tooth number {Def=1)

DRIVER ROLL ANGLES:
*Starc_of active profile
*Bffactive outslde diamataz

DRIVEN ROLL ANGLES:
*Sgtart of active profile
*Effective cutside diametex

DRIVER HOB: :
*Hob type {Semi-Topm's, Tip-Ral='r
Hon-Top='n}
*Flank angle

*Tip to Referance Line

*Tooth thickaness ar Reference Line
+Rafarence Line to Start Mod Ramp
*Prapgiure Angle of Mod Ramp

*Tip radius

rProbubaranca

*Protubarance_angle Lrom flank
*Protuberance pregsurs angls
+*Tip to_ flank/prot intsrssction
*Hef Lina to Hob SAP

*Normal Space Width at Hob BAP

DRIVEN HOB: , :

*Hob type {(Semi-Tope's, Tip-Rela'r
Non-Top="1.)

*Flank angls
*Tip to Referencea Line
*Tooth thickness at Referenca Line
*Reference_Line to Start Mod Ramp
*Pragsure Angle of Mcod Ramp
*Tip_radiusg

j25Va




[ SPSE

*

25.000%
.0218
.0332
.0102

. 0040

25.0000
.0288
L0322
.0043

.0040

u 4dn

ua dn
uap dn
hu“dn
hobAPdn
nawhPdn

ne dr
aode dr

ncte dr

rta_dr
us_dr
cds _d4r
gapc dr

ne_dn
odc_dn
nctc_dn
reg
us_dn
cda dn
gapc_dn

rfa™"dr
h**dr
" Tdr
rt™"dr
te_dr
tr_dr
xp_dr

|
=

EII i1

in
deg

in
in
in

in

in

in
in

in

in

in -

in
in
in

*Protuberangs

*Protubarancs angle from flank
rProtuberancs pregsurs angle
*Tip_to_flank/preot intergection

*Ref Line to Hob SAP

*Normal_Space Width at Hob SAP .

DRIVER SHAPER:
*Numha» nf Taath
*oOutside Diameter
*Normal Tooth Thicknegs
*Tip Radius - Normal Plane
*Protubsranca - Normal Plane
*Canter distance with gear
*Star: of active profile diamater

DRIVEN SHAFER:
“Numbar of Taath
*Qutside Diameter
rNormal Teoth Thickness
*Tip Radius - Normal Plane
*Protubarance - Normal Plane
*Center distance with gear
*Start of adtiva profils diameter

FORMED DRIVER:
*RBangic Rack Foru:
*Flank Angle
*Tip to Raferenca Line
*+Tooth Thicknass at Rafsrepce Line
*Tip radiua
+Radial_tip chamfer Def=0
r*Normal tip radius Defad
*Normal_tip relief exponent Defws3/2

FORMED DRIVEN:
*Basic Rack Form:
*Flank Angle
*Tip to Reference Line
*Tocth Thicknegss at Raferance Linm
*Tip _radius
*Radial_tip chamfer Def=0
*Normal_tip radiuvs Def=0
*Normal_tip velief sxponent Dafe3/2

|25 A2
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Gaar Mash (Path of Contact Sectiom — Virtual) Drivar/Drivan
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Gear Mesh (Poth of Contact Section = Virtual) Driver/Drivan
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ny

knpay

-

|

b

t Input---- Nam#--- Qutput=--=- Unit
Vs 0 ft/min
.0& £
eff +57 ¥
affback +51 ¥
afB -
nload 21.723 1bE
o 1
tnload 21.723 1bt
cli 77.44 deg
B 81969 pui
Ce £E764.3 psi
power 4] HE
D rev_dr
4.5 tork_dr czf-in
1586 E dr psi
clidr 74,707 deg
tan_dxr 2,359 1bf
sep dr 9.18 Inf
ax_dr 19.541 ibt
Mo _dr  2.425 1bf-in
rav dn 0 rpm
tork _dn 54.01 ozf-in
1.9E6 E_dn pai
elidn 2.733 dag
tan dn 19.541 1lbt
gap dn =2.18 1bf
ax_dn 2,399 1bf
Mo dn  .613 1bf-in
T 54.010469 ozf-in
Fa 83.1427E8 1ibf
L 333 Dm . in
3 Ne
Tlead .187s in
.0625 P in
.06 -
14.5° phi deg
alpha 10.161154 deg
Y ol o
.78 Da in
thata 17 .466259 dag
2 75.149633 %
1] Lgb in
3758 oD in
276 RD in
.296 ID in
At Q7382231 in"2
An .51452402 4in"2

-

LOADTING
rMaximum s1iding wvelocity
tApprox_ccefficient cof friction:
(Default value is for hardened
gteel driver and hronze driven)
*Approx_sfficiency
*Approx_efficiency backdriving
*Antci-backdrive safaty Factor
*Tmposad normal tooth load
*Overlogad facter Daf=l
*Total_normal tooth load
*At ceénter of contact interval:
*Angla between contact curvatures
tSpeclfic compraaslve stress, S
*Load/compressive stress factor, Cc
Driver:
*Eower
*Rotational speed
*Tozrgue
*Young s modulus (Default = Steel)
*Contact curvature inclinaticn angle
*Tangant;al force
tSeparating force
*Axial) force
*Overturning mcment
Driven:
*Rotational spmed
*Torqua
rYoung 8 modulus (Defanlt = Bronza)
*Contact_curvature inclination angle
+*Tangential force
rSeparating force
tAxial force
*Cvercurning moment

Serew Connacted to Drivern and Nut
Scraw Driving

Torque

Total axial resisting load
Thread pltch diameter

Mumber of starts

Thread lead

Thread axial pitch

Coafficient of friecrion: threads
Cns half included thread angle

Thread mean lead angls
Coefficient of frictiom: thrust cellar

Mgan diamatar of thrust collar
Axig ta thread normal surface
Thread afficisncy

Threaded langth

Scraw OD

Scraw Root Diamater

Nut ID

Tangile strase area

Total thread surface arsa

[25VE L
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.Q3125

8T
att
acch
atti
sng
SpN
Eg5
SsN
L=t
Sth

BEtR
88R

151.591€5

.04081885
-04211194
-46521221
.60804417
178.72013
136.73807
817.7128%
1141.7213

1568.125
337.26436

psi
in
in

in"2
in™2
pai
pai
pBi
psi

pei
psi

Compressive strass (Full contact)
Screw axlal tocch thickness

Scraw axial toeoth thickness at NMuk ID
Nut axlal tooth thickness at Screw QD
Total screw shear araa

Total nut shear area

Scraw shear stress {Full contact)

Nui ghear stress (Full contagt}

Torsicnal strass At screw root dia

Axial strass at screw root dia

Max tenslle gtre=ss at screw roob dia
Max ghear stress at acrew root dia

j2SNVEZL
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Input---- Name--- Cutput--- Unit-----
1 =1
18 z2
i 18
Il 72571429 am !
35 DEn
m L 73116427 o !
Dp 34.735%115
25.0000 npa deg
tpa 25.1646 dag
7.0000 gamma n deg
L3794 a in
. 3040 dal in
5725 daz in
dml 2452 in
dmz2 5137 in
wkd 0588 in
19.541 F2 1hf
¥ W fr/min
b 1758 in
fz .39
c 20311.684 1bf/in"2
c_al 1160.3019 lbf/in"2
Sc .57
26.054667 F2max 1bt
1B5 T F .
ral L1520 in
rml 12286 in
raz2 .2B63 in
G418 Lttt in
tttm .0435 in
dbg 46590 in
chi 73.6683 dag
rphi 20,0400 deg
t 3
am 0370 in
A L0273 in"2
tauB 0545.6 1t /in=2
Fb 151.2279 1he£
8 5.80

§2 Nominal
Heechst 30 deg Worm Gears
Steel, Hestaform Worm/Hostaform Gaar
Non-Enveloping (Crossead Axis Helical)
{See £0-125 for Input Data)
Fress "Alt U" for Units Change.

GENERAL: :

Humbear of Woxrm Teath
Number of Gear Teasth
Ratio

Normal Module

Nozrmal Diametral Fitch
Gear Tzansg Madule

Gear Trang Pitch
Hormal Praspure Angle
Gear Trang Pressure Angla @ Ref D
Worm Lead Angle

Center Diatance

Wozm OD

Gear 0D

Worm Mean Working Depth Dia
Gear Msan Working Depth Dia
Working Depth

LOAD CHARACTERISTIC:

Gear Tangentis]l Load

Flank Sliding Velocity

Effective Face Width

Tooth Numbar Coefficlent

Load Characteristic, c

Allowahle Lpad Characteristic, c
Load Characteristic Safaty Pactor

TOOTH BREAKAGE:

Maxitum (Gear Tangential Load

Operating Tempsrature

Worm Qutside Radiums

Worm Mean Working Depth Radius

Gaar Outslde Radlus _

Gear Trans Tooth Thickness @ Ref PD
(If Hostaform Worm, Gear TTT Should

Be Approx Bqual to Wozm TTT)
Gear Trans Tooth Thickness €@ Mean Dia
Gear Bame Dia

Pltch Angle

Numbexr of Bngaged Teeth

Avae Wideh of Shear-Stregsed Surface
Total Shear-Steasged Araa

Allowable Shaar SErasse

Topoth Rreakage Forca

Tooth Breakage Safety Facteor

HHCNZM
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t Input===-- Namé--- OQutput--- Unite=---

L )

'}

10.1
25
+£8

19

3734
-.00D382
+_.0082

[ R o )

5032

-40
~40
-40

type

n

11 ¢] .B4385382
ha

tpa”

TR

Amatl

HN Z2inc
M . 15.20B-85
KM Q

cd

ct"

ctll'l\

TCTE 20120
TCTS 00440
bBECD

bROg

LRPp

bBRPg

Cmin . 3712
Cinasx .A532

Pmacl
PN " Brass

ap

Qo

b 10.50E~-5
xXp© ]

d

Gmatl

el ) ~ Forlla®
ng

Qg

EG 11.6TE-&
KG" 37.50E-¢6
D

™

P

e

4acTt -.0042
dthl™ -.00G2

Cmin ep .3714Q

ifin ©
om -
deg
deg

1/degP
in/in

1/degF
in/in
in

1/dagF
in/ia

EEE e

#3 Mip Eff CD - Cold

60=146 (Ver 4.2) Rff Center Distance
Dus te Tolerance, Operating
Tamperature & Moisture Akhsozption

EBrasg "Alt A" Efor Model Solutions

External or Internal St ('e or 'i}

ASEEMBLY CONDITICONS:
Normal Diametral Pitcch
Normal Module
Helix Angim
Operating Transverse Pressure Angle
Temparature (Default =68F =20C)
Housing:
Matarial Mumber {S5ee Material Table)
Material Code
Thermal Coefficient of expansion
Mpigture Coefficlent of expansion
Basic or nominal center distance
Minimum center distanca tolerance
Maximum center diatance tolerance
Pinion total composite tolerance
Gear total composite tolerance
Pipiop bearing runcut {TIR)
Gaar bearing runout (TIR}
Pinion bearing total radial play
Zear bearing total radial play
Minimum assembled center distance
Maximum assembled center distance
Finion:
Material Number (Ses Material Table)
Matarial Coda
Number of teabh
AGMA Quality Claas
Thermal Ceefficient of expansion
Moigture Coefficlent of expansiopn
Nominal operating pitch diametar
{Entar Ref PD for X-Axis GearEe)
Gaar:
Material Number {(Sea Material Table)
Material Code
Numbexr <f teath
AGMA Quality Class
Thermal Cpefficiant of expansion
Moigrure Coefficiant of expangion
Nominal operating pltch diamater
(BEnter Ref PD for X-Axis Gears)

OPERATING CONDITIONS :

Ecusing tamperaturs

Pinion tamparatura

Gear temperature

Effactiva center distanca:
Change in (D {Thermal, Molsture)
Approximate change in trans backlash
Minimm center distance

/HCL 3



Cmax_op .3930 in Maximum center distance
dcd -G2200 in D Rarnge
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PP e ep—— VARIARLE SHEET ==

==
‘'t Ioput---- Name--- Cutput--- Unlt-----

30.1000 @n 1/in
~ 25.0000 npa deg
; o_mod .8439 mm
ncp 1044 in
= pnb .09458 in
.. 3D.0000 E deg
.1 37100 cd in
s std od .37098 in
Le -1592 in
- mp 1.6834
E oo No
ng 15
4
-1 ndr
., 'frm meth dr
A
i .3210 oy in
modd_dr NA in
Bmad_dr NA deg
xndr NA in
xncdr MNA in
xAr NA in
i eoddr L3176 in
~ nttodr (0101 in
xn_eodd NA in
¥ ptd_dr .3353 in
4 pddr .2387 in
.0472 nttdr in,
0 85n_dr in
. 82.0000 hadr deg
. ladr B.0000 deg
' Fdr min .1723 in
- prdr 4.1893 ifin *©
cpdr 74954 in
- tmmoddr £.0633 m "
: tpadr 73.3819 deg
tEtdr .3391 in
} thpdr . .21448 in
: bhady §3.82%77 deg
o ap dr  .10540 in
] lmad dr .1054 in
i Dhi 4r .1780 in
- EChi dr 137.9165 dag
radr .1590 in
dbdx .0683

in

#31 Min {0, TRs Max TTs,CDs

€0-125 [Var 4.2)

CROSSED AXIS IKVOLUTE HELICAL GEARS
(Non-Enveloping Worm Gears)

Press "Alt A" for Solutiocn List

-40C

*NORMAL PLANE:
*Diametral Ritch
tNomdinal Pressure Angla
*Module
*Clroular Pitch
*Bage Pitch

COMMON :

*Bhaft Angla (+ or -)
*Cperatling center distance
*Srandard ¢anter distance

*Length of contact

*Contact ratio {(SAP » TIF)

rContact _below finizhed involute?

*Gaar ratio

*DRIVER:
Numbher of teeth
*Hobbed ('hab), Ehaped ('shp)
Formad |'frm}
*Outeide Diamatar
*Start_Tip Modification
*Roll_at_start of tip modification
“Normal OD tip ralief
*Normal clreular QD tip rellef
*Transverse_circular QD tip relief
rEffactive_cutside diameter
*Normal tooth thickness at EQD
*Normal EOD tip relief
*Pointed tooth diazmeter (Ho tip mod)
*Refarence PD
+*Finished normal tooth thicknress
+Total pnormal circular finish
stock on tooth thickness
+Hallx angle {+ Right, - Left}
*Lead angle (+ Right, - Laft}
*Minimmm facs width (bi-rotation)
rTrapgverse_dlametral pitch
*Trangverse circular pitch
rTrangverse nodule
*Trangverse pressur+ angle
*Trangverse tooth thickness
+Trangverse bage pltch
*Bage_hellx angle
*Axial pitch
*Laad _
tInw/fillet intarssccicn dia {TIF)
*Roll_at_inv/fil intersectior dia
*Root diameter
*Bape_tdiameter

/25T 3




e P

R

B R -

15
frm

5750

0564

8.0¢00

dalta

cpc
wWOrk

nbbl
pnh

ncp”
npa”

e

nttdr®
hadr*®
ladr™
ptdx”
cpdr”
tmeddr
tpadr™
teedr”
abldx
gap dr
nftgapr

57286
-0188

.5880
L5032

82.0000
L0293
29,8071
10540
.B521
25.2153
L0570
.08535
7.24623
. 74934

11.2431

4555
1.8863
.4130

-4353

00002
0
.0741

L0007
20.1000
-30437
25.0000

.2387
-0472
82.0000
8.00Q0
4.1B91
.74994
6.0633
73.3818
L3381
2.742
1825
0724

*DRIVEN:

Number of teseth
“Hobbed ('hob), Shaped ('shp)
Formed ('fxm)
*Qutside Dlameter
*Start_Tip Modification

*Roll_at_start of tip meodification

*Normal OD tip relief
*Normal circular OD tip reliaef
*Trangverse_circular 0D t£ip relief
*Effactiva_outzide diameter
*Noymal teoth thickness at EOD
*Normal EOD elp relief
*Pointed tooth diametsr (No tip mod)
*Raference PD
*Finighed noyrmal tooth thicknase
*Total normal cirgular finiah
stock on tooth thickness
vHelix angle (+ Right, - Left}
tLead_angle (+ Right, - Left)
*Minimum face width (bi-rotation}
*Transversa_diametral pitch
*Transverse circular pitch
*Tranaversu module
*Trangverss prefsures angle
*Trangverse_tooth thlckness
*Trangverge bage pltch
*Base_helix angle
*Axial pitch
*Lead
*Inv/fillet intersection die {TIF)
*Roll_at_inv/fil intersection dia
*Root diameter
*Bagse diameter

QOPERATING DATA:

*Sgparation of pitch planes
*Contact_path to line of centers
*Norking dmpth
Normal Plane:
*hage backlash
*Diametral pltch
*Circular pitch
*Praggure_angle
*DRIVER:
*Pitch diameter
tNormal Toothk Thickness
*Hellx hngle {+ Right, - Left)
*Lead Angle (+ Right, - Laft)
*Transversa Diametral Pitch
*Trangverss_Circular Pitch
r*Trapnsvergs_Module
rTrgngverse Prassurs Angls
*Transvarse Tooth Thickness
tAngqular | backlask
#Start of activa profile {SAP)
*Normal tooth thicknegs at SAP

j25T3
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R - i V. G B

ngwlddr
reel _dr

pddn™
nttdn®
hadn™
ladn®
ptdn”

tmoddn”
tpadn”
ttedn”®
abldn
sap_dn
nctaapn
newlddn
reel_dn

tmark
markm
teesth
roll
L#

EsBp_dr
Eod_dr

Esap_dn
Eod_dn

Epdr

hfa dr
hdar

t dr
hs™dr
hfa2_dr
rt_dr

.0313
.0040

.5032
.0564
8.0000
82.0000
22.8071
10540
.8521
25,2153
.0570
183
4564
0651
.0297
0040

'Y
'Y
1

1

142.4372
250,3193

3.9428
43,7420

LI O I B B

in

in
in
dey
dag
1/in ~
in
mm
deg
in
deg
in
in
in
in

deg

deg
dag

dag

" deg

in
in
in .

in
in
dag
dag
in
in

dey
in
in
in

in

*Hormal space width at SAP
*Root_clearance

*DRIVEN:

*Pitch diameter
*Normal Tookh Thickness
*Helix Angle {(+ Right, - Left)
*Lead Angle (+ Right, - Laft)
*Transverse Diametral Pitch
*Trangverse _Cizcular Pitch
*Transverse Module
*Trangverse Pressurs Angle
*Trangverse Tooth Thicknaas
*Angular bhacklash

rStart of active profile (5AF)
*Normal_ tooth thickness at SAP
*Normal space width atc SAP
*Root_clearancs

PLOT CONFIGURATICN:
*Mark inv/fil intersections?
*Mark mod/inv intersectiona?
*Hunber of teeth on pleot {Def=l)
*Driver contact roll angle of
+Driver tooth number {D=f=1}

DRIVER ROLL ANGLES:
r3tart_of active profile
*Effective putside diamater

DRIVEN ROLL ANGLES:

*Scart_of_active proflle
rEffective cutside dlametar

DRIVER HOB:

vHob type (Seami-Top='s, Tip-Rel='r
Kon-Top='n)

*Flank anglse
*Tip to Raference Line :
+*Togth thickneds at Refarence Line
*Rafarencs Line ta Start Mod Ramp
rPragsure Angle of Mod Ramp
*Tip_radius
rProtuberance
tProtuberance angle from flank
tProtuberancde_pressure angle
*Tip to_flank/prot intersection
*Ref_Lins to Ecb SAP
*Normal Space Width at Hob 8SAP

DRIVEN HOB:
*Hob type (Sewl-Top='s, Tip-Rela'r
Non-Tope'n)
+*Flank angle

+Tip to Reference Line

+*Tooth thickness at Refarence Line
tiaference Lina to Start Mod Ramp

*Pressura Angle of Mod Ramp -

*Tip_ radius

t25x 2



1
2

AT, %

+

R R L

=

A N T

25.0000
0340
L0517
.015e

. 0030

25.0000
. 0502
.0527
. D048

.Q030

gll [ I

%Il i1

in
in
in
in
in

in
in
in
in

11l -

dag
in
in
in

S5

e

*Protubsrance
*Protuberance_angle from flank
*PFrotuberance pragsure angla
*Tip to flank/prot intersection
*Ref Line to Hob SAP

*Normal Space Width at Hcob SAP

CRIVER SHAFER:
rNumber . af Taath
*Dutalde Diamater
*Normal Tooth Thickness
*Tip Radius - Normal Plane
“Protubarance - Normal Plane
*Center distance with gesar
*3tart of active profile diameter

DRIVEN SHAPER:

*Hunber of TEeth
*ﬂutﬁlﬂﬂ Piamater

" *Normal Tnuth Thickness
*Tip Radius - Normal Plane
r*Protuberance - Normal Plane
*Canter distange with gear
*Start_of_ active profile diamecer

FORMED DRIVER:
*Basic Rack Form:
*Flank Angle
*Tip B0 Refarenca Lina
*Tooth Thickness at Reference Line
*Tip radins
*Radial tip chamfer Def=0
*Normal tip radius Def=0
*Normal tip relief exponent Def=3/2

FORMED DRIVEN:

*Bagie Rack Form:
*Flank Angle
*Tip to Raferanca Lina
*Tooth Thickness at Refsrance Line
*Tip radius

*Radial tilp chamfer Dafu«)

*Normal tip radius Def=0

*Normal tip relief expcnent Daf=3/2

}2513




Gear Mash (Poth of Contact Section - Virtwual) Drivar/Drivan
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r=zswasmw==roxaasaans VARIABLE SEEET sssca—s—fercsccc-=rccSesemdsrcSSesmmsmccammmos

£ Input---- Nama~--- Cutput~--- Unig----
Vs 4 ft/min
.06 £
. eff +63 ¥
effback +57 L
sfB .
e nload 12.454 1bt
Fo 1
tnload 12.454 ibt
cli 75.413 deg
-} 60674 psi
Cc 3540.1 psi
power g HP
0 rav_dr Ipm
s 3 ’ tﬂrk_d-r = f‘ iIl
15E& E_d4r pal
clidr .72.411 dag
e tan dr 1.571 1kt
: aggp_dr 5.263, 1bt
. ax dr 11.178 1be
Mo dr 1.39%4 lbf-in
1 rav_dn 0O
tork _dn 31.27 czf-in
. 1.9E& E_dn pai
: ¢lidn 3,002 . deg
. tan dn 11.178 1BE
N gép dn 5.263 1bf
3 ax dn  1.571 ibt
'l Mo_dn 387 1bf-in
rd
o
= T 31.270479 ozf-in
Fa ™ GE.104315 1h#
.333 tm in
2 Neg
158 Tlaad in
g p .078 in
.S .08 -
14.5° phi dag
alpha B.4813445 deg
a fec
L3758 Tc ' in
thetz 16.621865 dag
: . 71.307912 &
. 766 LgSs in
.375 aD in
o .276 RD in
I .296 In in
At 07282231 ;n:z

.41028951 in"2

9 "

*Maximm gliding wvelocity
*Approx_coefficient of friction
{(Dafault value is for hardened
gteal driver aad brenze driven)
*Approx efficiency
*Approx efficiesncy backdriving
*Anti-backdrive safety factor
*Imposed pnormal tooth load
*Overleoad factor Defel
*Tocal_nozmal tooth load
*At_center of contact interval:
*Angle between contact curvatures
*Specific compressive stress, S
*Load/compressive stress factor, Coc
Driver:
*Powar
*Rotational speed
*Torque
*Young“s modulus (Default = Steel}
vContact_curvature inclinatien angle
*Tangentlal force
*Separating force
*Axlal force
rOvercurning moment
Driven:
tRotational speed
tTorgque
*¥oung~s modulus (Default = Bronze)
¥Contagt curvature inelination angle
“Tangential foree
tZaparating force
*Axial force
*Overturning moment

Screw Conngcted to Driven and Nut
Screaw Driving

Tarwue

Tortal axial resisting leoad

Thraad pitch diametar

Number of startsg

Thread lgad

Thread axial pitch

Coefficient of frictiom: threads

One half included thraad angle
Thread mean lead angls
Cosfficlient of frictionm: thrust ceollar

Mean diameater of thrugt ¢ollar .

Axis to tkread normal suiface
Thread efficiancy

Thraeadad langth

Screw OO

- Scraw Root Diameter

Nut ID
Tensile BErass area
Total thread surface area

/285733




.03%

BaT
ace
aceR
attl
Enk
InN
Eg3
SsN
[ o2
StA

StR
S8R

134 .30271

-04855885
.04986194
.4435408

.57687885
124 23735
95.521E838
473 .43178
756.69574

024 3881
606 .04023

psi
in
in
in
in"2
in®2
pei
pEi
pai
pai

psl
psi

Compresaive ztreas (Full concact)

S¢rew axial tooth thickness

Screw axial tooth thicknass at Nub ID

Nur axial toorh thicknssgs ar Scraw OD
Total screw shear arsa

Total nut shear area .
Screw shear stress {Full contact)

Nut shear stress (Full goncact]

Torsional sStresSs at SCrew root dia

Axial stress at screw root dia

Maw tengile gEress at sorew root dia
Max shear stress at sorew roobt dia

JLy L 3L3
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t Input--~-=- Namé--=- Output--- Unit

-

-

.08

375

.766
.375
L2765
296

.
o
Bt}

Ve
£

eff
effback
sfB
nioad
Fo
tnload

cli
s
Co

power
rav_dr
tork _dr
E_dr
clidr
tan_dr
sen_dr
ax_dr
Mo dAr

rev_dn
tork_dn
E dn
¢lidn
tan_dn
sep_dn
ax_dn

Mo dn

T
-~ Pa

o

+59
fET

74.909-
1
24,909

75.413
87784
TO&a0.3

o

7Z2.411
3.142
10.527
22,1355
2.789

o
62.541

3.002
22.355
10.527
3.142
. 775

B2,540857
110.20867

Wy g

.078
B.4813445
16.621865

71.307912

.07282231
.41029551

ft/min

1bf
1bf

deg
pai
pai

HP
rpm
ozf-in
psl
dag
inf
1bE
1bf
1bf-in

rpm
aozf-in
psi

deg
1of
1bE
1of
lof-in

ozff-in
1bt
in

in

FEECEE §§

- He H-
45
L |

(XY

LOADING:
*Maximum sliding wvelocity
*Approx Ccoefficient of Ericrion
{Default value is for hardened
steel driver and bronze driven)
*Approx_efficiency
~approx efficiency backdriving
*Antl-backdrive safety factor
tImposed normal tooth load
rCverload factor Def=l
*Total_normal tecoth leoad
*At center of conktact interval:
*Angle between contact curvatures
*Specific compressive stress, s
*rLoad/compreasive stress factor, Cc¢
Driver:
tPOWARY
*Rotational spesd
*Tarque
*¥Young s modulus (Default = Stael)
*Contact_curvature inclination angle
*Tangential force
*Separating forece
rAxial force
*Qverturning moment
Driven:
*Rotational speed
*Torque
*Young s modulus (Dafault = Bronze)
*Contact_curvature lnclination angle
*Tangential feorce
¥Separating force
*Axial_force
*Overturning moment

Screw Connaected to Driven and Nut
Screw Driving

Torque

Total axial rasisting load
Thraad piteh diameter

Number of starts

Thread lesad

Thread axlal pitch

Coefficient of Eriction: threads
One balf included thread angle
Thread mean lead angla
Coefficient of friction: thruat cellar

Mean diametar of thrust collar

Axie ta, thread normal Burface

- Thread efficiency

Threaded length

Scraw OD

Serew Root Diamater
Nut ~ ID

Tensile stress area
Total thread surface area

125346



Q3%

EcT
actt
AattR
attN
&ns
Sni
SES
11 |
StS
Sth

StR
E8R

268.60541

04856085
.04986194
. 4435408
.57687865
248.4747
151.04307
D4E.88357
1513.3915

1968.7762
1215.080%

pal
in
in
in
in"2
in~2
psl
pal
pai
=111

ped
psi

Comprasaive gtress (Full contact)

Screw axial tooth thickness

Scraw axial tocth thickness at Nut ID

Nut axial tooth thickness at Screw 0D
Total screw shear area

Totzl nut shear aresa .
Screw shear stress (Full contact)

Nut shear stress {Full contact)

Torsional stress at sorew root dia

Axial stress at gcrew root dia

Maw censila stress At screw rookt dia
Max shear stregs at sorew root dia

12513248
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st Input---- Mame--- Output--- Unit----

‘e cype
T o30.1 pn 1fin *
. 1419] 843853232 mm "
8 ha deg
25 tpa” deg
+68 TR. F
19 Ematrl
EN Zinc
v EM 15.20E-E  1/dagF
FM ™ o] in/in
i 3794 sl in
P = _Q0B2 ce* in
+_008B2 oet " in
I TCTP 00120 in
TCTS Q0440 in
0 BROp in
-— 0 bRCg in
10 bR¥D in
CER bREg in
Cmin .3712 in-
- Crnax .3932 in
l'l' 7 Pmatl
Q'E BN Brags
41 op
= 1b Qp
_ XP 10.50B-¢ 1/degF
“ xp* 0 in/in
i 2387 d in
" 22 Gmatl
GN ForllaD
; 15 ng :
H [ Qg
- KG 11.67B-&§ 1/d=gF
KG" 37.50E-& in/in
+2 0 ,5032 D in
.t +1B5 ™ F
+185 i F
i T8 TG F
s dcTr” +.0002 in
dtbl” +.0001 in
. Cmin op .3713 in

#31 Max Eff CD - Hot

EQ0-145 {Ver 4.2) Eff Center Distance
Due teo Tolerance, Cperaring
Temperature & Moisture Abscrption

Prass "Alt A" for Model Solutions

External or Internal Set {('a or 'i}

ASSEMBLY CONDITICKS:

HNormal Diametrzl Pltch

Hormal Module

Helix Angle

Operating Transveree Pressura Angle

Temperature (Default 268F =20C)

Housing:

Material Number {See Material Table)
Matarial Code _
Tharmal Coefficient of expansion

Moleture Coefficlent of expansion
Basic or nominal center distance
Minimum center distance tolerance
Maximum center distance tolesrance
Pinion total ceomposite tolerance
Gaar total composite tolerance
Finion bearing runout (TIR)
Gear bhearing runout (TIR)

Pinion bearing total radial play
G@ear bearing total radial play
Mimimum zssambled center distance
Maximum asgembled center distance

Pinion:

Matarial Number (See Material Table)
Matearial Code

Number of teeth

AGMA Quality Claas

Thermel Confficisnt of expansion
Moisture Coefficient of axpangion
Nominal cperating pitch diameter

(Bntar Ref BD for X-Axis Gears)

Gear;

Material Number (Sea Matarial Table)

Matarial Code

Number of teeth

AGMA Quality Class -

Thermal Coefficient of axpanaion

Moisture Coefficient of aexpansion

Neminal operating pitch dismeter
{(Enter Ref P0 for X-Axis Gears)

OPERATING CONDITIONMS:

Housing temperaturs

Pinion temperature

Gear tamperatire

Effective center distance:
Change in CD (Thermal, Molsturs)
Approximate change in trans backlash
Minimmm center distance -

/HENE
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T ommmg=oasusgunawanze VARIABLE SHEET ===s=ar==oasmaosae=m=tSrmmesoysm—rasaSyry=axammm

t Inpufe=--- Nam@--=- Cutput--- Unilte----

30.1Q00
25.0000

90.G000
.333230

0457
0

BZ.0000

sis]
npa
n_mod
ncp
pnb

E

cd
std_cad
Lc

g
mpEC
Ty

ndx
msth_dr

aoddre
modd_dr
Emod_dr
xndr
xacdr
*¥dr
eodtye
nctody
¥n eqdd
ptd_dr
padr
nttdr
88n_dr

had»r
ladr
Fdx _wmin
pcar

tmaddr
tpadr
tredr
thpdr
bhadr
ap dr
lead dr
Dhi dr
EDhI ax
rédr
ghdr

.8435
.1044
.0945%

.37098
.0958
1.0129
Ho °
15

NA
N

NA
NA
.3133
0106
NA
L3332
.2387

. B.0000C

.11866
4.1801

. 74954
6§.0633
73.3B815
.J284
.41448
63.82977
.10540
.1054
L1749
135.0992
-15548
.Ue83

1/in

in
in

deg
in
in
in

H- [ - p-
“jiu"

HEEEEERAESHRE BEEEENNEY

BEg

#3 Max CD,TRs Min TTs,0D8 +1&50C

£0-125 (Ver 4.2)

CROSSED AXIE INVOQLUTE HELICAL FEARS
{Non-Enveloping Worm Gears)

Prags "Alt A" for Sglution List

*NORMAL PLANE:
*Diametral Pitch
*Nominal Pressure Angle
*Module
*Cireular Pitch
*Base Pitch

COMMON :

»Zhaft Angla {+ or -)

*Operating center distance
*Standard_center distance

*Laagth of contact

*Contact ratio (SAP » TIF)

*Contact_below Linished involute?

*Gear_ratilo

*DRIVER:
Kumber of teeth
*Hokbed {('hob), Shaped {'shp)
Formed ('fxm}
rOutside Diameter
*Sgart Tip Modification
*Roll_at start of tip modification
*Normal OD cip relief
*Normal clrcular OD tip reliet
rTrangvrayse circular OD tip relief
rEffactive outside diamster
*Normal tooth thicknass at_EOD
*Normal EOD tip relief
*Dointed tooth diametar (Neo tip mod)
tReference FD
*Finighaed normal tooth chicknags
*Total normal ecircular firish
stock on tooth thickness
*Halix angle {+ Right, - Laft)
*Lead angle (+ Right, - Left)
rMinimum face width (bi-rotation)
*Transvares diametral pitch
rTrangverse circular pitch
*Trangvarsa_moduls
+Trangverss pregsure angle
rTrangverse tooth thickness
tTrangvarsa_base pitch
*Bage_helix angla
+Axial pitch
rLead
tInv/fillet intarsection dia {TIF)
*Roll at_inv/fil intersactlnn dia
*Root diameter
*Hase diamater

j25X3



15
1frm

5700

0544

8.0000

delta

work

sap_dr
ntLsapr

HEBEE

.5658
(211

3

L5932
.5032

§2.0000
0287
25,8071
10540
.852]
25,2153
T

. 09535
7.24623
- 74594
11.24581
L4553
.6194
LADE7
.4553

02232
N 11
. 0463

.0227
30.1000
.10437
25.Q000

.2387
0457
82.0000
8.0080
4.1881
. 74994
6.0633
73.381%9
.3284
86.548
.2316

. 0450

HEWEEERES

i3
in
in
in

3]

1/in *©

in
1/in
in

in

deg
dag
1/in °

deg
in
deg
in
in

*DRIVEN:
Nunber of ceeth
*Hobbed ('heh},
Formed ('frm)
*Qutside Diameter
*Start_Tip Modification

Shaped ('shp)

*Roll_at start of tip medification

*Normal CD tip relief
*Normal cirecnlar OD kip ralief

*Trangverse cizrcular OD tip relief

*Effective_outgide diameter
*Normal tooth thickness_at_ EQOD
+*Normal EOD tip relief

*Pointed tooth dismeter (No tip mod}

*Reference PD
*Finished normal tocth thicknesa
*Total normal circular finish
stock on tooth thickneas
*Halix apgle {+ Right, - Lefk)
*Lead_angle (+ Right, - Left)
“Minimmm face width (bBi-rotation)
+Transverge_dlametral piktch
*Transvarse circular pitch
*Transverse_nodule
+t+Transverse_preggure angle
*Transverse tooth thiclkness
*Transverse_base pltch
*Bage helix angle
*Axial pitch
*Lead
vinv/fillet intersection dia {TIF)
*Roll at inv/fil intersection dia
*Root diametar
*Rage_ diamatar

QPERATING DATA:
*Separation of pitch planas
*Contact path to line of centers
*Working dapth
Normal Plane:
*Bage backlash
*Diamatral_pitch
*Circular pitch
*Presgura_angla
*DRIVER:
*Pitch_diameter
*Normal Tooth Thicknass
+Helix Angle {+ Right, - Left}
*Lead Angle {+ Right, - Laft}
tTrapsverse_Diamatral. Pltch
+Traneverse_Circular Pitch
*Traneversa_Module
*Transvarse_Pressura Angle
*Transverse Tooth Thicknees
*Angular_backlash
vStart of active profile (SAPR)
*Normal tooth thickmase at SAR

/A5X3
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naswlddr
recl dr

pddn”

nt

tdn"

hadn™
ladn"

yuy o

&H

cpdn”
emodAn”™
tpadn”
teedn”™
abldn
sap_dn

nt

tsapn

nswlddn
rtcl dn

mark
markm

ce
ro
E#

eth
11

ap_dr

Bod_dr

ap_dn

Eod_én

FES

oo

rh i
o

B

S
B

o
'Er

L0553
.0304

-5Q32
0544
g.0000
82.0000
29.8071
.10540
.8521
25.2153
.0545
5.77

. 4781
.08l4
L0378
.0295

185.7222
256 6520

18,3546
42.2777

(I T I O IO

LI T T I |

in
in

in
in
decg
deg
1/in *
in
.

deg
“in

deg

in
in

deg

dag
deg

dag
deg

in
in
in -
deg
in
in
deg
deg

*Normal space width at SAP
*Root_clearance
*DRIVEN:
*Pitch_diameter
*Normal_Tooth Thickness
*Helix Angle [+ Right, - Left)
*Lead Angle {+ Right, - Laft)
rTransverse Diamstral Pitch
+*Trangverse Circular Pitch
*Transverse Module
*Transvergss Presgura Angle
*Trangverse Tooth Thicknass
tAnqular backlash
*Start of active profile (SAP)
*Normal tooth thickness at SAP
*Normal space width at SAP
*Root clearance

PLOT CONFIGURATION:
*Mark inv/fil intersections?
*Mark mod/inv intersectcions?
*Nunber of teath on plot {Def=1)
*Driver contagt roll angle of
*Driver toeoth number {(Defwl)

DRIVER ROLL ANGLES:
*3cart of agtive profile
+vEffactive outside diameter

DRIVEN HOLL ANMGLES:
*Jtart_of_active profils
vEffoective outsmida diamater

DRIVER HOR:
‘Hob type (Seml-Top='s, Tip-Rela‘'r
Non-Top="n}
*Flank angle

*Tlp to Reference Line

*Tooth thickness at Referance Line

*Raference_Line to Start Mod Ramp

*Praegasure Angle of Mod Ramp

*Tip radius

*Protubsrance

*Protuberance_angle from flank

*Protubsrance pressure angle

*+Tip to_flank/prot intersection

+Ref Line to Hob SAP

*Normal_ Space Width at Hob EAP
DRIVEN EOB:

*Hob type (Semi-Top='s, Tip-Rel='r

Non-Top="'n)

*Flank angle

*Tip to Rafaranca Line

*Tooth thickness at Reference Line

*rReference_Line to Start Mod Ramp

*Praggsure Angls of Mod Ramp

*Tip radius

/25XRD
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25.0000
L0340
L0517
.0156

. 20540

25.000Q0
.0502
.0527
.00486

.00E0

u_dn
ua_dn
uap dn
hu*dn
hobAPdn
nawAPdn

nc_dr

ntte_dr
rta dr
us_dr
cds_dr
sapc dr

ac_dn
ode_dn
nttg_dn
rts do
ug_dn

sapc_dan

Eil 111

ﬁll U I

in
in
in
in
in

in
in
in
in
in

deg

in
in

- in

in

*Protuberance .
*Protubezance_angle from flank
*Protuberance pressure angle
*Tip_to_flank/prot intersection

*Ref Line to Hob SAP

rNormal Space Width at Hob SAP .

DRIVER SHAFER:
*Number of Teeth
+Qutside_Diameter
*Normal Tooth Thickness
*Tip Radius - Normal Plane
+*Protubsxancs - Normal Plane
rCanter distance with gear
*Stazt_of_active _profile diameter

DRIVEN SHARER:
tumbar of Teeth
*Outeida_Diamatar
*Normal Teoth Thickness
+Tip Radius - Neormal Plane
*Protuberance - Normal Plana
+*Center distance with gear
*Brart_of_active_profile diameter

FORMEL DRIVER:
+Basic Rack Form:
*Flank Angie
*Tip te Reference Llne
*Tooth Thicknesa at Referenca Line
*Tip_radius
*Radial tbip chamfer Daf=0
*Normal_tip radiue Def=C
*Mormal tip relief exponent Def=3/2

FORMED DRIVEN:
*Bagic Rack Form:
*Flank Angls
*Tip to Reference Line
+*Tooth Thickness at Reference Line
*Tip radius
*Radial_tip chamfer Dafw(
rNormal_cilp radius Def=(
*Normal tip_relief exponent Def=d/2

;125X 3
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£ Inpuii---- Name--- Qutput--- Unit----=- O~ = =~ m o
' LOADING:
Vs 0 ft/min *Maximum gliding velocity
.06 £ *Approx_coefficient of friction
{Default value is for hardened .
steel driver and bronze drive
eff +69 ¥ *Approx_afficiency
effback +57 ¥ *Approx_efficiancy backdriving
sefB _ tAnti-backdrive safety factor
T nload 12.454 1bf *ITmposed noxrmal tooth load
| Fo 1 *Overload factor Defial
) tnload 12.454 1bt *Total_normal tooth load
*At_center of contact interval:
cli 77.71% deg *angle between contact Curvatures
5 53935 psi *Specific compressive strass, 8
Cc 2511.5 pal rLoad/compresgive strass factor, Cc
) Driver:
i power O . HP *POwAr
0 rev_dr Ipm *Rotational spead
3 tork_dr ozf-in *Torgue
15E4 E_dr peil *¥Young™s modulus (Default = Steal)
clidr 73,501 dag *Contact_curvature inclination angle
tan dr 1,571 Ibf *Tangential force
sep_dr 5.263 i -} o *Separating force
ax_dr 11.178 1bt raxial farce
Mo _dr 1.522 1bE-in *Jvarturning moment
Drivan: :
rev_dn 0 rpm *Rotational speed’
tork_dn 31.27 ozf-in *Torgue
1_EE6 E dn pei *Young s modulue (Default = Bronze'
clidn 3.818 deg *Contact_curvature inclination ang. .
tan dn 11.178 1bf +*Tangentlial force
sep_dn 5.263 1bt *Ssparating force
ax dn 1.571 lbf *Axial force
Mo dn  .405 lbf-in *Ovarturning moment

Screw Connected to Driwvaen and Hut
Screw Driving.

T 31.27047% ozi-in Torgue
Fa 55.104335 1lhf Tatal axial resisting load
.333 Dm in Thraad pitch diameter
3 Nz Humber of starts
.L58 Tlead in Thread lead
p .078 in Thread axial pitch
.06 £ Coefficient of friction: threads
14.8 phi dey One half included thread angle
alpha  8.4813445 deg Thread mean lead angle
¢ fe Coefficient of friction: thrust collar
375 be in Mean diameter of thrust ceollar
thata 16.621865 dag Axis to thread normal surface
e 71.307512 % Thread afficiency
. 7686 Lgs in Threadad leangth
.375 CD " in Screw OD
.276 RD in Screw Reoot Diammstar
. 296 1D ' in Nut ID
At 07282231 in™2 Tenglle stress area
_An .41029851 in"2 Total thread surface area .
-1 -

}25X3L3
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[ L]

™ i I

g 0 s -

L

.0338

ScT
ate
atcRk
atcll

SaN
585

5t8
Sth

StR
5sR

134.30271

.04B56885
.04986154
4435408

.57687965
124 .23735
95.52153¢
473.43178
786.69574

9B4.38a1
606.04023

Esi

in
in
in®2
in™2
psi
pai
psi
pai

pai
psi

Compressive stress [(Full contact)
Screw axial togth thickness

Screw axial tooth thickness at Nut ID
Nutk axial tcoth thickness at Screw OD
Toktal screw shear Ares

Total nut ghsar area

Screaw shaar stress (Full contace)

Nut shear gtress {(Full contact)
Torsional stress at screw roct dia
Axial stress at screw roob dia

Max tensile stress at screw root dia
Max shear atress at acrew root dia

}25x363
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s=====xnxmw VARTARLF SHEET msszx==—sraosusssr—m-cras-cconsssssssssc=I=m=c

it Input---- Kama--- Cutput--- Unit
Vs 0 ££/min
.Qe £
eff +69 ¥
effback +57 ¥
5fB _
nload 24.909 ¢ 1lbf
Fo 1
tnload 24.909 1bf
cli 77.71% deq
B 57954 psi
Ce 5023.1 psi
power J HP
¥ rev_dr Ipm
_f? tork dr czf-in
25E6 E_dr psi
clidr 73.501 deg
tan dr 3.142 1ht
gep_dr 10.527 1lht
ax dr 2z.355 1ht
Mo dr  3.043 lbf-in
rev_dn 0
tork dn &62.541 ozf-in
1.5E8 E_dn psi
clidn 31.R18 dag
tan dn 22.355 ibt
sep dn 10.527 1ot
ax dn  3.142 1br
Mo _dn . 809 lbf-in
T 62.540957 ozE-in
Fa 110.20867 1bf
.333 Dm in
2 N3
.156 Tlaad in
P .078 in
.08 £"
14.5° phi deg
alpha 8.4813445 deg
0 fc
.375 De in
tkata 16.621865 deg
(] 71.307912 &
. 768 Lgs in
.375 oD in
276 RD in
296 ID in
At .07282231 in"2
An .4102595: in"2

LOADING :
*Maximum gliding veloeity
*Approx coefficiant of friction
(Dafault value is for hardensd
stael driver and pronze driven)
*Approx_efficiency
*Approx_efficiency hackdriving
*Anti-backdriva safety facteor
*Imposad normal tocoth load
*Qverload facter Defel
*Total narmal tooth load
*At_center of contact interval:
*Angle between contact curvatures
*Specific compresgive stress, 8
*Paadﬁcomprussive stress factor, Cc
Drivar: .
rPower
*Rotational speed
*Targqua
*Young "8 modulus (Default = Steel)
*Contact curvature inclinarion angle
*Tangentlal force
*Separating force
rAxial_force
rOverturning momeant
Driven:
*Rotaticnal speed
*Tarqus
*Young s modulus {Default = Bronze)
Uentast curvatura inclination angle
*Tangential £orcae
*Saparating force
*Axial force
*Ovarturning momant

Sgrew Connectad to Driven and Nut
Screw Driving '

Torgue

Total axial raeisting load

Thread pitch diametar

Number of starts

Thread lead

Thread axial pitch

Cosfficiant of frictiom: threads

(na half included thread angls

Thread mean lead angle
Coafficiant of friction: thrust copllar
Maan diamecer of thrust collar
Axig to thread normal surface
Thread afficiency

Tareadsd langth

Sczrew OD

Screw Root Diameater

Nut ID

Tanslle stress area -

Total thresad surface area

125 x3LE
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035

EcT
att
AttR
attN
gn=
SnN
-1
SsN
EtS
St2a

StR
SaR

268.80541

.04856885
04986154
.4435408

576878645
248.4747

151.04307
046.86357
1513.3915

1568.7762
1212.0805

psi
in
in
ip
in™2
in"2
psi
pei
psi
psi

psi
psi

Compreasive stress (Full contack)
Screw axial tooth thickness

Screw axial tooth thirknssgss at Nut 1D
Nut axial tooth chickn=ss at Screw oD
Total screw shaar arsaa

Total nut shear arsa

Screw ghear stress (Full contack)

Nut shear stress (Full contact)
Torszicnal stcreszs at screw root dia
Axial gtrezg at screw root dia

Max tensile stregs at screw root diax
Mawx shaar srress at gcrew roob dia

] 23X34¢




immmmarwcaomcswezzass VARIARLE SHEET cswswssmzud=zs

~& Input---- Hame--- Qutput--- mit-----

30.1000
245.0000

.~ 90.0000
I .37940

lfm

-t ,3200

9

- |

. 24b5
0

82.0000

Pn
npa
n_moct
ncp
pnb

E

ad
std_od
Le

mp
o
mg

ndx
meth_dr

oddr
modd_dr
BEmod dr
xndr
xnedr
xdr
eoddr
nctodr
xn_eodd
ptd_dr
pddr
nttdr
85n_4»

hadr
ladr
Pdr min
ptdr
cpdy
tmoddr
tpadr
ceedr
tbhpdr
bhadr
ap_dr
lnad dr
Dhi_: dr
EDhi_dr
rddr
dbdr

.8439
.1044
.0945%9

.37088
1341
1.4176
No
15

SHEEE

3155
-0103

&

.3338
-2387

8.00¢0
.1321
4.1851
-T4994
6§.0632
73.3819
.3338
21448
63.82577
.10540
.1054
1764
136.5078
1574
L0683

1/in
deg

in
in

in

in

NI EEE S N SO NEENEERNC S aEXT

L I e e i il T [ e —

#3 HNominal

E0-125 {Var 4,2}

CROSSED AXIS INVOLUTE HELICAL SEARS
{(Non-~Enveloping Worm Jears)

Press "Alt A" for Sglution List

*NOEMAL PLANE:
*Diamarral Pitch
rNominal Pressure angle
*Modula
»Circular Piteh
*Baga Pitch

COMMON -

*Shaft Angls (+ ar =)

*Oparating centar distance

*Standard_center distance
rLength of contact
*Contact ratio (SAP » TIF}

*Contact_beleow finished

rGear ratio

involute?

*DRIVER:
Mumber of teeth
vHobbed ('hob),
Formasd ('fIm)
*Oukgide Diamgtar
*S§tart Tip Modification
*Rell at start of tip wodificaticon
*Nnrmal_ﬂn tip relief
*Normal circular OD tip relief
+*Transverse_circular OD tip relief
*Ef factive_ cutslde diZmeter
*Normal tooth_thickness_at_EOD
*Normal EOD tip relief
*Pointed tooth diameter (No tip mod)
*Heference PD
*Pinighed normal tooth thickiess
*Total normal clrpeular finigh
stock on tooth thicknaess
*Hellx angle {+ Right, - Laft)
*Lead angle (+ Right, - Left)
*Minimum face width (bi-rotation)
*Tranaverse diametzal pitch
*Trangverge sircular pitch
*Tranaverse _moduls
*Tranaverse presggure angle
*Trangverse tooth thickness
*Trangverss . “bape pitch
*Basa helix angle
whxial pitch
*Lmad
*Inv/fillet ilntersaction dia (TIF)
*Roll at_inv/fil 1ntursuct1on dia
*Root diameter
rHase diameter

Shaped ('shp}

tZ5AN3
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'frm

.5725

.0554

8.0000

delis
ope
work

nobl
pn”
nep

unpa”

pddr”™
ntedr”
hadr"
lagr®
ptdr”
epdr™
tmoddr*
tpads™
teede"
ablar
gap_dr
nttgsapr

SEEEH

.5893
0198

5846
.5032

82.0000
0253

29.8071.

10540
-8521
252153
0559
.09535
7.24623
743594
11.2451
.4554
1.3528
L4108
4583

.00B&2
.0025
0630

.0094
30.104Q0
210437
25.0000

2387
.C464

- 82,8000

a.0000
4.1851
.749%4
6.0632
73.2818
.332318
15.79%;
4016
L0634

7

1/in

dag

A

dag
1/in °

dag
i1l
deg
in
in

*Outside Diamster

*DRIVEN:

Number of teeth
*Hobbed ('hob), Shaped ('shp)
Formed {'firm}

*Start_Tip Modification
*Roll_at_start of tip modification
*Noxmal QD tip zalief
*Normal circular 0D tip relief
rTrangversa_circular OO tip relief
*Effective_cutside diameter
*Normal tooth thickness at_ EQD
*Normal EOD tip relief
*Pointed tooth diameter (No tip mod)
*Reference PD
*Finished normal toeoth thickness
*Total normal clrcular finish
gtock on tooth thickness
+Helix angle {+ Right, - Left)
*Laad_angle (+ Right, - Left)
*Minimum face width {(bi-rotation)
rTransverade dlamatral pitch
«Transverse circular pitch
*Iransverss_modula
*Transverse Pressurs angle
*Trangverse tcoth thickness
*Traceverse_base pitch
*Base helix angle
*Axjal pitch
*Laad
v*Inv/Efillat intérsacticn dia {TIF)
*Roll at_inv/fil intersaction dia
rRoot diamater
*Basa diameter

QPERATING DATA:
*Saparation of picch placas
+Coantact _path to line of canters
*Working depth
Noxmal Plane:

*Base_backlash

#Diametyral pitch
*Cirgular pitch
*Prepsura_angle

*DRIVER:

*+Pitch diamater
*Normal Tooth Thicknass
*Helix Angls (+ Right, - Left).
*Lead Angle (+ Right, - Laft)
*Transverse Diametral FBitch
*Transvarsse Circular Pitch
*Transvarsa_Module
rTransverse_Pregsure Angle
+*Transverse_Tooth Thicknass
*angular backlash
*5tart of active profile (SAP)
*Normal_tooth thicknesa at 3AF
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nawlddr .0406
rtcl_dr .0145

pddn” L5032
ntcAn”™ L0554

hadn™ g.0000
ladn® E2.0000Q
ptdi” 29 .5071
cpdn’® . 105440
tmoddn™ .8521
tpadn™ 25.2153
tctdn™  .055%
abldn 2.387
sap gdn .4615
nttsapn 0643
newlddn .0316
rtcl_dn .0140

mark 'y
mazian 'y
reeth 1
roll

t# 1

Egap_dr 159,2147

Eod dr 258.4864

ESap_dn 9.5238
Eod dn 43.0060

tpdr !

hia dx
h dr
-
hs~dr
hfaz dr
re_dr
u_dr
us_dr
vap dr
hudz
hobArdr
newAbdr

tpdn !
hia dn

in
in

" in

in
deg
deg

1/in ©

in

dag
in
deg
in
in
in
in

dag

deg
g

ey
deg

in
in

deg
in

*Normal space wldth at SAD
*Root_clearance
*DRIVEN:
*Pitch diameter
*Normal Tooth Thickness
tHelix Angle (+ Right, - Left)
*Iead Angle {+ Right, - Left)
*Trangverge Diametral Pitch
*Trangverse Circular Pitch
*ITransvarse Moduls
*Transverse_Pressure Angla
*Transverse_ Teocoth Thickness
*Angular backlash
*Start of actlve profile (SAPR)
*Normal tooth thickness at SAP
*Normal_space width at SAP
*Root_clearance

FPIOT CONFIGURATION:
vMark inv/fil intersections?
*Mark mod/inv intersecticns?
*Runber of teath on plot {(Defxl)
*Driver contact roll angle of
Driver toath number {Defw=1)

DRIVER ROLL AMNZLES: .
*Start_of_actlve profile
*Effpctive cutside diameter

DRIVEN ROLL ANGLES:
*3tart of_active profile
trEffective cutside diamater

DRIVER HOB:

*Hobh type (Sami-Top='s, Tip-Rela'r
Non-Top='1n)

*Flank angle
*Tip to Referance Line
*Tooth thickness at Referesnce Line
*Refersnce Line to Start Mod Ramp
*Pregsure Angle of Mod Ramp
*Tip_radius
*Frotuberance
*Frotuberance_angls frcm flank
*Frotuberance_presgure angle
*Tip to_flank/prot intersection
*Ref_Line to Hob SAP
*Hormal Space Width at Hob SAP

DRIVEN HCB:
*Hob type (Seml-Top='s, Tip-Rela'r
Non-Top="n)
+Flank angle

*Tip to Reference Lina

*Tooth thiclmeszs at Referencea Line
*Retarence_Line to Start Mod Ramp
*Pragaure Angle of Mod Ramp

*Tip radius

]2 5V3



u dn io *Protuberanca

-

. ua_dn deg *¥rotuberance_angle from flank
uap_dn deg rProtuberance pressurs angle
N hu“da  _ in *Tip to flank/prot intersection
habAPdn in *Ref Line to Hob SAF
nswiPdn in tNoermel Space Width at Hob SAP .
. DRIVER SHAPER:
ne_dr  _ *Number of_ Teeth
ode_dr _ in *Outgide Diameter
' ntte_dr in *Normal Teooth_Thickness
SR rts_dr in *Tip Radius - Normal Plane
us_dr _ “in *Protuberance - Normal Flane
cds_dr Ha in *Canter distance with gear,
sapc_dr in rStart_of active profile diameter
" DRIVEN SHAPER:
i ac dn rNumber of Teeth
o odc_dn in *Outside Diameter
- ncte_dn in *Kortal_Tooth Thickness
5 rta_dn _ in *Tip Radius - Normal Plane
' us_dn  _ in *protuberance - Normal Plane
cds_dn NA in *Centear distance with gear
sapc_dn in *Seart_of active profile diameter
:
' FORMED DRIVER:
- *Ragic Rack Form:
4 25.Q000 rfa’"dr deg *Flank Angls
*.0340 h*"dr in *Tip to Referance Line
f.0517 L™ "dr in *Tooth Thickness at Refarence Line
¢ .0156 rt” gy in *Tip radius
- tc_dr 0 in *Radial tip chamfer Def=0 .
L . 0040 txr dr in +Normal _tip radins Def=0
: xp dr *Normal tip relief axponent Daf=3i/2
FORMED DRIVEN:
: ~*Baglc Rack Porm:
1 25.0000 <xfa“‘ams dag *Flank Angle
I L0502 h™*dn - in *Tip to Reference Line
. 0527 t*dn in ° *Tooth Thickness at Reference Line
. 004§ re"do in «Tip radius
te dn @ in *Radial tip chamfer Def=0
. 2040 tr_dn in *Normal tip radiusg Def=0
xp dn *Normal_tip relief expenant Daf=3/2

/Z5#3
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' ::===I--'-I--==lﬂ--=‘-.ﬂ‘-- VARIABLE SHEET cocaawssaunacccasass=SsuSsssppg=====SC=Smaoxr=—m

__,,_I
| el

=

i |
M |

I- -

it Imput---- Nama-=-- Qutput--- Unig-----
Vs 3 fr/min
.08 £
eff +E39 ¥
effhack +57 ¥
SLE _
nload 18.652‘. 1bE
Fo 1
tnload 18.682 1bf
cli 76.312 deg
| 76352 psi
Ca 4658 .7 pEi
power o HP
o rev_dr Iem
4.5 tork dr ozf-in
15E8 E_gr psi
celidr 73.003 dag
tan_dr 2.356 1bf
sep dr 7.895 N -}
ax. . 16.766 1nf
Mo _dr  2.163 1bf-in
rav dn @ Ipm
tork _dn 46.906 czf-in
1.9E6 E_dn psl
clidn 3.309 degq
tan dn 16.766 1bf
sap dn 7.895 1bf
ax dn 2,356 1bf
Mo dn .59 1bE-in
T 46.905718 ozf-in
Fa B2.,656502 1bE
333 Do in
2 s
.158 Tiead in
P .078 in
B6 £
14.5 phi deg
alpha 8,4813445 deg
g e
375 De in
theta 15.621865 deg
[ 71,307912 %
766 Lgs in
375 oD in
278 RD in
.296 io : in -
At .07282231 in"2
An 41029951 in*2

1

g e e e W W e mm mm mm mm nd B Em AP B o mm

LOADING:
*Maocitum aliding velocity
ripprox_coefficient of frictionm
{Default value is for hardensd
gsteel driver and bronze driven)
*Approx efficlancy
*Approx_efficlency backdriving
*Anti-backdrive safaty factor
*Imposed narmal tooth load
*Overload factor DPafs=l
*Total normal tooth load
*At_center of gontact intarval:
*Angle between contagst curvatures
rSpacific compressive gtress, s
rLoad/eompressive gtregs factor, Cc
Driver:
*Powar
*Rocational spesd
*Torque
*Young g medulus {Default = $teal)
*Contract_curvature inclination angle
*Tangential ferce
*Separatling force
thxial force
tOverturning moment
Driven:
*Rotational speed
*Torgue
*Young™s modulus (Default = Bronze)
*Contact cuzvature inclination angle
*Tangential force
*Separating farcae
*Axial force
*Overturning moment

Screw Coonected to Driven and Nut
Berew Driving

Torgue

Total axial resisting load

Thread pitch diameter

Number of gtarts

Thread lead

Thraad axial piltch
Coafficlent of friction: threads

Ona half included thraad angle

Thraad mean lead angle

Coefficient of friction: thrust cpllar
Mean dilameter of thrust collar

Axig to thread normal surfaca

Thread efficlency

Threaded length

Seraw OD

Screw Root Diamerar

Mut ID
Tengile s-rress area

Toral thread surface arsa

LSV IL
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.039

&cT
att
attR
acttN
gns
sSni
gs5
SeN
ges
Sta

StE
5aR

201 .45406

.04856885
.04986194
.4435408

576070885
186.35603
143.2823

710.14768
1135.0436

1476.5822
209.08035

pei
in
in

in*2
in*2
pEl
pal
pBi
pEi

psi

psl

Compressive strass (Full contact)
Screw axial teooth thickness

Scraw axial teooth thickness at Nut ID
Nut axial tocoth thickness at Screw OD
Tctal screw shear &raa

Total nut shear area

Screw shear strass (Full contact)

Nut shear stress (Full contact)
Torsional stress at acrew rockt dia
Axlal stress at screw root diz

Max tensile streas at screw root dia
Max shear stress at screw root dia
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t Input---- Name--- OQutput--- Unit

“alld

30.1

25.0000¢
d.coon
L3754

3200
5725

16.766

22.3546867
135

3559

z1

z2

i

nm

DPnt

m

DF

npa

tpa
gamma_1

a
dal
daz
Adml
dm2
wid

F2
w

b

£z

o
c_al
Be

Famas
T
ral

raz
=4 =4 A

tetm

cauB
Fh
3

15
84345382 mm !
452146886 m !
29 .R0706&9

deg
25.2153 deg

deg

in

in

in
. 2532 in
5057 in
0668 in

1bt

fe/min
L1957 in
.45
1668,.82103 lbf/in"2
1168.3017 1bf/in"2
.70

1t

F .
L1580 in
1255 in
2883 in

in
. 0550 in
553 in
T0.&87L7 deg
24.0000 deg
3
.Daga in
.0364 in*2
5545.86 lb£/in*2
201.59%40 1l1bf
9.04

Hoechet 50 dag Worm Gears
Eteel, Hostaform Worm/Hostaform G=ar
Non-Enveloping (Crossed Axis Helical)
{See 60-125 for Input Data)
Presg "Alt U" for Units Changs

SGENERAL:

Number of Horm Teath
Numbex of Gear Teeth
Ratlio

Normal Moduls

Normal Diametral Pitch
3ear Trans Module

Gmar Trans Pitch
NHormmal Pressure Angle
Gear Trans Pressure Angle & Ref PD
Worm Lead Angla

Center Distance

Worm OD

Gear OD

Worm Mean Working Depth Dia
Gear Mean Working Depth Dia
Working Depth

1LOAD CHARACTRRISTIC:

Gear Tangential Load

Flank Sliding Velocity

Effgctive Face Width

Tooth Mumbar Coafficienc

Load Characteristic, ¢

Allcwablas Load Characteristic, c
Load Characteristic Safety Factor

TOOTH BREAFAGE:

Maxcimum Gear Tangential Load

Opsrating Tamparaturs

Worm Outeida Radius

Worm Mesan Working Depth Radiug

GCaar Quitside Radius

Gaear Trans Tooth Thickness ® Ref FD

{If Hopcaform Worm, Gear TTT Should

Ba Approo Bqual to Worm TTT}

Gaar Trans Tooth Thicknass @ Mean Dia

Gear Bases Dia

bPitch Angla

Numbar of Engaged Tasth

Ave Width of Shear-Stressed Surface
Total She=ar-Stesssd Area

Allowable Shear Stress

Tecoth Breakage PForce

Tooth Breakaga Salety Factor

HHENIM
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t Input---- Name--~ Output-=-=- Unit-----

Ao g

H |

22

10
25
+B8

19

.3801
-.0085
+.0089%

L= =]

.4616

=4
-4
~40

type
po

mn 1.1545455
hia

tpa’”

™R

Hnatrl

HM Zing

M 15.20E-46
4 I 0

cd

o}

o=

TCTR .0Q140
TOT: Q0510
LRCOp

bROg

bRPp

bRPg

Cmin L3712
Cmax 3355
Pmacl

PN Brags

np

Qp

EpP 10.54E~-6
EP- 4]

d

GHnaktl

G Farli4l
ag

Qg

EG 11.678-6
)1 37.50E-8
D ]

™

TP

=

dcr* -.0aD2
dthl™ -.0Q62

Cmin_op .3710

1/in ~
.~
deg

1/degF
in/in

1/degF
in/in
in _

1/dagF
ie/in

#4 WMin BLf Co - Ceola

60-146 (Ver 4.2) EfF Center Distance
Due to Tolerance, Operating
Temperature & Moisture Absorption

FPrasg "Alt A™ for Model Eonlutions

External or Interaal Sec ('a or 'i)

ASSEMELY CONDITIONS:
Normal Diametral Pitch
Hormal Meodulas
Helix Angle
Operating Tranaverse Prassura Angls
Temperature (Dafault =E8F =20C)
Houping:
Material MNumber (See Material Table)
Material Code
Thermal Coafflcient of expansion
Molsture Coafficient of expansion
Bagic or nominal center distance
Minimum csnter distance tolarance
Maximum ceantar distance toclerance
Plnion tectal compomite bolerance
Gear total composite tolerance
Pinjeon bearing runout (TIR)
Gear baaring runcut {TIR}
Pinion bearing total radial play
Gear bearing total radial play
Minioum agsembled cezater distance
Maximim agssembled center distance
Finion:
‘Matarial Number (See Material Table)
Material Code
Number of taath
AGMA Quality Claszs
Thermal Cosfficlent of axpansion
Molsture Coefficient of expangicon
Nominal oparating pitch diametesr
(Enter Ref PD for X-Rxis Gears)
Geaxr;
Material Number (See Material Table)
Matarial Cods
Number of teeth
ACMA Qualicy Class
Tharmal Comfflicient of expansion
Moisture Comfficient of expansion
Mominal opsrating pitch diameter
{Enter Fef EFD for X-Axils Gears)

OPERATING COMDITIONS:

Houxing temperaturs

Finion tempaeratura

GaAT tamperature

Effactive center distance:
Change in CD (Thermal, Moisture)
Approximate change in trane backlash
Minimm center distanca

1HE L H
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Cmax op .3553
acd 02430
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D Rangs
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£ Input---- Name---

besid

" i .
e s gl

iz

22.0000
25.0000

94Q.0000
.37100

L6105
o

80.4Q000

ndr
meth dr

oddr

Encd dr
xndr
xnecdr

aoddr

nttedr
X esdd
ptd_dr

attdr
ESn_dr

hadz
lLadr
Fdr min
ptar

a
tmoddy
tpadr
ttedr
thpdr
bhad»x
ap_dxr
lead dr
Dhi*dr
EDhi_dr
rddr
dbdr

Cutput--- Onit

1/in
deg
1.1545 mm -
.1424 in
.12942 in
deg
in
.26lba6 in
.198& in
1.5342
Ho
140
in
NA in
NA deg
HA in
HA in
NA in
ABET in
L0121 in
Na in
L3871 in
.2618 in
in -
in
deg
10.00Q0 deg
L1870 in
3.8203 1/in
.82235 in
6.548B wmn
69.5752 dag
L3585 in
. 28698 in
63.15404 deg
14500 in
1450 in
.1907 in
105.0151 deq
L1590 in
0513 in

-

COmMMBAL ~~ == —— — s mm e e

#4 Min CD,TRs Max TTs,0Ds

60-125 (Ver 4.2)

CROSSED AXIS INVOLUTE EELICAL GEARS
(Non-Enveloping Worm Gears)

Press "Alt A" for Solution List

*NORMAL, PLANE:
*Digmetral Pitech
*Meminal Pressurs Angle
*Module
*Circular Pitch
*Basa Pitch

COMMON :
*Shaft Angla {+ or -)
*Operating canter distanca
*Standard centar distanca
rLangth of contact
*Contact ractio (SAP > TIF)
rContact _helow finished inwvolute?
*(zear ratio

*DRIVER:
Numbar of teath
*Hobbed ('hob),
Formed {'E£rm)
*Cuteida Diameter
*Start_Tip Modificationm
*Roll_at_start of tip medification
*Nozrmal OD tip reliaf
rNormal circular 0D tip relief
*Transverse circular OD tip reliaf
*Effective_ outaidae diameter
*Normal tooth thiclness_at_ECD
*Normal 20D tip ralief
*Paointed tooth diamacer (No tip mod)
*Refarence PD _
*Pinished normel tocth thicknesa
*Total normal circular finish
. atock on tooth thickness
*Halix angle (+ Right, - Left}
*Lead angle (+ Right, - Leit}
*Minimum Face width (bl-rotation)
*Transverse diametral pitch
“Tran=varss circular piltch
+*Trangvarse modula
*Trangverse pregsure angie
*Transverse_tooth thickness
*Transverse_base pitch
*Banm halix angla
+*Axial pitch
*Lmacd
+Inv/fillat intersection Ala (TIF)
*Roll_at_inv/fi} intersection dia
*Root dlameter
*Eage diamerer

Bhapad ('shp)

125 TH
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BN "7 . AN T

10
¥

.5750

.0E848
0

10.0000

ndn

meth _dn

addn

modd _dn NA
Emod dn NA
xngn NA
xcdn  NA

xdn NA
esddn 5731
ntteadn 0225
xn_eocdd NA

ptd dn .5962
padn .4E1l6
nttdn

8&n do

hadn

ladn 80 ._0080
Fdn_min .0474
ptdn 21. EEEE
cpdn .14500
tmoddn 1.1724
tpadn  25.3376
cerdn . 0902
thpdn .13105
bhadn 5.05478
ap_dn .B2235
lead dn 8.2235
Dh1 dn .4172
EDhi dn 0

rddn .359%
dbdn 4172
delta .00934
cpc L0034
woTk .0989
obbl .0007
pn” 22.0000
ncp” .14280
opa” 25.0000
pddr*™ 26818
nttdr™ .0el9
hadr® 82.0000
ladr™® 10.0000
ptdr” 3.8203
cpdr” .B2235
tmmoddr™ 6.6483
tpadr™ £9.5752
tttdr™ 3565
abldr 2.043
gap_dr .1983
attgapr .0DA58

*DRIVEN:
Mumbar of teath
*Hobbbed (rhobk], Shaped [fshp!

Formed ('£fxm)
in *Jutside Diameter
in *Start Tip Modification
deg *Roll _at_atart of tip modification
in *Normal 0D tip relief
in *Normal clrculur OD tip relief
in *Transvarsa circular CD tip relief
in *Effactive_ outside diamater
in *Normal tunth thickness_at EOD
in *Normal_EOD tlp relief
in *Pointed tooth diameter (No tip mod)
in *Referance PO
in *Finished normal tooth thickneas
in *Total normal circulaxr finish
stock on tooth thickness
dag rHallix angle (+ Right, - Leit)
deg *Lead angle {+ Right, - Left)
in *Minimum face widrh {bi-rotatiom)
1/in °© *Transverse_diametral pitch
in +Transverse circular pitch
mm *Transverse_module
deg *Trangverse_prassure angle
in *Transverse_ toath thickness
in *Prangverse base pitch
dag *BASA_ helix angle ,
in +axial pitch
in +Laad
in _ *Inv/fillat intersectien dia (TIF)
deag *Roll_at inv/£il intersection dia
in *Root diameter
in +Base_dlametar
OFBRATING DATA:
in *Separation of pitch planes
in *Contact_path ko line of centars
in - *Working depth
Norwal Plane:
in *Bagse backlash
1/1in *Diametral pitch
in *Circular pitch
deg *Praggure_angle
_ *DRIVER:
in *Pitch diametar
in *Normal _Tooth Thicknass
dag *Helix Angla {+ Right, - Laft}-
deg +*Laad Angle (+ Right, - Laft)
1/in * sTrangverue Diamatral PFitch
in *Trangvearse_ - Circular Pitch
mn *Trangvearse |  Module
dag *Transversa Prassure Angls:
in *Trangverss Tooth Thickness
deg +Angular backlash
in - " ¥§tart of active profile (SAP}
" in *Normal_tooth thickness at SAap ¢ .

{25 L




nswlddr .0514 in *Normal_space width at SAP

" e — LL] 5 e - =

s

rtel _dr .0040 in *Root_clearance
*DRIVEN:
pddn - . 4616 in *Pitch_diameter
nttdn” (0888 in *Normal Tooth Thickness
. hadn™  10.0000 deg +Helix Angle (+ Right, - Left)
ladn™ 80.0000 dag *Lead_Angle (+ Right, - Left}
ptdn®  21.6658 1l/in * *Trangverge_Diamatral Pitch
cpdn” .14500 in *Transverse_Circular Pitch
- tmoddn® 1.1724 m " vTransverse_Modula
; tpadn™ 25.3376 deg *Transverse_Pressura Angle
: cecdn™ 0502 in *Transvarse_Tocth Thickness
abldn .204 deg *Angular backlash
pap dn .4172 in +3tart of ackive profile (BAP)
ntt=apn .0934 in *Mormal tooth thickneas at SAP
nawlddn .0361 in *Normal space width at SAF
- rtel_dn L0061 in *Root_cleazrance
W PLOT CONFIGURATICN:
mark ty *Mark ipv/£il intersections?
T markm 'y *Mazk mod/inv intargectiona?
i taeth 1 *Number of teeth on plot [Def=l}
roll deqg *Driver contact roll angle of
“p = 1 *Driver tocth nunber {Dafwl)
:
N DRIVER ROLL ANGLES:
-y Bzap dr 110.40824 dag *Start_of active profila
s Bod_dr 222.7304 deg *Effactive ocutside diameter
DRIVEN ROLL ANGLES:
da Esap dn .09%§ deg *Start of_active profile
. Eod dn 53.5638 deg *Effective outside diamater
P DRIVER HOB:
Ty tpdr ' *Hoh type {Semi-Tops's, Tip-Rel='r
wd Non-Topa'n)
hfa dr _ deg *Flank angle
f1 h-dr _ in *Tip to Referenca Line
s t dr - in +*Tooth thicknes=s at Reference Line
hegtdr in - *Refarance_Lins to Startc Mod Ramp
; hfa2 dr _ deg *Pragpure Angle of Mod Ramp
' rt_ dr in *Tip radius
w dr . _ in *Protubarancea
o ua dr  _ deg rprotuberance_arngle from flank
i uap_dr _ dag *Protuberance_presgure angla
vF hu*dr  _ in *Tip to_flank/prot intsrsection
- hobaAPAL in *Ref_Line to Hobh BAP
S nawipdr in *Normal Space Width at Hob SAF
DRIVEN HOB:
; tpda ! *Hob btype (Semi-Top='s, Tip-Rel='r
i - Non-Top='n)
' hia_de dag *Flank angle
y h™dn _ in *Tip to Refarences Line
4 £t dn _ in *Tooth thickneas st Refersnca Line
o hs*dn  _ in *Reference_Lina to Start Med Ramp
hfal dn _ deg *Pregsure Angles of Mod Ramp
. re_dn  _ in +Tip radius
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25.0000
.0412
.0714
.0258

LRG0

25,0000
L0655
.0714
.Q0EL

L0030

sapc_dn

rfa" "dr
h™"dr
£ *dr
rt dr
tc_dr
tr_4ar
¥p_dr

rfa™"dn
h™"dn
£ "dn
rt™*dn
te_dn
tr_dn
xp_dn

g;l (A

in
in
in

in

deg
in
in

in
in

deg
in

in -

in

*Protuberancs

*Protuberance angle from flank
*Protubarance pressure angle
*Tip toc flank/prot intersection

*Ref Line to Hob SAP

*Normal_Space Width at Heb SaAP .

DRIVER SHAPER:
*Numbezr_of Testh
*Ooutside_Diameter
*TNormal Tooth Thickneas
*Tip Radius - Normal Plana
*Protubarance - Normal Plane
rCentear distance with gear
*Start of active profila diamater

DRIVEN SHAPER:
tNumber of Teeath
*Outeida Dlamatar
*Normal Tooth Thicknaas
+*Tip Radius - Normal Plane
*Protyberance - Normal Plane
*Ceanter distance with gear
vStart of active profile dlametex

FQORMED DRIVER:

*Bagsic Rack Form:
*Flank Angle
*Tip to Rafersnce Line
*Tooth Thickness at Reaference Line
*Tip_radius

*Radial tip chamfer Def=0 .

*Normal tip radius Defs0

*Normal tip relief exponent Daf=3/2

FORMED DRIVEN:

*Bagic Rack Form:
tFlank Angle
+Tip to Rafarmnce Line
*Tooth Thickness at Reference Line
*Tip radiuvs

*Racdial tip chamfer Def=0

*Normal tip radius Def=Q .

*Normal_tip relisf exponant Deif=3/2

1 25T
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t Input---- Nama--- Qutput--- Unit----- Comman - - -~ — == — - mm - mmmemmm e
LOADING:
Vs o ft/min *Maximum sliding welocity
.08 £ *Approx_ coefficient of fricrion
3 : (Dafault wvalue isg for hardened
; steel driver and bronze driven)
eff +74 k *Approx efficiency
effback +55 ¥ *Approx efficiency bhackdriving
. sfB _ *anti~backdrive gafety factor
- nload 9.103 1bf *Imposed normal teoth load
U Fo 1 Qverload factor Defel
tnigad &.103 1bf *Total_neormal tooth load
*At center of contact interval:
cli 73.17 deg *Angle between cantzot curvatures
g 50041 psi *Spacific compressive streasgs, S
. ca 2265.4 p8i *Load/compressive stress factor, Cg
] Driver:
i rower 1] HE *Power
0 rev_dr rIm *Rotational speed
- 3 tork_dr ozf-in *Targue
f 15Ea E_Aar el rYoung s modulug (Default = Steel)
| clidr BB .924 deg *Contagt_curvature lnclination angle
- tan_dr 1.433 1hE *Tangential force
1 gep_dr 3,847 1LE *Saparating fozca
- ax dr B,125 1lbt *Axial force
) Mc dr 1.141 lbf-in *Overturning momant
D3 Driven:
:j rev_dn O Ipm *Rotational speed
tork dn 22.147 ozf-in *Toxgua
l.9E8 E dn psi *¥Young™a modulug (Default = Bronze}
. clidn  4.246 deg *Contact curvature inclination angle
tan dn  8.125 1bf : *Tangentizl force
7 sep_dn 3,847 1bi *Separating force
it ax_dn  1.433 1bt *Axial force
=4 Mo dn .33 lbf-in *Qverturning memant
3 Screw Connected to Driven and Nut
. Screw Driving
T 22.146624 ozf-in Torgue
- Fa 45.48122 1bf Total axial regigting load
«i .333 i in Thread pitch diameter
2 Na _ Number of starte
., 125 Tlaad in Thread lead
! B L0628 in Thread axial pltch
-2 .08 £" Coefficient of fxiction: threade
14 .5 phi deg Cne half included thread angle
i alpha £.8137223 deg Thread mean laad angles
0 fc Coafficlent of frictlon: thrust cellaz
.375 Dc in Mean diamater of thrust collar
. theta  15.901497 deg Axis to thread normal surface
! 2 66.344336 ¥ Thread efficiency
.7€86 Lgs in Threaded length
~.378 oD in Scraw 0D
b .276 RD in Scraw Root Diametaer
e J2986 ID in Nut ID
At .07282231 in"2 Tensile stress aresa
. An .51005641 in“z Total thread surface area
a ] =

J25T#L3



ScT B9 ._163 psi Conmpreggive strass (Full contact)

03125 att in Screw axial tooth thickness
attR .040R18485 in Screw axial tooth thicknesg at Nutb ID
aceN .04£4211154 in Mut axial tooth thicknaga at Screw QD
Sns .486521221 in"~2 Tctal sorew shear zZrea
SO .60804417 in"2 Total nut shear area .
8s8 97.7684458 psi Screw shear stress (Full contact)
53N 74.799204 psi Hut shear stress (Full contacet)
Bts 335.29761 psai Torsicnal stress at screw root dia
StA 624.5505 pai Axial srtreags at screw root dia
StR 770.46778 psi Max tmnmile stress At screw root dia
Z3R 458.19248 psi Max shear stresa at screw root dia

-2 =
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t Input---- Name--- Qutput--- Unlg----- COMeNt---=mas=----—--~sasanmem—-smn—=
LOADING:
va 4 ft/min *Maximum sliding velocity
.06 £ *Approx_coefficient of friction
. : (Default value iE for hardened
steel driver and hronze driven)
eff +74 ¥ *Approx_efficiency
efffihack +65 ¥ *Approx efficiancy backdriving
sfB _ *Anti-backdrive safety factor
) nload 1B.208 1bf *Imposed normal tococh load
Fo 1 *Overload factor Def=1
tnload 18.206 1bf *Total normal tooth load
*At_center of contact interval:
cli 73.17 deg *Angle between contact curvatures
= 75647 pei *Specific compressive stress, 8
Co 4530.9 pel *Load/compressive stress factor, Cco
b Driver:
L powaT ¢ EP *Power
o rev_or Ipm *Rotactlonal speed
T & tork_dr . ozf-in *Torgua
i 15E6 E_dr psl *Young 6 modulus {Default = Steel)
clidr E8.924 deg *Contact_curvature inclination angle
tan dr 2.865 1bf *Tangential force
gep dr V.654 1bt *Separating force
ax_dr 16.24% 1bf *Axial_rfoxce
Mg dr 2.282 1bf-in *Qvertwrning moment
Driven:
rev_dn 0@ rpm *Rotaticnal apsed
tork _dn 44.253 ozf-in *Torqus
= 1.9E6 E dn : psi *Younyg~s modulus (Default = Eronze)
’ clidn 4,246 deg *Contact_curvature inclination angle
) tan dn 16.24% - 1lbi “*Tangential force
gep dn  7.6594 lbt *Separating forca
ax d&n 2.865 1ot *rAxial_force
Mo_dn .66l 1bf-in *Jvertirning moment
i Scraw Connactad to Driven and Nut
13 Scraw Driving
T 44,253252 ozf+in Torgua
Fa 950.946244 1ht Total axial resisting load
.3331 Deny in Thread pitch diameta:r
2 Na Number of starts
.125 Tlaad ) in Thread lead
= L0625 in Thread axial piteh
06 £~ Coefficiant of friction: threads
14.5 pbi deg One half included thrsad angle
alpha £.8137223 deg Thresad maan lsad angls
{ fc Coafficient of frictiom: thrust collar
.375 De in Mean diametar of thrust collar
theta  15.90145%7 dag Axis to thread normal surfacs
- 66,344336 ¥ Thraad afficiancy
.766 Lgs in Threadead length
-375 oD in Screw QD
.276 RD in Screw Root Diameter
L2986 ID in Hut ID '
At .07282231 in"2 Tensile atreag azea T
An .51005641 in"2 Total thread surface area
- 1 -
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|- SeT 176.338 pai Compressive atress {(Full contact}

., .03125 att in Scraw axial tooth thickness
. attRk .04081885 in Screw axial tooth thicknesa at Nut ID
attN .04211194 in Mut axial tooth thickness at Screw OD
Sns .46521221 in"2 Total screw shear araz
, S 60804417 in"2 Total nut shear ares .
- S85 195.528%2 psi Screw shear strees {(Pull contact}
- SsN 145.590841 psi Nut shear stress (Full contact)
gSes £70.59521 pai Torsional stress at screw root dia
Sth 1249.1012 psi Axial stress at screw root dia
StR 1540.9356 psi Max tensile stress at screw root dila
5aR 916.358456 pai Max shear strmss at screw root dia
ﬂ
- 2 -
25 TLL
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cmcmumz=scc=ssscmms VARIABLE SHEET s mms s o s s == me o i m e S = = =

—w Loput---- yama--- output--- Unit-----

-

05 I B

Y ora

r

vetirid

o

22
10
+68
19

.3801
-.0C89
+.0089

SO

4614

+185
+1H5
+185

type

o 1/in ©
mn 1.1545455 mm "
ha deq
tpa” deq
TR F
Hmatl

HN Zine

KM 15.208-& 1/dagF
KM~ Q in/in
Cd in
ce” in
ce™* in
TCTR LQ0L4D in
TCTG .00B510 in
bROp in
hROg in
hRPD in
bRPg in
Cmin L3712 in
Crmax .3955 in
Pmatl

EN Brass

np

Qp

EE 10.50E-& 1/degF
K" o in/in
d in
Gmatl

GN Forll4d

ng r

Qg

G 11.67E-6 1/degP
xG" 37.50B-6 in/in
D in

™ F

P F

= F
acr” +.0042 in
dchl ™ +.00g1 in
Cmin op .32713 in

Comment -=~-—--==w--—-n-wremcmacnm——— o

#4 Max Eff CD - Hot

60-146 (Ver 4.2} Eff Center Digtance
Duz te Tolerance, Operating
Temperature & Molsture Absorption

Prass “"aAlc A* for Medel Solutions

External ar Interzial Set ('e or 'i)

ASSEMBLY COMDITIONS:
Normal Diametral Piteh
Normal Module
Halix Angle
Cperating Transvarsa Frassurs Angle
Temparabture (Default =£8F =20{)
Houaing:
Material Numbear (See Matarial Table)
Matgrial Code
Thermal Coeffigient of expansion
Moisture Coafficlent of expansion
Bagic or nominal cantar distancs
Minimm canter distance tolaranca
Maximim center distance tolerance
Pinion total composite tolerance
Gear total composite tolerance
Piniaon bearing runout (TIR)
Gear bearing zunout (TIR)
Pinion bearing total radial play
Gear bearing total radial play
Minimom asgembled centar distance
Maximam assenblisd ¢enter distance
Pinlon:
Material Number ([See Material Table)
Material Code
Number of teeth
AGMA Quality Class
Thermal Coefficlant of expansion
Moisture Coefficient of expansion
Nominal cperating pitch diametar
{Enter Ref PD for X-Axls Gears)
Genr:
Material Number {(Ses Matarial Table}
Material Codm
Number of tCeath
AGMA Quality Class
Thermal Coefficlient of expamsion
Molsture Coefficient of axpanaion
Nominal goperating pitch diamster
iEnter Baf PD for X-Axig Gears)

QPERATING CONDITIONS:

Housing temperaiure

Pinion temparature

Gear tamparaturs

Effastive canter distance:
Change in CO (Thermal, Molsature}
Approximate change in trans backlash
Minimum center disgrance :

XY




Cmax_op .3956  in Maximum center digtance
aca -02430 in Ch Range
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«~E Input---- Namg--- Qutput--- Unit----

.. 22.0000 pn 1/in
i 25.000Q npa deg
L n_mod 1.1545 wm
ncp . 1428 in
o pnb .12942 in
] 5 Q. ﬂﬂﬂ ﬂ E deg
.} .32560 cel in
L atd cd .36166 in
Le .1308 in
B mp 1.0104
i mpc No
g 10
¥
Tl ndr
 Em math_dr
i _3680 oddr in
_ modd dr NA in
' Bmad dr NA dag
‘l'j *ndr NA in
xnedr HA in
-1 xdr NA in
3 soddr 1624 in
nctodr 0127 in
xn_eodd NA in
Ej ped_dr 3840 in
pdd¥ .2618 in
.Q604 nttdr in -
4 58n_dr in
BOQ,.0000 hadr deg
'y ladr 14,0000 dag
; Fdr min .1772 in
- prar 3.8203 1/in ”
- cpdr .Az22135 in
! cmoddr 6.6488 mn "
3 tpadr 69.5752 dag
cttér 3478 in
i thpdr 28658 in
N bhadr §3.19404 dag
ap dr  .14530 in
T lead dr .1L450 in
“ Dhi,_dr .1877 in
- ' EDhi dr 102.8622 deg
rddr -1554 in
. dbdr 03313 in

#4 Max CD,TR8 Min TTs,C0Ds +185C

60-125 (Var 4.2Z)

CROSSED AXTE INVOLUTE HELICAL GERRS
{(Non-Bnveloping Worm Gears)

Presad "Alt A" for Solutiocn List

*NORMAT, PLANE:
*Diametral Pitch
*Nominal Prasasure Angle
*Module
*Circular Pitch
*Base Pitch

COMMON :
*Shaft Angle ({(+ or =}
*Qperakting center distance
*Standard center distanca
tLength of contact
*Contact ratic (SaP » TIF}
*Contact_below finished involute?
*Gear_ratilo

*DRIVER:

Humber of teeth

*Hobbed ('hob), Shaped ('shp)
Formead |rfzm)

*Outeide Diameter

*Start Tip Modification
*Rol] at start of tip modification
*Normal OD tip relief

" *Nermal circular CD tip raliaef
*Transverge circulayr OD tip relief

*Effectiva_outeids diametar
*Normal_ tooth thickness at_ EOD
*Normal BOD tip relief

*Dointed tooth diameter (Ke tip mod)

*Raferance PD
*Finished normal toeth thicknass
*Total nozmal circular finish

stock on tocth thickness

*Halix angie [+ Right, - Left)
*Lead angle (+ Right, - Left)

tMinimum face width (bi-rotation)

*Trangvarsa_diametrral pitch

*Transverse circular picch

*Trangvarda_module

*Trangvarse_presgure angla

*Transversa_tooth thickness

»Transvearse base pitch

*Baza _halix angle

*Axial pitch

*Lead

*Inv/Eillat intersection dia (TIF)
*Roll_at_inv/fil intergaction gdia

*Root diamater

*Basa_diamecer

I 25N
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Ml = i

- ..f-.-._'.-_“"-

10
1frm

L5700

.0868

10.00040

tpadn
ttedn
Ebpdn

ap_dn
lead dn-
Dhi dn
EDhi_da

dbdn

delca
cpo
work

nbbl

npa”

tpadr™
tetdr®
abldr

aap_dr

. nttsapr

EEE

L9867
D256

Ea

.3936
.4616

80.0C00
.0455%
21.£658
-14500
1.1724
25.3376
.D881
.13105
9.05478
.82235
B,2235
L4174
1.3245
. 3558
L4172

. 03394
. 0124
.B&30

. 0247
22 gogo
.14280
25.000C0

.2618
-0604
80.0600
10.0000
3.8203
.82235
6.6488
69,5782
. 3478
6B.704
.2501°

. 0657

in
dag

in
in
in
in
in
in
in
in

deg
deg
in
1/in *
in

dag

in
deg
in
in

- d.g

in

in

YOCRIVEN:
Numbar of teeth
*Hokbed ('hob), Shapad ('shp)
Formad ('frm)
*Oucgide Diameter
*Scart Tip Modificakieom
*RolY_at_start of tip medification
*Nhrmal oD tip relief
*Normal_circular OD tip relief
vTrangverse circular OD tip relief
*Bffective outgide diameter
*Normal tnuth thicknass at EOD
*Normal EGD tip realiaef
*Pointed tooth diametar (No tip mod)
*Rafersncs FD
+Finished normal toeth thickness
+Total normal circular finiah
gstock on tooth thickness
*Helix anglm {+ Right, - Laft}
*Lead angle (+ Rlght, - Left)
*Minimum face width {bi-rotation)
*Tranaverse_dliametral pitch
*Transverss_circular pitch
*Trangverse_module
*Trangvarge_pressure angle
rTransverse_tooth thickness
*Trangverse hase pltch
*Basa_hallx angle
*Axiel pitch
rLead
*Inv/fillet lntersection dla {TIF)
- *Roll_xt inv/fil intersection dia
tRoot dliameter
*Basa_diamerer

OPERATING DATA:
*Separation of pitech planes
*Contact path to line of canters
. *Rorking dapth
Normal FPlane:
*Eage backlash
*Diamstral_pitch
*Circular picch
vPreggura_angls
*DRIVER:
*Pitch_diameter
*mbrmal_runth Thickness
*Halix_Angle (+ Right, - Left).
+Lead Angla (+ Right, - Left)
+Tranavarse_Diametral Fitch
+Trangverse Circular Pitch
*Transverae_Module
*TTEDIVErIH Fressur= hAngle
*Tranavarae Tooth Thicknass
*Angqular backlash . _
*Start of active profile (SAP)
*Normal_ tooth thickness at SAP

125X




i‘ }
-

- vl

o

e
[

ns
rt

wlddr
el _dr

pddn”

nt

1a
pt

cdn”

m"l
dn_

tmoddn®

to
£t
ab

adn”
tdn*®
ldn

gap_dn

nt

tEApD

n=wlddn

rt

ma
ma
ta
ro
E#

g8
EQ

cl_dn

rk
rkm
ath
11

ap_dr
4_dr

.07e39
0327

.4616
.0868
10.0000
80.0000
21.6658
.14500
1.1724
25,3378
.0881
5.87
4356
.0918
L0432
.4338

146.0108
219.2858

17.2061
52.6791

in
in

in
in
deg

1/inm *
in

deg
in
deg
in
in
in

deg

dag
dag

deg

deeq

deq

in
dag

*Normal space width at SAP
rRoot_clsarance
*DRIVEN:
*Pitch_diameter
*Normal_ Tooth Thickness
*Helix Angle (+ Right, - Left]
*Lead_Angle (+ Right, - Left}
+Transverse Diametral Pitch
+Trangverse_Circular Pitch
*Transverse_Module
*Transverse Pressurs Angle
*Tranaverse Tooth Thickness
*Aneular backlash
*Start of active profile (SAP}
*Normal_ tooth thicknese at SAP
*Normal_ rspace width at SAP
*Root_clearance

PLOT CONFIGURATION:
*Mark lav/f1) intersections?
*Mark mod/inv intersections?
*Number of teeth on plot {Delfwl)
*Driver contact roll angle of
*Driver tooth number {Def=1)}

DRIVER ROLL AMGLES:
*Seart of active profile
*Bffactive outside diameter

DRIVEN ROLL ANGLES:
rSrart of active profila
*REffsctive oucside diameter

DRIVER HOB:
*Hob type (Semi-Top='s, Tip-Ral='r
- Non-Top='n)
*Flank angle

*Tip to Reference Line

*Tooth thicknese at Reference Line
*Referance Line to Etart Mod Eamp
+Pregsure Angle of Hnd Ramp
*Tip_radius

* Protubarance

*Protubarance angle from flank
*Protuberance pressure angle
*Tip to_flank/prot intarsection
*Ref_Lira to Hob SAP

vNormal Space Widrh at Hob BAP

DRIVEN 20B:
*Hobh type {Sami- Tnp-‘ﬂ Tip-Rel='r
: Non-Top='n)
*Flank angle

*Tip to Refersnce Ling

*Tooth thickness at Raference Liza
*Reference Line to Start Mod Ramp
+Pragsure Angle of Mod Ramp

+Tip radiua

1260t



e

u_gn - in *Pratuberance

ua_dn _ dag *Protuberance angle from flank
uap dn _ dag *Protuberanca pressure angle
hn*dn in *Tip _to flank/prot intersaction
hobAPRdn in *Ref Line to Hob SAR
nswAFdn in *Normal Space Width at Hob Sap .
. DRIVER EHAPER:
- nc_dr *Nunber cf Teeth
J ode_dr _ in *Qutside_Diameter
. acks_dz _ in *Normal_Tooth_Thiclkness
. ree_de in *Tip Radlua - Normal Flana
us_dr in *Protuberance - Normal Plane
cds_dr MNA in *Capter distance with gear
gapc_dr in *Start_of_active_profile diameter
~ DRIVEN SHAFER:
; nc_dn *Number of Tasth
= ode dn in *Outgide Diameter
nttc_dn _ in *Normal Tocth Thicknass
rta_dn in *Tip Radius - Normal Plans
us dn in *Protuberanca - Normal Plane
cds dn NA in *Center distance with gear
sape_dn in *Start of_active profile diameter
FORMED DRIVER:
*Basic¢ Rack Form:
H 25.0000 zfa™ "dr dag *Flank Angle
i D412 h™*ar in *Tip to Referance Lihe
L0714 (i | in *Tooth Thitknass at Reference Line
0258 rt™"dr in *Tip radius
te dr O in *Radial_tip chamfar Def=D .
005G tr_dr in ' *Normal Eip radius Daf=D
xp_dr _ rHNormal :ip ralief exponant Defe3/2

FORMED DRIVEN:
*Baglrc Rack Form:

!} 25.p00Q0 rfat“dn deg *Flaok Angle

.0685 h™“dn in *Tp to Refaranca Lins

0712 t™ dn in - *Tooth Thickness ac Reference Line

L0051 o oA i in *Tip_radius

te_dn 0 in *Radial_tip chamfer Defs=0

.0050 tr_dn in *Normal_tip radius Def=) -
. _dn *Normal tip relief exponsnt Deafs3/2
E
¢
3
| ) 4 )

125 X
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.t Input---- Name--- Qutput--- Unit----- Comment~=-=----—-——-—===scma s e
LOADTING:
Vg ) ft/min *Maximm aliding veloclty
.08 £ +Approx ceefficlent of friction
- {Default value is for hardened .
steel driver and bronze drive..)
eff +74 ¥ *Anpprox efficiancy
effback +&5 ¥ *Approx efficiency backdriving
sED - *Anti-backdrive safiety facter
: nload 9.103 b3.1 rInpoged normal tooth load
Fo 1 *Qverload factay Def=l
tnlcad 9.1Q3 .1 *Total_normal tooth load
- *At center of eontact interval:
: eli 76,152 dag *Angle between contadt curvatures
g 46347 pEi *Specific compresslve stress, s
- Cc 1563.6 pei *Load/compragsive stress factor, Ce
i Driwver:
= power & HP *Powar
0 rav_dr Ipm *Rotational spead
-3 tork_dr azf-1in *Torqua
i  15mE E dr pei *Young~e modulus (Default = Btael}
clidr 70.67 deg *Contact curvatura inclination angle
¥ can dr 1.433 1bf *Tangential force
T dep_dr 3,847 1bf *Separating forcs
ax dr 8.125 1bf *Axial_force
Mo_dr  1.242 lbf=-in *Qverturning moment
Driven:
£ rev_dn 0 Ipm *Rotational gpeed
terk _dn 22.147 ozf-in *Torque
¥ 1.SEf E dn psl *Young a modulus {Default = Bronzr
i elidn 5.482 deg *Contact curvature imclination ang.. .
tan_én 8.125 " 1bE ' ‘*Tangential force
sap dn  1.847 1bE *Separating forcs
ax_dn - 1.433 lbf *Axial_ force
Mo _dn .35 lbf-in *Qverturning momant
& Screw Connected to Drivern and Hut
Screvw Driving
» T 22.146626 ozf-in Torgua
Fa 45.48122 1bf Total axial rasisting load
L3323 Dm in . " Thread pitch diameter
2 Ns Number of starts
.125 Tlead in Thread lead
y» .0625 in Thread axial pitch
.08 . £~ Coefficisnt of friction: threads
o 4.5 phi dag Ong half incinded thrasad angle
' alpha © 6.B8137223 deg Thread masan lasad angle
e e Coefficiant of frictien: thrust collar
© 375 Dc in Mean dlameter of thrust collar
theta 15.501497 deg Axiz to thread normal surface
[} . B6B6.344336 & Thread efficisncy
. TE6 LgS in Thraaded length
375 QD in Scraw OD
378 RD in Scraw Root Dlameter
- ,284 ID in Nat ID
- AL 07282231 in“2 Tensile Btress area
Y An .S100564L1 Iin“2 Total thread surface arega
-}
-1 -

25 HGLD
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(00

SeT
ate
ALER
atcN
ans
anM
SES
EsN
gts

StR
Sak

B9.169

.040818835
. 04211154
46521221
. 60884417
97.764458
74.755204
335.29761
£24.5506

T70.48778
450.19248

pei
in
in
in
in"2
in"2
psi
psi
pai
pei

pai
psi

Compreseive atress (Full contact)
Screw axial tooth thickness

Screw axial tooth thicknasq at Myt ID
Nut axial tooth thicknegss at Scraw 0D
Total asgrew shear area

Taetal nut shedr aTed

Screw shear stress [(Full contacet)

Hut shear stress (Full contact)
Torsional stress at gcrew root d4ia
Axial stress at screw rogt dia

Max tensile stregs at screw root dia
Max shear stress at screw root dia
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SeT 178.338 psi Compregsive atress {Full contact])

.03125 act in Screw axial tooth thickness

actR .04081885 in Ecrew axial tooth thickness at Nut ID
acthN .04211154 in Mut axial tooth thickuess at Scraw OD
snSs .46521221 in"2 Total screw shear Aresa

' SoN .60804417 in"2 Total nut gshear area -

' $88 155.52892 psi Screw ghear stress (Full contact}
o8N 149,590841 psi Nut shear stress {Full ctontact)
5ts §70.59521 psi Torsional stress at screw root dia
StA 1249 .1012 pel Axizl strass at screw root dia

i StR 1540.93156 pel Max tensile stress at screw root dia

SaRr 91&.38496 psi Max shear stress at screw root dia
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#4 Nominal

60-128 (Ver 4.2)

CROSSEED AXIS INVOLUTE HELICAL GEARS
(Non-Enveleping Worm Gears)

Preas "Alt A" for Solution List

*NORMAL, PLANE:

22.0000 pno 1/1in *Diametral Pitch
25.0000 npa deg *Nominal Prassure Angle
n_mod 1,1545 mm *Module
ncy .1428 in *Circular_ Fitch
pnb .12842 in *Bage Fitch
COMMON =
S0.0000 E deg *Shaft Angle (+ or =}
-3B010 cd in *Operating cencer distance
atd_cd 36166 in *Scandard_center distance
Lo L1723 in +Length of contact
mp 1.3310 . *Contact ratlo (SAP » TIF)
mpe No *Cpntact_below f£inished involute?
me 10 *Gear ratio
*DRIVER:
2 ndr Humber of taeth
rfrm meth dr *Hobhed ('hob) , Shaped {'Ehp]
Formed {'ZIrm}
.3650 oddr in rCutelde Diameter
modd dr NA in *Start Tip Modificaticm
BEnod_dr NA deg *Roll ak_start of tip modificati
xndr NA in *Normal OD tip relief
xnedr MNA in " +Normal circular OD tip relief
xdr NA in +Trangverse clrcular 0D tip relief
enddr . 3648 in *Bffactive_outgside diametar
nttedr .0124 in *Normal_tooth thicknass_at_EQD
xn_aocdd NA in *Normal EOD tIp relief
ptd_dr .3855 in *pointad tooth diameter (Ne tip mod)
padx .2618 in *Rafarance R
L0612 ntedr in ’ *Finighed normal tooth thicknesse
0 8&n_dr in *Total normal cireular finish
gtack on tooth thickness
80.4000 hadr deg wHalix angla (+ Right, - Left}
ladr 10.0000 deg *Lead_angle (+ Right, - Left}
Fdr min .1815 in *Minimum face width (bi-rotsation)
prdz 3.8203 1/in * *Trangverse diamecral pitch
cpdr .82235 in *Trangverse_circular pitch
tmoddr 6.6488 mm " *Transversa module
tpadr §9.5752 deg *Trangverse_pressure angla
tttdr .3521 in *Transverse_tooth thickness
tbpdr .28698 irm +Transvaerse_base pltch
bhadr 63.19404 deg +Bage halix “angls
ap_dr . 14500 in *axial pitch
lead _dr .1450C ino *Laad
Dhi dr .1892 in +Inv/fillet intersection dia (TIF)
EDhY dr 103.9337 deg *Roll at_inv/fil intersection dia
rddr  .1574 in sRaot diameter : .
dbdx .0913 in *Bage diamster
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.0878
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1¢.000¢C

meth_dn

modd_dn

Ephi_dn

dealka

cpc
work

n.‘::131
P .
ncp
npa™

pddx
nttar”
had>="
ladr”
ptdr”
cpax™
tmoddr ™
tpadr*
ttede™
abldr
gap dr
nttsapr

SEEEE

5699
0241

5.

.53349
.4616

80.0000
.0456
241.6658
.14504
1.1724
25.3378
.08592
.13105
5.05478
82235
8.2235
.4172

0

L3577
4172

-01844
.006B
L0871

+B10G
22.0000
-14280
23.0000

.2618
0612
80.0000
10.0000
3.8243
82235
£.6488
£9.5752
.3521
27.85
L2177
.0803

*PRIVEN:
Huaober of testh
rHobhad ('hobl,
Formad {'Efrm)

Shaped ('shp)

in *Cutside Diameter

in *start Tip Mcdification

deg *Roll at_start of tip modification
in *Normal OD tip relief

in *Naymal circelar OD tip relief

in 'Transverse gircular CD tip relief
in tEffgective_outsida diametar

in rNormal tooth thickness_at_EOD

in *Mormal EOD tip reliaf

in +Ppinted tooth diametar (No tip mod)
in *Rafarence PD

in *Pinighad normzal tooth thickness
in *Total normal cilrcular finish

atock o tooth thicknees

deqg vHelix angle (+ Right, - Lefr)
deg trLead angle [+ Right, - Left}
in *Minimum face width (bi-rotatiocn)
1/in * *Transverse dismetral piteh
in *Trangversa_clrcular pitch
™ *Transverse module
dag *Trangvarse _presgure angle
in *Trangverse tooth thicknees
in *Trangverse_base pltch
deg *Bage halix anglée
in *Axial pitch
in *Laad
in tInv/fillet intexrsecticn dia (TIF}
deg ' © *Roll_at_inv/f1l intersection dia
in *Root diametar
in +Base_diameter
OFERATING DATA:
in *Saparation of pitch planas
+ im *Contact_path to line of centers
in - *Working depth
‘ KNormal Flane:
in *Base_backlash
1/in *Diamecral_pitch
in *Clrcular_pitch
deg *Pressure_angls
rDRIVER:
in +Pitch diameter
in *Normal_ Tootk Thickness
deg tHalix .hn.gle {+ Right, - Left),
deg *Lead Angla {+ Right, - Left)’
1/in * *Transverse Diamatral Pltch
in *Trangversa_Circular Pitch
mn " *Trangvarse Modulsa
deg *Trangverse_rrassure Angle
in *Trangvarsa_Tooth Thickness
sAnqular bhacklash
?.:g *Start of active pmfile {BAP)
in *Normal tooth thicknessz ar SAP

f2 5 A4
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pawlddr .0610
rtcl_dr .0152

pddn* LABLE
nttdn™ 0878
hadn” 10.4000
ladn”® 82.0000
ptdn®  21.6658
cpdn*” .14508
tmoddn™ 1.1724
tpadn™ 25,3376
tecdn™ QB892
abldn 2.785
gEap dn .419%
atkbeapn ,0928
newlddn ,Q374
rtcl dn 0167

mark y
mazkm Ty
teeth 1
rall

t# 1

Esap dr 123,51E&6
Bod_dr 221.3625

Esap dn &6.5968

Eod dn 53.3251

LEL1LA

in
in

in
deg

1/in ~
in.

deg
in
dag
in

dag

deg
deg

dag
deg

deg
in
in

deg

deyg
in
in
in

*Normal space width at S5aF
*Root_clearance

*DRIVEN:

*Pltch diameter
*Normal_Tooth Thickness
+Helix 2Angle (+ Right, - Laft)
*haad_Angle (+ Right, - Left}
*Transverse_Diametral Pitch
*Tranpverse_Circular Pitch
*Trangverse Module
*Transverse_Praesura Angls
*Trangverse_Tooth Thickness

*Anqular basklaesh

*Etart of active profile {(SAP)
*Normal tooth thicknega at SAP
*Normal space width at SAP
*Root_claarance

BPLOT CONFIGURATION:
*Mark inv/£fil interssctions?
*Mark meod/inv intarseccicna?
*Mumbatr of taath on plot {Defal)
*Driver contact roll angle of
*Driver tooth nunber {Def=1)

DRIVER ROLL ANGLES:
*Start_of_ active pzrofile
*Ef fmctiva cutside diamstor

DRIVEN ROLL ANGLES:
*Start of active profile
*Ertective cutside diametar

DRIVER HOB:

*Hob type (Semi-Tope's, Tip-Rel='x
. Non-Top="n)
*Flank angle
*Tip to Reference Lina
+Tooth thickneps at Refmrence Line
*Raference Line to 3tart HMod Remp
*Preggure Angle of Mod Ramp
*Tip radius
*Protubarance
*Protuberance angle from flank
+Protubarance pragsure angle
»Tip to_flank/prot intearsaction
*Ref_Line to Hob SAP
*Normal Space Width ar Hob BAP

DRIVEN HOR:
*Hob typa (Semi-Tops's, Tip-nlln'r
Non-Top='nl
*Flank angle

*Tip to Eefarence Line

*Tooth thicknass at Refgrence Lina
*Reference Line to Stazt Mod Ramp
*Prepsure Angle of Mod Ramp

*Tip radius

125 MY




I o —

w

% A el

<& T

-
il
T

—
LIS =

25.0000

.B412
0714
.02E8

45.0000Q
0895
.0714
.0051

.Q040

ua
&
u dn

hobaPdn

nawaAPdn

Iglﬁ-

e
r

nc_dr
ode_dr
ntte dr
rts_dr
ug_dr
cds_dr
sapc_dr

nc_dn
odec dn
neee dn
rts_dn
ug_dn
cds_dn
sapc_dn

rfa~"dr
h**dr
L™ ér
re” " dr
te_dr
tr_dr

rfa~"dn
h™"dn
L~ "dn
™ "dn
tc_dn

¥p_dn

§1IIII

%III!I

in

FREEE

in
in
in

in
in

dag
in
in

. Ain

in
in

deg

ian’

in
in
in

*Protubaratics
*Protuberance_angle from flank
*Protubaratnces presaurs angle
*Tip to_flank/prot intarsection
*Ref Line to Hob SAP

*Normal Space Width at Hob SAP

DRIVER SHAPER:

*Number of Teeth
*0utside_Dismeter
*Normal_Tooth_Thickness
*Tip_Radius - Normal Plane
*Pratuberance - Normal Plane
*Cantar distance with gear
*Start_of_active profile diametsr

DRIVEN SHAPER:

*Number_ of Teeth

rOutgide Diametar
*Normal Tooth Thicknass
*Tip_Radius - Normal Plane
*Protuberance - Normal Plane
*Canter distance with geaxr
*5tart_of active profile diameter

FORMED DEIVER:
*Bagic Rack Form:
*Flank Angle
*Tip to Reference Line
*Toocth Thickness at Refarence Line
*Tip radius
*Radial tip chamfer Def=0
*Normal tip radius Defad
*Normal tip relief exponent Defa3/2

FORMED DRIVEMN:

*Basic Rack Form:
*Flank Angle
*Tip to Referenge Line
*Tooth Thickness at Refarences Line
*Tip radiusg

*Radial I::I.p chamfar Dafw0

*Normal tip radius Defud

*Normal tip relief exponent Def=3/2
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semmpmar==coaaeamas VARIABLE SHEET wsocaswnmcnsz=cc=ccaesssssa=—mocmomss==csom==s

t Imput---- Name--- Oufput--- Unig----- Comment-~mm == m e el
LOADING:
Va 0 tt/min *Maximum sliding velocity
.06 £ *Approx coefficient of fricrtion

(Default value is for hardenad
steel driver and bronza drive..,

ef £ +74 ¥ *hpprox_efficiancy
effback +85 % tApprox_sfficiency backdriving
sfB _ *Anti-backdrive safety factor
nicad 13_£54 1bf *Imposad normal tooth load
Fo 1 *Overload factor Defml
tnload 13 _5654 1bf *Tatal_normal tooth load
*At_center of contact interval:
cli 74.307 deg *Angla between gontact curvatures
a 65602 pei *Spacific compressive stress, =
cc 2955 psi *Load/compresaive stress factor, Cc
Driver.
powex C HP *Power
0 rev_dr pm *Rotatienal speed
4.5 tork dr ozf-in *Tcrque
13E8 E_dr pel *Young™ s modulus (Default = Steel)
clidr 69.603 dag *Contact curvature inclinat;on angle
tan_dr 2.149 1bf *Tangential force
gep_dr 5.771 1bt *Separating force
ax dr 12.187 1bf *Axial forge
Mo 4r 1.767 1bf-in Overturning momeant
Driven:
rav dn 0O rem *Rotational speed
tork_dn 33.22 ozf-in *Targuea
1.9E6 E_dn psi *Young™s modulus {Defaylt = Bronze .
cTign 4,705 deg *Contact_curvature inclination ang.._
tan dn 12.187 1bf ' rTangential force
gep dn 5.771 lbr rSeparating force
ax_dn 2.149 1bE *Axial_force
Mo _dn .5086 1bf-in *Cverturning moment

Screw Connected to Driven and Nur
Screw Driving

T 33.21993% ozf-in Torgue
Fa 68.22183 1lbt Total axlal resisting laoad
.333 Dm in Thread pitch diameter
2 s Number of starts
.125 Tlend in Thread lead
B 0625 in Thread axial pitch
.06 - £- Comfficient of friction: threads
14.5 phi deg One half included chread angle
alpha 6.8137223 dag Thread mean lead angle
0 feg ' Coafficient of frigtion: thrust collar
.375 Dg in Mean diametar of thrust collar
theta 15.901497 dag Axis to thread normal surface
s €6.3443235 & Thread efficisncy
. 766 Las in Threadaed length
.378 CD in Screw OD
.276 RD in Bcrew Rook Diametasr
L2986 ID in Mut ID
: At .07282231 in~2 Tenglle stress azea
An 51005641 in"2 Total thread surface araa
_1_

IZSA 4L
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.03125

ScT
-1
attR
ateN
sns
=3l )
Ss8
EgN
BtS

SER
S8R

133.753%

.04081885
04211154
L.46521221
.60804417
145.64669
112.13881
502.94641
536.B259

1155.7017
£87.28872

pai
in
in
in
in*2
in*2
psi
psi
pEl
paL

psl
pai

Compresaive gtress (Full contact)
Scremw axlal tooth thicknmss

Screw axial tooth thicknegs at Nutbt ID
Nut axial tooth thickness at Screw OD
Total screw shear arsaa

Total nut shear area

Serew shear atress {(Full conkact)

Nut shear stress (Full aontack)
Torsional Stress at screw rock dia
Axtal stremss at sorew root dia

Mawx tensilea stress at screw root dia
Max shear strezg at scraw root dia
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't .Inpukt---- Name--- Output--- Unlf-=«-= Comment—----~=«--=-----——mcmmaauaao -
#4 HNominal
Hoechst 90 deg Worm Gears
Steel, Heostaform Worm/Hostaform Gear
Non-Enveloping (Crossed Axis Heligo .
(See 60-125 for Input Dataz)
Presg "Alt U" for Units Change
GENERAL:
1 z1 Humber of Weorm Teeth
10 22 Hunber of Gaar Teeth
i 10 Ratio
mn 1.1545455 mm ' Normal Moduls
22 DPn Normal Diametyal Bitch
m 1.1723562 mm ! Gear Trans Module
DPp 21.865771 Gaar Tzrans Pitch
25.0000 npa dag Normal Pressure Angle
tpa 25.337¢ dag Gaar Trans Pragsure Angle @ Ref FD
10.000¢ gamma n deg Worm Lead Angle
.3801 a in Center Digtance
L3650 dail in Worm QD
.5725 da2 in Sear OD
dml .2784 in Worm Mean Working Depth Dia
dm2 -4810 in Gear Mean Working Depth Dia
wicd .0906 in Working Depth
LOAD CHARACTERISTIC:
12.187 F2 1bf Gaar Tangential Load
0 w ft/min Flank 3l1iding Velocity
b .2422 in Effective Face Width
fz .25 ' © Tooth Nimker Coefficient
c 1178_1894 1bf/in"2 Load Characteristic, c
c_al 1160.3019% lb#/in"2 Alloweble Ioad Characteristic, c
8c .98 Load Characteristic Safaty Factor
TOQTE BEEAFAGE:
16.2493  F2max 1bt Maximum Gear Tangentizl Load
1B5 T F Cperating Tempsrature
ral .1845 in Worm Cutside Radius
rml .1392 in Worm Mean Working Dapth Radius
TaZ .2863 . in Gear Cutside Radius
0892 Lttt in Geuar Trans Tooth Thickness & Raf PD
| ({If Hostaform Worm, Gear TIT Should
Ee Approx Bqual to Worm TTT)
tttm .0822 in Gear Trans Tooth Thicknesa & Mesan Dia
dbg 4172 in Gear Base Dia
chi $3.9349 deg ' -
phi 35.0000 deg Pitch Angle |
t 2 Humber of Exgaged Taeth
B .D695 in Ave Wildth of Shear-Stressed Surface
A 0267 in”2 Total SBhear-Stegsad Area
tauB E545.6 1bt/in"2 Allowable Shear Stress
Fb 148.2902 1hbf Tooth Breakzge Farge
8 5.13 Tocth Braakagse Safety Factor .

HHCN 4V
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' AW LOCK ACTUATOR KC 018158 TEETROG NATRIX ¢ & FASCD CONTROLS WG, QUOM03
EredEER: DUGAETH PAEPARED BY: W LAMINE
|cosensirNT TEBT#] | TESTR | TEST 83 | TEGTS4 | TESTSS | TEET 8 | TEBT#7
dCYCLEE [ 8560 | 10172 AN | 24278 orq]| 1043er
40753 B Gl 20,967 COMB.NT
LEADECREW - B (4] D E F H
lmnmen A A A H E < &
SPUR GEAR A A B B B B '
GEAR A A A A A A [+
ACF ADE | ADF ADE BOE~ | ‘BOE ADE
COVER H A A A A A A
= DETOCANY Y A A ] ] Y )
|CARRIER-  PLASTC (ACETAL) PTFE FRLED

g
g
9
3
=
I [

Hal

MOTE: 1)* INDICATES FAN FD COMPONENT
2] INDHCATES COMPOMNENT REPLACED

TEST M-LE o} LEADSCREW FLEXED AWAY FROM MATING GEAR CALISING BINDING & DUS TORTION.
hj COVER CRACKED DUVE TO STRESRS,

88 DL, LEAD VEETIR-  a) MOLDEN CARRIER BROKE AT 10,172 CYCLEB {RETWEEN THAEAD & CAM).
331 TRPLLEAD b) SYWATCH ACTUATOR CAM REFOHMED AFTER 37 278 CYCLES.
ELASTIC {NYLOM PTFE FRE FTY ¢} RELVED FROM TEST AT 40,763 CYC1 S TO FACILITATE TESTING OF NEXT [TERATION
PLAETIC (ML OM) LS. GF

TEAT#-  u) CARRIEER "v" THREANS [MOLDED) WERE STRIPPED AT X3 AT0 CYGLEE.
b} CARRIER V" THREADS {W0LDED) WERE STRIPPED AT 31,14 CYCLES.
c] 14 Bdd TOTAL CYCLES OM CTHER COMPONENTS

TEST#M- CARRIER "SOUARE" THREADS (MACHMED] WERE STRIPPED AT 24,276 CYCLETS,

LECAST [ZAMAL £3)

[EPUR GEAR - PLABTIC AL }- MO EFT WALEADECREW (20 TH,
PLASTIC AL} HEX LD, {20 TH.}

0 |®> |m

PLASTIC {AGETAL} HEX L. {22 TH)

WORM GEAR - BRAGS (1LD.) ' 1) THE MOTOR WAS REPLACED AND TES TRNG CONTINUED.

oe-Tea wlmm '
- pRABE[ALD)

MOTOR = WITH BT.C.
D30T 14 WITHOUT PT.C
WiTH AP

TEST -  w) TEST FAILED AT 304 347 CYCLES,
DYLNIT HAS A MACHINED PLAATIC LEADSCREW WITH AN WPROVED MOLDED CARRICR.

TERT#T-  »} TESTING STARTED 08 1001594

L2/ Lk In;ﬂh

ey THREAD 1INV RATI HROCSTOP HROSTOP COATING

WITHOUT END CAP _ 1} A LB {LOGCH) [g%m
ﬁh THRUET LEETER E MB. 1 F1] T 43 [ T 17 X N T 7 -]
! WITHOATT EXTERWAL 1INEAR THRUIT LIMITER F COL_ 40 [ el 1T ATEY
. - COBE. 8 o {38-16) 3 T 1675 TSV R |
COVER - WATH ATTACHED METAL STOF A COMB. 34 A5 {1/8-18) W0 .} eEW  Asv
9300-7908 m 8 _ Lonml#5 100 (Wm1fy 160 -] iassv A5V, [(IEAON)
COMB.# W) [3m-11 i terl) — RGN 1080V [TEFLOW)
LUBRICAMT - & ITE) A COMB. 87 ¥ i el D [ e 20M.00 S04 [TEF OGN
B 1071184 OB 38 M ANz ® o DAREY  Jmn EN [TEFLON
NYE 8568 V.
1 g HOTE: 1} iNDICATES LOCK BOLT WAS USED FOR MULTWPLE TESTS.
NYE JTAL E__
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b NAWLOCK ACTUATOR RC-018738
ENGI : G.GAFTH

FASLO CONTROLE (K.

PREPARED BY: W.LANDIS

{,p_,h E

I & nmiory o :nz::r-:-

q%g?

=
o
MMO®m|= |m

COVER -

WITH ATTACHED METAL STGP
2300-7408  WITH ATYACHED METAL ETOP WITH GUESETS
LUBFRUCANT - SILICOME
% pE58
MVETi0w
NVE 774

mdjmhlmh

"D

COMPONENT
JGYCLES

TEST #p
22,000

TEST H0 | TEST #11

18,773

[WEST 112

TE.ST#IIJTEET #124 TERT # 11
A0k o x22 1,134

71,285

e N*

Iui-

E = |
Rlele 2 |-

COVER A A A A A A

M
E- H
E

URRICANT A B 1) A A A

NOTE: [*] INDICATES FAK EQ COLIPONENT.
(™) INGICATES REPYACED COMPONENT

a} TEST STARTED ON 1071704
b) REMEWED FROM TEST On 10/ e,

TEST s

TEST#0. &) TEST STARTED DN 10HM8RM.

B LNIT FAILED - 23 198 CYCLES COMPLETE i THERMOTRON,
- 6} P.T.0 {OCATED QUTSINE CHAMBER,
TESTEND- &) VEST STARTED 1042754

BJACTUATOR STOPPED AFTER B32 CYCI ES,

RETLIRNED TQ TEST.
o) LINABLLE TO KEEP LINIT RUNNING.,
8) TEST STARTED 102094
b} 1&,773 CYCLES COMPLETE.

TESTH -

TESTIHTA

TEETH M
cINIT BTARTED EXPERIENCING HARDISTORS AFTER 157 9T8 CYCLES.

NMOTOR WORM, SWITCH COVER HOLISING, UFSTOR £ BEARINGE COMPD
a) TEET BIARTED 01/3106, THIH THERMAL CYCLING (+5 TO 40 )

b) 71,805 CYCLES COMPLETE, STOPPED TEST ON (FAADRRES.

) LIPPER STOP BROKE AFTER APPROXIMATEL Y 12,000 CYCLES,

o] UNIT EXHISITED "HARDSTOP™ AFTER M 205 CYCLES,

) LNIT HAD ETRIPPED LEACECREW ANG SROKEN UPPER &TOR.

o MOLDED LEADSCREW BINDING DUE TO WARPAGE, MOLD HEWS MODIFIED.

d) PRELIMINARY CALISE - GEAR FAM URE, DETAILED AMALYEL TO FOLLOW.

£l INTERFERENLCE BETYWEEN WORM GEAR AND MOTCR END BELL, MACHINED AND

a)CARRIER THREADS STRIPPED AFTER 22,513 CYCLER, CAHRIER REi’IJBED.
BYTEST STOPPED AFTER 35,000 CYCLES FOR MPROVED CARFLER PARTS.
a)CARRER & LEADSCREW REPLACED (FF3 TEFLON CARRIER. ACETAL LEADECREW)

dRESTARTED FROMW HARDISTONE AT {1580311[181,335) & 171,066 CYCLES,
aITEST STOPPED AFTER 175,412 CYCLES COMP ON CARRIER {FRACTURED) & | EADNSCRE

251,78 GYCLE:




SAINAW L OCK AL TUATOM RCD1E7 JHAT TUNNARY FASCO CONTROLE NG oA
ENGIHEER: L AETH PREFARED BY: W.LANDIE

TEET & - 1LAS] CYELAB.
FAILURE w1- QEAR LOCKLP
Ml ) Si- LEADSCAEW FLEXRED AT (HEAR INTERFACE FEAMITTING CEAR TERTH TC "CLIMET,
CORPECTIVE ACTION- WETALLED STEEL PIN Wy LEADSCREW

FAILLWE #2- CRACKED COVERS
CALSE- 410 LOFD COVER LMABLE TO WITHSTANG LOACS APPLIED BY THE CARNER AT THE LNLOCK POETION.
CORFECTWE AZTION- 4] MEARLIREMPNTS TAKEN TO DETERMINE “REAL" LOACE BEING APPLIED,

Bj METAL LPRER ATOR INCORPORATED I DESKSM

TRST Kaw = 10,172 CYCLEA-
FALURE #1- MOLDED CARRIER BROKE AT WEA,
CALMIE- AMALYEEE REVEALED POOALY PRDCRABED PAAT,
CORMECTIVE ACTION- 4] FROCEIZNG FROCEDUREY WERE REVEEWED kD CORWICTED.
8} PARTA WERG REMOLOED AND THE CARRER WAJ REPLACED W THE LMIT.

THIT 2N« 37,3 Gy LA
FALLURE #2- TRAVEL BENEING SWITCH FALEN TO DPERATE,
CALUTE ACTUATOR CAMN DEFORMED MOT ALLOWING IWITCH TO BE EFRSEEED.
CORMPCTIVE AT A) AZTUATIOR CAL WAE MEFDRMUND AKD THE UNIT RETURMED 10 TEST.
5] TOLERANCE ETACKE WERE PERFORMED ON THE AELATED COMPONENTS,
5] BETAR CRawHEE WERS CORFECTRS,

TEET e -40, 741 CYCLEN. UMIT Wall REMCYED FROMN THEIT TO ALLOW FOR NEXT ITERATION.

TRAT 9 - 1 AN CYCLER-
FAJLURE #1= LOCK BOLT FMLED TO EXTEND.
CALURE- CARRIER THARADY WaFs GTRIPEED.
COMRECTIVE ACTTION- A) CARRIER REFLAGED AND LRIT RETURNMNED TO TES-
B) THREAD PROFLE DESHIN AEWIEWED.
) TOOLINES IIITIATAT TO LAKE A | FADSCREW WHTH A SOUARE THREAD FON IMPROVED THRUST LCAD CARASILITY,

TEAT 3 - Sl 5L CYCLES.
FALUAE #- LOCK BOLT FALED TG EXTEND.
CALISE. CARKRIER THREADS WERE 3 TRIPFED.
CORRECTWE ACTIDN- BEC ARDVE

TEST #4 « 24,170 CYCLES-
FALUME- LOCK BELT FAI B0 TO EXTEND,
CALSE- MACH N ED BOUARE THREADS ON CAHARLER 'WERE STRWFPED.
CORRECTIVE ACTION- REVIEWED MACHINED THREADS MOLDED THREADS EXHIAIT GREATRER BTRENGTH AND £ IFE DLEF TE CONTINUED MEH SEZILAR CHAING

T s - 100 CYELER
FAILLRE- MOTOR WOULD HOT OPERATE

CaLBE- RUSHE) WERE CAMAGKED DLINHEY ARASTEMBLY AFTER REMOVHG THE P.T.C,
CORRICTIVE ACTHON- A} NCTORS WiDLLD BE PLACHASED WITHOUT THE P.T.C. TO ELIMINATE THE NEED FOM DISASBEMELY.
8] MOTOR WAS AEPLACED AND LIMT RETURNED T TETT.

TIEST 50 - M, MT CYCLEE- LMT RRWGYED FRDM TRET TQ ALLDYY AOR MIDCT ITETATEON

THRET ) - 104,347 CYCLEE-
FALLURE: LOCK BCLT FANLED TORATEND.
CALEE- &) MOTOR HAD DEAD ARCT- COMMUTATON FALED.
&) OEAR LOCHUP DUE T DESRADATION OF GO PCMENTE.
CORRECTIVE ACTION- A] GEAR TOOTH FROAALE AND FRESIUNE ANGLY REVEYID.
) TOLERANCE BTACKE AREWED ON RELATED COMPOMENTL

TEAT 8 - Wi & OF CTCLES-
FAILURE: LOCK BOLT FAILGD TO RETRALT
CAUEE- ANCARMIER BRCHEN OB WALL OF "MUT™ AECTICN.
B) CRCIE SECTIONAL AREA COMPROMTEED AFTRR MACHINMNG FOR A 3804 THREAC,
CORMARECTVE ACTION- CAMRER WALL SECTIOM WAS INCARASET.

TEIT M - UNABLE TO KEEF RUNNIND AT UFFER TEMP. )
FAILURE: LINIT WOIALD NOT OPERATE AT TEMP. EXTREMER
CAUME- A) P.T.C. GDEHE "OPEV NOT ALLOWING CURRENT TO MOTOR
H] CLIRRGNT DWRAY SGERINVE DUE T HSADSCREW BINGING AT TEMA. EXTRILWES
3} LEADSCRITW WANTIC: DA G MO D NG PRDCESS.
CORRECTIVE ACTION- ADDTIONAL ATH ADDED TO LBADGCHEYW LIOLD TIO kMM E BUNNCUT,

TEAT B - 22,00 EYCL N
FALLLRE- LOCK BOLT FALED TC EXTEND.
CAURE- A) IWCRl ARAR [DANVEN) TERTH ATRIMWED,
B DRAEN GEAR TOCTH PACIILE NOT ADECLLATE FOR LOADS {MURCHASE L GEAR)
G TS Gl CLLATICIE) (O THYT racyuL Tl
CORRABCTIVE ALTION- CONTIMUE TO TEET AVAILABLE GEANE A0M OTHER EAILLRE MODES,

TEAT il - 132 CYCLES-
FAILURE- UMIT BNOING
CALSH. BRAEY INRERT ON WS [DANER) INTERFIRMMND WTH BN BELL ON MOTOR.
CORRECTIVE ACTION- A) COMPONENT DRAWINGS CORFMCTED T ELILINATE INTERFERERCE
B) MEERT WAY WATHHNED AND ATTEMPFTED TO AETLAN UMT TQ TRAT. ([AMADE TO MOTDR B0 NOT ALLOW]

BT 31« 16,773 CYCLER-
FARLLIRE. LOCK ROLT WDUL P NOT RETRACT.
CAUSE- MACHINED THREADS M CAFRRER ATRIFPED.
CORRBCTTYE AZTION- A) WATERIAL SELECTION AND JTRESGES DENG REVIEWED.
B} INGERT FOR CARRIER MOLD BENG FARNICATED.




CONCERN: ACTUATOR CURABILITY

RGN SUNEARY RV
. SAQNNAYW STEERING LOCK ACTUATRRA
HAGIMAWSE CO18TIR EMG: Q.GAETH
FASCON B300-F431 EMiE: WLANDES

RrT TR

1) IMPROVEMENTI HAVE SHOWN numni.rrr LIFE SYCLES QOF;
u) 15,550 TO 104,347 AT AMBIENT TEMP.
b) 18,773 TQ EZ.EHATJUTGHDEG.Q:_

2} FAILURE MODES :

a) FRICTIONTEMP. LOCK-UP UFLEAD!EHEW

by GEAR TOOTH FAILLURE
0} GEARTRAIN ALIOGNMENT

| SOLUTION: RIEF. COMPONRNT ANALYSIE NELOW.

i

[ T UTH/NEW DERIGN .
COMPONENT DEACRPTICN i (MNP ROVEMENT
DESERIPT.  |MATERIALIDESZRIFT.  |MATER
A TLEADSEREW _ _
A1_[TH TYPE 114004 q7a x 114004
3 Pes X - THL.BFF.- 71

ABCYE
MOLOED THREALS EXHIE T UREAT ENGTH &

A ANGLE INCR ED RATING

PITCH QIAMETER

WG OF LEADS

DIAMETRIGAL FITGH

NCH OF TEETH

[MOTE: 1) * NDICATES SIGNIFIGANT CHANGES TO CURRENT DESION.
2y UTE GEAR TEETH PROFILEE ARE DPTIMIZED FOR MAXIMUN ETRENGTH, NOIBE REDUCTIKIN, AND CL VARIATIGNS
3] STREESES ARE CALCULATED BASED ON & OZAN. AT TORCLIE {THE WOTOR IS RATED AT & DZ M)

Q.

I STING BCHEOULE:
111X LIFE OURABILITY TESTING nsnum TEH OAYE [5T80 CYCLESDAY ... ccmemmems START 1270044 COMPLETE 120050
2) COMPLETE DURABILITY TEATIVG REMUSRES APF 45 DAYS (1780 E‘I’GLES.I"D&TI wmru START 1200004 COMPLETE 021098
;«u s

1}CIJFIFI.EHT TOOUNO LEAL TMES kBEﬂHMA.TE A 121034 TEST ETART DATE.
2) CURRENT FASCD TIME LINES INDICATE A 010135 "DROP DEAD " DATE FOR PRODUCTION TCOLLNG RELEASRE |
TOOLING START ON 0a1a8S WILL MEEY THE 130485 PPAR SUBMIBIION DATE

R

e
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4AOINAW LOCK ACTUATOR #28050580

. QINEER: G.GAETH

~ s ] T A u. i Ll S T —" —— - | e — bl

Iﬁ]’.ﬂﬂ‘ FASCD CONTROLS ING. o4 .

PREPARED BY: W.LANDIS
DESIGN VALIDATION TEST STARTED ON D/24/95
NO¥ OF UNITS TESTED (24)
TYPE OF TEST- DURABLLITY

ACTUATORE |  FANLIRE MODE NO# OF CYCLES | GREASE COMMENTS
133 STRIPPED LEADSCREW 38600 FALED | NYE 362F [FAILURE AT 38 560
134 STRIPPED LEARSCREW 38,806 REMOVED| NYE 362F [INTERMITENT STARTING AY 39316
135 [MOTOR FAILURE INTJ REMOVED| NYE 3627 | TRD
136 STRIPPED LEADSCREW 39,805 REMOVED| NYE J&F [TBD
137  |STRIPPEDLEADSCREW 38904 FALED | NYE 362F |FAILURE AT 34,954
138 STRIFPED LEADSCREW 39,405 REMOVED| NYE 362F |INTERMITTENT STARTING AT 38,315
139 STRIPPED LEADSCREW 39,805 nmn' NYE 362F |FAKURE AT 38,544
140  [STRIPPED LEADECREW 36,805 REMOVED] NYE 362F |INTERMITTENT STARTING AT 34,165
141 STRIPPED LEADSCREW 39805 REMOVED{ NYE 362F INTERMITTENT STARTING AT 38,185
142 YTRIPPED LEADSCREW 35499 FAILED | NYE 362F [FALURE AT 38,489
143 STRIPPED LEADSCREW 39200 FAILED | NYE 362F jFALLIRE AT 35,296
144 STRIPPED LEADSCREW 39,805 REMOVED| NYE 362F [TED
145 MO FAILURE STRIPPEDLDSCR. | 40,241 FUNCT. 362HHRETURNED TO TEST AFTER PULL -OUT CHECKS ANALYZED AFTER 50,000 CYCLEE
140 NO FARLURE /STRIPPEDLDSCR. | 40,241 FUNCT. NYE 362HERETURNED TO TEST AFTER PLLL -OUT CHECKS ANALYZED AFTER 50,000 CYCLES
147 NO FAILURE STRIPPEDLDSCR. | 40,241 FUNCT. [NYE 352HE|RETURNED TO TEST AFTER PULL -OUT CHECKS ANAL YZED AFTER 50,000 CYCLES
143 NO FAILURE /STRIPPEDLDSCR. | 40241 FUNCT. (NYE 352HBRETURNED TO TEST AFTER PULL -OUT CHECKS ANALYZED AFTER ED,000 CYCLES
149 NO FAWLURE /STRIPPEDLDSCR. [ 40.241 FUNCT. E 362HH RETURNED TO TEST AFTER PLAL -OUT CHECKS AMNALYZED AFTER 50,000 CYCLEE
150 MO FAWLURE /STRIPPEDLDSCR. [ 40,241 FUNCT. MZHRRETURNED 7O TEST AFTER PLILL -OUT CHECKS ANALYZED AFTER 50,000 CYCLEE
151 NO FAILURE /STRIPPEDLDSCR. | 50,000 FUNCT. RETURNED TO TEST AFTER PULL -OUT CHECKS ANALYZED AFTER 0,000 CYCLES
152 NO FAILURE /STRIPPEDLDSCR. | 40,241 FUNCT. RETURNED TO TEST AFTER PULL -OUT CHECKS ANALYZED AFTER 50,000 CYCLES
153 NO FAILURE /STRIPPEDLDSCR. | 40,241 FUNCT. RETURNED TO TEST AFTER PULL -OUT CHECKS ANALYZED AFTER 50,000 CYCLEE
134 ?‘II'RIPPED LEADSCREW 33,806 REMOVEDINYE 30ZHEFALURE AT 38,821 '
155 STRIPPED LEADSCREW 39,806 REMOVEDNYE 352HE TBD
138 SWITCH INOP/STRIFFED LDSCR.| 40,241 FUNCT. 342HH TBD ANAI YZFD AFTER 50 Nna £Y 01 E<
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1] 4 . v WY -

LEADSCREW -
300-T413

CARRIER -
|a300-7403

|WORM GEAR -
SHIG-TAOE

|MOTOR: -
E0-Fi 1

COMER -
B00-F408

LUBEUCAMT -

@

SINAW LOGK ACTUATOR #C-018758 FASCO CONTROLS NG, (T EE ]
ENGINEER: G.GAETH PREPARED BY: ¥.LANDIS
BINGLE
P2 PP3 | ACETAL | ACETAL | ACETAL STATION
~DESCRIPTION DESGNATION 1.1 F 5 118 119,120 | 120122, | 128126, 124 TEST ¥ 13
COMPOMENT [NDPT.L. 173,124, | 127325 |INOP.T.C. 71,885
PLAETIC {PPE 078158 {1 L) L |
PLASTIC ;ﬁut %.15&{1 ﬂ_i N Y]
LEADSCREW L L N N N
PLASTIC (PPS-TEFLOW] 30-076-.158 W CARRIER L+ [+ M M M M
PLASTIC (PPE-30%GE)- 38070, 158 4]
BPUR GEAR E E H H H H
PLASTIC [PPS- - O7E-. 156 L15:11[1 PC] E VWOHM GEAR E E E E E E
m&mﬁnm1mi1§1!h PC} H
[MOTOR BOE ADE ADE ADE BOE ADE |
BRASS [1LD.}UL.T.8. PROFILE [15-1] E CIOVER B B B B ] B
LLABRICANT A A A . A A
WITH P.T.C. A
VATHOUT PI.C. -]
WTHOUT END CAP D
WATH EXTERNAL LINEAR THRUST LMITER E IMIT# |SCYCLER COMMENTS TEMPC]
- F |
1B 297 |MARD S10OF 15
WiTH ATTACHED METAL 5TOP WITH GUSSETS B 118 433 [HARD i)
fan WA |HARD S0P 77
121 1 49385 WISTOR .COVER LEADSCREW BROKEN &0
SIICONE SMNTEY A 113 17,600 |CAHRIER AROREN )
13 20500 |U'STOPF COVER BROKEN; DRIVEN GEAR STRIPPED 75
124 20 44] |UFSTOP BROKEN: STRIFPED LEADECREW =5
[F3 23,300 |CARRIER BROKEN 75
128 24,580 [WUETOP BROKEN 0
127 37,130 N (=]
12 2578 _|FST0P,CARRIER PROKEN an
128 3,500 |iF870P,CARRIER BROKEN B
NOTE: 1) PPSE LEADBCREW AVG. # OF CYCLEE: 374

ACETAL L EANBCREW AVG. # OF CYCLES: 30,372
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of Up-stop
for
Fasco Controls Carporation, Inc.

By:
AccentOnDESIGN, Inc.
Jorry T. Branner

2/16/95
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Ohjective:

The ohjectiva of the anslysis of the Upatop was to predict deflactions and strees levels of the
loaded cast part, The geomairy was provided by Fasco on print, The anedysis inciuded a (3)
dfterant Boundary Conditions (see attached) at Loads of 750, 1000, and 1500 ba.

1) Theongtical Model - Linaar Analysis
2)  Static Load of 150 Lbe applled
Streas numbers then comparad to Feillgue Date
3 Thermal Loads not included,
4] Material: Zine Alloy {Ew1 0,300,000 pal)
ZA-27: UTS = 80 ksl, Fatigue {Rotary Bend) = 25 ke
5 E8 cyclea

Besults:

The resulis were a Max Von Mises Stress of 32 kel in the arsas shown. These results are shown
on the attached shest . .

Becommendations:

Thia theoretical analysis typically will be on the conaervativa side. However, | rasommand that
without thermal loading included In this analysis and thas unknown poroafty values in cast paris,
incrameas in fllsts and a material with a higher Fatigue Strength should be researched and
proven through furthar anslysis and testing.

O m é .. ft
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Thermal Strain Analysis of a Cast Housing-

By

Mailett Technology, Inc.
9801 Germantown Avenue, Suite 315
Lafayetts Hill PA 19444

For

FASCO Crortrols Corperation

1100 Airport Road
Shelby, NC 28150
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1.0 Summary

This report documents a linear static analysis of the FASCO Controls
Corporation’s “cast housing™ based on the geometry found in the IGES file
supplied to Malletr Technalogy. The housing was subjected to a uniforms
teraperature increase of 65 °C. The housing was assigned material properties of
the Zamak Die Cast Alloy No., 5. Totl displacement of the housing, as well ag
displacement in the x, ¥, and z global directions has been reported. The anakysis
was performed uging ANSYS 5.5 finite element analysis software.

For details about the analysis, see Background and Purpose, Model Information,
Analvsis Information, Results Infoomation, and the Diseussions and Coneiusions,

2.0 Background and Purpose |

The subject casting houses a mechanism that i< usad to actuate locking and
unlocking of an autemobile stearing column. This locking mechanisrn jams
occasionally, and the FASCO Controls Corperation 18 exploring poesaible causes
of this problem. Deformation of the surrounding housing due to thermnal strain is
one of several possible causes thet have been identified. It is, therefore the
subject of this work to predict the thermal strain (expansion) of the cast housing
under the action of typical thermal loads. The analysis was perfonned with
ANSYS 5.5, a general purpose fipite element modeiing package.

3.0 Model Information

The ANSYS finite element anailysis program was used to create and solve the
structural analysis problem. Figure 1 shows the finite element mesh. Table 1 lists
the mmnber of nixles and slements that comprige the model and Tabls 2 lists the
properties of the materis]l (Zamack Die Cast Alloy No. 5) used in the modei.




Mallett Technology, Inc.
Report No. 99TR1020PHL Project No. FAS-99-001 Page 2

Figure 1. Meshed Model

Table 1. Detuils of the Finite Element Model

__E_ntltr Number Delined ] Type Description
Elements 21146 Solid4s 3-0 Structumnd Sold

Nodes 6875 . -




Mellett Technology, Inc.
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Table 2. Material Properties

Material Froperties for Zamack IHe Cast Alloy No. 5

[ Mndulus of Elasticity [ F3 | i5x 10°

| Denaity [ !-"m* ] 6.7

Poizzon*s Ratdo

0.3
[Thermal Lxpansion Coellicient [ 17°C | 24X 10

4.0 Analysis Information

The housing was fully constrained at the three bolt hole locations (see Figure 2) as
specified by FASCO Controls, A wrifonn tempermtire increase of 65 °C was
applied to the model {see Table 3). The model was then evaluated with a linear
static analysis.

Figure 2. Boundary Conditiona
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Table 3. Bonndary- Conditions

Conatraints

[Type . - { Locstion Direction Coardinate System
[Comirained Translation Bok bols 1 XYz Global Cartesian
Constrained Trunslation Bolt hok 2 XYZ Global Cartesimn
Constrained Franslstion Holt hole 3 XYZ Global Cartesien
Londs
1 Fafapunce Uniform
Typs Temp. Temp.
gg""‘ Temperature 20 85 Applied to sl elements
5.0 Results Information

The following figures and tables show the response of the housing to the applied
temperature loading and constraints. Please alao see the Windows animation file
‘housingresponse.evi’, for en mnimation of the thermal response of the cast
housing. All results are expressed in the global Castesian coordinate system.
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ANSTE 3.5.3
HAR 24 1935
18:11:38
BCDAL BOLUTION
STIF~1

AT -1
TIAE=]

it [AVG)
ELEE I
PowarGrmphics
LFACIT=L
AVREA=En%

BNI =_j4qB204
SAI =, LASF8Y
Q
SOLlEeE
+RHIFEL
«0S4TE
253904
5238
OSBBEs
115383
131808
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Figure 4. Contour Fiot of X Direction Dis
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L ANTTS 5.5.2
HAR 2¢ 1999
18:14:138
MODAL ECLUTION
AYRp=i
3TH =1
FINE=1
oI | 3
RETA=
Posacicaphicoe
EFACET=1
ATREY=Mnt
IER w, L4024
A5 ==, 095101
JEE =, 055147
-.09a101
- = OTH2 5
Tan  — ik
: ~.044 505
g -.02TATa
- O01L074
.OOs73L
L 1
039342
OEELRT

re 6. Contour Plot of Z Direction en

Table & Displacements

Displacements [ mm }
I X Y z Sum

(Meximem | 0120887 {  DLRE W71~ S

6.0 Discussions and Conclusions

The subject casting undergoes deformstion due to thermal loads which may cause
binding of the enclosed locking mechanism due i either undesimble contact
between the mechaniam and the housing and/or the subsequent risalignment of
mechanism components. The figures of the previous section provide an overview
of this defoemation. Detgils of the deformation field in specific regions of the
housing will be provided by Mallett Technology, Inc. at the request of FASCO
Controls Corporation.
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WEAR TEST GROUPE :
© SAGINAW STEERING LOCK ACTUATOR

SAGINAW § H0B0MD

FASCO # 1740-0002 {%300-T401)

GROUR H LEADBCREW- ACETAL- DELRIN If 300
GARRIER - PPS WITEFLON - G.E. SUPEC W33t

GROUP#2 LEADSCREW - ACETAL - 7% TEFLON { COPOLYMER) -
CARRIER - PPS WITEFLON - G.E. SUPEC Wau1

GROUP#1 LEADECREW- ACETAL- DELRIN Il 500 .
CARRIER - NYLON &% - ZYTEL 103 HE1L (UNFILLED)

GROUP W4 LEADEGH.E;H-EEML-T‘HTEFLN{GI:FOLMR]
CARRIER - NYLON 88 . ZYTEL 103 HB1L (UINFILLED)




REVISED GROUP &1 D56/
02808 TOTAL WEAR - LUBRICANT COMPARISON
ambient temp.

VWO LUB. o.cez2v o.0oar 0.00EF  D.0057 88 HR.S
NYE3E82HE  0.0023 C.0033 0.0038 0.0038 82.5 HR.5
KRYTCX205  0.0038 0.0043 D.0048 0.0048 45 HR.S
NYE ass0 0.0045 0.0057 00087 0.008% 68 HR.S
NYE 885 0.0010 0.00t7 D.0025 00028 e0HR.5
NS-Z504-G D.0014 0.0024 00028 00024 £8.75HARF
NS-3882-Gi 0.0008 0.0020 00024  D.0025 BR.75HAS

GROUP #1

TOTAL WEAR - LUBRICANT COMPARISON

WO LUB.
aNYHE 32 HB
m KRY TN
oNVE 3250
m NYE BAf
SN TP
m MS-3802-0

REVISED GROUF 77 OSMBES
Q72588 TITAL WEAR - LLARICANT COMPARISON
amident mmp.

WO LUB, 0.C0O50 0.0110 0.0215 0.0215 B8 HR.8
NYE3G2HB  D.0MMB D.onz3 0.0030 0.0034 825 HR.5
KRYTOXIOS  0.0042 0.0020 0.0063 00085 43 HR.S
NYE B550D 0.0035 0.004% 0.0058 0.0062 60 HR.8
NYE 833 0.0038 0.0045 0.00&0 D.00%2 BO HR.S
NG-2504-G D11 0.0014 0.0ax2 £.0030 85.TEHR.S
NS-3862-3 0.0041 0.0042 0.D043 0.0048 88.75HR.S

GROUF #2 l
TOTAL WEAR - LUBRICANT COMPARISON

0.8
002 "m0 LUB.
g o NYE M2 HE
o.mMe.. = KRYTOX200
' =NYE BEAD -
- m NYE G35
; = NB-Z504-G
‘m NS-1D92G

FULTON #04. PR WTEFLGN il




REVISED
or250a

WO LUB.
NYE 282 HA

NYE 835D
NYE 885

NS-2504-G
NE-3282.G

0.00238
0.0035
00054
0.C042
0,604
g.0010
2.0020

GROUP #)

D3A5ES

TOTAL WEAR - LUBRICANT COMPARISON

Ambiamt tamp.

0.0aed
0.0048
0.0054
0.0052
0.0016
0.0018
0.0021

0.0085
D.0045
0.0088
0.0061
0.0018
0.0G20
0.0023

0.0085 85 HR.5
00052 B28 HRLS
0.0050 45 HR.5
D.0051 B HR.5
0.0021 83 HR.5
0.0025 BA.75HR.B
0.0025 BA.75HR.S

GROUP #3

! TOTAL WEAR - LUBRKIANT COMPARISON

. mWG LB,
;| NYE 30X KDY
. | mMROYTON2DS |
B . ﬂm [1.L-a)
| Ny as
| o NE-HG
m NG
REVIBED GROLF J871 5785
o280 TOTAL WEAR - LUBRICANT COMPARISON
mmhlent tung.
WG LUB. 0.0005 G000 Q.0085 J.00E5 &8 HR.S
NYE 353 HE 0.8005 00013 a.0057T 4.0D08T 125 HRLE
KRYTOX206 00085 00085 0088  0.0058 45 HR.B
NYE 855D 0.DDao 0.0058 a.0108 0.0109 89 HR.S
NYE 335 0.0044 B.oD4s 0.0084 0.0087 B0 HR.&
NS-2584-15 00034 4.0038 0.0034 0.0040 BE. TAHALS
NG-3882-0 {.0022 0.0034 0LDO2T M. TIHR.E

FULTON 44, NYLOK 8% |

WD LU,
o NYE 32 HB
= KRYTOXIDE
= NIYE B3BLD
w NYE 85

ot NS-2-a
wHE-3002-0




REVISED DELRIN £00, PPS W/TEFLCN DS05/95

Q72686 TOTAL WEAR - LUBRICANT COMPARISON
150 DEG F
WD LUE, 0.0450 0.0450 0.0450 0.0450 23 HR.S (P

NYE 362 H8 0.0017 0.0030 0.0034 0.0038 88 HR.2
KRYTOX2DE  D.O344 0.0352 0.0428 D.0451 91.5 HR.S
NYE 8350 2.0037 D.O0ES 0.0070 D.0o074 91 HR.S
NYE BES c.omz 0.0016 0.0020 0.0022 81 HR.S (P
NE-2584-G 0.0024 C.0041 00047 0.0050 81 HRLE
NE-J0u2-G 0.0011 0.0024 0.0030 0.0030 BO.5 HR.B

#1 AT 150 DEGAF)

! TOTAL WEAR « LUARICANT COMPARIZON

| | WO LB,

! mNYE¥NZHE

' | o KRYTOXZDE
{ | e WVE MBAD

. | MYE BA%
" NG
Y NSNO-G
KA
‘DELRIN 500, P8 msmml
REVISED FULTON 404, PPS WITEFLON OEM6EE
AT I2506 TOTAL WEAR - LUBRICANT COMPARISON
130 DEG F
WO LB, 0,0338 0.0335 0.0335 0.0335 23 HR.5

NYE 352 HE 0.0041 0.0022 0.0028 0.0038 BA HA.5
KRYTOX2D8  0.0048 0.0113 0.0133 0158 #1.5HR.3
NYE ESBD 00038 0.0055 0.C067 0.0071 81 HRLE
NYE BBS Doo12 0.0023 b.ooze 0.0020 91 HR.S
N5-2584-G C.0028 D.0033 0.0024 0.0036 91 HR.5
N&-2882-0 0.0012 0017 0.0023 0.0024 51 HR.S

GROUP #2 AT 150 DEG.(F)l
TOTAL WEAR - LUBRICANT COMPARISON

-1
— WG LUB.
' o NYE 3@ HB
m KRYTON2DE
. 002 o NYE 432D
g m NYE B85
o Ni-2804-0
ke - N3G

FLLTOM 404, H'MTEFLOH'

N-Ag
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REVISED
07/25r98

WO LB,

NYE 382 HB
KRYTDX205
NYE 8830
NYE Bg5

NS-2584-0
NS-3892-G

D.05tY
0.0049
0.0040
0.0049
0.0045
0.0045
0.0044

DELRIN 500, NYLON 8/5

CAN2/8S

TOTAL WEAR - LUERICANT COMPARISOM

180 DEG F

0.0817
0.0058
0.0297
0.0053
0.0048
0.0047
0.0030

0.0217
0.0083
0.0358
0.0055
0.0052
D0.D049
0.0054

0.0517 28 HR.S {
Q.0089 110.5 HR.S
00380 85 HR.S
0.0083 68.75 HR.5
C.0055 BE.7S HR.S
0.00%1 BB HR.S
0.G10 98¢ HR.5 (P

i |  TOTAL WEAR - LLBRICANT GCOMFARIION |

—r ———

i
|
I
|

REVISED FULTON 404- NYLON 88 D25
Ovrasra TOTAL WEAR - LUBRICANT COMPARISON
1M DES F
WO LUB. o168  D.D180 o188 00188 AHRS
NYE 382 HB 0.0047 0.0050 0.0082 0.0082 110.5 HR.S
KRYTOX203 G.0083  0.0008 0.0082 000848 8% HR.S
NYE 858D o007y 0.00A1 o008 0.0088 85.75 HALE
NYE RBS 00040  0.0D58 0.0080 D.DOBS 88.75 HR.S
NE- 25940 0.0087  0.00048 0.0038 0.0040 33 HR.5
N3-3382-Q 0.0044 D.0054 D.COED 0.0080 1.8 HR.3
G 150 D

TOTAL WEAR - LUBRIGANT COMPARISON
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BAGAMAW COLURN LOGTE ACTUATOR 1T
BAGHISOSOEND FASCCE 17400003 M DueeT
TEST SLABMARY [REF.FEN QN T

TESTING PERFORMED

THEMBAL &R0 1 — 12 UNITS MLATED ON TEET {-3M2d Cj
REF, 158 Batu ACTUATCR = [.I1.8 BATTCH PT,
FEMCVED RO TEST OGN 1 O — 4 OF 1& FALED (INTERANTTANT AT -20 3

DURABILITY GROUP #A — 24 UNITS PLACED ON TEST THRU THERMAL (-40/85 L)
REF. 2.65 BeCu ACTUATOR — 0.8/1.8 SWITCH PT.
REMOVED FROM TEST QN 11/08/08 — 11 OF 24 INTERMITTANT AT AME.- 31,538 CYCLES CO

137 UNITS TESTED ON PACOLCTION TEATER AT 1.001.8 8KT PCHNT (AUBIENT TEMP] 3 FAILED
% UNITE TESTED 0N CFBCOPE AT 15,0 VDG (AMEIENT TEMA,)-- MO FALLAES

A AETURNED UNITS RETESTED OH FRODUCTION THSTER 4 OBCDPE
(ALL FIVE UNITS REIGETHD 3 OF 2 TIMEY AT FIHAL TESTER)

THEMAAL GeOUP &l 12 UNITE PLACED On TREAT (N LOGKETD, & UMLOCKID) RN P g
REF. 2 BZ BaCu ACTUATOR - 1.0¢1.3 SAMITCH PT.
ALL PARTE STEL FLUNETIONAL AR O 1470

AR DURARLITY MARTE RETEATED LSRG OSGOFT AT ANMENT
T OF FFALED [INTERMITTANT)

FEAR ) FLRARILITY FARTE RYTENTED UGAMNG O'BO0ME AT ABMUTNT

§ OF 4 PASSED
FEAF 2 DUAABLITY PARTE RETERTED O 11020 LAING CUCDFS AT & &

12 OF 18 FALED (INTEFANTEANT)

10 OF 4] AETUANE TRETED AND MEARRED (rIQCFENTTCH FT.)
ALL FAWETY FWLM, TESTER (REF. 1078 SWPT.) & O'SCOPE TEST (140 VI

THEAMAL GROUF 13 - 12 UTE TESTED FOR . FT. HORADATEN AT ANB. & THILRGAL
REF, 282 Balu ACTUMTOR — + 04 & BMTCH PT,
ALL PARTE ETIL FUNCTIONAL  AS OF 114 A0l

DURABILITY GROUP #8 - 24 UNITS PLACED ON DURABILITY TEST
REF. 2.82 Balu ACTUATOR — 1.0M1.8 SWITCH PT.
REMOVED FROM TEST ON 11/13/98 — 22 OF 24 INTERMITTANT AT 71 C — 22,924 CYCLES
RETESTED AT AMBIENT ON 11H4/88 = NO FAILURES (24 OF 24}
TEMP. RAMP-UP TEST PERFORMED 11M4/9 - 130OF M4 FAILEDAT 45C
BOF2MFALEDAT IO C

THERMAL TRAT = APECIAL- 12 ACTUATONS (WEROE-2173)
REF. LB2 ~ (5} Bwlu & (N} ETAINLESE STEEL COMPRESERED TO 1.8 Mt

SWATOHES (MOT-H0T) TESTED AT 31 DM © (ALL FANRET)
IXMABILITY FARTS RETEATED AT AMMENT — REF. GRCILIF B

DURABILITY GROUP 2C — 24 UNITS PLACED ON DURABILITY TEST
REF. 2,82 STAINLENS ETEEL ACTUATOR - 1.0H4.0 SWITCH PT.
12 UMTE INTERMITTAMT AFTER 26,874 CYCLEE AT 77 DEGC
TESTHO STOPMED DN 1120008 AT 24 3B CYCLEE

DURABILITY GROUP #D ~ 24 UNITS PLACED ON DURABILITY TEST
REF. 582 STAINLERS ATEEL ACTUATON — 1.004.8 EWTTCH FT.
CONTEANE ABOUT THEDUNOING

DURASILITY GROUP #E - 24 LINITE PLACED ON DURABILITY TE3T

REF. 10 STAIMLESS STEEL ACTUATOR — 1.8M.3 3YWITCH FT.
MOOFTED TESTER WITH "HRRIDGE -~ TO SIMULATE ARPLICEATION — COMF. 1207/56
HiAH RERIATAMCE DETEETED ACACAE WULTIPLE B TCHES

DURARILITY GROUP #F — 24 UNITS PLACED ON DURABILITY TEST G RAFKS
REF. 20 STAINLESS GTEEL ACTUATOR — 1.01.8 SWITCH FT.

LUBRICANT REMCVED FROM G4WTCH AREA

3 LINITA IFASLED FINAL TEATER Pt mﬁﬂfﬁ
1IDGUBLE SWATCH 2) STICKING AT ZEV % LOW FW.PT. 4MULTIPLE UNITS—P.T.C.

50K CYCLES COMPLETED

DURABILITY GROUP #G ~ 24 UNITS PLACED ON DURABILITY TEBT
REF. 282 ETAINLESS STEEL ACTUATON - 10018 SYWTCH PT.
FLEF. PTPE OH LOCK BOLTS, NYLDN BUSHING
LUBRICANT AEMQVED FRCM SATCH AREA
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STUDIES PERFORMED

CAPABILITY STUDIES PEAFORMED ON CHIRON SWAITCH # S107-2057

CAPARLITY STUDIES FERFORMED ON ACTLLATCOMN W AEDD-2173
CARABILITY STUDIES FERFORMED GN ECLa AFTER TESTING

CAPABILITY BTUDIES PERFORMED OMN STCHTERMEuAL DISC ATSY,

CAPASILITY STUDIES FERFCORMED DN ACTUATTGR — (FORCE o EFLECTION)

CARARLITY STUDIES PERFORMED QN ACTUATQRANECCOVER ALDY. — (FORCE vk OEFLECTION)

CARFABLITY BTUDY PERFORMED ON BWITEGH FONMCE REQT TO AGTUATE

FORCE MEASUREMENTE TAKEN ON REV a4 REvas FPAR 2, £ 55 ACTIMTORE
MEAEUREMENTSE TAKEM ON KEY COMPOMENTS AND KEY Din.2

REE = REVIME, REVIMGO, FPAPE = CARAIEAS, UFSTORS, HHMINGS, ACTUATORE

NEW SONY SWITCH POINT TESTER IN FLACE

CORRELATION STLOY PERFDRMED BETWEEN Final TEETER AND BONY TEETER

SWITCH PSINT STUDIES COMPLETED — REF. TEMP, SOAK AT M C.
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NHTSA Honeywell Questionnaire --Ref, Question # 2

Attachment
2G

(Design and Product
Validation Testing -- Ref.
Durability Testing

- Attempts.)



SAGINAW COLUMN LOCK ACTUATOR 08/02/97

SAGINAW #26050060
. FASCO # 1740-0002

DATE RECENT TESTING UPDATE

0B-318-87 24 UNITS ON DURABILITY TEST WITH THERMAL
Al  UNITS WERE CURRENT PROOUCTION EXCEPT FOR:
1) NYLON CARRIERS (MODIFIED)
2} CILLITE BUSHINGS
B) 50K CYCLES COMPLETED
) FAILURES REGORDED DUETO :
1) UNITS “STICKING" IN THE LOCKED DIRECTION AT COLD TEMP.
8) FAILURES DUE TO INTERFERENGE BETWEEN HOUSING AND GEAR
) CAUSE — NYLON SHRINKAGE APP (045", PPS APP. 004" .
2) UNITS WERE INTERMITTENT
a) CAUSE — NYLON SHRINKAGE APP .Q15", PFS APP, 004"
&) INSUFFICIENT MATERIAL TO ACTUATE SWITCH MECHANISM
D) ELIMINATED LEADSCREW WEAR FAILURES—NQ INCIDENCES
E} ELIMINATED BEARING FAILURES- NO' INCIDENCES

04-9/24-97 24 UNITS ON DURABILITY TEST WITH THERMAL
A} UNITS WERE CURRENT PRODUGCTION EXCEPT FOR:
1) NYLON CARRIERS {(MODIFIED)
2) OILLITE BUSHINGS
B) 50K CYCLES COMPLETED
€) FAILURES RECORDED DUETOQ !
. UNITS "STICKING® IN THE LOCKED DIRECTION AT COLD TEMP.
| 2) UNITS WERE INTERMITTENT
a)
bj
D)

CALUSE = NYLON SHRINKAGE APP 015", PPS APP, .004"

INSUFFICIENT MATERIAL TO ACTUATE SWITCH MECHANISM

ELIMINATED LEADSCREW WEAR FAILURES—NO INCIDENCES
E) ELIMINATED BEARING FAILURES— NO INCIDENCES

03-21-07 & UNITS ON DURABILITY TEST WITH THERMAL '
A} UNITS WERE CURRENT PRODUCTION EXCEPT FOR:
OILLITE BUSHINGS (PPS CARRIERS)
l 8} 30K CYCLES COMPLETED
.q

FAILURES RECORDED DUETO :
WORN LEADSCREWS

01-132-6/87 24 UNITS ON DURABILITY TEST WITH THERMAL
A)  UNITS WERE GURRENT PRODUCTION EXCEPT FOR:
3 NYLON BUSHINGS
PTFE TEFLON ON LOCKBOLTS
3} NO LUBRICANT ON THE SWITCH
50K CYCLES COMPLETED
€) FAILURES RECORDED DUE TO :
WORN LEADSCREWS
UNITS "STICKING™ AT VARIOUS TEMPERATURES
CAUSE — INCREASED AXIAL MOVEMENT IN THE LEADSCREW DUE TO
NYLON BUSHING DEFCRMATICN, (PROTOTYPE BUSHINGS IN
. | - CURRENT PRODUCTION HOUSING)
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SAGINAW COLUMN LOCK ACTUATOR #26050960

DURABILITY TEST GOMP. 1007/e7F—SWITCH POINT
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COLUMN LOCK ACTUATOR
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SAGINAW COLUMN LOCK ACTUATOR #28050960

DURABILITY TEET COMPLETED 12A08/97— SWITCH POINT CHANGE
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SAGINAW COLUMN LOCK ACTUATOR #26050960

DURARBILITY TESTING COMPLETED ON 12/2%97
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SAGINAW COLUMN LOCK ACTUATOR

DURABILITY TEST 121287 EO.T. 1223487 &03AM
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BAGINAYY COLUMN LOCK ACTUATOR #20050860
DURABILITY TESTING COMPLETED ON 030408

UNITS 124 - .147" LEADSCREW,BINTERED BUSH{PROTOL NYLON CARRIER
NOTE: TEST STOPPED AT 47280 CYCLES— TEST #8 WAS COMPLETEDR




SAGINAW COLUMN LOCK ACTUATOR #28050080
DURABILITY TESTING COMPLETED ON 04/02i08
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EAGQINAW COLUMN LOCK ACTUATOR K25000950
DURABILITY TESTING COMPLETED ON 04M7T/S8
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SAGINAW COLUNN LOCK ACTUATOR #20050000
DURABILITY TESTING COMPLETED ON 08/2198 {1X LIFE)
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SAGINAW COLUMN LOCK ACTUATOR #28050000
DURABILITY TESTING COMPLETED ON D8/17/88 {1X LIFE)
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NHTSA Honeywell Questionnaire —Ref. Question # 2

Attachment
21

(Concept Review)
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Invensys, March 24,2000

- ECL Concept Review Meetlng

= 8:00-8:15 Introductions and Sign in

» 8:15-8:30 Goals and Evaluation Criteria
= 8:30- 10:20 Concept Fresentation

= 10:20-10:30 Break

= 10:30-11:30 AdditionalConcepts

= 11:30- 12:00 Lunch

» 12:00-1:00 Concept Evaluation

w1:00-2:.00 Program Issue

All

- Invensys
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OPTION #1 ' 16MR00
SCREW RELIEF

NO TEETH AT ENDS OF

Vet Tt KT T Sr— TRAVEL
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NOTE: MAY STRIP TEETH IF
BOLT HAS BEEN TORQUED .

MAR L7 'ER 14113
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OPTION #2
| CUSHIONED STOPS
9

CUSHION THE END STOPS

CUSHICON '
} N

BOLT

MAR 17 "8 14:11 PAGE. B3
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OPTION #3 .. NORMAL L MO0

EXPANDING NUT - |
(SPRING TORQUE/
LIMITER)

spring stee! holds
nut together

““"‘-r I
BOTTOMED OUT .
nut spreods under icad S
and allows screw to spin Ggsils




OPTfON #4 17MROQ
CONE CLUTCH :

|
| SCREW
l . ACTUATOR
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| TAPERED DRIVE THAT IS OVERRIDDEN |
AT RHIGH LOADS |
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OPTION #5
CLUTCH NUT




OPTION #6 LMReo
SPRING SCREW
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Saginaw Electric Column Lock

Testing Milestones
Mid 1598- Began booking at methoda to dissipats kinetic ensrgy creared whan device i pot loadsd
5/199%- Shaipin enters, focused inioslly on motor stall curren: as measurement
4 1999- Still weing chert recorder for data acquisition
11/1999- Performed rebound rest for Saginzw
0172000~ Rebound and vehicle schematic mentionsd in test documents
02/2000- Labview data acgisition replaces strip recorder
05/2000- Test for new ralay config.
01/2001- Relay comparison test
01/2001- Taguchi suter
03/2001- Test for SCRR. 0170 (insulator changs)
D3/2001] - Another relay comperison
04/2001- Test for crush rib addition to terminat dise avermold (Delphi Rev., 078)
0472001~ Test for bearing grease change




Tast Log Numbaer
L'H_-UI'.'I!T

Cuatomar
Delphl Saginow

Twsi Start Date
O4/00/2001

Enginper
Oan Thurbar

Comments;

Test Log

Date of Request
Q40472001

Date Actyal Compinted
0di252001

Technicizan
Larry Kans

Raportd 01-0067u Bearing greass (BG-1 - B}
Raport # 1-0057h Crush rib Change (GR-1 >8)

Fwlg Attechmuaty or Linkm Hary:

Part Numbar
17400002

Type of Raquest
PPAP

Est. Compistion Data

Greaind by Larry Kane/ShelliyNGAUS/Fasco/Sensors on D4TV2001




Test Log Number
o1-0053

Lustomer
Dalphl Saginaw

Test Start Date
pys2ar2001

Engirnvges
Tim Wiltstte

Commants:

st Lo

Cate of Request
2282001

Dute Actual Completad
04082001

Technlclan
Larry Kane

Part Number
17400002

Typa of Request
Taguchl Study

Est. Completion Date

121,122,123,124,125,126,127 128,129, 130,131,132,133,134, 134,138,137, 134,130,140

help Aftzthments of Linkd Hare:

Croxind by Larvy hnmm on 03/29/200t




Test Lag Number Date of Reqguest Part Number

D4-0050 0 Zt2001 1rd00ng2

Customar Typs of Request
Dafphl Saginaw Taguchi Study

Test Btart Date Dute Actusal Comploted Ext. Compistlon Date

O3f2152001 . DR2E201

Enginesr Technician

Tim Witlette Larry Hans

Commaenis:

101,102,103,104,105,108,107,108,108,110,111,112,113,414,115,118,117,118,118,120

hwp Attachumanis or Links Here;

Cruated by Larry Kana/ShalbyNC/BiFasco/Seneore on 03/21/2007
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Tast Log Number
010043

Customer
Deiphl Saginaw

Teat Start Date
D020

Enginger
Tim Willetie

Commants;

Date of Request Part Number
ONOT2001 17400002
Type of Requast
Taguchl Study
Date Actusl Complsted Est. Complation Date
032001
Tachnician
Larry Kane

81,84,83,84,05,66,07,88,59,90,82,03,04,05,96,97,98,99,100

bebip Attmchirwserds or Links Haes:

Created by Larry Kana/ShelbyNC/AUS/Faeco/Sansars on 03120001
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Tast Log Number
01-0037

Customar
Delphi Saginaw

Tast Start Date
Q302001

Enginasr
Dan Thurber

Commeants;

Insulator Validation Teating

TestLog

Dats of Riacjuant
b2r26/2001

Dute Actual Compisted
03232001

Tachnlcian
Larry Kane

Started durabllity on 3801 Completed: 3/12/01

nelp Attachrmants or Linios Hers:

SCRR 00-0170. 01-0037 .dx

Fart Numbar
17400002

Typa of Request
PPAP

Est. Gompletion Diats

Creatsd by Larry Kano/ShelbyNCAUS/Fasco/Sensors on 03AN 2007




Tast Log Number
01-0030

Customear
Dalphl Saginaw

Test Start Data
02/08/2001

Enginess
Tim Willetta

Comments:

Test Log

Date of Requast Part Number
021082001 17400002
Type of Requast
Taguchi Study
Dats Actual Completed Est Complation Data
DRfR212004
Techniclan
Larry Kane

Part Fa: 53,55 56,60,81,62,64.65,86,67,58 88, 70,7T1,74, 75, 75,77,78,79,80

halp Attnohmoamts ar Links Hare:

Crasied by Larry Kane/ShelbyNG/USFasco/Sensors on D2OR2001
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Test Log Numbar
01-002%

Custornar
Dedphi Saginaw

Test Start Date
01/30/2001

Enginesr
Tim Wiliette

Comma

Date of Raquest
0171072001

Dats Actual Complstad
0210572001

Technician
Larry Kane

Part #s 42,45,46,47,49,50,52,54,57, & 58

halp Atiachmants or Links Hers:

Pant Number

- 17400002

Typa of Raguast
Taguchl Study

Eat. Completion Dats

Creafed by Larvy Kana/ShalbyNC/US/Fasco/Sensors on 01302007




Tast Log Numbar Date of Raguast Part Numbar

01-0024 017052001 174000402

Customar Type of Ragquest
Dalphi Saginaw Taguchi Study

Tuat Btart Date Date Actual Complated Ent. Complation Date

Df/05/2001 rt0a20M

Enginesr Technlgian

Tirm Willetta Larry Kana

LComments;

Port # 1,2,2,4,5,8,7,8,10,13,14,15,18,17,18,18,20,21

halg Attnchmame or Links Hers:

Created by Larry Kanw/'ShalbyNCAIS/Fasoo/Sensors on 01/20/2001




Test Log Numbar Dota of Reguest Part Nurmber
01-0022 01M%/2001 17400002
Customar Type of Requast
Delphi Saginew Taguchi Study

Tus: Start Date Data Actual Complisted Eat. Compiation Date
011192001 01232001
Engineer Tachniclan
Tim Willetts Larry Kane

P Comments:

| . Modified Taguehl Study. Part #5: 24,25,28,29,30,32,33,37,38, & 40
Pl Abtahrrmaits ar Links Hera:

Crastad by Larry KanaShelbyNC/US/Fasern/Sansors on 012420071




Test Log

Test Log Number Date of Requast Part Numbear

00-0195 1200472004 17400002

Customar Type of Request
Dalpht Saginaw Enginaering

Tast Start Dta Date Actual Compiatad Est Compistion Data

1M 01 foErzom

Enginoar Tachnician

Dan Thurber Dennis Byrd

Comments:

Purfarn PY testing on 6 samples of tharmo dsburmed snd 3 oonbml samplas.

heip Attachments o Linkgs Hara:

Created by Larry Kane/'ShaihyNC/IS/Fasco/Sensors on 12222000
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Test Log Number
ao-0148

Customar
Delphi 8aginaw

Tast Start Date
08/17/2000

Englnser

Stave Davix

Comments:

Thresd Compression Tt

heip Attaclenatris of Links Hers:

Test Log

Data of Request
08N 72000

Date Actual Completed
08/17/2000

Technkclan
Larry Kane

Part Number
17400012

Typa of Requeat
Enginaaring

Est Completion Dats

Croated by Larry Kana/QUALITY/SHELBY/FASCD on 08/17/2000




Test Log Number Date of Request - Part MNumber

GD-0146 0811472000 17400012

Cugtomar Typa of Raguast
Delphi Saginaw Enginsaring

Teat Qtart Date Date Actunl Completed Est. Complation Date

0842000 o8/ 472000

Enginget Tachnician

Steva Davis Larry Kane

Communts:

Load Testing of various Land Screw materials

heip Attschmanix or Links Hare:

Created by Larry Kana/QUALITY/SHELBY/FARCO on 0B/ 42000
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Tast Log Number
00-0134

Custamar
Dalphi Sagknaw

NEW DESIGN

halpy Adthchimantd or Liiks Hurk:

Date of Raquant
a7/ Zi2000

Date Actual Complated
arr24:2000

Techniclan
Lot Hoyle

Part Numbar
17400002

Tyre of Request
Enginesring

Est. Completion Datg

Craxtod by Lori RoytaQUALITY/SHELBY/FASCO on 07/24/2000




Test Log Numbar Data of Requast Part Nurmbaer

M-0108 MSEMI_I 17400002

Customer Type of Requast
Dalphi Saginaw Enginssring

Teat Start Data Dats Actual Completed Est. Completion Date

O5f25/12000 D&/24{2000 .

Englnear Tachnlcian

Steve Davie Lorl Hoyis

Commenty;

Place 4 parts on durability twst, Run only tests with sids loads. Do NOT thermal cycle, Run after
toster loads have baan veriflled.

help Attachmanty or Links Hue:

Created by Lo HoyleQUALITY/SHELBY/FASCO on 05/24/2000
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Test Log Numbasr
00=0103

Customner
Dalphi Saginaw

Twst Btart Duts
a5H 2000

Ennineer
Dan Thurbier

Comments;

Test Log

Dats of Request Part Number
05 9/2000 17400002
Typa of Request
bDv
Date Actusl Completed Est. Completion Clate
05202000
Tachniclan
Larry Kana

Covar ansambly thatmal eycling [-40°C to B5*C) Parts retumned to D. Thurber on SO/30/2000

halp Aftachmanis or Links Hara:

Created by Larry Kana/QUALITY/SHELBYNFASCO on 05/10/2000
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Text Log Number Dats of Ragquest Fart Number

00-0098 D81 22000 17400002

Customer Type of Raguast
Dalphl Saginaw Enginearing

Test Start Date Date Actual Compiated Est. Gompletion Date

0522000 OSM Sf2000

Enginear Technician

Bteve Davia Lorl Hoyls

Commarnbs:

12 paris on 1 group of relays and 12 parts on the othar.

halp Attachmanty or Linke Hers:

Croated by Lorl Hoyla/QUALITY/SHELBY/FASCO on 05/01/2000
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Test Log Numbar
00-00%8

Customar
Dalphi Saginsw

Test Start Date
0A041/2000

Engln 'r
Steve Davis

Comments;

Date of Requant Part Nurmbear
02152000 17400002
Type of Requext
Enginearing

Dats Actual Complatad Eat. Compistion Dain
031572000 .

Techniclan
Lorl Hoyle

24 parte placed an durnbliity toxt. All taxis ara at 8 Volia, lelnﬂhﬁﬂmlﬂbllﬂlﬂldm
fixtures. Ralkxys will not be implemented at this tims.

haip Aftachmants or Links Ham:

Craated by Lorl Hoyle/QUALITY/RHELBY/FASCO on 03012000



Test Log Numbar Date of Regquest Part Number

00-0044 021112000 17400002

Customer Typa of Raquast
Calphi Saglinaw FV

Test Start Date . Date Actual Complated Est. Complstion Date

(2/14/2000 02/28/2000

Englngar Tachnician

Stgva Daviz Lorl Hoyle

Commenis:

Tesat 24 producticn parts on the new tester to establish a basaline.

haip Attmahmenis ar Linke Hars:

Crasted by Lorf Hoyviw QUALITY/SHELBY/FASCO on 02/14/2000




Tast Log Numbaer
DO-0039

Customnar
Dalphi Saginaw

Tost Start Data
D2/07/2000

Enginesr
Steva Davis

Comments:

Test Log

Dats of Request
02032000

Date Actual Completad
040712001

Technician
Lovl Hoyle

Part Number
17400002

Type of Requast
Enginssring

Est Completion Dats

Cycle parts o 50,000 cycles. Ramove and shack rabaund and switch paint avery 500 cycles.

haip Atischmasts or Links Hers:

Created by Lori Hoyle/QUALITY/SHELRY/FASG G on 02972000



- Testlog

Tast Log Number Dats of Hequast Part Number

DQ-D006 01/06/2000 17400002

Customar Type of Raguest
Dalphi Saginaw Enginsaring

Test Start Data Date Actual Completed Est. Completion Date

1M 109 014712000

Englheer Technichan

Stova Davis Lord Hoyle

Comments:

haig Attwchments or Links Hes:

Created by Lo Hoyla/QUALITY/SHELBY/FASCO on 01A10/2000
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Test Log Numbar
O D05

Customar
Dalphi Saginaw

Test Btart Date
01/11/09

Enainser
Steve Davis

Commants:

haig Atisshments or Links Here:

TestlLog

Dwte of Request
01/0672000

Deis Actual Complated
011772000

Techniclan
Larl Hayle

Part Number
17400002

Type of Requast
Engineering

Est. Completion Data

Craated by Lori Hoylw'QUALITY/SHELBY/FASCO on 01/10/2000



Text Log Numbsar
88-0279

Customar
Dalph! Saginew

Teasat Start Dats
10/29/99

Test Log

Date of Reguest
10v2090

Date Actual Completad
1202199

Technician
Lori Hovle

Fart Number
17400002

Type of Requast
Englnasring

Est. Campletion Dats

Durablity Messurs dwiich polits lockdng and unluklng and fully retracted avery S000 cycles.
Moasura tha housing at the pin bafore tast.
Tust comipleted, Report to follow 12/2/99

halp Attwchumanis oe Linke Hars:

. Created by Yiokle Thrif/QUALITY/SHELBY/FASCO on 102099
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Tast Log Number Dats of Request
§9-0232 091699
Customar

Dalphi Saginaw
Towl Start Date Dute Actual Complated
08M 788 1016759
Enginesr Techniclan
Stave Davis Leri Hoyla
GComments:;
Change Voltage back to Spec.
hedp Aftechmante or Linics Hara:

Crastad by Lorf Hoyle/QUALITY/SHELBYFASCO on DS/10/%9

Part Numbar
17400002

Typa of Requost

Eat, Completion Date




Tent Log Number Dein of Request Fart Number

86210 08M 789 17400002

Customer Type of Raquest
Delphl Saginsw Retumed Goods

Tast Start Date Date Actuel Completed Est. Completion Date

08/23/98 09M14/99

Enginesr Tachnician

Steva Davis Lor Hoyle

Commuents:

Check actuntion ime and currant draw at 85C & 440G, Place 23 other parts on durablifty. FPARTS .

RETURNED TO STEVE DAVIS

holp Attachmants of Linky Hara:

Crexted by Lorl Hoyis/QUALITY/SHELBY/FASCO on 08/23/95
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Test Lag Numbaer Date of Request Part Numbar
95-1&7 ariass 17400002
Cuatomer Type of Request
Delphi Saginew pv

Tast Stwrt Dote Datwe Actusl Complated Eat. Complstion Diate
oTR1/9% /2998

Enginaar Tachnlclan

Steve Davis Lorl Hoyls

omments

PASEED
haip Attachmants or Links Here:

Created by Lor HoyleQUALITY/SHELBY/FASCO on 07/21/98




Test Log

Test Log Number Dats of Raquest Part Number

a9-0184 08/28/60 17400002

Customar Type of Request
Deiphl Saginaw Englneering

Teat Start Date " Datw Actual Compisted Est. Gompletion Date

0710899 07/08/99 .

Enginser Technlclan

Steve Davis Lor Hoyla

Comments:

Detemmine currsnt draw of 2 of the best and 2 of the warst from test 99-0140

nalp Adtachrmants or Linke Har:

Crasted by Lorl Hoyle/QUALITY/SHELBY/FASCO on 0770899
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Tast Log Numbar
o9-0152

Customer
Dalphl Saginaw

Tast Start Datw
06r24/99

Enginear
Steve Davis

Commenty:

hetr Attachreands or Links Hm:

Dets of Raguast

Date Actual Completad
o7I00/658

Tachnlcian
Lor Hoyle

Part Numbar
17400002

Type of Request
DV

Est. Completion Duata

Cruated by Lori Hoyia/QUALITY/SHELBY/FASCO on D624/99




Test Log Number Date of Request Part Number

8§8-0140 08/11/98 17400002

Curtomer Typa of Requast
Dalphl Saginaw DV

Test Start Data Date Actun] Completed Est. Complstion Dabe

MM 4/08 06/24/09

Enginegr Tachnlctan

Steve Davis Cwnnis Byrd

Comimsints:

hulp Attschrmants or Linke Hers:

Crasied by Dennis ByrcQUALITY/SHELBYNFASCO on 08/'11/39




Test Log

Test Log Number Date of Request Fart Numbar
. 8801158 08/01/99 17400002
Customar Type of Requaest
Dalphi Saginaw Englirssring
Test Start Dats Date Actual Complatad Ext. Compleiion Date
oE/01/88 06M1/99
Englpasr Tezhniclan
Stmsva Davis Lort Hayle
- Gomments:
halp Anachmanix or Links Hemat

Cromted by Lorf Hoyle/ QUALITY/SHELBYIFASCO on 06/01/99




Tast Log Number
9-m110

Customer
Dealphl Saglnaw

Test Start Data
0514199

Enpinser
Stava Davis

Comments;

halp Atischmanix or Links Hara:

_ Dats of Requast Part Numbar

051359 17400002
Typo of Regquast
Enginawing

Dirtw Actual Completed Est. Completion Date

D528/88

Tachniclan

Lor Hoyls

Crearled By Margie Jones/'QUALITY/SHELBY/FASCO on 0572099




Tast Log Numbar Date of Request Part Number

a8-0084 O4/29/80 17300002

Customar Type of Requeat
Deiphi Saginaw Engineering

Tast Start Date Date Actuzl Completsd Est. Compilstion Dats

D#/28/05 ’ 0503940

Enginuet Technickan

Steve Davia Lor Hoyla

Cammenia:

i Adtachmatty of Linky Hers:

Created by Lor Hoyle/QUALITY/SHELBY/FASCO on 0301/99



Test Log Numbaer Datw of Requast Part Numbaer
96-0030 04/12/99 17400002
Customar Typs of Requast

Dalphl S8aginaw Englinesdng
Tant Start Dats . Date Actual Completed Est. Complation Data
D415/93 05160
Ebginegr Techniclan
Stave Davis Lord Hoyla

|

rnigp Attachmunts oe Links Hee: |

Croated by Lorf Hoyle/ QUALITY/SHELBY/FASCO ont 04/15/09 |




-

Teat Log Number

Customer
Dalphl Saginaw

Taat 3tart Date
0415588

Englnass
Steve Davis

Commsnts:

kel Attaohmants or Links Hers:

Dute of Raquest
O412/99

Dats Actual Completad
05/19/599

Tachnlcian
Lori Hoyls

Port Number
17400002

Typs of Request
Enginearing

Est. Complation Dats

Crasted by Lori MWHFHEG on 04/1899



TestlLog

Tast Log Number Date of Requast Part Number

88-0219 i3 fal. ) 17400002

Customer Type of Request
Dalphi Saginaw Englnsering

Tost Start Dalw Date Actual Complated Esat. Comgplation Date

1210393

Enginegr Technlclan

Steve Davis Lor Hoyla

Comments:

DURABILITY

help Atlachrments ar Lirde. Hera:

Created by Margle Jones/QUALITY/SHELBY/FASCO an 01/22/99
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Test Log Number
98-0218

Customar
Delphl 3aginaw

Teust Start Date

Enginesr
Stave Davia

Commynts;

haip Artaskampnrty ar Links Hyra:

Test Log

Date of Request Part Number
11/10/488 17400002
Typa of Requast
Matumed Goods
Data Actual Compiated Est Compiletion L:ate
11/11/88
Tachrician

Lari Hoyls

Cresied by Margha Jones/QUALITY/SHELBY/FASCO on 01/22/90




Test Log Numbaer
§8.0207

Customar
Dalphl Saginew

Teat Start Date

Enginge
Steve Daviy

ggmm;

haipy Attnchmants or Linky Hers:

Date of Request
10119/94

Date Actual Compietad

Tazhnlclan
Lor Hoyis

. Part Number

17400002

Typa of Ragjuast
Enginsering

Est. Completion Dats

Croated by Vicide Thift/QUALITY/SHELBY/FASCC on 10/26/08
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Toat Lag Number

Customnar

Duiphl Saginaw

Teasat Start Date

heain Adiachmeni or Links Heea:

Datis of Requast
1014598

Dats Actusl Completed

Tachniclan
Lor Hoyle

Part Humbar
17400002

.Typl of Request

Enginsaring

Eat. Compistion Date

Created by Vickie Theift/ QUALITY/SHELRY/FASCD on 10/2038




Tast Log Number
28-0183%

Customer
Delphi Saginnw

Tast Start Data

heip Attschments or Linkcs Hasw:

Date of Raquest
0/30/98

Date Actual Completed
GO

Technlckn
Lori Hoyle

Fart Numbar
17400002

Typa of Requast
Enginearing

Est. Completion Dale

Created Ly Vickis Theift/QUALITY/SHELBY/FASCD on 1008/98
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Test Lag Number
Be-0182

CGustomer
Dalphi 3aginaw

Teat Gtart Date

heip Attwchmanis or Links Hera:

Testlog

Ciats of Requast

Date Actual Complated
101793

Technkclan
Lod Hoyle

Part Numbar
17400002

Typs of Request
PV

EaL Completion Date

Crexted by Vickis Thrit QUALITY/SHELBY/FASCO on 100098



Teast Log Numbaer Dats of Request Part Number

8a-0180 08/28/98 17400002

Customer Type of Request
Dalphl Saginaw Enginearing

Tast Stait Date Dats Actual Comnpietad Est. Completion Dats

Enginasr Techniclan

Wade Landis Lol Hoyla

Comments:

halp Attaohimarts or Links Heare:

Crested by Vickie ThriftQUALITY/SHELBY/FASD on DR/T&BS
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Tast Log Number
SA-0158

CLztonmar
Delphl Saginaw

Text Start Date

Enginear
Wacde Landls

Commants:

haip Mtactyments or Links Hars;:

Test Log

Data of Ragjuest
DA/20/98

Data Actual Complated

Technlckan
Lor Hoyls

Part Number
17400002

Type of Request
Enginesering

Ext. Complation Dats

Grested by Vicklo Thrilft/QUALITY/SHELBY/FASCO on 03ME08
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Tasat Log Number Date of Request
98-0150 0872188

Customar

Daiphl Saginaw

Taat Start Data Cats Actus! Completed
Enginsar Technician

Wadeo Landis Lorl Hovis

Omments:
halp Aftachmanis or Links Hars:

Part Number
4 7400002

Typa of Requaat
Enginearing

Est. Completion Dats

Created by Vickle ThriftAQUALITY/SHELRY/FASCO on DW18/%8




Test Log

Taat Log Numbar Date of Ruquest Part IHumhlr

980138 08/10M498 17400002

Customer Type of Raquest
Dalphl Saginaw Enginaaring

Tast 3tart Date Date Actual Compisted Est. Compistion Data

Engins4r Techniclan

Wade Landls Lori Hoyle

Commpyrty:

haip Altachmanits or Links Ham:

Crowind by Vickie ThifQUUALITY/SHELBY/FASCO on DW14%8
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Tast Log Numbar
38-0108

Customar
Dulphi Saginaw

Test Start Dabe

Enninger
Wada Landkz

Commants:

help Attachreets or Links Hem;

[est LOQ

Dats of Request
orMTas

Dade Actusl Complated

Technlclan
Lor Hoyle

Part Number
17400002

Type of Request
Enginzering

Est. Complation Dale

Created by Vickie Thriftt/QUALITY/SHELBY/FASCO on 07/20/%8




Tast Log Numbar Date of Request Part Number
58-0103 oTH T8l 174000602
Customer Type of Request
Deiphi Saginaw Englnearing
Teswt Start Dxtle Date Actual Compisiad Est. Compistion Dais
Enginesr Technician
Wads Landiw Lor Hovle
Lommenta:
. heyp Attachmants or Links Hara:

Creatnd by Vickis ThiifVQUALITY/SHELBY/FASCO on O7/288%
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Tast Log Numbsr
28-0081

Customer
Daiphl Saginaw

Test Start Date

Engineser
Wada Landls

Somments:

help Amtachmants or Links Hare:

Date of Regquent
D&/05/98

Date Actual Complatad
be/23/98

Technician
Lor Hovle

Part Numbar
1T400H02

Type of Requast
Enginearing

Ext. Complstion Date

Crexted by Vickie Thrit/QUALITY/SHELBY/FASCO ot 00258
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Teost Log Numbaer
Ba-0062

Cistomae
Dedphtl Snglramw

Tasat Start Date

Englnesr
Wads Landls

Comments:
FORCE

nalp Attachments or Links Heo

Dats of Raguest

Date Actual Complated

Technickan
Lorl Hoyle

Part Numbar
17400062

Type of Request
Engineasring

Est Compistion Date

Greated by Margie Jones/QUALITY/SHELBY/FASCO on D8103/98




Test Log

Test Log Number Date of Request Part Number

Sp-307s _ 05/11/08 17400002

Customar Typa of Requast
Dalphl Saginaw Enginasring

Taxt Start Date Date Actual Complated Esat. Completion Dats

051 2798

Enginyes Tachnician

Wads Landls Lori Hoyle

Commants:

FORCUE MAKE

help Attachmanis or Links Hars:

Crested by Margle Jones/QUALITY/SHELBY/FASCD on 08/D3/98
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Test Log Number
98-0074

. Customer

Dalphi Saginaw

Test Start Date

haip Attackhmants or Links Hara!

stlo

Date of Request

Data Actus Compietad

Tachnician
Lo Hoyla

Part Numbar
17400002

Type of Recuast
Engivearing

Est. Completion Date

Crasxted by Margfe Jones/QUALITY/SHELHY/FASCO on 06058




Test Log Numbw
850061

ﬂuntumni

Dalphi Saginaw

Tast Start Data

Enginesr
Wads Landls

Comments;

holp Altachmanibe o Linkes Here:

Datw of Request
04/21/98

Date Actual Completed

Technlcian
Lori Hoyle

Part Numbwr
17400002

Typs of Request
ov

Est. Completion Date

Groated by Vickle Thrift/QUALITY/SHELBY/FASCO on 000498




Test Log Number . Date of Request Part Numbar
9a5-00%52 04/04/98 17400002
Customar . Type of Requeat
beiphi Saginaw ' PV
Tast Start Date . Dats Actual Completad Eat. Completion Cate
o4/ T8

l Engingar Taohniclan
Wads Landis Lor Hoyle
Comments;

’ help Atteohenants or Linke Hars:

Created by Vickle Thrift'QUALITY/SHELBY/FASCO an 050498




Tast Log Numbar
99-0040

Customas
Deiphi Bagirunw

Tost Start Date

halp Attachrivents o Links Fers:

Duata of Request
0311808

Date Actual Completest
04/02/98

Techniclan

Lorl Hoyls

Purt Number
17400002

Typa of Raguest
Enginesring

Est. Complation Date

Croxted by Vickie ThAYQUALITY/SHELBY/FASCO on 040298
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Taat Log Number
98-0018

Customer
Delphl Saginaw

Teat Start Date

Enginear
Yads Landly

Comments;

haip Attmehmunts or Links Here:

Date of Request Part Numbar
02117798 17400002
Type of Request
PPAR
Dota Achual Completsd Est. Complstlon Date
03/04/88
Tachnician
Lori Hoyle

Created by Vickie Thrift/QUAL ITY/SHEL BY/FASCO on 040298



Test Log

Tast Log Number Date of Raquest Part Number

98-0009 . /3088 17400002

Customar Type of Requast

Deiphi Saginaw Enginasring

Tant Start Dats Date Actunl Complated Est. Completion Dats
insar Technlclan

Wacde Landls Lar Hoyla

Comments:

Duraislity

heip Attachmants ar Links Hem:

Croated by Vickis ThitCQUALITY/SHELBY/FASCO on 02/12/98
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Tast Log Numbar
BR-0003

Customer
Dalghi Saginaw

Test Btart Date

Enginegr
Wiatle Landis

Commants:

halp Athichmaot or Links Raere:

Date of Reguast
01/10/98

Date Actual Completad
/20058

Tachnklan
Lorl Hoyle

Part Number
1T 400002

Type of Raquest
Enginsaring

Est. Complation Dats

Created by Vickis ThOPQUALITY/SHELBY/FASCO on 02/12/98




Test Log

Test Log Number Oate of Reguest Part Numbear

S8-0001 Q1/05/90 17400002

Customsr Type of Reguest

Duiphl Saginaw Enginearing
Teat Start Date Date Actual Compietad Est. Completion Dete
' u1H16/04

Enalness Techniclan

Wade Land|s Lot Hoyle |
|

Comments:

nalp Attwchwnartes or Linkea Here:

Created by Vickia ThriftQUALITY/SHELBY/FASCO on 02/12/948




Tett Log Number
aT-DATD

Customer
Delphi Saginaw

Teut Start Date

Enginser
Wads Landls

QDI'II'I'III‘IE:

hotp Attachmants or Links Hars!

Dats of Requast
1211187

Drate Actual Complated

Tachniclan
Lorl Hoyle

Part Mumber
17400002

Type of Requsst
Enginearing

Ext. Completion Datg

Cresied by Margia Jones/QUALITY/SHELBY/FASCO on 12/12/97




h b

T .

Tast Lag Mumbear
ar-04&1

customer
Dalphi Sagimnaw

Tast Btart Date

Enginasr
Wacle Landes

Comments:

halp Altsahmsants or Links Hars:

Te ()

Data of Ragquest
11720087

Date Actual Complated
12/0407

Techniclan
Lori Hoyle

Part Numbar
17400002

Typa of Request
Enginearing

Est. Compistion Date

Created by Margle Jones/QUALITY/SHELBY/FASCO an 12112797




Test Log Number
97-D43E

Customar

Dedphl Seginaw

Tast Start Date

Epalnear
Wads Landls

Comments:
HumMdity

halp Attachmanty or Links Hapg:

Date of Requeat
110887

Data Actual Completad
111197

Technlcian
Lor Heyh

Part Ndumber
17400002

Typs of Requast
Enginsering

Est. Completlon Date

Cragied by Margls Jones/QUALITY/SHEI BY/FASCO on 111397




Tost Log Numbar
97-0444

Customer
Dalphl Saginaw

Tost Stort Cats

En r
Wada Landls

Cotnments:
Dharability

haip Attzchments or Links Hera:

[est Log

Date of Regusst
11487

Part Number
17400002

Type of Raquest

Engineering

Date Actual Completed

Technlclan
Lorl Hoyla

Eat. Complstion Date

Cranted by Vickia Thrift/QUALITY/SHELBYIFASCO on 10/487




PR . )]

Taest Log Number
7014

Customar
Dalphl Saginaw

Teat Start Date

Englinsar
Wads Landia

Comments:

heip Altaghmanis or Links Hara:

Cate of Request
00/10/97

Date Actual Completad

Tachniclan
Lorl Hoyle

Part Numbar
17400002

Type of Raquast
Enginesring

Est Completicn Date

Created by Margia Jonea/QUALITY/SHELBY/FASCQO on w1647




Test Log Numbar
ar-0i=s

Customer
Dalphl Saginaw

Teat Btart Date

Engineqr
Wade Landis

Commenis:

Durablilty

halp .l.lhd'll:lll'lbl of Links Hara:

Test Log

Dwie of Request
OEMTET

Dats Actual Complated -
08DVET

Tachniclan
Lor! Hoyle

Fart Numbaer
1740002

Type of Requast
Enginearing

Ext. Completion Date

Crowted by Vickie ThritQUALITY/SHELBY/FASCO on OT/1G/87
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Tast Log Rumber
970358

Customer
Delphi Baginaw

Test Start Date

« {Inductance)

halp Attmehrnants or Links Hema:

Date of Requeat Fart Number
oaMana7 17400002
Type of Requast
Enginesring

Dats Actual Compistad  Est. Complation Data
08H16/87

Technltizn
Lari Hovia

Groated by Vickie Thif/QUALITY/SHELBY/FASCO on 071097




Tast Log Number
570348

Customser
Daiphi Saginaw

Tost Start Dats

Enginesr
Wade Landis

Comments:

heip Aftachmmmix or Links Hers:

Test Log

Cata of Request ~ Part Number
DeeveY 17400002
Typs of Ragquasat
Engingering
Date Actugl Complated Est Compilation Dats
Techniclan
Lor Hoyls

Creatad by Vickis Thrift/QUALITY/SHELBY/FASCO on 080607




Taont Log Numbker
97-0328

Customes
Dalphi Saginaw

Tast Stari Date

Englneer
Wade Landls

Commaents:

help Abtschments or Links Hare:

Date of Recquest
Q587

Duta Actual Compisted
oa2e/gT

Technlclan
Lori Hoyle

Part Numbar
17400002

Type of Requast
Enginssring

Ent. Complstion Date

Graatod by Vicks Thitt’QUALITY/SHELBYFASCO on 80897




Tast Log Numbsr
a7-0251

Cusiomar
Deiphl Saginaw

Tast Start Date

Enginagr
Wade Landis

Commants:

halpy Attachrrserts o Links Heca:

ast

Date of Request
04037

Dats Actual Compleiad

Technlchan
Lor Hoyle

Part Number
17400002

Type of Requast
Enginsaring

Eat. Campletinn Data

Crested by Vickie ThriifAQUALITY/SHELRY/FASCO or 042297
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Test Log

Test Log Number Date of Request
970247 O&/04/97

Customar

Daiphl Saginaw
Test Start Date Date Actual Completad
0897

Englaaer Tachniclan

Wade Landiz Lori Hoyla

Gommpnts:
halp Altsshunenes o Linke Hera:

Part N\umbar
1740002

Type of Raguest
Englnesring

Est. Completion Date

Craaifad by Vickls Thrift'QUALITY/SHELBY/FASCO on 0472297




tLo

Teat Log Numbar Dute of Request Fart Numbar

Frf1d21 oA210a7 17400002

Customar Type of Raguost
Dweiphl Saginaw Enginsaring

Test Start Daile Dats Actusl Completed Ext. Completion Dats

D97

Engineer Technkian

Wade Landis Lorl Hoyle

Comments:

help Attachwmants or Links Ham:

Graated by Jane Francis/QUALITY/SHELBYFASCO on 0/ITAT
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Tast Log Numbsr
8$7-0153

Customss'
Dalphl Saginaw

Teat Start Date

Engineer
Brandon Goforth

Comments:

hilp Attachmamnis or Links Hare;

Datnnfngqunt
2Mem7r

Drate Actual Complatad
o2SHST

Tachnichan
Lori Hayle

Part Number
17400002

Type of Request
Returmed Goods

Est. Complwtion Date

Crorted by Jane Francis/AQUALITY/SHELBY/FASCO on 02/24/87



Test Log Number
97-0078

Customer
Dalpht Saghnaw

Teat Start Data

Eﬂg!ﬂﬂﬂ'
Grag Spangler

Commants:

heip Attachwnunin o Links Hare:

Date of Requant
a1/23/87

Date Actual Completad
012487

Technician
Lori Hoyle

Part Numbar
17598038

Type of Request
Enginearing

Eat. Caomplation Date

Created by Jana Francia/QUALITY/SHELBY/FASCO on 020887
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Teat Log Numbar
70042

Customer
Deipht Saginaw

Tast 3tart Data

Enginasr
Wads Landln

Commants;

halp Ainchmanis or Links Here:

Date of Request
137

Dyte Actusl Completed
020897

Tachnickm
Lo Hoyle

Part Numbar
17400

Type of Request
Engineering

Est. Completion Date

Creatad by Jane Francia/QUALITY/SHELBY/FASCO on 01/1887
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-Invensys

Product Test Laboratory
1100 Alrport Rd.
Shelby, NC 28150

Sensecr Systems

Product Test Laboratory
Product Validation Report #: 0/-0024
Modified Taguchi Study
Delphi Saginaw Electronic Column Lock Assembly
Invenays Part #: 1740-0002

Spectfication #: See Test Sef-sp Pape
Sample Size: I8
Build Date: N/4
Page # Table of Contents Test Results
1 Cover Page
Z Tost Set-up Page
3 Tost Resuits Fallures
Tested By: Date: /255

Note: This report shall not ba reproduced in full without the written permizsion from Invensys
Sansor Systams and the Product Test Laboretary. Test results reiste to tems tested only.
Page 1 0of 3
aag-2113
841372000
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P Product Test Lab
&' 1100 Airport Rd.
| | Shelby, NC 28150
Sensor Systams
Typo of Teat: Madilfied Taguchi Study
Tast Log ¥ 01-0022
CustomerfPart Description: Delphi Saginaw ECL
Invansya Part ¥ 1740-5002
Test Description: Ses Below
Sample Size: 10
Build Dte: NA
Techniclan: Larry Kana
Stant Dute: 2192004
Flnish Dute: . 01/22/2001
St up conditfons and parasmeters:
A et .'-.._"' ' R N TN }.".-..-' 1L "oy '_.' T
i Tas T L e | Lotk Valtage || Cyales " Tempersture il
1 14 14 5000 : 8
2 16 g 1641 as°e
3 16 5 5% B5°C
4 8 16 2500 . 85*C
¢ 5 18 9 2500 e
6 ] 18 2600 85°C
Total W of Cyclas = 15000
Total Test Time = 27.5 Hrs.
. Nmmh.ﬁmﬁlhﬂnﬂbﬂmunﬂhmuwmﬂmmmpllmhllnniunlmm
Sensar Systems and the Product Test Laboraiory, Test results relate to femy thsted ﬂl#f 20f3
»
, : a?an-m 12
/1372000
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el Product Test Laboratory
£ - 1100 Airport Rd.
: Shelby, NC 28150
Sensor Systams
Typa of Tast Modilad Taguchl Study
Test Log # 01-0022
Customer/Part Dascription:  Delphl Saginew ECL
Inversys Part & §740-0002
Tast Description: See page 2
Sampls Sire: 10
Duid Dats; NIA
Technician: Lary Kans
Starl Date: O1119/2001
Finigh Data: 01/22/2001
" Part # Condifion Test ¥ Cycia Temperiturs | Comumants
1 Paasad A Al i)
] Famsed A A A
3 Pexsad All A Al
4 ‘Fastad "All Al Al
5 Fassed All Al Al
B Passad | Al Al All
7 Fazsad All Al Al
5 Fussed AN Al A
. 10 Thuek Lock g 1181 a0 No Beovely
13 Rebound a 343 1,144 © cyohe 441
B2.09°C)
]
14 Stuck Lozk 5 139 T138°C i
' ' - eld
18 Rebound 2 1147 TT.EA oyche 3 of Tt
#4 (B2 47°C)
Stuck Uniock 4 464 290G Nd recoveny
-3 ] 1112 74.55°C TG TRCovaTY
¢ Rebound ] TR 1 No recovery
L Rabaund 2 _1415 [ No recovery
) Rebod | 2 1 TG No
Resowrsd |
20 Rebound 2 1166 78.82°C eycla 3 of Test
Suck Lock, 5 = 1. ttﬂiﬂ’c}
| Tabowd J T o Y
Synopsis: 1-8 > passad ali tasts
13,15,18,17,18,19.20, & 21 -> Rebound very prevalent
14 -> Passod tests 1,23, & 4
MNote: This report shall not be reproduced in full without the wiitten permilssion from (nvenays
. . Ssnsoc Systerns and the Product Test Laboradory. Teest results relate to Hems tested ordy.
Page 1of3
2680-2113
91/2000




A o Product Teat Laboratory

Invensys

Shelby, NC 28150
Sensor Systems
Product Test Laboratory

Invensys Part #: I740-0002
Specification #: See Test Sef-up Page
Sample Slzea: /o
Build Date: N/A

Tabis of Contents Test Results

Cover Page

Tast Set-up Page

W
Lt s S
k|

Test Reaults

Note: This report shall not be reproduced In full withalt the written permission from [nvensys
Sansor Systems and tha Produa Test Laborstary. Test resuits relate to Rems tesiad onty.

Page 1 0f 3
seas-2113

B/1 272000




9 Invensys

Produet Test Leboratory
1100 Alrport Rd.
Shelby, NC 28150

Sensor Systams

Type of Test: Modifiad Taguehl Study

Test Log # 01-0025

Customer/Pan Dascription:  Dweiphl Saginaw ECL

Invenays Part #: 1740-0002

Test Description: Sas Below

Sampie Siza: 10

Build Date; MNA

Tachniclan: Lary Kane

Start Dete: 01/30/2001

Finish Date; 02/05/2001

Set up condifions and parameters:

g ' 14 14 5000 85°C

10 9 16 2500 85°C
ikl 16 ] 2500 85°C_ |
12 ] 19 2500 85'C
13 18 B 2500 E85°C

Tolal # of Cycles = 15000

Total Tast Time = 80 Hrs.

Note: This report =hall not ba raprogucsd in LR without tha wiiten parmission from Lrvensys
Sansor Systams and the Product Test Laboratory. Test results retato tn items tested omly.
- Page 2 0f3
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Product Test Laboratory

1100 Alrpart Rd.
Shelby, NC 28150
Sensor Systems
Type of Tast Modiftad Taguchi Study
Tast Log # Q1-0025
CusicmarPart Dagcription; Deiphl Saginaw ECL
Invensys Part & 1740-0002
Test Description: See pags 2
Sampia Siza: 10
Bulld Date: A
Technikcian: Lamry Kana
Start Data: 01/302001
Finish Date: 02/08/2004
Part# | Condition | testi# | Gycls | Temperafure | Commanis
42 | StuckLock [ 13 958 31.99 Remained @ SL for 1547 cycles
45 | Passed Al All Al
| Passed | AT | Al AN
47 | Passad Al All Al
7] Passed All I Al
5 Fassed All Al Al
37| Rabound 13 118 82.08 Rabounded 17 tnes unil cyce 1123 |
7 Pasaed All Al All -
57 | Stuckiock | 13 812 BZ.08 Femalned g SL for 1628 cyces
73 Passed All AR All
Synopsis:

Part #42 - Fassad Test# 8,710,111, & 12
Falled Iﬂltadlimnﬂﬂti'l! Remalned Et!.ll:kl.ﬂi.‘.kl'ﬂl‘154?l:yuln.

Part #52 » Passad Test #9,10,11, & T2
Failed after cycis 110 of test #13 for Rebound. Racorded 17 rebounds urill cycle
#1723,

Par #57 - Paa-n:lTutiiﬂﬂ.ﬁ,Hx.
Falied sfter cycia 872 of tast #13, Remained Stuck Lock for 1828 cycies,

Mote: Thin report shal not be produced in full without the writlen permiagion hom Invensys
Sansor Systems and the Product Test Laboraiory. Tmmuhmmﬂcmmm

Page 3 of 3
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Product Tast Laboratory
1100 Alrport Rd.
Shelby, NC 28150

Invensys

Sensor Systems

Product Test Laboratory
Product Validation Report #: 0.J-0038
Modified Teguchi Study
Delphi Saginaw Electronic Colunmy Lock Assembly
Invensys Part #: [74£0-0002
Specification #: See Test Set-up Page

Sample Size: 27
Build Dato: AN/4

Table of Contsnts Tast Results

‘Cover Page

Test Sst-up Page

=

Test Resulits

Tuhdﬁr:_é@n‘?g_- Derte: z/?héf

Date: -?-z-i_aﬁ o
Date: 2/22/27

Praoduct Teat Lab Supearvizsor: t’/‘

Tesat Faciities Man

Hote: This report ahall not be reproducad in full withoul thr wiitten permission fom Invensya
Sersor Syatema and the Product Test Lahoratory. Test msults relats t0 #ams tastad only.
. Pags 1 of 3

HO88-2113
EMW2000
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o | Product Tast Laboratory

® Invensys

Shelby, NC 28150

Sensor Systems
Typh of Tast: Modified Taguchl Study
Teast Log & 01-0030
cCustomarFan Dascription: Delphl Saginaw ECL
invensys Partt #: 1740-0002
Teat Deacription: Ses Balow

Sampla Size; 21

. Total # of Cycles = 15000
Total Tast Tims = 58.3 Hes.

35 2 SPOT
] 3 ~ SPOT
[ '] ] SPOT
o1 K SPOT
.7 [ SPOT
o4 T SPOT
[.1] B SPOT
o8 ] SPDT
ar_ 10 SPOT
] 1 sP0T
— 8 12 SPOT
Ta 15 1033
i 14 SPST
T4 13 -1
-} 1§ Sral
Ei] 17 SPET
. i 18 EhsT
| 78 19 SPET
T 20 BPET
. & 21 “EPST
'_ MNote: This report shall nat be eproducad In full without the written permiasion frem Invanays
| . - Sensor Systems and the Product Test Laboratory. Test resulty nelade to Rerms tested only.
' Page 2of3
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. INvensys

Product Test Laboratory
1100 Almort Rd.
Shelby, NC 28150

Sensor Systems
Type of Test Modifted Taguchl Shudy
Test Log ¥ 01-0030
CustomerPart Description Celphl Saginaw ECL
Invansys Part & 1740-0002
Test Dascripton Saee paga 2
Sarple Size: 21
Bulld Date: NFA
Technician: Larry Karw
Start Date: 02082001
Finish Date
Fart ¥ Tast ¥
e o
[ N 2097
13 o
) L] e
[
(1]
1] 1 ;]
13 1170
[ =4
L] [Fal]
]
1400
Shank: Look 3
X2
L

ATh

@mAﬂmuﬁmngﬁaiﬂQEQHﬁm

Note: This report shall not be reproduced in full wihout the writen permission from Invensys
Sansor Systams and the Product Test Laboratory. Test results raiale to lems teated only.
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Product Test Laboratory
1100 Alrport Rd.
Shelby, NC 28150

Invensys

Sensor Systems

Product Test Labaratory :
Product Valkiation Report #: 0,-0037
Modified Product Validation Test
Delphi Saginaw Electrontc Column Lock Assembly
invensys Part ¥ 7740-0062
Specification #: Delph! 26050960 Chg. Level 078

Sample Size: 5
Build Date: N/4

Saginaw Tracking # SCRR # 00-0170
Insulator Change Validation

Page " Tabie of Gontents Test Results
1 _ Cﬂ_\"lr Plga
2 Test Setu
3 Initlal Switch Point Data All Conformed
4 Durabiiity Test Rasults All Conformed
5 Final Switch Point Data All Conformed '
TW Date: J/.Z3/8/
Produet Tost Lab Supervisor: Date: %Qé{ﬁ
Tast Facllitios M Data: Z/26/0/

Nota: This report shall nol be reproducad in full without tha writtan permission fom invensys
Sansor Systems and the Product Test Laboratory. Teast resulta relsts to tams tasted only,
: ' Page1of5
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Product Test L,
- 1100 Alrport Rd.

' Shelby, NG 28150
Sensor Systems
Typa of Tast: Modifisd Product Valdation Test
Test Lag # 010037
Cusiomer/Part Description: Dedphl Ssginaw ECL
Imvansys Fart #: 1740-0002
Test Description: Sow Below
Sampie Stre: ]
Buid Date: MNfA
Techniclan: Lamy Kans
Siart Date: 030172001
Finish Data: 03/
St up eonditions and paramelors:
T Teat# ] OMSCK Ty oy voltage. . ¥ Oycloa | Temporshire,
OO il Voltage: S [EOEE YOS, B VEOS LA "“5" et
1 16 16 7000 ] 85"C
Tolal # of Cycles = TI00

Tolal Teskt Time = 14 Hrs.
These units wers tested on tha Fioor Pduction Tastar.

!

Note: This report shall not be reproduced in full without the written parmisaion fom Invensys
Sensor Systens wnd the Product Test Laboratory. Test results relate to tems tasted only.
Page2of 3
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Invensys

Product Test Laboratory
1100 Airport Rd.
Shelby, NC 28150

Sensor Systems
Type of Test: Modifiad Product Validation
Test Lop & 01-0037
Customer/Part Cescription: Dalphl Saginew ECL
Invensys Part # 1740-0002
Tes=t Description; Inltinl Switch FPoint Data
Sample Size: 24
Build Dsta: MN/A
Tachnician: Larry Kane
Start Deta: oAT1/2004
Finksh Data: 02/0172001
" Part § Full Lock Dim. (mm) Switch Point Unlock (mm) | Switch Point Lock (m}
>17.55mm <12 84mm <12 84mm
iNS-2 19.840 11,790 11.840
IN5-3 17.960 12.005 11860
INS-4 15,010 11.845 1.7
—INE-3 18,020 12,030 11.625
T INS-8 17.985 12.080 11540
Synopsis: All conformed to specifications

MNote: This repert shall not be reproducad in full without the wiitlen pesrmission from Invensys
Sansor Systems and the Product Test Laboratory. Test results relals to Rems tested only.

Page 3 of 5
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Product Test Lahoratory
1100 Alrport Rd.
Shetby, NC 28150

Invensys

Sensor Systems
Type of Tast: Modified Product Validation
Toat Log & 01-0037
Custamner/Part Ceseription: Delphi Saginew ECL
Invensys Part # 1740-D002
Tast Description: Durabély
Sample Size: 24
Buld Deta: MNAA
Toechnician: Larmy Kana
Start Date: 03/08:001
Finish Data: 0371272001

Durability: Cycle ECL units st 83°C for TOOD cycles 8t 7 seconds per cyclhe. No skis loading

is 10 be applied during this test. Volkage lavel Is 16Vidc for both lock and uniock cycle, Recbrd any
 fault conditions:

™ Part# . Fault Conditions . .
INS-1 No fault conditions — Units passed
INB-2 “No fault conditions — Units passed
INS-3 No fault mnd[tinns Units passad
INS4 No fault conditions — Units passed -
IN3-S No fault conditions - Units passed
INS-& No fault conditions — Units peased

Summary: Data from the continuaus monttarng systam revealsd that the ahm unkt
operatad in comformance with spacification.

Note: This repor shall not be reproduced in fill wikhout the wrkien permission fom immensys
Sansor Systemns and the Product Test Laboratory. Test results relate to kems tested only.
Page 4 of 5
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- Invensys

Product Test Laboratory

1100 Airport Rd.
Shelby, NC 28150

Sansor Systems
Type of Test: Madiified Product Velidation
Test Log # 01-0037
Customer/Fart Descripho: Dalphl Saginaw ECL
Invansys Part ¥ 1740-0002
Test Description: Final Switch Point Data
Sample Slre: 24
Buid Date: N/A
Techniclan: Larmy Kane
Start Date: 032172001
Finish Date: 032172001
 [Pat# Full Lock Dim, (mm] Switch Polt Unfock {mm} | 3whch Polmt Lock (mm)
»17.55mm <12.B4rwm <12.84mm
| INS-1 18.000 11.480 11355
N2 18.045 11.550 11,845
INS-3 18.000 19.590 11.505
NS4 13,070 11,860 11588
[ INS-5 18.130 11,560 11,730
T INS-0 18,085 19,545 11550

Synopsis Al conformed to apacfication,

Note: Thia raport shall not be reproduced In full withaut the wriien permisaion from Invensys
Sansor Systama and the Product Test Laboratory. Tast reaylis relate to tams tested only.

Page Sof§
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Insulstar PPAP Dumbliity Test Doty

Sagmiew ECL 1749-0002
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“Tpsubstss TYH fid
Saginaw ECL fe/ore z"’r:"?ﬂ- Wﬁm

Oparationai Data 5 pesgl start, mid end end of shift
5 Ve power for all lock pin and sw. polrt M&gsurements
12.0n Ve for iock lime measuraments J/

Part Duie | Time | Full Lotk | Swich Poimt | Full Unlock | Swilch Paimt ] £¢ |
__ Dim. (mmy) | Unlock Dim. (mm) | Lock {(mm} | TI
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Saginaw ECL -

. Cperaticnal Dats 5 pcsg start, mid and and of shift
5 Vdt power fﬂrtlil Jock pin and Sw. point massuremants
12.0n Vdc for lock time measuramaents

Part Date | Time | Full Lock | Switch Point | Full Uniock | Switch Point oek

— Dim. (mm) | Lnkeek Dim, {m -Lock im Ti
{ SV Y, [F090 ihdfo 10 ave | iA3ANT
= 2 T jrovs | 4 (0. 230
3 3 18090 | i 592 10 a3 1 Ji 5
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- .“"._-?&-_‘-.'.'..._
: A - Product Test Labaratory
F 1100 Airport Rd.
S Shelby, NC 28150
Sensor Systems
Product Teat Laboratory
Product Validation Report #; 04=0037
Mbdifiad Product Validation Test
Delphi Saginaw Electramic Cobann Lock Assembly
Invansys Part ¥ I740-0002
Specification #: Deiphi #260.50960 Chg. Level 078
Sample Size: §
Build Date: N/4
Saginaw Tracking # SCRR# 00-0170
Insuiator Change Validation '
Page # Table of Contents Test Results
1 __Cover Page
2 Test Set-up Page _
. 3 initial Switch Point Data All Conformed
4 Durability Test Results All Conformad
3 Final Switch Point Data All Conformad
Tested Date: 3(.:3 {4
Product Teat Lab Supervisor; Date:
' Test Faciiities Megegor- Date: 3/24/1i
Note: This report shall ot be rsproduced in fill withoul the written parmiasion fom ey
M.

Sensor Systems and the Product Test Laborwtory. Test results relake to Bemns tested o of5
= Page 1

3688-2112

81372000
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" Product Teat Laboratory
1100 Airport Rd.
Sheiby, NC 28180

3 Invensys

Sensor Systems
Type of Tast- Maodified Product Valldation Test
Teat Log & 1-D0a7
CustomarPart Description: Delphl Sagnaw ECL
Invensys Part ¥ 1740-0002
Tast Description: See Baiow
Sampla Size: 8
Sulld Date: N/A
Tachniclan: Larry Kans
Stan Data: 02472001
Finish Cale: o3/
St up conditons and parameters:
T Tests, L. Umock. . .
? .18 f , :
Total # of Cyclss = 7000

Total Test Tima =14 Hra.
Thasa units wane testad on the Floor Production Tagter.

Nots: This report shall not be reproducad in full withoul the writlen parmission fram Imvensys
Sansor Systams and the Product Test Laboratory, Test results relots o itams teatad only.

Page 2 of 5
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Product Test Laboratory

1100 Alrport Rd.
_ Shelby, NC 28150
Sensor Systems
Type of Test Modified Product Valdation
Test Log # 01-0037
Customer/Part Description: Dedphl Saglnaw ECL
Invensys Fat # 1740-0002 :
Taat Dascription: InZiml Switch Point Duia
Sample Siza: 24
Bulld Date: NIA,
Tachmician: Lary Kans
Start Date: 03/01/2001
Finish Data: 03/01/2001
" Part # Full Lock Dim, (mm) Switch Point LUniock (mm) | Switch Point Lock (mm)
>17.55mm <12.84mm <12.84mm
IN5-1 18.000 11.705 11.580
~INS-2 19.540 11,780 31.840
INS-3 17860 12,008 11,850
—INS-4 TH00 11.845 11,750
INS-& 18.020 12.030 11.925
17.985 12 050 11.940
Bynopsis: Al eonfoerad to spacifieations

Note: This rapart shall not ba reproduced in Tull without the written permission from Lmvensys
Sensor Systems and tha Product Test Laboratory. Test results relats to kems testad oaly.

Page 3 of 3
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? ' |nvensys

0 P e
i

Product Test Laboratory
1100 Airport Rd.
Shelby, NC 28150

Sensor Systems
Typa of Test: Modifled Product Validation
Tast Log # 01-0037
Custorma/Part Dascription: Delphl Saginaw ECL
Invansys Fart & 1740-0002
Test Dascripticn: Durabilky
Sample Stra: 24
Buld Dats: NA
Tachnician: Larry Kane
Start Dute: . D308/2001
Finlsh Oate: £ 202001

Durabiitty: Cycle ECL unlls st B5C for 7000 eycles at 7 seconds per cycle. Mo side loading
is o be applied during this test. Vaoltage level & 18Vdc for both lock snd urlock cycie. Record any
fauk conditions.

INS-1 No fauit conditions — Units passed
ING-2 No fault conditions — Units pasaed
INS-3 No fault conditions — Units passed
INS~4 No fault conditions — Units passed
INS-5 No fault conditions — Units passed
INS-6 No fault conditions — Unitz passad

SLNTHTSAIY. Data from the contnuous monitorg system revealed that the abows unit
cparated In comforance with specification, )

Note: This report shail nat be reproducad tn full withaut the wrkien permission fram Inmveneys

Sansor Systemns and the Product Tast Laboratory. Test resulls relate to fems tested nl;ly. Aof§
age
3880-2113
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s Product Test Laboratory
& _ 1100 Alrport Rd.
 Invensys e
Sensor Systems
Type of Test Modifisd Product Valkiation
Test Log & - 0M-0037
CustomerfPart Descrption: Dalphi Snginaw ECL
Invenays Part & 17400002
Tast Cescription; Final Switch Palnt Deta
Sample Size: 24
Bubd Date: NIA
Technlsan: Larmy Kana
Start Date: 0c3/21/2001
Finish Dates 0X21/2001
FFPart # Full Lock Dim. {mm}) Switch Point Unlock (mm}) | Switch Polnt Lock {mim)
=17 56mm «12,84mmm «12 Bdram
TINS-1 12,080 11.480 11.358
| INS-2 18.045 11.6%0 11.645
INS-3 18.060 11,5080 - 11.505
IN54 18,070 11,860 14588
“INSS 18.130 11.880 11.730
[~ ING-E 18.00% 11.645 11.350

Synopséa: All cormformad 1o spedification.

Note: This report shadl not be reproduced i fill without the written permisaion from Invensys

" Sensor Systems and the Product Teat Laboratory, Test results retate to iems tested ondy.
Page 5 of 5
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Product Test Laboratory
1100 Airport Rd.
Shelby, NC 28150

nvensys

Sensor Systems

Product Test Laboratory
Product Valldation Report #: 80-0043
Modified Taguchi Srudy
Delphi Saginaw Electronic Colwmn Lock Assembly
Invenuys Part #: 7740-0002
Specification #: See T'est Set-up Page

Sample Size: [¢
Bulld Date: N/A

Table of Contents

— Cover Page

|
| -l‘;
L

Tost Set-up Page

Test Reaults

~J| zl

Result Codes

Tﬂd% Dato: -5/2 of

-

Product Teat Lab Supnﬂhu- Date: _7/R/ 4/

Test Faciitties Man Date: Z#/_“u

Mota: This repart shall not be reproducad bn full without the writhen parmission fom invensys
Sansar Sysiems and the Product Test Laboratory. Tast results mekais to kemns tasted only.
Page 1 of 7
8088-2113 .
SMA2000




Product Test Laboratory
1100 Airport Rd
Shelby, NC 28150

Invensys

Sensor Systems

Type of Test Modifled Taguch Study
Test Log # 01-0043
CustomarPast Ceacription; Dalphl Sagihnaw ECL
Invansys Parl # 1740-0002
Tast Dasdaiptkan; Sob Baow
Sample Skke: 10
Bulkd Dats; N/A,
Fechnician; Lamy Kane
Start Date: 03/08/2001
Finish Date: 0a/Z2/2001
Sel up condifons and parameters:
o i. = . et
LI vomga | ook Vol |, #Cyses | Temperatury |
E; 14 14 5000 85
16 B 18 2500 B5C
11 18 ] 2500 B5°C
12 9 18 2500 BS*C
13 18 ] TR B5°C
Total # of Cyciea = 15000 Total Tast Timé = 30 Hra.
T PRI T b e s S Lt OR
81 1
2
83 3
.7} 4
85 ]
] g
B7 7
&8 ¥
] ]
1 10
7] 11
5] 12
[ 13
35 14
B 18
o7 10
1] 17
W 18
100 E]

Note; This reporl shak not ba reproduced In full without the written permission from imeensys
Eensar Systemns and the Product Test Labonstory. Test resuls relele 1o Rems texind only.
Page 2of ¥

atae-2112
/132000




o Product Test Laboratory
1100 Alrport Rl
. . Shelby, NC 28150
Sensor Systems
Type of Test Modifiad Taguchi Study
Test Log # 01-0043
CustomerPart Description: Dalphi Saginaw ECL
Invensys Part # 1740-0002
Tast Description: Sae page 2
Sampie Sk 18
Buid Date: N/A,
Techniclan: Laery Kans
Start Date: o/08/2001
Finigh Date: Q3/22/2001
D [T U2 U-§ 04
IDF |\ iock Pass Unlack- Unlack- Unlock-Wrong Unlock-
" Owershoot Rebound Start Hardatop
81 145599 1] 1 0 0
3z 14000 0 1 0 1]
i 15000 ] 0 G 0
3 14999 1 1 ] 0
98 | 14998 ] i [N 1]
K 14398 0 1 0 0
. (T 15000 0 ] 0 0
88 (] g 0 0 ]
g [3 1 i50m 3 —0 5" :
§ [ 90 15000 0 0 g 0
f %2 14895 ] 0 8 0
53 iS00 ] 0 0 0
i T8 a1z 0 __ 1158 0 0
1] 10317 0 4853 g B
¢ 3 15000 [ 4 o 0
[ %7 10164 ] 2318 ] 0
98 gréz _ ] 1581 3277 4
" 10500 _ [ 4700 - b I
(o6 | 0217 g arey ) ]
. Note: This reparl shatd not be reproducad in full without the written permission from Jnvensys
Sensor Systems and the Product Test Laboratory, Test rasults relate to Renwns tested only. act7
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B/ /2000




- Froduct Test Labhoratory
# 1100 Alrport Rd.
Shelby, NC 28150
Sensor Systems
Type of Test: Modified Teguchi Study
Tast Log#: 01-0043
Customer/Part Descrption: Dedphi Saginaw ECL
Invenays Part # 1740-0002
Test Descrigticn: See page 2
Sample Size: 19
Buiid Date: N/A,
Technician: Lamy Kane
Start Data: 03/00/2001
- Finlsh Date: 0222001
U7 e
U-B -8 ua
2% | UnlockPTCA | unlockpres | VMIOCKEICt | ynic gye, Err | UMlock Timing
il Emor
| B 0 Q Q a )
a2 0 0 D 0 ]
34 ] o ) D D
. [ 87 0 0 o 5 2
KL ZE11 2495 0 3 5
i 0 1] 0 a 0
L 0 0 ] 0 0
92 304 1 0 0 I
EE i ] 0 D 0
[ 18 17 0 0 a
m 0 0 0 ] 0
2 = 2444 0 0 5
99 0 0 ) 3 3
100 0 0 0 0 D

Note: This repart hall not be reproducad In full without the wriiten parmission from Invensys
Sansor Systems and the Froduct Tes! Laboratory. Test results relate to kems tested onfy. o7
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Invensys

Product Test Laboratory
1100 Alrport Rd,

Sheiby, NC 28150

Sensor Systems

Typa of Tast: Modkfiad Taguchl Study

Tesat Log # 0103

Customer/Part Degcription: Celphl Saginaw ECL

invensys Part ¥ 1 740-0062

Test Description: Ses noge 2

Samph Size: 18

Buld Dats: MIA

Tachni=an; Lary Kane

Start Dote: 030852001

Finish Date: 032272001

L-2
L-G L-1 L-3 Ld

B% | LockPassA | LockPassB | MOCKWOM | 4 ooy pounce | Lock Hardstop
M 15000 q 1] 1] (1]
a2 15000 L1} 1] 1] 13
T 15000 ] 0 0 0
lt_t‘ 15000 a 4] L1 ] ]
86 15000 0 4] 1] 0
3% 14973 [v] 1] 27 [\]

i 15000 4 0 0 0
88 9Tz 1] 5005 23 1]
48 14869 ] i) 1 a
90 15000 ) ] [+] (1]
92 14808 0 304 0 0
83 15000 1] 0 1} 0
) 13747 0 1282 1 0
88 10322 0 4878 o 0
[T] 15000 0 0 [\] 1]
(14 10175 0 4522 [i] 1]
a8 9735 3 1683 O 1240

___li 10204 D 4706 - d 1]
100 1023 0 *77T 0 i

MNote: This rapcet shadl not -be reproducad In full without tha writhen psrmission from imvensys
Soensor Sygtams and the Product Tast Laboratory. Test msuls relats to kams tasted ondy.

PageSof T .
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. : Product Test Lab
i 1100 Airport Rd.
' Shelby, NC 28150
Sensor Systems
Type of Test: Modified Taguchl Study
Tost Log # 01-0043
Customer/Part Descrigtion: Delphi Saginew ECL
imvansys Part # 1740-0002
Test Descripiion: Soa page 2
Sample Skze: 18
EBuld Date: NJA
Tachniclan: Larry Kane
Start Date: 0ame2a0
Finish Date: - 03/22/200n
L7 O
L-8 L& L3 .
% | LockPrea | LockProe | YERERt | Locksys.m | LockTimina
8 0 0 o [ 0
32 1] 0 0 1] 0
[1] D L ! 0 a
84 o D 0 0 0
BE 1] 0 0 a 0
A 88 0 0 d 0 0
3 a7 [} 0 0 0 0
Ba 0 o 0 0 Q
&) 0 0 a a ]
80 d [+ a o a
a2 0 4] (1] 0 Q
-0 D [1] 0 0 0
(71 1] 0 0 0 0
5 0 0 a [ ]
[ ] i [+ 0 (1] 1]
57 0 o 0 0 [
[ g 2037 D 0 0
] 1] 0 __I‘._J ) 0
100 1] [1] a 0 0
Nots: This report ahall not be reproducsd in fiull withcut the wiltten permission from Invensys
. smm&yﬁmnﬂﬂmmﬁmum.ﬁnmhmmmm%ﬂﬂT
BEES-2113
9/ 32000




INVensys

Sensor Systems

Product Test Laboratory

1100 Airport Rd,
Shelby, NC 28180

Result Godes;
[ Eode ¥ 7 . Chasslficaton:. |- Pl ST
i Pass-Uniaok Single Tranahion betwean 50 and o1 ameec for Power ON
High - Swich Ends High COt Low (fly nd Low wham powss i raassad
ke Uniock-Ovarshoot | at 850msac) Twa Transiions (H=L and L->H} Transtian fom Low Bwckty High ooours
H-anrhl-lFH{cmlﬂ.
Mh - mlon
-2 Uniock-Rebound mmmtﬂ@mummhn#mm«uw
[P | UnioCh-wrong sart Swbtoh Starts Low.
Switoh Starts High - Swilch Ends High - o Trrskkone
U4 Unlock-Hardstop |=::|.|n--ntn-nu-l-lrl'ln?1 For sntirs test {>C.5 Am
Suitch Starts High - Swich Enda High - No Trretons
Ls Unlack-FTCA Cusrunt Etariw High ard than drops off aher 100rmenands
“Trarmitiona
il Unlack-PTCH Cumant Marls -mmmwmm%
Swltch Enda High « Mo Treneklons - Curmant apgaars normmdl, but
W7 | Unlock-Emctlbm | oo ioh i the end ey net be sbis bo du this one...
TP T — Switch Stars High - Swikon Ende High - No Tranations - No Carrars, OF Mare than 3
Bwich Stans Figh -Swhch Ende Low = Singhe | ramsiion outsics of rarge: 30 and
o Untiock-timing #10muao Fom Power ON
Lt Lock-Pans A EBwlich Siarts Low - Swikch Ende High -Singls Trenalion before 300 muac
. LT Lacie-Pasn B Switch Siarty Low - Swdeh Enom High - Singls Trarsillon badore E440 maec
L-2 Lock-wrong start | Swich Stars kigh
L3 Look-bounce Swich Stwrts Low - Swikch Enda High « Mulips imnelions — st any pol In tha cyde
chandon of et |
e ook Hardwop | S SIate and Ens Low - o rariion Curmrt rarmars fgh oy
. oo PTe A Lo - N CAnaon - = Cirant sEarta Fegh Wl drope oA after 100
e S PTCH m-;uaﬂm Wa Twnadion - Comwt siars Figh wng drops off a0er 300 |
lmhwﬁm-mummwmrpﬁmm
L7 Lack-Biect 10t 50 uble W be caesifed _
i Look-System Emor | Swikoh Starty and Ends Lowr - No trarsiion - No Power - NG cument
L= Umnbixzis-tsing] Swvich Siats Low - Swikch Ende High - Singts Tranalion after 81dmaeo

Note: This report shall not be reproduced in full without the writien parmission from Lnvensys
Sensor Systema and the Product Test Laborstory. Test resulls relats to }ams tested only.
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Product Test Laboratory
1100 Airport Rd.
Shelby, NC 28150

Invensys

Sensor Systems

Product Teat Laboratory
Product Valldation Report #: pi-0050
Modifled Taguchi Study
Delphi Scginaw Electronic Cokumn Lock Assembly
invensys Part ¥ !740-0002
Specification # Ses Test Sei-up Page

Sample Siza: 20
Bulld Date: N/4
[Page # Table of Contents Test Results
1 __Caver Page
2 Tast Set-up Pags
38 Teat Results
T Rasult Codes
Tested ___Date:_ 34%:
Product Test Lab Supervisor: Date: _3
Test Faciitieos Mana Date: /28«

Note: This rapon shal nuhmmmhhﬂﬂhmnhawﬂmmﬁahnhm Invensys
Sensor Systermss and the Froduct Test Laborstary. Test rasalts retsta to Bems testad only_ of 7
Fage t
pBE-2113
a1 3/2000




ik Product Test Laboratory
i 1100 Alrport Rd.
. ens Shelby, NC 28150
Sensor Systems
Type of Tast: - Modified Taguché Shidy
Tast Log # D1-0050
CustomanPart Dascription: Daiphl Saginaw ECL
Inwensys Part # 1740-D0D2
Test Dasctiption: Soo Balow
Sampies Slze: 20
Build Drate: MNSA,
Technician: Lamy Kane
Sttt Dade: Das22/2001
Finiah Data: 1 Dar28/2001
S« up condiions and perameters:
' Testd - | UnlockVoltape | LockVolage | @ T | Tempersture
: 9 14 14 E. e
10 ] 18 2500 35
17 18 8 — 250 awee
12 g 18 . 2500 85°C
13 18 ] 2000 G
. Total # of Cyclas = 15000
Total Tast Tima = 30 Hrs,
e 'm_'._r'.-'-. R r-"'..'.‘;;n.:m = = SR T 0 ST
L] T Ihg;ryp-
0% 2 SPDT
103 3 SPOT
104 1 SPDT
[ 5 SPUT
108 [.) SPDT
107 7 SPOT
108 ] SPDT
il 9 SPLT
110 10 SPDT
111 11 SPDT
112 12 EPDT
118 LE SPST
114 4 SFST
11& i5 5T
119 18 BFET
117 17 SraT
118 il SEsT
18 1% BPST
120 F:1) ZPET
Note: This report shall not be eproduced in full without the weitten parmission from Inmvensys
. Sansor Systems and the Product Tesl Laboraioey, Tast rasulls relats o iems festad only.
. 2of7
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otEat

nvensys

) r-r-r-l- 5oy

Product Tast Laboratory

1100 Alrport Rd.
Shelby, NC 28150

Sensor Systems
Typa of Teal: Modifred Taguchi Study
Tast Log#: - 01-0050
Customer/Part Description:  Delphl Saginew ECL
invensys Part #; 1740-0002
Test Descripton: Soa papge 2
Sempla Size: 20
Buikd Dats: N/A,
Tachnician: Lamy Kane
Start Date: 03/22/200
Finish Date: 07282001
o ug U- Uz U3 U4
Unlock-Pass | Unlock-Overahoot | Unlock-Repeund | Unlock-Wrang Start | Unlock-Hardstop
101 15000 0 o 0 0
102 15000 0 Q 0 0
103 13842 0 0 0 o
104 10349 1 0 ] 0
108 14508 1 4 0 [
106 1400% 0 1 0 0
107 15000 0 1] 0 0
104 13718 0 1 0 ¢
100 15000 0 ] 0 0
110 14883 0 ! ~ 0 0
111 15000 0 0 0 0
112 14959 0 1, 0 0
113 7787 0 4733 0 a
114 10373 1] 4827 0 0
198 10311 0 4889 0 ]
118 10228 o 4772 g B
17 o847 0 4794 0 0
1 101598 0 4804 ] 1]
119 10298 0 702 0 0
120 o7y 9 5021 0 )

m: This report shall not be reproducad i full without the written pamnission from Ervensys
Sensor Systems and the Product Test Leboratory. Test results relats to Hems tested anly.

Pagad of 7
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Product Test Laboratory
= 1180 Airport Rd.
. Shelby, NC 28150
Sensor Systams
Type of Test Modifiad Taguchi Study
Test Log # 01-0050
CustomenPart Dascription; Cwiphi Smnginaw ECL
Invensys Part # 1740-0402
Teast Dasaription: See page 2
Sampls Sze: 20
Bullt Date: N/A
Techniclan: Larry Kana
Start Date: Dar22r2001
Finish Date: 03/ 287200
[TE]
us ) s U-8 .
R # | Uniock PTCA | Unicck PTCB |Uniock Elect. Fail [Unloek Sys, Em “"'“E“"l‘rm'ﬂ!
[ 0 0 0 D 0
102 0 0 0 0 0
103 41 my 0 [ o
104 39 4812 1] a i
105 0 0 0 o | 0
. 708 ;) 7 5 g ]
107 D 0 0 0 0
708 D 1281 D 0 0
109 1] 0 0 0 0
110 181 74 1] 0 a
111 1] L o 4] ]
112 1] [ 1] 0 0
113 2423 77 ] ] 1]
114 1] 0 1] .0 o
118 ] § ] ¢ 0
114 [ ¢ 0 0 0
7 1733 1828 1] 4] /]
115 0 1] Q 0 0
119 0 0 [} 0 0
120 ] ] 1] 0 0
' Note: This rapart shall 1ot be rapeoducad in fult without the wiitten permésslon fram Invensys
Sansor Systems and tha Product Test Laboratory. Test rasuits relete to kems tested only,
Page 4 of 7
BE08-2113
81372000




Product Test Laboratory

i 1100 Airport Rd.
Shelby, NC 28150
Sensor Systems
Type of Test: Modifled Taguchl Study
Test Log & 01-0C50
CustomerPart Description: Cedphi Saginew ECL
nvensys Part ¥ 1740-0002
Test Dascription: See page 2
Sample Size: 20
Buid Date: N/A
Technidan: Lamy Kana
Start Dats: 03/22/2004
Finish Dute: 03287200
L2 .
L-0 L L-3 L4
D#| ockPassA | Lock PassB LockWrond | Lock Bounce | Lack Hardstop
101 15000 0 0 0 0
102 14959 0 0 1 g
103 13843 0 1157 0 0
104 10272 ) 4851 77 0
105 14508 il 0 104 0
108 14998 0 D [ 1]
107 15000 0 0 ] 0
108 13720 D 1260 ] 0
109 14874 0 0 3728 0
110 14808 0 334 0 1]
111 1560 ] 0 4 0
112 15000 0 ) 0 0
113 7758 7] 7220 12 0]
114 10373 ] 4827 i] a
118 G380 0 B85 048 a
118 T a 4770 2565 0
117 O83D; g - 8150 0 Q .
118 (TF-) 0 4303 1088 0
115 10302 8 4698 ] o
120 oGnT 0 013 0 ¢

Note: This repost shail not be raproduced in fulf withowt the written parmission from Inwensys

Sansor Systems and the Product Test Labwaiory. Test msults relate o i=ms testad only.
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Invensys
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Product Test Laboratory
1100 Alrport Rd.

Shelby, NC 28150

Sensor Systems
Type of Test: Moadifisd Teguchi Study
Teat Log #: 01-0050
CustornagPant Description; Dealphl Saginew ECL
invonsys Part & 1740-0002
Test Dascription: S8 pege 2
Sampls Skze: 20
Bulkd Date: N/A
Technican; Larry Kane
Start Date: 032212001
Finish Date: ; O 20301
™ L5 =] 7 3 =
Lock PTCA Lock PTCB | Lock Elect Switch | Lock Sys. Err | Lock Timing Em.
101 a ] 0 : 0 ]
102 0 0 ) 0 0
10% 0 ] 0 0 0
704 0 ) 0 o 0
108 (] 1) [ 0 ]
108 0 o 0 i o
107 1] i 8 0 0
108 1) 0 D 3] 0
108 o 0 0 0 0
110 0 0 0 0 0
111 0 0 0 ] 0
112 a 0. 0 0 0
3 0 0 0 0 0
14 0 0 o ) 0
118 o 0 1] 1] 0
118 ] 0 [ ) 0
117 o ) ot 1) 0
118 o 0 ] 1] 0
119 ) 0 i) D 0
120 0 4] [4] ] 0
Nots: This report shall not be reproduced [n full wikhout the wiitten permission from Invensys
Sensor Systems and the Product Test Labormstery. Test resuits relate to Rems tested only.
PagaGof7
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nvensys

Product Test Laboratary
1100 Airport Rd.
Sheiby, NC 28150

Sensor Systems
Razuit Codes:
™ PassLiniodk Ewitan Starts High —Switch Ende Low
» Traneitinn habwesn 50 wrad 510meec Tom Fower ON
Sians righ - mray mnd Low whet poer i rele s
LeY Lintoek-Onvaradnnt at 850meec) Two Trarwttions {H->L and L-»H] Transdion rom Low beck to High oecues
o BT o ko B P T Yrarmlira ¥
[ - High - Two H->L and Lok} T
L2 Linlnak-Fahound trom Lw bk to High occurs wheh P owar i GFF [l:muju-ﬂ.iﬂrm '
(TR Unicck=-wrong s Suritoh Starte Low, '
Slich Sy - Bwkoh Ends High - No TrnakDne
Lt Uniock-Hardstop cm_f_,_f'ﬂ, For s ot (08 A
Switch Starts High - Figh- Ho Tranaiars
L5 Linkgk-FTCA Curant Sars Kigh and tnen of aftar 100meeconds
[T T MHgnmEEHﬁ-HuTﬂhm
U Uniock-PTCE | o,y rant Starts High und then drops off after 300mmeconds
s - Swfich Entds = Ho Tranalions - Current sppeans normal, but
UF | UniockElect W | ) ging high in the and (may ot be abieto do Bilsone...) i
s Unfok-Syptem Ermor Switoh Starte High - Seikch Encs Figh - N0 TTMEERO N - Ma CUrant OF Ko han 2
Bwiich Siarts High -Swidh Ends Low = Single Trarmiion oulsids of rengs: 50 and
U Unick-tmirg & Omaac kom Powsr ON
LG Lock-Paau A Swich Sturts Low - Switoh Enchy High -Singie Traneition bafors 300 meao
L1 Locie-Puxs B Switgh Starts Low - Switoh Ercla High - Single Transiticn before 830 mesc
L-i Look-wrong bt Switch Starts High
L3 Loak-bounos Switct: Stans Low - Switch Encla High - Multipls tansikions = ot wry point In e cycle
Ends Low - N unadinn
L4 Lock Harstop g;.ld'lﬁlhud N -CLITerE remaina Figh Jor dursiion of Bt
" Lotk PTC A Swinh Eiwrts ard Ends Low - NG Tansilon - Cuent starte high and drope off sftar 100 |
e ] )
Duton SarE & Evds Low - e Sarmiiion - Cunrent starts Figh and dropa off efer 300
L4 Lock-PTT B rimbng
1i= BN Ends Low - e TRNSRIon -CINTITE WPpaar TOmmal’ (s oesa ey |
L7 Look-Hiact riot b mbie fu ba claseied
L4 | Look-SywemErmr | Swich Starts srd Ende Low - No ranaitian - Na Power - Ho curent
L4 Uininaktiming Bwitch Stans Lo - Swich Ende High - Singla Tearslion aiar 51 0meec

Note: This repost shatl not be reproducad In full without the writtan permission from lnvensys
Snnwmwmnmnmmm. Tast resuls relate to Gems taxtnd onky.
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. Product Test Laboratory

9 Invensys

Shelby, NC 28160
Sensor Systems

Product Test Laboratory
Preduct Valldation Report #: 0J-0053
Modlfied Tapuchl Study
Delphi Soginaw Electronic Column Lock Assermbly
Invenayw Part #: [740-0002
Specification & See Test Set-up Page

Sample Size: 20
Build Date: AV4

Page # Table of Contants Test Results
1 _ Cover Page
2 Test Setup Page
3-8 Test Resuits
7 Reault Codes

Note: This report shall not be regroduced In full without the writian permission from invansys
. . Sansor Bystems a the Product Tos Laboratoy. Tos ek reete to kors oetea ony.
; _ Bge 1 of
6065-2113
/132000




Product Tast Laboratory
1100 Alrport Rd

| mvensys Sheiby, NC 28150

Sensor Systems
Type of Tast: Madified Taguchl Study
Test Log # 01-0053
CustomenPart Description:  Delphi Saginaw ECL
invensys Part # 1740-0002
Tast Description: Sas Below
Sample Size: 0
Bulid Dake: N/A
Technlclan: Larry Kana
Start Date: 3/28/2001
Finish Date: 410272001
Sof 1y comiiifons and paranreiers;
" Test# . 3:";;'; " :{ 'Lock Voltage f +# Cycles®. ! Temperature Ji
g 14 4 5000 %
10 R 16 2500 85°C
il 16 ] 2500 B5°C
12 ] 16 2500 85°C
13 18 9 25 B5°C .

Total # of Cycles = 15000
Total Tast Tume = 30 Hrs.

Note: This report shall not be reproducad In full without the written parmission om Invensys
Sansor Systems and the Product Test Laboratory. Test msults relaie to Hams testad only.
Page 2007
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Product Test Laboratory
1100 Aimort Rd.
Shelby, NC 28150

Invensys

Sensor Systems
Typa of Test Modified Taguchi Stdy
Tast Log # M-0053
Custormer/Part Description; Dedprhi Seginaw ECL
Invensys Part & - 1740-0002
Tost Description: Sse page 2
Sample Skre: 20
Buid Date: NiA
Techniclan: Larry Kane
Start Date; Ad2br2001
Finkh DEim:  _ 402500
Part ] FTE U2 (¥ ) U4
# | Unlock Pass | Unlock-Overshoot |Unlock-Rebound | Unlock-Wrong Start| Unlock-
— HardGtop |

1A 15000 0 o o 0
12 18000 L 1] i 0
123 | 12338 0 ) 0 0|
724 | 148 0 B D 0
128 [ 13704 0 | 1268. )
BF 14569 0 1 ] 0
127 14985 ] 15 1] [/

128 15000 0 0 0 |
129 12838 -0 0 2104 0
130 241 [ 0 0 0
EEL 13000 ) ] ] ]

1 1408 0 % 0 0
KEY 9928 o ST 1 g
134 [T 1) g 5180 0 [
135 10000 K] 5000 0 0
138 10600 0 %00 0 0
137 7] 1] ~ NHO 0 ]
138 | 4 ] 2508 2323 0
139 [TT i ! A3 "0 g
140 7554 - 0 7188 [ 0

Nota: This report shall not be reproduced In full without the wrikisn permission Fom Invensys

Sensor Systems and the Product Test Laboratory. Test results relats Lo isms tasied only.
: Page 2 of 7
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LA Product Test Laboratary

;- 1100 Alrport Rd.
. Shelby, NC 201560
Sensor Systems
Typa of Tast Madifisd Tagochi Study
Test Log #& 01-0053
CustormenPart Descrigtion: Delpht Eaginaw ECL
Invensys Far # 1740-0002
Test Dascription: oo page 2
Sample Skze; 20
Bulld Data; NiA, o
Tachnician: Lary Kana
Start Dete: 428120
Finish Date: 40212001
[ Part U i) 1% 1= (18]
# Linlack PTCA Unkck PTCB Linlack Elect. | Unlock Sys. Er'| Unlock Timing
Fall Error
121 Q 0 0 (H 1
122 [+] 0 4] [+ 1]
123 295 23718 o 4] [}
124 [ [+] 1] [i] 0
125 Q L +] 1] 1]
‘ 128 0 0 0 0 0
12T o o ] D 1]
128 1] a a 0 - 1]
129 1] [} 1] 0 [i}
130 22 2500 0 0 o
131 0 D 0 (1] (i)
132 1] [1] 1] (1] ]
133 1] [+] 1] 0 0
134 1 1) 1] ) 0
135 1] 0 o 0 ]
138 0 1] [i] [i] o
137 ] o (1} 0 0
138 828 ki (1] 0 1]
138 10 2481 [ 0 0
140 [\ 1] 1} 0 o
Note: This repart shak not be reproduced In ful without the weitten parmizaion irom Invensys
. Sargor Syatama and the Product Teat Laboratory. Tast resultz relate to dems tested only.
Poge 4 of T
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Product Test Laboratory
1100 Airport Rd,
Shaiby, NC 28150

3 Invensys

Sensor Systams
Type of Test: Modifled Taguchl Stady
Tast Log ¥ 01-0053
Customar/Part Description: Deiphl Saginaw ECL
Invensys Part # 1740-0002
Test Dascription: Sea page 2
Sample Size: : 20
Bulid Date: hA
Tachnlcian: Larny Kane
Start Dala: a2n0
Finish Date: ) 410212001
Part [ L1 L3 | = L+
f Lock Pess A Lock Pass B anng Lock Bouncs | Lock Hardstop
121 14997 0 o 3 ]
122 14958 0 o 2 0
123 12327 0 2873 0 1]
124 14999 0 o 1 0
125 13704 0 ] ] 1
‘ ] 14579 0 5 ren D
(127 15000 0 0 0 0
128 15000 ] [ i 0
129 12838 1 0 ] 38
130 12478 0 2522 o 0
131 13000 0 0 0 ]
132 14967 0 0 3 0
133 8905 D 5095 0 1)
134 779 0 B227 0 ]
135 10000 0 5000 ] 0
136 9699 0 5000 1 0
137 [ 1E) 1] 5027 D D
138 7414 0 £283 Q 1
139 B34S 1] o054 1 1]
140 Ta38 0 7154 n o
Q _ Node: This repart ahall not be reproduced In full withaut the wrfiten panmission from invensys
; Sensor Systems and the Product Test Laborsiory. Teat rasuliy Mmmmm%sﬂ?
B8AR-2113
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Invensys

Product Test Laboratory
1100 Airport Rd.
Shelby, NC 28150

Sensor Systems

Typs of Test: Modiflad Taguchl Study

Tast Log #: 01-0053

Custorner/Part Description: - Delphi Saginsw ECL

Invensys Parct # 1 740-0002

Test Description: Ses paga 2

Sampls Size: 20

Bulld Date; NA

Tachniolan: Lasry Kane

Start Date: /2872001

Finish Date: &/02r2001

"Part | [ L7 L3 L3

s Lock PTGA Lock PTCB Lock Elect Lock 8ys. Err | Lock Timing
Switch Err.

121 4] 0 0 0 0
122 0 ] 0 0 )
123 0 0 0 ] 0
124 g 0 g 0 0
125 0 1267 0 0 0
m 0 0 0 0 (1]
127 a a 0 /] 0
128 0 ] 0 ] 0
129 ] 2128 ] ) d
120 0 0 0 ) 0
134 D o D o 0
132 0 1] 1] 1] [4]
133 ] ) g 0 0
134 0 ) D 0 0
135 0 0 o 0 o
130 0 0 0 0 0
137 0 0 g [} 0
128 0 23 0 ) ]
138 [ [] 0 0 0
140 0 0 o a 0

Mets: This repor shall nol be reproducad in full without the wrilten, parmiaion from Invensys
Ssnsor Systams and the Product Test Laborstory. Test results redate to Rems tasted only.
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L . :
red Product Teat Laboratory
1100 Alrport Rd.
' Shelby, NC 28150
Sensor Systems
Rasul Codsa:
 Code# ]  Classiffcaton | - —E — Caiteria - ]
: e =Swrieh Ende
Lo Puss-Unkock Tmzirm-nmlnd 810ms=0 from Powsr ON
Sarts Figh - Wheh powet
e Urlosi-Ouarshoot | wt 850masc) Twe Transitions (H-5L and L-=H) Trarmiton from Low back o High accum
whan Powsr i ON >, 5
e Figh - - L anc L=Hj Tmneiion
ez Unlock-Riabaund Low bk ko High aocurs whan Powsd ls GEF _{H:u.;.n
(75 ] Unieck-wrong shurt Swikch Blans Low.
Swiich Shrs = Switch Enda - No Tramaitn
-4 UniockeHardsie | ot B R r«muﬂgmﬁm!} ™
- rl:llH:bh-HnTrIﬂhlﬂ
LAé Unlock-FTCA Cument Gans H lndtlunml'l::liu:"lmrn_h
e High - - No Trenations
s UniocksTC8 | Current Starts High nd then drops OF ater J00Meeconds
Swiich Jiuts - Swiich - - i voferl, but
U7 | \Lmicok-Sect fndurs gnmgh:jg;uﬂ Dot abielo cb tipone..) "pee \
e Urioch-Svatoen Estar ::mmun-m High = Moy - Twn
Tedoh Staety High ~Switc ENd Low - SIgHe TIANAEDN curiita 57 mhge: 0 s
L uniock#TNG | 51 omawe fom Powsr ON
. Lo Lock-Puse A Swaoh Starts Low - Suttch Ends High -Singie Tranalion befors 300 meec
i1 Logie-Pyws B Swiich Statts Low - Switch Ende High - Singie Trenation belora 810 mae:
i-2 Lock-arong wiert Swrlioh Fets High
L3 Lsk-bolnce Suitch Sarta Low - Swich Ends High - Muliph tramaftions - ut any point i the oycle
L Losck-Handatop %;fﬁw-mnﬂmmmmumuu _
L8 Lock PTG A waﬁm—ﬂnhm-cmmm-ﬂmm
e LodePTC B ~Haich ey and Ende Low - Ho Fanelion - Cument Burts Righ ane drops off after 300 |
Bwich Starim and Ence Low - Mo Twnelion ~Sumerl sppew Tormal he daws mey |
L7 Lock-Siack ok be abiy to i tiseiied
L8 Losk-Sysiem Erfor | Swihch Starie and Erds Low - No iraneltion - No Powsr - No ourrant
L Uniock-liming Swiioh Starts Low - Swioh Ends High - Engla Tranaiion sfisr 81 0meas

Mote: This raport shall not ba reproduced In full without the wiftan parmisaion fom Imvensys
Santor Systems and the Product Tes] Laborstory. Test rasults relate to ¥ems tasted ooy,
Fage 7 of 7
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/132000




Product Test Laboratory
1100 Airport Rd.
~ Shelby, NC 26150

INvensys

Sansor Systems

Product Test Laboratory
Product Validation Report #: 0J-00575
PPAP
Delphi Saginaw Electronic Column Lock Assembly
Invensys Fart #: 7740-0002
Spacification #: Delphi #26050960 Chy. Leval 078

Sample Size: &

Bulld Date: 404/

Crush Rib Change

Y. Tabie of Confents Tout Results

Cover Page
Test Sat-up Page

1

2

3 Durability Test Results Ses Dotalls
4 Result Codes

Note: This report shalf not be reproduced in full without the written permission from Invensys
Sansor System= and tha Product Test Laboratory. Test results ralate to Reays testod only.
Pags 1 of 4
8668-2113
84 32000




Product Test Lahoratory
110G Airport Rd.

Shaiby, NC 23150

- Invensys

Sensor Systems
Type of Test: PPAP
Tesi Log # 01-0057h
Customer/Fart Descrption: Celphl Saginew ECL
tmvansys Fart #: 1740-0002
Test Deserindion: Se8 Balow
Sample Ske: ;]
Buik Date: 4041
Technicen; Ywade Landis
Start Datbe: I8 200%
Finish Data: 41872001
Set i condiifons and paranmeierns;
YAt T UiGeK Volage
1 9 8 22 1.7b,
2 12 12 1000 11 .
3 12 12 10,000 5 Wib,
3 3 ~TZ8 LN WD
5 12.8 g gras 0 .
8 v 142 9747 o TvR,
T 142 LN 148 o V.
] ) ] 15 2 .
Total # af Cycles = 15000
Tutal Tost Time = 533 Hrs,
Saginaw ECL Tem peratura Proflls
80
50 h(
T
$0 F
ap Fi
o :: ff x
g 20 — - G h ]
10 N, Fd
o —— . . . ] ] N . . \ .II
-18
20 Fi
T I
oy
50 -
0 T 4 § TA2 042104 118 15N 1F0 18 180 0.0 20.9 24
Timwe [hra)

Nota: This report shall not be reproduced in fill without the written permiszion from Invensys
Sensor Systemns and the Product Vest Eahoretary. Test rasufts relate to tams tesied oy,
FPagezof 4

aoeg-2113
/1372000
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Invensys

Product Tast Labomtory
1100 Airport Rd.
Shelby, NC 28150

Sensor Systems
Type of Test PPap
Tast Log #: 03-0G57b
CustomerFPart Description: Dalphi Saginaw ECL
Mvansys Part i Tr40-0002
Tes! Desoriptlen: Durabifty
Sample Size: 8
Buld Date: . 4044
Toachnlcian: Lamy Kane
Start Cate: 4582001
Flnish Dgta: 4M68/2001
First Failum
U-1 -2
Test Station u-a
Part ¥ Fal Undocis- Unlaek-
T8 | of | 0 | ooge | RelyTyee | UnleckPase | oypnnact | Rebound
[ CR-1 2 | o0 | 788 1 U SPST EFLEF] 1 [T
[CRZ | 2 o561 | &2 | L=z | &Per | 31270 1 T38|
[CR3 | 3 | 48 | &1.5 t U2 | &PET ! 38351 Y 11854
G+ | 2 | o/0 | B74 | L2 Gral 5 I I 12205
RS % | Sz2 | a1 | U2 BPET arasd z 1278 |
CRE [TB6T | 7.7 | U2 SFaT | 3554 [ 1204
Pust# unioake | | U4 U5 Unlack | -8 Unlock} -7 Unlock| U-8 Uniocks| U3 Untock| L0
Uniook- Timing Lock
ugn-ntg Hartietop PTCA PTCB | EMmctFall | Sys.Em Error Pane A
CR-1 [+] [/ L JB4E 1] 0 1] . dTe19
CR -2 0 b D 7546 0 [V 1 31248
CR-3 0 ] o B o 0 0 087
CR-4 o ) a 1 0 0 0 27810
CR-5 o o ¢ 8 o 0 0 17400
CR-3 ] g Q0 5879 o D 1 Az
0 - ﬁ B
L | B2 La L4 LS L8 Eu_ L |2
Part¥ | Look Wrong Look Lock ™ | Look Look Elect |Lock Bys. Tierdng
Fass B gtart | Bource | Herdetop PTCA FTCB Suitch Em Err.
CR -1 ] 12385 8 0 0 o o D 0
CR -2 0 18758 E) 0 0 ¢ D 0 0
CR-3 0 11718 8 ) i ] (] 0 ]
CR 4 0 12185 ] 0 0 [V 0 0 0
CR 5 b 12808 [] [ 0 0 [ 0 0
CR-8 [ 17807 2 0 0 0 Q 0 0

Note: Thhmpnﬂshlnﬂbaﬁmﬂumdhﬁlllmmmﬂm parmiasion from [nvensys

Sensor Systems and the Product Test Laboralocy. Test results relate to kams tasted only.

Page 3 of 4
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Invensys

Product Test Laboratory
1100 Airport Rd.
Shelby, NC 28150

Sensor Systems
Rasult Codax:
Switch Starta High ~Switch Ends Low
- Pam-linlock Singhs TransMon batwaan 80 and 810msat fom Powsr BN
ﬁmnﬁ-nmiﬁunmﬁﬁ (MY 13 LoW WITRN pOWRT 16 TNased
-t Uniock-Cversheat | af 850maas) Two Traraitinns (L and L->H} Trunalier: from Lew baok to High acoure
whasn Powar I8 ON [Curment =0,
ris. - High - Two and L-»H] Tranmiicn
2 Uniock-Reboutd | jom Low ees 1 High nocuss whan Powsr s OFF (Curen:
Lk Unlock-aTong et | Switch Starts Low.
Hwilch Siarts High - Swion Bnda High - No Transtions
i Unjock-Harstop :mmm%m:uuulg%#ﬁ
(121 UriooisFTCHA, B o N drer
i Unicak-FTC8 mmmﬂm-mwmmw
Ewich Slarta H Switch Ends H No Transitions - Curmand appaars. pormal, But
F | Uniook-Elact ke mmnmm?‘--mt mth-'fhumunu-hnm
P Gwich Swa High - Swich Enda Figh- Mo Trensitiors - hie Curwnl O Wiars Fan 2
= n T g S E Trga Trerel %
Ewhch Elarx High nda Low - on oratelds of mnge: (X and
h Uniock-iminp 810maes fram Power CN
L Lack-Fung A Swiich Sturie Loy - Switch Ende High -3ingla Trarsbion basam: 300 Mied
Lot Lack-Pass B Shwiich Starte Low - Switch Encls High - Bingla Tremsition befors 810 meeo
L2 Lock-mrong shet Swich Starks High
L3 Lock-bounce Do Sthres Low - Switch Encis High - Mulliple tanaiiorm — ut any poist In the oyols -
4 Lock-Hasriet Bulink Sris ad Snos Low - No iaiton -G umant remaine Figh Tor Gaeion of
{*0.0Amps) _ _ _
L5 \ ok T A Buioh Eimts af Ende Low - Ho tamsiticn - Curnind starte high s drops of afar 130
., . '
L& LowkPTC B Sur Sk . .
LT - Lock-Eleot Swikch Smrts el Ende Low « No Termkian -G et apper normal (s caws. sy
fot ba nbile to by clesdfled
(] Lock-Systam Error | Sovloh SIRmte and Ende: Law - Mo fmnaltian - No Powar - No sumant
L9 Unlook-timing Ewiich Siarte Leww - Swiich Ends High - Single Tranalion wimr 870meac

Note: This raport shall nat be reproduced In full witiout the written permission from Invansys
Sensor Systems and the Product Test Labaratory. Test results relate to iterns tasted only.

Paged of 4
Bene-2113
1372000




..::é LT

Invensys

Product Test Laboratory
1100 Alrport Rd.
Shelby, NC 28150

Sensor Systems

Product Test Laboratory
Product Validation Report #: 0/-0057a
PPAP
Delphi Saginaw Elecrronic (Column Lock Assembly
invensys Part #: 1740-0002
Specification # Delphi #26030960 Chg. Level 078

Sample Skxa: 5

Bulld Date: 325!

Bearing Grease Change

Table of Contents Test Resiits

____Cover Page

Test Set-u

Durability Test Results See Detalls

Result Cotes

Tuud‘ﬂy:_%_ Date: ﬁgi.-,;
Product Teet Lab Supervisor: 2 ocde Jyt Duw: ¢/35/0/

Tent Facilities Manag = Date: Sfsfer

/’

Nata: This repart shel not be reproduced in full without the ﬁrl:un parmission from Invensys

Sansor Systess and the Product Teat Laboretory. Test results relate to Hemns tested only. fofs
- Fage
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Invensys

Product Test Laboratary

1100 Alrport Rd.
Shelby, NC 23150

Sensor Systems
Type of Tast: PPAP
Teat Log # 01-0057a
Customar/Part Dascription: Deiphl Sagmaw ECL
Invensys Part & 1740-0002
Test Description: See Balow
Sampla Siye: 5
Build Date: 3281
Tachnician: Wade Landls
. Stant Date: 4652001
Finlsh Date; 411872001
Sef up conditlons and paramators:
. Teml® - | UnlotKVoltage | LockVoltage |-~ #Cycles. [ . Sidekead. -
1 ] g 15 22 i7lb.
2 12 12 1001 11 fi7ih.
3 12 12 10,000 LE
+ E] 128 G747 a fiflb,
3 128 8 9738 9 Wb
5 9 142 9747 Ofl., |
7 142 B grds 0 fb.
] ] 15 2z Wb,
Tatal # of Cycles = 16000
Tatal Test T = 58,3 Hrs,
Saginaw ECL Tamparatura Praflls
a9
7o
i
50 7 -
¢ 3 r A =~
} 16 e — f:
1 g + 1—t —— ’ + o
Aae ¥
28 — &tf-—
A0
4D

F 4 8 7289200 118133 188 18 188 2008 133 24
Tima {hrs}

" Note: Thia report shall not be reproduced in full wkhout the written permission frarm invensys

Sensor Systams and the Product Tast Laboratory. Test rasuks relgte 1o iwms tested only.

Page 2of 4
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Product Test Laboratory

- | 1100 Ajrport Rd.
: Shelby, NC 28150
Sensor Sysiems
Typa of Test: PPAP
Test Log #: 01-0057a
CustomerPart Deacription: Daiphl Saginaw ECL
Invansys Part ¥ 1T40-0002
Teat Dascription: Durabitty
Sample Slre: 5
Build Cate: 3281
Tachnkdan: Lamy Kane
Start Dale: 487200
Finish Date: 482001
First Failure
1R 2
Test Btation u-n
Part # Urihocit= Unlock-
| ck| = :F:;I- Ralay Type | Unlock Pass | o oryboct Rebound
I HG-1 2 | A | &0 U2 SPaT k23 B 3
Bz | 3 | 146 [ 815 | U2 BPET 5054 b 10284
B9 | 3 | o880 | &2 2 EPST 37450 ] BE81
BG4 | 1 | 5 [214] U4 araT 4203 ] T
T EGS . 7 (2 1251 L [ 11538
Part # Unlunk-u.! U4 1.5 Untock U8 UnlockfU-7 Uniock |U-8 trtack 2 Unlock| L0
ant Uni k- Timing Lock
vg:“nu Hardutop FTCA PTCE | Elsct Fal | Sye. Env Error Pase &
BG-1 D ] 0 8621 0 & o 33538
BG-2 [} o D 4D o 0 0 35560
BG-3 D o D 30853 () D D 37443
BG4 0 ] ] 3 0 D 1 42090
BG5S g ] o B ] f ¢ LTS
L4 ,_';E“ i3 L4 Ls L6 ,_';‘L Ls ::.':u
Poart# | Lock Wrong Loek Lock Lock Lock Elect |0k B7S. Timing
Pass B | "o’ | Bounce [Hardetop] FTCA | PTCB | o o Err Er.
BE-1 0 18474 0 D D 0 0 o D
BG-2 0 14381 28 ] 0 D 0 0 0
BG-3 0 12582 5 ] 0 0 b ¢ 0
BG4 D TaT 3 0 ) 0 o ) ]
BG-5 1] 11841 1 1] 1] 0 D [\ a

Nm:mmmmmmm'mmmmmnmmmnm:m
Sansor Systems and the Product Test Laboratory. Tost results ralate to Hams tested anby.

Page 3 of 4
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1100 Akport Rd.

Product Tast Labarstiory
Shelby, NC 28150

Invensys

Sensor Systems
Resuft Codes:
[ Clansifleation T oo ii mieae, re o o L RO o e s tar e e ]
Pess-Uniock ““mi”mm‘:mmmm

Siarta High - Saiteh Ends High O Low {mary and Low wiv powsT is ieeasad
Uniock-Ovarshoot | ot 850mssc) Two Transtioms {H->L. and L->H) Trarailen fmon Low back in High nocrs

vty Povear e SN % =, EAmEa
Unlock-Foabalind Furbch = H-=L and [=Hj Transdion

Num Low beck io High ocours wiven Powsr is OFF {Cumem <0.5Ampe)
Unlack-wing st Switch Stwrts Low.
Buiich Starts High - Swioh Ends High - No Translians

Lininck-Hare!ap ﬁmﬂﬂlmh#ﬁunﬁ-hiﬂ;ﬁ%
Unieck-FTCA, Switch Starts Figh - Sw ioh -

Cuizwnt Btaris High eexd then T wfter 1C{mescands
n ~Tia Trsnellons

Uniock-F1CE Cusrent Starks High s then drops off ster 200 meeconde .

Bwitch Staris High - Suitch Enda High - No TremslHors - Cu Appadry hormil,

Uniock-Elect MM | romaing high in the snd (may not be abla b do this omm. . )

Switch Harts Figh - Buiich hﬂﬂ-hmu-ﬂm&mmﬂl

Uinkock-Bywimm Ermor trareiions. -
Low - Trarnsidon outsede o7 angE: 50 and

UnoChk 8% |y oyrpeo from Powsr ON
Look-Faw A Switoh Glarts Low - Swiich Ende High -Single Transhion badora 300 taee

Lock-Pam B Swilch Startx Law - Swiish Encs High - mmmmsWM
lock-wmong siat | Swiich Etris High
Lock-bounce Swiich Siarts Low - Sutich Ence High - MuZiph FERSEINS — & &7 polat i te cyche

Tarich Yharth ar] Erds Low - No thamsition -Curtent remssns high for dealion ol et |

LockeHadsion
Lok FTC A miuﬂﬂm o Traneltion - Surment el high Sia arops oX afar 100
LeckPTC B mﬂmm No tmnalton - Zurmant ssirs figh aad dfops off i 00 |

Enuhhn- mmemr =~
Lock-Eleat uu-um‘um Fitve class may

Lock-System Eror | Swich Swarts and Ende Low - Wo translion - Mo Powsr - No coment
Unicok-lirming Swich tarte Low - Swioh Ends High - Sngle Transiicn sl 610mees

EEEEEIEEEEEEEﬁEEEEEEg

Natte: This regort shall not be reproduced in full without the written permission from Imvensys .
Eansar Systema and the PrnduﬂTananhumturr Tosl maults reigis 1o e tesied only.
Page 4 of 4
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Product Test Labaratory
1100 Airport Rd.
Shelby, NC 28150

Invensys

Sensor Systems
Product Test Laboratory
Product Vallkdation Report #: §/-0/15
Product Validation
Delpii Saginaw Electroric Cohmm Lock P/N 26053015
Invansys Part ¥ 1740-0002
Specification #; 26053015 Dated #/17/35
Sample Slza: 22
Build Data: 97i}
Page # Table of Contents Tost Rosults
1 Cover Page
— 2 Contact Resistance As detalied
3 _____Initial Charactoristics - All Conform
4 Durability Setup and Evaluation No Anomilles
5 Durability {20% of test profils] —_All Conform
& Wirs_Pull Test - ' All Conform
T Callbrated Equipment List
Tested By f Date: _ ] C1 / ol

Note; This repact shalt nat be reproducad In full wihout the writsn permission #om invensys
Sensor Systems and tha Product Test Labomtory. Tast resulls relets to tems testad anly.
Page 1017
86892113
$/13/2000




Product Test Labo

1100 Airport Rd.
' Shelby, NC 25150
Sensor Systems
Type of Test: Product Vakdation
Tast Log # 01-0115
Customer/Part Description: Dalphd Saginaw ECL
invensys Part # 1740-0002
Test Deacription: Contact Resistanca
Sample Skze: 22
Bulld Deta: 2111
Technilan: Lty Kane
Start Dats: aM 72001
Finleh Date: o/ 7:2001
Measure the resistance of tha swich comtacs,
Fart# Resiatanca “Pan ¥ _ Rasistanca
1 0,30 12 0.28
z .30 3 0.54
3 03 14 033
£ Y] : 15 034
5 0.34 18 0.33
. a ;] 17 .29
7 028 18 0.5%
a 0.20 18 [T}
% D 20 03
10 1.29 1 0.3z
19 0.5 2 0.AT
Contact Resistanca
0.280
0370 .
0.38a8 » ;-
0380 il 7
! 1

Note: This report shall not be reprocuced In full without the written permission from invensys
Sensor Systems and the Product Test Labortory. Test maults relate to kema tosted only.

Page 20f7
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Invensys

Product Test Laboratory

1100 Alrport Rd.
Shaiby, NC 28150

Sensor Systems
Typa of Tast Pmduct Validation
Tast Log # 010115
CustomerPart Descrigtion: Delphl Saginew ECL
Invensys Part # 1740-0002
Test Description: Initial Characteristics
Sample Size: 2
Bulkd Dabe; 9111
Technician; Larry Kane
&tart Date: 10/01
Finlsh Date: feda
Curramnt Draw -
Switch Foint Side Load Lock bokt Actuation
Vo 2 /b, PVt NTETA @ 25°C & ~ Time
Fat# | , Filﬁmam—- < 1234mm ¥ Extnd Retract ! NTE u?-“
1 17- 11.550 Paas 5411 4085 2285
] Tr.o40 | 12030 |  Pass 6590 | 6.685 5ms
E T7.865 12.280 Pass 5037 6.198 Z231.0rms
% | 7.9k 12,385 Pass aisz s 223.0me
5 | 17888 | 12118 Taik 447 | 45A2 211.5ms
& 17.940 12.380 Pass 5.597 54430 213.5ma
7 17035 (FRET] Faas .77 | 5.480 211.0ma
B 17.840 11.755 Pass 4070 L1} 2070
) 17.060 FR kL] Puss 8217 §.558 211.0ms
16 17 B 15180 ~ Pass 5,162 8445 235.0ms
T 17.935 11,950 " Past 8503 | 4387 548 e
12 T8 | 14.100 T Pass §.852 L1 -308 Dms:
13 17840 | 12040 Pass — 5014 g0 240,57
14 17.930 11,925 Pass 8087 | ST 228 S
15 17 905 12,300 ~ Peas 4.800 5.433 P04 5me
18 17530 T2128 Fass 573 YT K] 241.0ms
17 17.980 12506 Peas §337 | 8848 | ss.Ums |
18 {7035 | 12385 Puss AW [ 54T __ 218.5ms
1% 17.985 12,083 Ps 5011 5. 107 219.5ms
. 20 TT.008 T80 " Fass a.874 5.4 221 5ms
21 15,19 12240 Pass 4598 — Z219.0ms
-3 17.540 12.020 Peas | 1.048 | G.504 Za8.0nmm

Results: All conformed 1o specifications

MNots: This rapert ahall not ba reproduced In full withoud the wiitten panmission from Jnvensys
Sensor Systems and the Product Test Laboratory. Test ragults raiate to kams tested ondy.

Page 3 of 7
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pa o Product Test Laboratory
1100 Alrport Rd,

Invensys S""”"'“

Sensor Systems
Type of Tas!; Produci Validation
Tos Log # 01-0115
CustomerfPart Dascription: Deiphi Sagnaw ECL
Invenays Part & 1740-0002
Test Description: Durabliky Set-up & Deta Evaluations
Sample Sixe: 22
Buld Date: o111
Technkcian: Larmy Kane
Start Date: 2 20m
Finish Datea: SI26 200
R R T~
j . : — 1 Wi L i T
F] 12 [F] 00 n
3 14 12 0 7
[ [ 128 100 Nonk
5 LFE] B 1948 Hore
[] - 14.2 147 Homa
ki 142 [ I =1 Nens
] ] ¥ 3 =

Data Evaluation of durablity cycling test:
All ynits heve compleiad 10,000 cyclea par the sbowve ssiup,
Mo slectrical fallures detected during this pha=s of the testing.

Note: This repost ghall not be reproduced in full without tha written panmission from Invensys
Sansor Systerms and the Product Test Laborwiory. Test resuits ralata to ke testod only,
Page 4 of 7
30052113
913/2000
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Invensys

Sensor Systems

Product Test Laboratory

1100 Airport Rd.
Shalby, NC 28150

Type of Test: Product Valldation
Tast Lag & 01-0115
Customar/Part Dasernption; Dalphl Saginaw ECL
Invansys Part #: 1745-0002
Test Dascription; Durabilty Performance Characteristics
Samply Size: 22
Buikd Date: 811t
Tachniclan: Larry Kana
Start Date: 9/28/2001
Finish Date: 0/28/2001
Perform 20% of ihe durability Ife tast cycles (total of 10,000 eycles)
Switch Point Side Load Cutrafit Draw Lock boit Actuation Trme
EoLTew) | MTEL ST ’
Part# | . 17 55mm { « m PF Extend Rwinct NTE B.See0
1 1840 | 1221 Fass &7 4.085 282.0ms
Z 18.41 12.38 Pass 6420 | ©O.004 779 Ems
| 1823 | 1240 | Pass | 5567 | 8.242 8.0
4 18.14 12.33 Pass 8.215 6244 228.0ms
5 1614 | 1332 Pass 2451 4715 224.0ma
8 L I 5448 | 5.357 190 2ms
7 = 1223 Pass 5180 5.450 201 0o
] 8.3 | 1187 Pass 5037 | 5225 —22
] 6.8 | 12.28 Fass 8217 6.175 296.0ms
10 18,11 1241 “Puss 5182 6,581 208 ims
11 1808 | 1183 | Pasa E426 4.867 299.0msa
12 18.23 1245 Prs3 5.128 | 4.3 215.0ms
13 1B.20 | 1212 Puas LEL] 8517 239.5nm
14 %12 | 11.4 Pass gara B8.176 218.5ms
18 | 18.31 1230 Pass E18F | 513 190.5ms
18 1828 | 12.24 Pass SHAE | 5750 a4, Orma
17| 1824 | 12.3 Paas 8,884 8548 192.0ma
1 18.08 12,35 Prss E132 | 5708 215.5ms -
19 18.13 11.50 Pass Y 5.194 Z3ITEms
1608 | 1232 Pasa gABT 8371 241.5me
— 3 | 1808 11.77 Py 4.518 4.519 214.0me
2 18.13 11.77 Faxy XL T B8.501 241,0ms

Rasuks: All confonmed to apecification

Note: This raport shall not be reproducged in full without the written permission from Invensys
Sensor Systems and the Product Test Laboratory. Test resuits retete 1o iame tasted only.

Page 5 of 7
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Invensys

Sensar Systemns
Type of Test: Product Validation
Test Log # 010115
Customer'Fert Descripllon: Ceiphl Saginew ECL
Invensys Part #: 1740-D04)2
Test Description: 2.1.7.1 Strain Rellef
Sample Size: 22
Build Date: o111
Technician: Larry Kana
Start Date: 2001
Fintah Dete: Y2720

Product Test Laboratory
1100 Alrport Rd.
Shelby, NC 28150

Tha seturior neusmbly must feet sectical spacilloaicn nfe subpscting v wine ivress to w 708 minkmum pull fonce ot
» rate of EDmmiminute ary of the + axby of wire sudi.

FXETE
H"""“ \ 21.11 M. voRage to oparate with 23,12 1.1.13 2118
Voltags Oparating 0 BTG Whall Torgue OVl Voltage | Moter St Actuater
Achstor Voltage applind —Jinp Stwrt Currant Spead
Part wil Actuator it Tha echarior assambly, after | Achusin: muxd | Corment draw Tiore whel
4 a ooumaie sunning inio 2 kerdsiop In withsland shall ot D® M longer
. | Swoughoutthe - | winer draction @ 14.2Vdo, | 18Vdoappind | sxceea? iyt
_ 16Vdk oparating | must oparate of 2 mindmum af | 1o twe motar ampa at af Pde af
u':m""" rinph it —30°C b | B.SVES under all tatrgsraturs for 30 22C and ~AQPC
csndiion =] suidifionn with no skdo loud Peconds. 1EVda
appllad to tha lek bok _
. 1 Pass Pass —_Pass Pass 8.214 | 108.3 ma
2 | Pass Pass Pass Pass 6118 | a7 ms
3 Pass Pass Paasg Pass B84 [T85.5ms
4| Pass Pass Pass Fass 5328 | D55 ms
5 | Pass Pass Pass Pass 5841 | 197.5us
6 | Pass Pass _ Pass Pass 06237 | 24 ms
7 Fuss Fass Pass Faas 8271 155.0 ms
T8 | Fass Fass Fasa P 8184 | 1875ms
] B33 Pass PSS Pass 3861 | 187.0ms
0 _| Pass Pass — Puss Pass 720 | Zeams
11 | Pass Pass PBSs Pass 6103 | 218.0ms
i2_| Pase P35 Frss Pass 4307 | dSe0ms |
13 Pass Pass Pass Pass 8,154 195 ms
14 | Pass Pass Pass Pass 6326 | 2080 ms
15 | Pasa Pass Pass Pass S8 | Xms
1§ | Pam Pass Paas Pass S5ET | 1r.0ms
17| _Pass =T Pasy Pass 5S4 | 2135 ms
18_| Pass Pass Pass Pass CELT IR X T
10 | Pass Fase Pass Pass | 5074 | 202.0me
20 | Pass Pass Pass Paas 8041 | 188.0ms
21_| Puss Pass Pass Pass 6278 | 183 ms |
27 | Pass Pass Pass €187 | Z34.5ms

Resuks: Al conformed to speciications.

Nete: This report shak not be reproduced in full without the wiltten permissicn fom Invensys
SBansor Syatems and the Product Tast Labaratory. Test results mkits to kems tested only.
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Eal Product Test Laboratory
i - 1100 Almport Rd.
; ' Shelby, NC 28150

Sensor Systems ‘
Calibrated Equipment
Name Dascription D# Calibration Date | Caibrakion Dus
Lambda Power LS040 :

Supply ADVder 0A VARS10T38973 T01 51702
Somy LVDT ”“g:{;’;"“‘ |-100808 SHTD SH7/02
Snap E'I‘I'_"m Tormque Wench | TW-12850009 1179400 117801
" Tekironk 2230 Cscllioscops B021117 BHIH 8i1/02

Nota: This repoit shall not be reproducad in full without the writsn permission from invensys

Sanaor Systems and the Product Teat Leboradory. Test resuls relate to bems testad only,
Page 7 of 7
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PART NAME
Caiphi 3aginaw Column Lack Actuator
PART HUWEER
L Praduct Test Lab 20089807 {1740-0014)
Ref. Iraments Teai | Ciy. s Tuxt Racxudty ang T ; Nt
-
”&w
Lackey bi 178 Eomiormad
Bwkch Paint ¥ ™ Non Conformancs - 1 it sxtsedad -p-ﬁ'uTﬂnn F
Lockbalt 3ide fores pulout ¥ 78 | Confonmed T x
Surrant a 14.2vds Y 178 | eamarmed’ |
Hartstop | et -
Unloes hd a7y Conformed X
“Lock ¥ t7d Canfarmad X
Time Puil in gp #vac & <0G Y 176 Comiofied X
Nola
Dninc Y LFL] Non Conmformancs - F Lvite sxceacead xpa ciBeatiee, x
— Tok T | Tion Eonformanca - TT% unts cxeesded sesifcaion .
FICY ] Hum ey Tat - - _
Fllll'lE Ell'li‘_ﬂ'l
Locked Y [*] onformad X
SWITCH Pt Y T Non Commarmuames = 1 unit Excesced 3 paoiTioRton X
Lockbalt aide ferce ut ki ! Lonformmd X
urrent m 14 2¥da ¥ ] niermad %
Hardstop 1 st — .
Unioek ¥ Fr Corformad . X
R [ K ) Corformed i X
Time Pull In g Wac E40E | Y ey Tandanmed b4
Nolm
Unkek b [ r Non CanfotmBnc - o4 unis sxceeasd spediication - R
’ Lock Y 7y on T4 + 38 LnP ixcanded spaciiicaton X ]
FET] -
— X
Nom Gondormance - 1 Wl axcmtsd soeciication
¥ Corformed Tt X
Y T Confarmed X
Y L) Conformad i
i 7] Canformad x
¥ 7] Cenfermad ] X
v Fr Nen Eqn‘l'umunﬂ 1§ unhx mecaaded 5
. Fr Non Comorwan o = 30 Uit wx i ﬂn__u_un x|
EXY 7 [T Canformed -
3 .
Y A4 Candormed - X '
¥ o Rort Gonfonmancs - 1 URK SACSded 3 paciiontion x|
Y & waniormed =
Y. L] "Conformed . i
V 7! Tanformed X
hi [t Eonformed
¥ [ Eoainrmed X
| ¥ FTy Non Conformancs - 19 unily axoasded SEacil Satn X
Y ) o + 37 Unita axceeded wpaciication X |
|
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Dalphi Saginaw Column Locik Actuator
PART
26039807 (1740-0014)
-E.' TWI "y Supplier Tast Results and Test Conditiane oK | o
EEd %:
Flunger Lar,
¥ i Contarmad X
— SeAieh Paani i T E
Lockbolt wive fores pulout ¥ 7} orTforr
Currert ot 14 088 ¥ [r) orfonmed X
Ferdeiop Teit _
Unlotk Y [T Conlermad 4
Tack Y r] Comermad X
Tima Pull In & WV & 4G ¥ [y Confermed X
Nolsa '
Uniock ¥ F ") Non Lanformancn = J8 Ui &x apen n x|
Lock Y -3 Non Gomormance =47 unite wxcesded specHication x
AT Yivarmal Shook '
unger Lun
E:md i [ Conforrned X
Swikch Paind ¥ [ Eeoniormsd X
Loaokiicst side forca pullout Y q Conformad X
Currant af 14, 20 da ¥ ] Conkrmud X
Hardatcn Teat
Umiock Y [T Conformed X
Tock Y FF Conformed X
Tiena Pull In § Svez £ J0E v a4 Conlomad X
Notea
Hniock 7 o Ron Tonformancs - § units excieded spaciication X
Lock v = Wor cmm_uWE_aﬂ_ﬁg_ X
X Tt Y [T ' X
Er :
Ton '
. 4 T Conformad : X
- ~Shitoh Poirtt ¥ 7} —_Eanfanmed - X
Lockholt ul hf % Confornad i X
Zrrent at T : ¥ “ Corfomad X
) Test
g - - S—— .
Tk v ! Canformad K
T Tiow Pl In G e & A i A Bonformed [ X
Nl '
Urninex i Hon & onfonmancs - 3 Gits sxcasded X
Tock i Nun tzomiormanct - § uni & spaciicatton X
33 | Y
Loched Y Fr Canformed. X
: Ewitch ol Y : n e =1 unk ax i
Lockbolt aide forcs pulout Y r ] X
urra ¥ A4 Conformed [ X
Tamkt _
H'mhLDiu ¥ Fr Conformad X
Lok i ) Cooformed X
Tims Pull In § Vde & 40 i 7 Cardormed X
Nalsa
_ Triack i ! Non Conformanca - 5 Ll atcoleded on
Lock b ! 1]
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FART RAME
in Sensor Systams Delphl Saginaw Column Lock Actuator
’ A N
| Praoduot Tenst Lab 26089807 [1740-0044)
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o, squiramurty fran | Tmsted upplier Taxt Rasubs and Test Condiions | o | Nen
354 Y [r] ramformad T R
4.5
¥ T Confarmed ¥
Y 7] Camormad T
v Fe) Soniormad X
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¥ [+ Camomd 1
Lock ) Y 3 Canformad X
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B
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Lack Y ad Non Contormants - 7 unis axoseded ct |
Tkt
-F'H.)_E:lr Lln% - _
Loekad Y 14 Condormed
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Lockbult wite forcs pulloul ¥ FTy Uomormad
Carment at 14.2vde Y F Gomormad
Hardstop Test
Dnilack ~Y L) — Canfomwed X
(K= b4 44 Comoarned X
v Pull In - Y 34 L offorTeaa X
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‘f Product Teat Laboratory
: 1100 Alrport Road

:\lnvensys , Sheiby, NC 28150

Sensor Sysiems
Test Faflure Notification Form

Fabruary 14, 2002
From: Alan Smith

To:  Miehasl Goodzon Mark Spuning Ban Thurber
Wayne Ladbettar Sarah Flala

Report Number: 01139

Type of Test: PPAP [ V([ ] PPAPX] Inpmcess] ] Reliability
| Endurance [ | Other[ ]

Part # and Name: 1740-0014 Deiphi Sagingw Elecironkc Cantl Lock

Fallura Mods: Sea deiglly in report

Test SpacHications: See details In repert

Actual Measured Valua: Ses detolls inreaport

Romarks: Moet of the failures wera due to the noisa spacification and the

ingbikly of the preduct to comform to this. Other failures wers
svident but need to reviewed through the results of thae teating

Lot/sample siza: 161 B 181 176pc sample
Parson Contactad Michasl Goodson

To Raport Eallurs

Defects in Sampis: 118

Date of Contact : 12107801

Signed By: Mzﬂaﬁﬂ'_
Prativct Test Lab"Suparvisor

Raply from Enginesr on Falure:

Cause of Fallura:

Comractive Action:

Comactive Action Repaonsibility:
Dus Date for Comective Action: =
Follow-up on Carractva Actlon: )




¥ | Product Test Laboratory

j 1100 Airport Rd.
g | Shalby, NC 28150
® 'Invensys
Sensor Systems
Product Test Laboratory
Product Validation Report #: 07.373%
Produst Validation

Delphi Saginaw Column Lock Acivator 17400014
Invensys Part #: 1740-00/4
Specification #: Specification 426053015 Rev.25 (287496), Print 17400074 Rev.0
(06/01/01)
Sample Size; /74
Bulld Date: 167 & 194

CPaga ¥ Table of Contents Tast Rasults
1 Failure Notification Form
2 Cover Pagie
3= Tnidal Fsrformance Fallsd
] 2.5.5 Humidity Test “Faifed
/AT 239 Dust Tast Falled
1 Z5.1 Puli-Qut Force Test Corsformed
1314 2.5 Functional Test Falled
: 15-16 Z.5.4 Galt Fog Tast Falled
1718 2-5.1 Tharmal Shock 1eut —Falled~
{ . 18 2.5,1 Pull-Out Force Tast Condormed
20-21 2.5 Functional Test Falled
B %52 Vibration Test " Failhd
b7} - 2.5.T PullOut Force Test Confonmed
[~ 2528 “2.5 Functionsl Tweit Failed
[ gr=20 m [ Falled
+ 293D u axt Falled
¥ achniclan or 0
Callbrated Equipmant List
Tested By: C?F“-\ j‘-ﬂ%ﬂh '?"/f‘f?-:l..
(Technician) -

Date: o=/ %-O.2

Date: /42 02~

Product Test Lab Supervisor:

Teat Facilitios Manags

Sanxor Systerna and the Product Test Laboratory. Test reaulis reiate 1o bams textsd cniy.
: Page 2 of 32
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-aﬁ ' ™ Product Teat Laboratory

...5 1100 Afrport Rd.
. Shelby, NC 28150
- INVENSYys

Sensaor Systems

1ew

Type of Tast: PPAF

Taat Log #: ;1-0138

Customer/Part Desacription: Dalphl Saginaw Calumn Lock Actuator
Invensys Part #: 17400014 '

Tast Descripton; Inftiml Performance

Sample Sk 178

Build Darta: 191& 191

Technlcian: Alan Smith

Start Date; 11/268/04

Finiah Date: 12/08/01

4.5 Funciiony Tealing: Tha parie shall condorm te the speca. As requined and denoied pelow.

Phungsr lengih: looksd min lengih of 17.55mm
Switoh paint max length af 12 B4mm

Lowcikbak sice foros pultgt 30MM ) Suide

Curmant § 14 2vVde

Hardsiop: Orbvé voltage of 18YHc and retum volisge of #de

Lockbod actuetion tmac « 600 meac ) Bvde § =~0°C

Motas: 13Vde &) ambient temp & datence of 378 mm with 8 backpmund rolys < 41 dba with sctustor
supancad an no laad app/ld hMax noes of Sicba

Nolea
Prunpar LEngh | Lockboi Herdstop Test )
Part migs —— 1:':_3::" A
F . forca 14.3%da 0c .
Locked | Tl | pullowt imiockad | locked | @ uniocked | lockid
i ‘IMJW Bang LT Fans RLD manc L8] owh |
bl TEOBS | 12078 | P g5 Fam ] WY meec .L ] heL |
] 15000 | I;: [ Fase Fame | 2 et | Iﬁm 1)
4 L] LK) Fass 1] 5.9 rwac L%
] T 1 % Pamm Pt Foan TS maac By =:44]
[ Tr.000 | 10078 Fama [§EE] Pt Fass TPLS maac BE | BT
7 TR | 11.58 Fis Y. 5E] Fass TALY mu %] 4.3
T | 5.0 | 12 LT 815 [ ™ 5913 menc | 7% ] w3y
7 TR | 1180 Hias oS Fasy Foas I mane | T 500 -
10| 18008 | 12135 | P K] Pass o8 mEac 2N .71
n TEUEE | P | LAY —E :ﬂl 2550 s LTAD nE |
Te 1 Faus g7ar [} [ -1 Ny By
LE] % (Y] o= 913 [ “Fms E maee | oht | B
14 TR0 | 11.5E | Pam g-L-i0] Fase Faas TR0 myac 1 LT
BTN £ O W - O W W T [ T I
1 i mene
TF | I780 | AN | Pam | 48N L) Faaa® | 271.3 maec L4 ﬁ
T TTEe0 | 12310 | Fama [RFF] —_Fass Fam | 2481 meec L]
o | BA8 | 1519 Fam B58T Pasx Faa %E TaC [0 3
o | 180 | 15558 | Poss [0 Faw Pany e ﬁ__ L]
F 16000 | 12250 | P g1 T Fasa | 2605 maeo [~k
= WK | T80 | Fem LY Fasa - Fone | T8 mac Th.4 L]
| tAg | 1.0 Fass L350 Fair | Pl Al rmec | B7A a7
= | 1 2118 Fass 78 Posx T TG [TA B0 | .
L] W_T!ﬂﬂ" FE. -] m Pass T moet i?m ] 5.7
™ &510 12440 17 Fanx THLS maac ﬂ
Y TECH | 4305 Sam X} Foex Fass 257 T M =3 L

# €
Note: This report shall not be reproducsd In full without the written permission from Imveaseys

Sansor Systema and the Product Teat Laboratory, Test reautts relate 1o items teatad only. A
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,?# ' Product Test Laboratory -

LInvensys :

x i-

Shelby, NC 28150

a¥

Sensor Systems
Type of Tesat: PPAP
Test Log # 01-0129
Customar/Part Descrplion: Dalphi Saginaw Column Lock Actuator
Invensys Part i 17400014
Teat Description; Inltai Performance {cont.)
Samphke Size: - 178
Build Date; 1618 191
Tachniclan: Alun Smith
Btart Dexta; 11J26/01
Finigh Data: 12/108/04
PlungerLengih | Lackbas Hardsiop Taxt Nalea
Purt dde | Cuomant@ Tema Puli In
A auttony | faree MIVde & "2;','_.:"
Lacked | ‘Bt 1 puliout unlocked | locey | ®- mlocked | locond
2 17.570 | 12405 Fis o6 | Pasa [T T9.0 s B L X Bl
| s | TeE | P L Faas Paso mauc 337 T3
A 12143 | Pam "a.087 Faxs Pam | LS5 maec T B
T | B0 | 1240 Fasn .75l Paco" B’ | 220.0 maea BET B .E
i} s | 11.008 Fasa B4l Pass Fass 234 1 rmec ZE.7 5.5 |
3 | S0 | 11.0%8 Fam BLA Fiss | Faa | ZHAmman %] LT
- Fasa | 5004 [ Tem | Lordmaet L] 1
25} TE028 | 15190 | Fees | X5 Fem Fits TIRAC 5T L I
7} 18005 | 12955 ™ E.50% ~ Fam Pusa | 2B7.0 mmen B2h | 513
I | .50 | 18 Vauz (Xt ) Fams Fasa JEL.0 mEac W3 | 38D
| 30 1 TE08D | 1228 | Pem (L] s Fass maas .- ¥ LR ]
a0 | 1700 | =308 [ 5507 Paia’ T 2880 mana .3 1. :
] o | 12108 T ] L] [ oy 04,5 meac 57 518 |
] R TR s B Fass Py 0 ﬁ [
] LLL T O RE AL T 5135 Pt ] =8 ead . 5 E
a5 : TIZIEN | Fam L1~ Pass | Fam | 2.2 maeo oy ¥
FT] {2000 | 12558 Pam "B Faxz Pus 288 muen L&l E
45| a5 | 13248 | Pem g2 Fas Fass__| 2105 meac LR L7 K]
| T2 188 Pras 4 7] Pass Funa S maec L] 28 |
ay X Faes LA T Faxs Paza TH.0 e aH R FL ]
[ %‘ Fass 0027 “Fim T ] Y .7
[ IR EE Faia ¥ Phuk Pasd 2355 o .3 .0
W | Troet | v Faasn TAEY T Faa 105 maac 21y 2y
Ty | 0055 | 120N | Fam 8.12F Fasy Bamw | LD mees | BEe LT
TR | 808 | % Pasm EAEL] P Padl | 2340 miac [0
53 | 1000 Fam % Paks Fam pict T T %) Bo
5| B8 | 15148 { Pem Pass Fan s, e [ % Bh
TRET RGN 11840 | Pres | 6.004 Pams | Pami | 250.0 mesa oli] L]
] B0 | 1200 Fam g G Fase 50,5 e 1) -
51 B0 | 11380 P Pas Faam | SBEOmmet | K22 | B8
TR | A | roa TET Fass | am | 2538 meac 1.} iy |
[ X5 THOMS | 1200 [ LI LT Pam Z50,5 L X Y |
1] Pana (7 Pasa Frm 220,53 e %] .5
1 T I Puss k] Fast P | SAZS miet XS Bl |
[+] s [ 12 Fam [N Pt Fats 2310 mame Lo X ] Y
0 | JADRS | 1i2% Paxs L XE.) P Py NRLA mama 1.4 ]
Bl | TADNS | T8 | Paek Bad | Pl | 2W5 miac 57 T
05 | RO | 1A P (XL Fant Tait® maas ] oy

Mote: This report shall not ba reproduced In full withowt the wiitten permission from Ivensys  «
Sanaor Systerme and the Product Teat Laboratery. Teat rasults relate to Heme tested anty.~
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LInvensys

Product Tast Laboratory
1100 Alrport Rd.
Shelby, NC 23150

Sensor Systams
Typa of Teat: PPAP
. Test Log #: 01-0139
Customer/Fat Deswiption: Delphi Saginaw Column Lock Actuator
Invensys Part # 17400044
Tast Degerplion: Initial Perfarmance {sont.)
Sampls Size: 178
Build Data: 1618 181
Technician: Alan Smith
Start Data: 11/28/01
Fintsh Date: 12/08401
Flungar Largth Lacidait Hardstop Test Noina

Part side | Curentf Thom Pulin

" weiich | fores 14.2Vda e e -

Locked | TS | pullout unlocied | locked | @- untocked | locked

B o0 | 1.2 Paia B E ] T Pasa TS0 maRs oy 15 |
&7 | B0 | iy FEas Ko 5) Foma Fasa® | Z71.0 omec . EX] "y
B8 | 15055 | 12380 | Pama 8228 | Pam Pmia__ | .8 maao o5 3.0
~"59 B0 | 12240 Plaa A 168 Pay” Phia" 2100 e 53,3 B3 |

W | o | 1505 Fass (RET) Fasa T 0.8 mano ) T
M| B0 | 120 | P BT T Pem | 278 meac A TR
72 | 5,018 | 12708 Pamk [§F') Pigs Pany A0 maac a5 ®5
(73 | 838 | 1.8 Fam (A7) Foma Pom | o454 moec T =o

¥i 0050 | 122 T B114 Fem Fiss X msac LX) L]

T | AW | 1e2% | Pam | BAX | FEm Pas Z40.5 meac 6 =3 |
7 10008 | 1A0BE Pl [RFT Fama  Pos 20,1 maat 12X -

77 8008 | TLiM | P T30 Fasa Fa" | Jo80memc | SO0 | S8
T8 | THOI0 | Teadl | Pmea L5 B Fate Pona 2365 maec -FW %]

79 | AW | 10 0A0 Fass [ %3] Pass Famy AT masn . B REE
00 15085 | 14050 [T [N T | Fam | Bl.immec | 941 1 S9r.F
T 1800 | 2018 | Pasm [ 3% ] Bam | Pam ST muac B LN
T | B015 | 18 Fam & Fam Fan T mee BE | 5.1
- (12138 | Pass | 0941 | Pass Fam 2080 manc 5. =0 |

7] 8Mm T2 48 Fam (03[ ] Pess ] DL maac .11 .- I

55 | r s | Las | Pl | Sel Fem “Fam | mana | 318 | o5

") TH0 | 120G | Pum FAT) Pikyy e ZH N rmaa 541 L1 8:]
—AF s | TeAn | e Paas Faas 4.5 maac 3 L T
=8 | 17088 | 11.97% Fose v ] T Fass | S0Amsma | 548 | =573
B0 | 178 | 1.0 | P ETd Fama Paxs ol maec . RE |

{08 Has3 yAT Fads T PV E T F -1 -]
1 | oS | 3 Fase &0 “Pags Fass | 1.3 meec §5.5 373

[+ T | 1224 | Pams | Lo | Cam P MG 5.7 o]
W %_ 12518 Fass T8 Fass | Pam 257 5 mee LLE] BT |

7 [ TE04 [T T Famm | Pewm | 2275 mean [N T

B [ B0 | T Fam A P | P&l T maac [Ny (7 1)

) | 1230 | Pam nar Famm Fans e 7K 1AL
o7 | 18068 | 1LIR Faas (-] Fass Tom | oS msec | 623 1)
T | A0 | TeaE Fam 7.5 ] Tam | SGAS e [T B
9 | 00 | 15138 | Pem [ K1) Fags Fam 1.0 et o 5.0 |

g | 12100 [ 150 Fass Pata TR0 meec | W7 LT
:F‘-lm FR ] ] [ F Fazs Faw TuAmec | A8 | SFE |
0% | 17008 | 1200 Faia . Pras | PRI | o415 maec L1 [5T]
03 | TE0E | (1075 | Faw TR | Pam Pait | Ma0maec | 571 -2 %)

Mota: THig repert shall not be rapreduced In fult withaut the written parmission from Imma U
Sansor Systeme and tha Produet Test Laboratery. Tast rasults ralate to items teatad anly. #7
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® ' |nvensys

Product Test Laboratory
1100 Alrport Rd,
Sheiby, NC 28150

Sensor Sysiems
Tyna of Test: PPAP
Test Log #: 01-0138
CustomeriPart Descripton: Dalphi Saginaw Column Lock Actuator
Invenzya Part #: 17400014
Test Description: Initiel Perfermance (cont.)
Sample Sm: 176
Bulld Date: 1818 11
Technigian: Alan Smith
Start Date: 114/26/01
Finish Date: 1210801
Lockboh
Bt Plungér Langth aide Cumant G Hardstop Tuat T;:_:E:éﬂ Noisa
# 1 Looueg | 3whch | fores | 14Nde | uoces | tocked | @eart | uniockes | locmd
Point | pulfout
o4 | 050 | 1o Pass 5897 Fam Fasa 8 T manc 5.0 550
105 | 15.000 | 18170 Pose | G.om Paea Fem T MG BB.7
08 | 1E0E | aars Bans Basr | Foss (o T
W7 | ABGES | 12980 | Peaw %3 Tana Pam 2018 myag =8 1
IS RS | .58 | Ems | G5E | Pasm Pans 344.5 maac L7 %] -
08 | 18040 | 12310 (] 518 Paan Py 2275 muec 520 - | =o.%
I T Z T AL Pasa® Fass | 3125 meac ET Ba.4F
Y11 | 15.050 | 2075 | Pog [ Peas Pass | 2145 muac 5. i 557 1
1% _| 1802 | 12308 Fass &0 Paks. Fap | 2858 maec 1] LS
138 | 18030 | 1518 Pusa (R ] Fama Pac Bl ez . BE.T
14| 5.0 | a1 Fasa W] ] [T ] 4T3 manc =83 TS
I75 | ‘abas | 12¢6 | Peas | GO0k | Deay Fusx TAmeno | G058 | BE.7
T8 | B0 | 1o Fasa TET | Fam Paia T 0.9 i
T | ARCH | 122387 s Wby ] Fass PaEs’ | AR maee B %
g | 17098 | 12786 ‘Pays | ADE | Fam Pamn “H1.0 meac 541 5E.7
T | e | 12289 Pt - I T T Pats 7245 s 57.8 0.3
T3¢ | 16090 | 1550 Fasa [T Paae TRt 2000 maec L] LT
TN TR | 14428 | Pam ] Pams G A Y] L
TEZ | 16040 | 15,300 Fam1 [ Eril Peas Taos 548 moee .7 4
133 { 180%0 | 12058 | Puma | &O0W | FPau [ DAL ekl 32 5.7
124 | 00 | 1205 Fasa Fr=] Fass Foes 211.5 maec 1] R
128 | e | 12590 | Fess (XL} Tass Fam 2185 maac LY LI
BT I N A B BT O - LT N R -
T2F | 60 | 1250 ju T [0 Fass~ Famy' | s mame =¥ X
TIE | 010 | 155 | Pisk T | Pam P 7980 e 1 %] Y
T TS0 | TLa Faa LEs Poaa Pasa - | 2124 maac b e
T30 | 17000 | o | Faas | 4R Pas Paas Lm0 | B4 BT
e o R
F-] i -
i B TR | Paa |57 Pas |~ Pom T 27 Tmame [ 61T 18
134 | 0D | 144N | Pam | Biod Fama T | Sobdmaws | BT | o
BE- B EOSE __:E T 58 | Pk Saan 35,5 masc LT
T | A | Pase yoo Fase Fass | 4205 mewo Br 0y |
T3 | 17975 | 11058 Fass B0 Femw |  Pim Ton S maa: B9 .1
a3 [ B0 | 1208 P 5778 P P 57905 e .1 Z .
15 | AGH | TLs Pt %3] Pass | Fass | 3145 meeg 1]
| s | L ahs Tais LE:va] Foas Fass | 140 meme 523 o | .
a1 | 17308 | %315 | Fam LF P Fam 2735 mone e
L
Note: This rapart shai not be reproduced in full without the written permisalon from Irvansys
Sensor Systema and the Product Test Laboratory, Test results redata to itsena teated only. ™
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e ¥ Product Test Laboratory
o 1100 Alrpart Rd.
& Shelby, NC 28150
L Invens
.
Sensor Systems
Type of Tast: FRAP
Teat Log # 01-0138
Customer/Part Dascription: Dalphi Saginaw Calumn Lock Achuator
Inwvenaya Part #: 17400014
Test Desacription: Inttial Performancs (cont.)
Sample Slze: 176
Buiid Data: 1818 191
Techniclan: Alan Seith
Start Date: 1128/01
Firish Date: 120801
Flunger Langth | Lockbale Hurdstop Text Malsa
pu Y| cumme Time Pubin
" Budieh | foree 4, 2vde - are
hocked | e | puleut unlocked | locked | @ unlgcled | Jacked
a2 | 18048 | 12350 | Pam 5.0 Puss Feos_ | Zval mews LE ] EE2 |
TS [ 1750 | 1238 | Fam L& Fusa Fass | ZiZbmeac . 5
B4 ] 18035 | 12710 | Fam EE1a | Fams Fami | Z04.0 meac (1] 378 |
445 T 18080 | T ) “Pans Pam | ZXDmaac LL1 T
' a8 | 7788 | 1,530 | Pem 55590 T Pwss_ | 310.0 meee 34,1 - O
T | aaay | ~ Pam Z.500 “Paga Puas | 241.0 msan 58,7 My
5] K | iae | Pam () Fasa Fam | o0 meec ] LI
4y | 180iD | 12308 T 5,099 Fans Fwms_ | 250 mee g 4]
180 WE{%‘T_&H Fans Paas_ | 231.0meee | 537 | M3B
15| 17900 | Fazs ;m—*" “Pays | Pma | 2060 Mt 526 0
152 | B0 [ 12128 Fato W"_Pm_q: ) L E] L
153 | TS | Pam LX) Fam® | 1.0 ke .5 L
TS| 16088 | 12908 Fam KT “Fam Pass 218.0 maac T 5I ]
" 1% | 18068 | 12108 Tam [ M- Fuse Fass | 2.0 myen 2 5] A7
' AR TENS | TI0 | Pam L&) Fass | Pam | 2o 0 maac P} 37|
- 137 [ 1798 | 11.0%0 | Pam “B.ri8 Pusa | Pass | 2705 mesc e [+ %
- (T8 | A0S | 12980 | P | # RE] ;m Famk | Sl masc | 880 | B5.2
55 | 8008 |7 T Pasa_ | ZiBOmeac | 47 | E50
R I e T  mn ramm i m
Y95 [ 17 | 1Z10E | Fam T Fem | Fusa | 2438 mese L] 5|
e | 1B 122088 | Pam 5.900 P Pusa_ | 206.0 meee 540
83 17 TLEN | Faas 8071 Faes | Pars | 7000 meac K3 5T
Taa | 16008 | 12378 % BT “Fam Fask | Zob.0 mues BT T Rl
188 | 16.008 | 12410 ey ~ P Pasd | 2000 maee i 8| BLE
187 | 18.048 _1%: Pang [X:5T Tam 220.0 M o] B0
1o | S | 13 Tom (X1 “Fany Pmm | 1940 mesa e B
15 | T840 | TAER | Pam | KAET Faes Fass | 4153 msse - % I X
TG | 170 | 12500 | Pam [N+ Pass | Fasa’ | 942, maac B 0y
e e N - I+ 8
X g 1 Rt '
L T e e T
I | 10 | TNt | P :Fit k] P Pase | 2230 masc WY g5
1% | 1T Taks | K07 Fasa Taas | 2130mess | W8 | BAG |
1% |10 13208 | Pasy (i) Pas | Pem | Za0.Crmec 0.3 A
— Ratuls: There were multiple fallures for nolsa, Part # 3 had a igh awitch point. o
High currant reading hated during hard siop test.
%y Nate: This regiort shall not be repraducad in full without the written permission from Invensys
: Sensor Systems and the Product Test Luboratory, Test resuits relate to ieme loeiad gnly.a; o 32
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' Invensys

Sensor Systems

Typoe of Test:
Test Log #:

Cuatemer/Part Description:
Invensys Part #:
Test Degcripton:

- Sample Size:

Bulig Date:
Technician:
Start Data:
Finish Data;

FPAP
tH-0439

Product Test Laboratory
1100 Airport Rd.
Shelby, NG 28150

Celphi Saginaw Column Lock Aciuator

17400014
2.5.5 Humidity Test
44

161 & 191
Alan Smith
1172901
12/22/01

2.58 Humiglity Teast The actumsr must withaterd 120 hra. of sxpoturs Bme ta s maletve wmbdity of 35% or grestar, Ths
tempearatons must te varied frm 247 G 16 35° C wnd 9 Deck b 24* C avely 240w, DUty Cycla shall B 1 hr. "a2n” and 3
has. "off", Tha sempies must ba mawrtsd 0 vahicle posltion with na sida losd applled Io ook bolt. Exproaurs Bme shauld
be aqumly dvided ¥ time schinled In and ¥ ime achrisd out. Al sompistian of iopooum Bme, sasmplse moalk ba

camplatety funclionsl within 15 minuteg of remcoeesl m chamber

Plunpar Length Loekbadt Hurcysap Tast T Bulli Nolsa
Part Elde Currant P4 wun
* Swttch farce 14.2Vde & G
Lacked | “E¥IST | puliowt uniockad | locked unlocked | locked
1 TRUAD | 12188 | FPaess 8307 Pas Fawm A mean | B1E a4
— Z [ 1 12 88 anx Paza Fam pie ) X1 B
3 . 15565 | Fem .40 Fais__ | Pass | 103.0 meac HE T4 |
4 18078 | 12458 Pax BEH Pass Pz 207.E maac 455 50.7
5 GE-X71 MR PR Paad T. 580 Pass Pasa 8T meec 257 e |
B | 17.980 | 12.405 Fass B.387 Pass Py 2110 rmys) B, 1 55.4.
Fd [T “Pam | B " Bim" Dok I 5 raat - g R
T804 | 12120 | Pam [F1T] Pam Fams | 2075 maac 575 0|
& 18 12475 | Fam (X4l _Pamp’ | 2025 mmeg L] 518
1] TR | 1230 Fam [ Fus .| Fam ZD2.0.maen 575 E1.E |
T TE.08d | Pam 5324 Pass | Poms | S00mem [T v
2 | s | 15408 | Pam L) Poas Paim 15865 maac IR LT
T3 | 10.008 | 12.205 Faia 5404 Fasa | Pasr | S0 mee T L% |
T4 | JE00 | Fasa [} Farz Fam | 150.0 meea (%] AT
TE | 10 | 12418 Fana 0] Fasa Fam 1.5 maat Ty | S8
e | TAME | 15,098 Pt [#37] Foass Ty | T hmeen | 5o 60T
LFi W08 | 1295 Paxa 5128 | Pms T 1520 maec -] L+
T8_| 17008 | 12588 | Pass T.457 s Fam | 04N mesp 1] .7
8 | 4T, 15258 Fass AL Pams 2053 muna W0 [
TR | AT | Fam N S { Pas | 7505 mwec | B me
H [ ia00 Fam B4l Fans Pews | 187Emeec | 45 |
7] LT R -] Pom LAEE 2Tl =Ty V585 ey S E] 5.0

Note: Thia report ahall not be reproducsed in full without tha written parmizsion from Invensys
Sansar Systams and the Product Test Laboratory. Tost raauita ralats to itams lasted anty.

Page B of 52
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| Invensys

Sensor Systems
Type of Tast

Test Log #

Customec/Fart Description:
Invensys Furt *®

Finish D::e

PPAP
01-0138

Product Test Laboratory
1100 Alrport Rd.
Sheiby, NC 28150

Calphi Saginaw Cofumn Lock Actuator

17400014

2.6.5 Humldlty Tesat

44
181 & 181

Alan Smith

1172941

- T222/0

2.5.5 Humidity Tast The acialor must withatsnd 120 hre. of wepesss ime to g relathve homidity of 25% or grasier. The
tempataitne Mukt Dy vk fom 24 C e 287 G and the back 10.29* C avery 2ahm. Duty cyce ahall ba 7 hr; =an™ e 3
hrs. "off'. Tha asmples must be maunted 0 vahicle pastiion with no side oad sppled te loek bok. Exposure Hime ahould
b squaly ciyided ¥z Bme s¢iusind in and ¥ e avbaabeg oul Ab cmplsticn of Saposunt b, Semples musl b
complatply Angions! within 15 minubey of mmovel from chambar.

Mutipls fallures for noie.
Several parts with high current noticad during hardstop test

Phungur Langth Logkhalt Mardstop Test Molea
Part wlce Current Tima Pul In
# sutch, | e | 142vde b Aty '
tocked | THEL L pulleut ' uniocked | keked | @Y ) uyozosa | oeked

2% | EoE | '15.17!"“‘#__ 700 Pimm Fasa | 210 miec ) B3
T2 | A0S | 12100 . LEo) Paa [ ] IR B0 B8 |
2= | J8040 | 12508 Pass (¥ Fase” Fass® | 188.5 msac LAY LI
— ¥ | 8018 | LA Paay = Pasz T T8 maac 5.7 5|

2T | 1aDaa | 13.190 Fama 5aE0 Faa Poas 1510 maac %] !

28 | 1.0 | 1700 | Paea [ Pana | Feas | 19,5 msee 7Y 571
— oy | 7o | 121 Pama T Pans Fasy® | RNLOmsae | 540 1 K83 |

30| a0 | 134 [ Fuss N0 Tz Tams | 1505 maag [LK] ¥
™35 AN | 1283 Busa [ R17] Pasa Faga T manc L] £
q__ JO.0N0 | ToAm Fasa = Pess | rad | 1055 MHeg g7 (13

TRNES | 1Z4TE | Paas [ Pa" [ 158, 5 maec 7N ] 575

RO (M [ Fam | L0 VT M

3 | W_E g— “Fam [ 154, 3 e .1 [
(5 105 | 2Xm Fans ~ Paws® | MaaC ) 53.7

7 08 | T T K fj Fatt | Foas TG o] [

W T I | e Pans LE-1[1] Bana Faas roae | 404 e

T ] WE% Paas 5745 s Fuas A meme | AN LT
— 40 | 17085 | 1 Fam O Fams | Pass me8d 50.3 oE |

A | 1500 | 1In Pam (%3 Fasw® | Pam B6.0 mawa [LF -

a7 | NG T 15448 Pass [ I T Pom M i) %

| TR | TR0 1 Pam B.087 Fass Tamw | T80 meec =3 TH2

o RIS TiRE | TFas | S¥ | Fam [ Fau | TAdmsc | S | w5

Rosuls: Parts # 3 and # 77 Fad Figh #ih points.

Mods; Thia raport shall not ba repraducad in full without the written pemmissien from Inveneys
Sangor Systems and the Product Teat Laboratory, Teat resulte relate [0 iems tasted onky.
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g Z ' Product Test Laboratory

1100 Alrport Rd.
Shalby, NC 28150

Fl

® ' nvensys

Sensor Systems
Type of Test PRAF
Test Log #: M-0139
Customer/Fart Dascription: Ceéphi 2aginaw Column Lock Actuater
Irwensys Part # 17400014
Taal ipdion, 2.5.9 Duat Tast
Sampls Size: 44
Bulld Data: 187 & 181
Techniclan: Alan Smith
Start Date: 1227101
Finesh Date: 01102102

2.0.0 Dot Tatt! Purtm rmust withatand 3 e of axpasiury i eaurss dust sorfanieg o SAE J725 apeos. Tha dust nust be
agitated 5 aecorda of avery 2imi. pariod far the dumfion of the b, Dust dangly must be mesnaked at 6.033 — 0.014
gloum, Samples 4re & be moantsd invehiole posiion, and isct ime divided souslly batw et tha achated out and the
aciuated in position, After testing, accumulabed dust may B remaved by bushing, wiping, or shaking. Sampisa must be

compistely unotional ai end af teat.
Flunger Langth Lockbalt Hardstop Test Noles
Part site Current “’“;.:::':
. Guiieh | Toma 162Vde e
Locked | B0 | pullout uniozked | locked | 9T | Lniocied | lecked
1 A0 | A Pass a7 Fass Fas® | 1075 masc 5.1 LN
[ 2| 8000 | N.005 | Paea T Fam Pt | 2113 masc 55 = A
3 17995 | 12755 | Fess FL Pam Pz 157.5 mesn W.E 5.0
] 1008 | 12070 | Pams B.041 Fasa Pany 5.0 maac -1 -7 ]
g TS | 15,340 LT 5.0 Pusa” Pams | Z0N.I meac B 255
] E2 R RFELL T 218 Tz Pasn | 2.0 meec ] -
T TE0aN | 11530 Fesa LI4 Fass Pam 207 .0 reman T K] RY .5
B | Jacsd | 2080 | Pww | GarS Tesw' | Fnse | 2000 mamc 3 e
5§ | ko | 135 =T A0S6 | Pmax | Pas’ | MOmaec | 817 7
10 Faus ETT) Feaa | Fama 1855 mant BAE 505 |
11 | 18048 | 11. Fams B30 | FPaw® | Fmes 235 moac 53 Ba .
2| B0 | 1219 [T [ 5] Faxt [ 1L mane B - B]
T3 [ TENE Pasa 5008 Fese Fass | 100.0 meac [~E] 8.8
4 WO | 12.080 Pam pf:r Fass T TELE mayas LE N 5.5
B[ 17008 | Jdats | Fam B2 Fams Paas | 51.0 muac 0.7 5.1
1§ | 18.050 | 12500 1 Puem | 5.OEN Fass Fang 0.8 mee .1} L
AT | 800 | T ™ gx ] Pasi Faxs Tl myso | - BAE BiS
0| 1700 | 1=y Fama KT Fana Fass 109.3 meec LY ] Br.E
T8 | 17790 | 1218 | Pakx | B.007 “Faas Pesn | meag | BB | L0
| B0 {258 | Fam B.103 PRl Faex__ | 1950 maec T B2
(91| T | 19 Pass | G210 Pam Paes® | 100D maec 1) [ ]
7z | 180a0 | A0 | Pam A T Purs | 198.5 mesc RNy | &5
. Mots: Thin mport 2hall not be reproduced In full without the wriden parmieaion from Invensys
Sangor Systams and the Frocuet Tast Laberstory. Test rasuls redate to tams testad only.
Paga 10 of 32
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f ' Product Test Laboratory
1100 Airport Rd.
'-3* Shelby, NC 28130
.Invensys

Sensor Systems

Type of Test: . PPAR

Taat Log # HM-0139

Customar/Part Deseription: Dwiphi Saginaw Column Lock Aciugtar
Invansys Part #: ) 17400014 :
Test Deseription: ' 2.5.9 Dust Test

Sample Size; 44

Buid Dats; 161 & 191

Technician: Alan Smith

Start Date: 1227101

Finish Date: 102101

2.5.8 Dt Towt: Ports must withstand 8 hm. of sxgitsurs o course dust canforming to SAE J726 spacy. The dust must ba
uglbried 5 amconds of avery Z0min. pedad for the dursdion of the teet, Dust demsity must bs main@ined at 0,003 - 0.014
g/oum. Samples mrd o b mountad i vahite positen, end et tima dhided aqually badwesn the sriuated sul and the
aciusied in position. Aflar lesting, acasnuiate’ dust may ba remaved wmmm.nﬁng,amﬂ.samphmuih
complstely functional at and of el

Plunges Langih Lookdhn Hardmtop Tex: Moiey
Part s Current @3 - T e
2 oonen | fom | 142vde s
Locked | 0L | pullout unioched | locked unlodoed | ocked
| 18,010 | 11.068 | P B0 | Pes Prss “HRS 548 .1
18,520 | 11.080 Pamn | B | Pasv | Pau T .70 ] e
2y 018 | 15.549 Pasa L7 P P 1.5 55.8 [
3 | 17000 | 11580 | Pasm | O Faes Fams | . : &2 |
—HF [ K% | 13405 [T [ ] P Pam 157.5 - AN
38 | 7o | 1580 Fase X Pase Faan (LX) 1 o0
T—ﬁ.':!g TZ 00 Fus ] ) Pass Fass % Y 7]
% | 15017 | 1.9 T840 d ] 0.7 :
3 e | L0 Fuss [-%].1] T Pam 0.5 EEY g
T8 | 1708 | 1548 | Paes B101 Fasa Pass .5 T30 k-
ST I [ e Ead Fsas Pany L 393 T -
3 1785 | 13120 | Pam | GRA i Paig Y0 383 E
35 | Ao | 12240 Pama 7.078 Fam Pam [ -X 2]
T3 | T | 1508 | Paw Ik Pame Pass | W& | A8 | =4
T'ﬂ!ﬁ"%‘_h_- A | Pem | e | Bde | BX | &8
= | 805 | Fams [ K.+ Pase - Fam T3 173 o
I o 1 s
1B, 1 A ]
V] AL Paas Fams Fou oL L1 11 ]
3 1 1 TE04T | Pass 5100 Tasi Fam | 248 | &1 | BO1
| A1 | 194m T | “Fima Bass 135 5.0 575 |
Mustjple Talures naticed for noise

Part # 3 had kong time befere pull in tme st showed switching

Mote: This report ahall nat be reproduced In full without the written permission from vensys
Ssnsor Systems and the Product Test Labamtory. Test rasults ralate ip herna tested only.
Page 11 of 32
5888-2113
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i Product Test Laboratory
; | 1100 Alrport Rd.

# Shelby, NC 28150
® ' Invensys

Sensor Systems

Tyne of Test: PRAP

Tast Log # 010132 -

Customer/Part Description.  Deiphl Saginaw Column Lock Actuator
Invaneys Part #: 17400014

Tast Description; 2.5.1 Pulout Forca Tesd

Sample Slza: dd

Build Date: 161 & 184

Teshnician: Alan Smith

Sinrt Date: 01/04/02

Fingth Data: 0110402

: 2.5.1 High Pullout Force Test: Test the actuatar for 3 cyclas in both directione while having a 45
NM (33 ft4bs.) appiiad o tha shaft Inck. Tha plunge: shad pull out with a valtage of 9 Vide apphed
at rpam ternperaturs.

Pai# | SAfiiba. CW | 33 fidbs, GGW | Part¥ | 33 Rlbs, CW | 33 fi-lbs. COW
1 Pass Fass 23 Pazs 5
) 2 Pass Fass o4 ~ Pass Pass
' 3 “Patk Paas L3 T Fass
: K Pass Paiy 28 Patx ~Faaa
5 Paas Pass 7 _ Pgag Paze
B Fass Pass p1 ] Pans Fast
B ] Pass Pazg -] Pass “Faga
3 Paas Pass 30 Pass —Pass
[] Pazss " Pasa 7] Pa3a Pass
10 Pass Pass 32 Pans Fasy
i Pask Faas 33 Fass "Pe=s
12 Paga - Pase 34 PHza Fass
3 Fass Fass 38 Fais Pass
14 Fasa Fass 36 Pasa Fass
15 Faas Patz 37 Fass Fass
18 Fass Fass 38 Pass Pass
7 Pass Fass 1) Pass “Fask
18 Pass Pass L0 Fas " Pass
T8 Pana Pass 41 Fass Pass
20 Paza Pass 42 — Pans " Pass
I3 Pass Fass 43 Pass - Pass
= Pasa . Pasa . Pass Pass
Rasulis: All parts conform to test spacs.
Y

Note; This report shall nol be raprogucsd in full without the writtan permission from lmvenays

- Senaor Systamas and tha Product Test Laboratory. Teat results relate to itermns tested anly. n’fa!.
- Pegw 12
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' Invensys

Product Test Laboratory
1100 Airport Rd.
Shelby, NG 28150

Sensor Systems
Typa of Tast FPAR
Toeat Log #: 01-01 39
Customer/Fart Cescription: Delohl Sagiraw Column Lock Actuakss:
Invensys Fart #: 17400014
Tast Cescrption: 2.5 Function Test
Sampie Size: 44
Bulid Date: 141 810
Technlzian: Alan Smith
Start Data: o1/1502
Finish Dats: MM 702
' put Flurger Length Lu::h;ult e o Hardehp Test Time Pullin Kolnw
* auticn | foree | 142vde - yyeiy
Lecked | noint pulout unlocked | lodked wniocked | ook
7 T8.048 | 12.085 Fan ] Py Faxa 2505 myse [T} 54.5
I TEOB0 | 11.540 Faxa 8141 Faxm" Paix 2079 maac X 58,7 |
3 Tr.005 | 12.048 Fazs 5100 Fam Fan 2.5 maac LR L N
r 18.0 2 Foss | Bi7F | Poss | Paw meae | 598 | A0 |
g TBOE0 | 13,158 Pass [ Efpd Fass Faas mEaC L8] 1A ]
3 17000 | 12785 | D 5. Pum Do’ | TGE 295 57.9
4 18538 | 17.55% T [:X:TE] Fass Fam | msae A 7))
! EC40 | 11,980 Pasy T PagE" mase | a8
] WHI0 | 1218 [T [F=F] Bnaa Pam 2104 maao A 5.1
10 1700 | 19, Fam BA7Y Faan Fara TS masc 21 L
11 8010 | 11.889 P H.378 Fam Fasa 2040 meec -] 53
2| 16035 | | Pom 7404 Fam Pess | 1050 mee -7 ) 23T
33 | Tr.08% | 11018 Pass | A017 | Pass Fass 0L 5 T o] 81.0
4 | 16005 | 11.815 Fanx 7303 Fam Fata 07 . T .0 ]
] o | 12170 Paaz — BN Fasa® Paar® T maac e A
8| 150eE | 12108 Pass T Fass® Baxy. | 205 maec | oo #1.0
7| 1008 | 12088 Py B0 Fusa P WEL5 mesd LX) oa
L] BEFAR[] Fass [ KE Fean® Paes | 1o0Smeed | 968 ;
13 A TZL0aG | asa | 3 wer_ | Fam | 197.)maec X] £1.4
20 | 1500 | 14.580 Fata [ L :-u E T30.5 maac L] [
21 1700 E 1 0.8 Msec ¥ 51,0
—S Ty = 5% TR L I

Note: This raport shall not be eproducad In fsl without the written permisakon from Invensys

Sensor Systems and the Product Test Laboratory. Test resuits relate Lo tems tested onty

Page 13 of 32
8869-2113
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.pﬁf‘j Product Test Laboratory
2 1100 Almort Rd,

9 % Invensys Shelby, NC 28150

Noia: This report stmll not ba reproduced 1n full witheut the writtan parmizson from invenays
Senaor Systarns and the Product Tesi Laboratory, Tast results ralzte to itema testad only.

-Sensor Systems
Type of Test; PPAP
Taat Log # 010138
CustomerPart Description: Dwiphl Sagirmw Column Lock Actusber
Invensys Part #: 17400014
Test Degcription: 2.5 Function Test
Sampie Size: 44
Bulkd Deta; 161 & 191
Technician; . Alan Smith
Start Date: 0/ 1502
Finlsh Date: 0117102
Plungar Langth Lockbalt Hurdsinp Tasd o
Part sdn | Curem @ T
# Skt | Yorce | 42Vhe 9 10vac
Locked | PO | puilow unlocked | fockad | @~ uniocked | lockad
= | 15505 | 1.0 Pam LEET] FPass Paoa 200.0 maac ME [
S E0S et | Faa | A8 Pa | Foms meee T W0 | 07E
"33 | 1706 | 12510 Pax 7.8 [T Fasd | 180.0 maac BEE [~}
| 0 | 14310 Fass L Fasy Fas L mbec 7.1 6.2
TF | B0 | ta.0iE | Pass LIk Pax Pz maaa L") BET |
o8 | 17548 | 12trE | Pam aree Pasa Pamn | 201 Smoac | SN0 | SO
“20 | 17980 | 11.5¢ | Fewa | 5891 | rPeea Fass Winees | 556 | 50 |
| 17585 | 191595 | Pan T8 | Paas | Pamr | W8Smea | S0 | M2l |
3% [ TR0 | 1ok Fam 5205 T Pamy CETT Wi |
& [ TYsE i | Pam [FL] Peay Fas | 1573 mee M5 5|
3% | 1raen | e Poak [N=] Pl Faa | 2085 mam . 31] .72
T :;% =R Paoa Fusw” Poes 045 e 0.7 5%
= TTZH0 | Pass TN Pacs | Prea’ | TOLE manc Lich) L
38 | 7.0 | 12180 | Paas Sy Fas Fams | 2020 mmac B2 520
B L %E“"%“F
5 1 . [T i -

W | TE010 ) 13080 | Dass g Fasa Fam T, maeo 58
SRR ] Pani ] “Fats | Pesn' | JBHOmEsc | B34 - A~2
31 | 17000 | 15.008 | Pam B2A3 Patw Fam T60.0 naat B 7%
CHEE028 | 12.080 | Few EIE Faan | Puma | OiGmman | 408 | BEZ |
-8 1?.?"15%""1&"“_!:5_ Faaa Faas | oaSmasc | B2 | BO& |

4| 1am0 | s (3.7 Pars Fass | 220meec .7 L5
Feoaults: Part [ A
Swversl fatlures for high current and high noise.
High curvent readings noted during hardstop test.

ii“j _r“ ok VNG " O e e 1Y

Page 14 of 32
2668-2113
a1 a/2000




I Y

Invensys

Sensor Systems
Type of Test:

Tast Log #:

CustomesyPart Duscriptian:
Invensys Part #

Test Description:
Sample S

Buikd Date:
Technictan:
Start Datba:
Finfsh Ciate:

Product Test Laboratory
1100 Alrport Rd.
Shalby, NC 28150

PPAP

010138

Dalphl Saginaw Celumn Lock Actusior
17400014

2.5.4 Salt Fog

Ad

161 & 191

Alan Smith

120501

12/08/01

284 ault Fag: Parts shak withetand 24 houm of aepoyurs ima to & 5% nautrad celt fog ot 35" C. Parts i= ba mzuntsg in
vahicle positon. Exporss my shoulkd be squaly dividhed behwean e (Dckbal i and i leshbak sut. At completion of
expaiT v, samphes mt be compietsly funcional, and rmein funclianal witer drying.

Plungar Langth Loaidwal Hardztop Test Noias
Pt sids | Current@ “;;m:“
Lockad Pkt pulioart wt bezhoud focked - wnlecked | lockad

a5 § 6078 | 18,370 Fuss [E Y] Paxs Pass 10,0 mesn 5.7 5.7
T B8 | 185 | Pams B.OE Pama Pass T2 maec 571 [ K|
47 | 3130 | 12838 | Fam LE:744 Fasa Pass mase 8.2 W

a8 | 10450 { J2480 | Pasa | &.3ar | Fmse Pass | 232.6 mswg 5.8 54,5

& | 0.5 | 1= Fam 53 [T - 21N e L 4B
& | 13.133 | 12720 Pama 5.738 Fma Faaz | 2015 mec .7 .
830 | R0 | T 324 Pass Pame | i wasc T 803 ]
&7 | 16375 | 12480 | Pess | Ea0Y Pats Pl | 2050 maec 3 38.3
[TEY | B2 | 274 Pasa 7.0 Pana Bosa mesc B 537
— 8| R | o Fany [: B Fany Paax’ | meac | AT | TR
X | e.08 | 1208 Pasa | 0.0 Pam Fons 2.3 maec A Bl |
B i EFE ] P .05 Fans PEEE 290 B masa 05 8q
57 |1 1230 | P 5310 Facy Paae | Zigomeac | B8 =3
T | 18100 | 12310 P [ XEL] Fom Foas 0.0 myss L3N [EE]
-] IS | 1230 Frss kT Faxs® | Paxs a8 masa || 521 -]

o | 18,186 | 1278 (2T B12 Pass Fana AL maec 3 20

# W | 1249 Pad [ KL Fose | FPams 221.5 masa 1] [FK]

-] ToZ8E | T=410 Fasa %) Pass | Fais 2135 B 5.5 E;
8| b | 1188 | e a.200 Pa Pasa | 2055 maac 541

-} EEN | 1508 | . Pasa 5.008 Faas Fase T2 Ewae [N ] LY.

B | by | e Fasa L5 Fams | o | 2150 maec =¥ BE |

{5788 | TINe | Peee P Fams Fasa | 2770 maac 5.4 BE

Mote; This report shall not ba teproducad in full without the written parmission from [nvenays
Senaor Syatema and the Praduct Test Laboratory. Teet reaulte retate to itema tested anly.
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Product Test Laboratory
1100 Airport Ra.
Shelby, NC 28150

' Invensys

Sensor Systems

Type of Test,

Tasai Log #:

Customes/Part Dascripfion:
lmvangys Part #:

Test Description:

Sample Skza;

Bulc Date:

Technician:

Start Date:

Finish Cala:

PPAR
010130

Daiphi Saginew Column Logik Actuaior

17400014

25,4 Salt Fog

44

1687 & 191
Alan Smith
1205001
1Z2H08/01

2.5.4 Sak Foge Parw shall withatand 24 hours of sxpesurs Tme o a 5% noubal sxil fog ot 35 C. Party 1o be mouttsd in
yahigis poehken. Exposurs ima shouid ba squaitty divideg betwaan 9 lockdall in and the lockbal cut. At compiafion of
A4oEUra fima, sompies must Bs compluialy functonsl, and remain furcional ader drying.

Plunges Langth Lookbalt Herdxtop Test Moice
Punt sdn | Current@ ";';ﬂﬂe‘“
¢ Guwkch | 1o | 142vee @ - e
Locked Point prlout unlocked lockud uniocked | |ockad
™87 | 18,938 | 12440 Fasé | B.a0Y Pais | Fass T ] LT
[ BE | 8920 | 11E% Fil [T Pl Poaa T8 0 e ] 22K
| 50 | 125 Pais =080 Prn Fars e L1 CLY
70| 18185 | 1225 | Paw 7.068 Fias Fats | A0 mamo E4.5 ST
Ti_| 308 | 17405 | Pam EY: T Fam Fams | 2374 mase £92 ELT]
72 | 18178 | 152348 Pasy A% Paps Fusg FIELL 56,5 57a
] 005 | 11.080 Paba .50 Pk Fas FTEE et LT} LTH]
74 | VET18 | 12908 | Pems BT Fass Fame [T M 1]
75 | 16200 | 12955 | Famy | Kpay | Pam Fasg | 2271 mysc L] L34
i 1815 | 12220 o i Pagk Pos 232 0 e 58,3 B |
T | 10048 | 1945 | Paw &1E Pz | Fose [T Z6.0 - %]
T | JB.10 | 1250 | Pams LY ] Pags® Pasy TN mana LAy (il
Ta_ | Ta1%0 | 1480 Pass o.04% Pt Paos | 240.3 meac %33 Eoik
B | a0 | 12858 Pasy. | 788 | Fmes | Pam | 3413 masc =EER
LY s | T Faui — Sy ek [ P00 e ] L
52 40 | EmB Pam. . L | Pax Paws 23008meec | BED ]
= | 18000 | ] o (15 Fany Fass | 2203 maec 31 | .y
g | 1| 128 | Py EORT Pass Paey' | 2378 misa [T BAT
~ o | 0G| 120 [T Tk "Paxd Pasa | ZIB.0 maac )
B | 100 | 1588 | Fam (-] Fam Fazsa Y meec BE | 47
85| EDES | 12708 | Fene LA Pezs Fass | ﬁj [ 578 5.7
"Resuits: Mulfipis Tallurea for nolse. o

Savaral paris noked with high crrent during hardstop ieaet. .

Mote: This rapaoet shall not ba repreduced In full without the written pemisalen from Invensys
Sansor Systams and tha Product Tast L:.hnrltury Tast results relats o lems teated anly.

Fage 16 of 32
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A Product Test Laboratory

i 1100 Airport Rd.
E Invens . Shelby, NC 28150
RS ! E
Sensor Systems

Typa of Test: PFAR

Test Log # 01-0138

Cuatomer/Part Dascription: Dwiphl Saginaw Column Lock Actuater

invensys Part #: 17400014

Teat Dezcriptian: 2.5.7 Thermal Shock

Sampia Size: - dd

Build Dats: 181 & 191

Tachnician: Alan Smith

Start Data: 1210401

Finish Date: 1226/

2.5.7 Themul Shock: Parks must withedyng 10 cycias through the following termel scheduss, Scau pare & —0"C ior 1
houwr. Aemove parts from chambar and ailow o wem gt room mperdture for & minetes. pary should be Sytisd lodk —
unkock whh na ioad % $vde during warm-up, Soak parts 3 B3C for 1 haur. Cycla party leck ~ unkocy, £ 12 8V e during
thim parod. Remova parts from chamber and aliow o ool wl room tampentiura for 2 minye before reuming i sosk @) -

4G,
Flunper Length | Lackbolt Hardstop Teat Nalsa
Part side | Currant@ “n"‘; Pudlin
¥ Bwttah | Toree 142V i
Locked | R | pulleut uniocked | locked | B unlocked | lockad

45 | 15080 | 15080 | 5B ~ Pem Foee 207 1 meecr 57.8 55.3

@ | 18130 | 13.008 | Pam 8121 Enrs Fan TTEE maac 0.3 518
47 | B | 12418 Fam | 020 s Fasm 2150 meac T4 N LT
48 | el | 120 | Pam | 02O Fam Pazy 7915 mesc [k [TX]

3% | 18 [ITHE | Fam a070 Faas_ | 1173 meac CHES
5 m140 | 1Ea1a P K] Pam Padd 1525 mean X 54,8
= W25 | 12600 Faa | BZ Fass Faas TRaL A 8.3 )

22 | 18145 | 15180 [ B.711 Pazs | rass | JoOlrmaec 530 |
L | 15180 | 110 [T [ F:IT) I [ 18 E meec z | 1T]

54| 1615 | 12200 o T T Fass | Fam S07.0 mee g: %]

[ EETT IB.140 | 13480 Pass 5113 Faw .| Pam ZZTAmena | AGZ | Bk |
56 | JET1S | o040 | Pam | 75N Fasa Pes™ | 57 3 fiwine % BT
74 : [~ 1T.935 Fema |- 5087 Pan Pess | cai.0 Maan 271 57 |
I8 | 19.088 | 12340 s [ X100 Pam Fes 2245 muaa [ K] L=<l

28 | 1510 | 1.8 Fass™ | 5007 5T PEis <11.5 TRBt .7 )

By | BEE ] Fasa ¥ o Fam Pawx | BT manc | 488 | EL0

Bl | 8.8 | T4k | Pata AT Pas Pant X100 maaa FiL .Y
B2_| 181a0 | 1258 | Pan e Feas Pass__| 2005 maec 303 BT
& | A | a3 Paam LEa7 Fase T TAT.0 maad 5L.E LTX|

& | T [ TeTs Fam LA Paai | Pas PR misc [ A} .1 K

[EE | 18208 | Fam [-F-%] Fam Fas T maac | 0 T
& | 1819 | 1.0 Baax BN 1 Pam P 23X, 0 maee 5 %] - )

[TEF | J6.040 | 12548 Fass (¥ =] Fizy' Piss .o | B | A |

MNaota; Thia repont shall not be reproduced in full without the written parmizsion from Inveneys

Sensor Sysiems and tha Product Test Laboratory, Test rasulis relate to tams tasted onéy.
Page 17 of 32
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A Product Test Laboratery

1100 Airport Rd.

_Invensys

Shalby, NC 28150

Sensor Systems

Typa of Teat PRAPRP

TestlLog #: M-0139

Customer/Fart Description: Deiphi Saginaw Column Lock Actuaion
invensys Fart #: 17400014

Test Descriptlon: 2.5.7 Thermal Shock

Sample Slze: 44 ]

Build Deate; 161 & 191

Technician: Alan Smith

Start Date: 12M10/01

Finish Dale: 12726404

2.5.7 Thermad Shock: Ports musl withatand 10 cycles thrmugh the following henmal achedue, Soak parts @ -#0°C for 1
hel. Remove pars from chambar and Sl 1wl At room bampemiurs for 4 minuleas, perts shoulkd b cyclad iock -
unlock with no ioEd § Bde dudng warm-uge. Soak parts § 85°C for 1 howr, Cyde parts 1ock — uniock @@ 12.8vdc during
this pariod. Remove parts from chamber and alow 0 cool Bt room tempersturs for 2 mnutes bafor rabaming b acek £ -

gl
Plungar Langth Lackb pit Hardetop Test Thnm Pul In Nglem
Part slda Curtent @ £ Ruvole
# Switch farce 14 2o 0 _' ke
Locked | "o pullout urdcches | |ocked unlccksd | Iocesd
BE | 18.175 | 11585 | Pass B2 | Pass Pass | 220.5 maac =8 £33 |
69 | 18.145 | 12.085 Faay E.280 Fem Puan 215,53 mwet LT A
70 18710 | 11.055 Peas [ ~ Pams Foas 2130 mpec a5 2 a3.3
kil TR | 1.5 Py &IOR8 Fass Pans 2525 msec a7.7 1]
7e_ | 18988 | 12185 | Fawa .180 Fam asE_ | 2205 meaa aTE 832
73 | TAZEE ] TIVO0 | Pams | 6217 | Pam Pama | Z28.0 maac 487 0.F
74 | 18080 | 11.806 Fass 8.767 Pam Baos mang 0.5 ]
751 19.235 | 12175 Fars 51X Fasz Pass Z14.5 manc 473 3F ]
I~ 1 8.34% | 71810 |  Fnexs BRI Faxx Pam- | 2208 miec ) 22 |
T 18115 | 12043 Fass &0 Fasa Pazz 0.5 mEnc L] 235 |
T 18190 | =8k Fazs L il ~ Pama Pas 1.0 maec 401 - v
T3 | 1B a8 | 12080 Puss B.237 Paia Pass | 234.0 maac 485 =
B0 | 19.240 | 11.955 | Pems 8,568 Pags Fazzs" | 230.5 mw 518 522 |
BT _J 10175 | 1205 | Fass G248 Fass Pasa | 2711.0 maee 03| 5
BE | 18.155 | 11.500 Pass 5558 Pasa Pess | 215.0 manc AE.E 485
B3 | 1050 | 1160 Fana B . Fasx Fams 5.5 mwe 515 55|
B 8% | e Pau | S0/ | P Fuse .5 e 5. R
B6_| 15170 | 11.040 | Pats &5 Py Faas | 2J6.0 mena 0.7 515
58| 15545 | TIONE | Paa E._‘Iﬁ Pasa Pass | 207.5 meec Ty )
BF | 18.135 | 12.0%0 Boux f. Fasa Faas | 212.5 maac =D B, 548 |
A 8140 | 11.55% Paxs 7. 17‘! Pazs Pazs” moe: an 3 o

Resuits: Multipia parta failad for high naoise.
Saveral parts notad far high currant durtng hardstop test. Parts # 51 and # 56 had long

lag lime before switch was seen in the pull in taat

Note: This raport shall not be repreduced in full without the wiltten permissien from Invensys
Sengor Systoms and the Product Tost Laboratory. Test rasults reiate to items tasted only

Page 18 of 32
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f Product Test Lahoratory
1100 Airport Rd.

| Shelby, NC 28130

nvensys

T

Sensor Systems
Type of Test: PPAF
Teat Log # -0
Custormner/Fart Description: Dalph Saginew Column Lock Achvator
Invernays Sart #: 17400014
Test Cezeription: 2.5.1 Pullout Forne Test
Sampis Size: a4
Bulld Data: 181 & 181
Tachniclan: Alan Smith
Start Date: 01/04/02
Finlsh Date: o102

2.5.1 High Pullout Foros Tast Taal s actuninr for 6 opalas In bath Sireatong whils havieg & 45 NM {33 $-s.) spplac 1o
tha aharft ook, The plnger shill gl oul with a voitege of $ Vo appled at room lmpsabire.

Parid | 33M-s. CW | J3fi4ba. CCW | Part ¥ 33 RBs, CW [ 33 filba. CCW |
45 Pass Pass [74 Pass Pass
46 Pass Pass 63 Pass Pass
4T Pass Fass ] Pass Pass
a8 "Pasa Pass 70 Pass Pass
49 Fass Pasa 71 Pasa Pass
50 Fasn Pass 72 Pagy Fass
51 Pass Pass 73 Pass “Pass
L} T Pass 74 PRis —Pass

i "Fass Fasa 5 Pags Pass
2] Fasa T 78 Fazs Pasa
55 Fasm Pass 77 Pass Pass
56 Pass Fasa 78 Paes Fass
57 Pass Paks 79 Pass Pass
£8_ Fass P — 80 Fass Fass
59 Fasa Pasa # Pass Pass
[ Pass Fass a2 Paas Pass
1 Pazs Paas a3 Pass Pass
Paas “Pass 54 Pess Pons
(E] Faas Pass a5 Pass Pass
5 o Pass % TR —
83 Pass Pasa ar Paga Pags
[ Fass Pasa 80 Fuss “Pasa

Resulis: All parts conform o test specs.

Mots: This report shall not be repraducad |n full without the wriiten parmission from Inveneys
Sanaor Systams and the Produet Tast Laboratory. Tast rasults relate to tems tested only,

Page 19 of 32
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9 invensys

Sensor Systems

Product Test Laboratory
1100 Alrport Rd.
Shalby, NC 28150

Typw of Tash: PFRAP
Teat Log # 01-04138
Custemar/Part Dascription: Delphi Saginaw Column Lock Actuater
Invansys Part #: 17400014
Tasl Deserintion: 2.5 Function Test
Sample Slze: L)
Bulid Dete; 1671 4191
Technklan; Alan Smith
Start Daxte; 01/1852
Finiah Date: 1M P2
Flungsr Longth Lockibalt Hardwtop Taut Neipe
Pt side | Curmnt@ T:‘: Pn
’ Suhteh | Torew 42Vdc ©-i0C
Locked | "o =7 1 pullout uniocked | locked uniotied | locked
[T TS | 12.540 T (] P Fams 2745 i ] 5.7
48 | 18115 | 12.088 | Pesg | F: s Emu:: L1 50.8
47 | 18120 | 12405 Pagy ] Fam PFama BTN manc 5E.6 585 |
a8 | 10140 | 15.10% Fana BZ4E | Pam Pama | 207.0 mBat 501 LE %
a5 | 19 [ 1Z0a% Fans SEHT Pasa Pasa 1528 masc ] 82D
50| 13940 { 124 Fass R[N Fass Faso Z19.9 mEet 124 ¥
4] 151505 | Poat 8415 Pass Pras 29,0 mese 5.4 1Y ]
(& [ETe) | 10540 | Pesa (5] Pius Pas | 2150 muso 1 N -V
53 | 16190 | 13.115 Pres [ k] Pasa” Fass N5 mase 4505 T
54| 18000 | 12088 P TR Puas Fask Y meac 4] .o
RS | 18100 | 12.040 | P Ty Fags Fasi | Ji4.5 masc 500 =a
=8 | &40 | 1188 Fave .188 Pam" Pass 225.0 masa B REH4 |
57 | 18988 | 12108 | rass 17 1) Pasa Fams | 2780 mase SH7 mn2
5 | 8050 | o5 | Pam Pam Pemt 2225 mmac XA My
7] BEFAL Fam BE27T Pas Fame e T [ E] =g |
o | B3 | 124W Pasn | &J0 Pacs Hess 212,10 meec [1.7)] X0 |
H 1507 | 1507 Foss £03 Fam Paon 0.5 mmac 480 51.0
[ &2 | 18930 | 1358 Fass E.008 Pass Foss_ | 220.0 maec 301 a0.2
13 | 18.000 | 12085 Pays 87 Fass Pass 3 MedG %P 4
B4 | 10,108 | (o050 Faa .75 Paxs Bows 2050 miac A5 | BEd
B | 5108 | Tac Femz | 0.0 Fass Fass | 100.3 msec L)) =T
EEEE - BT Pams B34 Py Pz 211.5 maso =X B4 4
87 | 15.008 | P 6.3 Fast Paay | D045 meat = L

Note; This meport shall not be reproduced in full without tha writtan pecrmiaalan from livenays
Sonscr Sysiems and the Product Test Laborgiory. Test maulbs ralats to itama tested only.

Page 20 of 32
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- Product Test Laboratory

| nvensys

Shalby, NC 28150
Sensor Systems

Type of Tast: PPAP
Teat Log & 1-0139
Custorner/Pan Cescription: Dalphi Sagirew Calumn Lock Actuator
Invansys Part ¥ 17400012
Taat Degerption: 2.5 Funstien Test
Sample Size: 44
Bulld Data: 181 &1
Tachnlctan: Alan Smith
Start Cate: 1802
Finmsh Cate: THT02
Plingew Langth | Lockbed Hardilap Test Nal
Fart sids ) Current 3 “mdl“ -
, Switoh | foree 142vde @-c
Locksd | "o o puliout unlopimd | losked unbsehind | bocked
T 8E | 18180 | 11945 Pasl Egr | A Pk | 200N =E | A0
o8 | 18116 | 12008 Pase 8,09 F': Pass 1 ::: 49.0 35.0
v [ E0s0 | 12088 | Fam :B-- Paan Pax SO0 meas L] L+ X
71 | 1090 | 11.510 Ban 053 P Pasm meat | 488 | B0
72 | 18155 | 12,135 | Fasa 5535 Pass Pasa | 2i30menc | Seb | S0 |
73 | 18,208 | 11.785 Fass a0ed Pas Pasa ZTRLE meac 50 =i
L] T8.085 | 12003 Fass | G50 | Fam T S meac | 483 E ]
T | 15768 | 15040 ;:n T AN _":u :ﬂ T50.0 maan 43.; -2
by | 100 TLO1s T =1 I
a0 | T | Pam— e BT Fas—Fais 5Tk b murs ;
™ | B30 Pama A 1] Pass “Pads i T T 151 ¥
Y 1 18470 | 11,965 Prm T3 Pais Fams mead ]
9] 18980 | 11.88% | P 223t Fmax | Pam 2125 rmea [+ 1] T
1| TRGAT | 11.000 Fam [F¥i] Fama Fase 207 3 meec -] L+ 3
- TS0 | Fesk (0 Toes Pam | 2eobmasn | ArE | ALZ
Ay T NS | I | Pae | i Baed® | Pam 218 5 maat K| g
M| 18, ] Tass [FiL] Pass P | SSilmeec L]
(TEE [ 1B030 | 12070 | Faee Rl Fuse Fagi | TI0.0masn 80,7 0
TXE | TB.265 | 1207 Pila -5F PR Fass® 211.0 maac 5.5 LiF2
By | 8108 | 11,070 | Paas 51 Fam Tass_ | 250.C mesg -2 X:) 2 )
E%‘—ﬁ T4 | TR | Pk ERT | Pam | Pms | 2M0mesc | 307 3K
sufts: Saveral parts had high cument readinge.
Sevanil noted with high cument during hardsing test,

Soveral aing ncted with fallures for high nolse.

Nots: This raport shadl not ba rapreducad |n full without the written permission from Invenaya
Sansor Sywiems and the Produst Test Labaraiory. Test results refate to kams tastad only.
Page 21 o 32
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3 ' Invensys

Sansor Systems

Typa of Tast:
Tast Log #

Customer/Part Ceseription:

Invansys Part #
Toz! Description;

Sampie Size;
Eulld Date:;
Tachnician:
Start Dader:
Finlsh Dete;

Product Test Laborztory
1100 Airport Rd.
Shelby, NC 28150

PPRAR

010138

Delphi Saginaw Coiumn Lock Actuator
17400014

2.5.2 VbratignTast

44

181 &1

Alan Smith

1215801

010452

2.5.2 Vibration Test Taat per ETE =7141 =¥ tha siactrical actuater axsambly, aomponant vibredon tesk  Faris to
pariorm ki funcioral tasting dpacifizstiond sfier vieation i don,
A For SAE sine vibrabior, the freguency range s o be from 1040 55 o 10 Hz wih & Inear svweap pardod of 2
mirrstes par cycls, Excursion anall be 1.0-mm pask i peak cver the artive frequesicy reies.
B. For rennant search, tha fraquancy mngs B io be varisd fram 10 ko 1000 Hz xt o s sessp abeof 1.0
octavaaimin. Feadback accalammetars are 10 be mounted drectly o tha part.
G Each sampis b to ha vibrtad in sach of 3 mutually perpendiader planes for & hours sach plane,

Plunger Langth | Lockhoit Hardetop Teet Malse
Part slda Cumant G T'F.“;?w"::"
. Bwiten | Brea | 342Vde @-%C
Lacked Paint pullout urdocked | locked urdacked
20 [ i7.575 | 12115 | Pms v Fas Pam | Zi1.0msec L= S33 |
80 | 1.5 | 15005 | Fam 0318 | Fma Fama | Zd0mpec B Y]
TB1_ | Traes | 12440 Pms 8013 Faz Pasa Z17.0 meag 51 E4.3
o2 [ 180 | 13980 | Pees | G062 Rt Peis | 22).5 msac Y 5]
53| 18.125 | 12550 | Pams (BT} Fas | Pois | 2R0mac #3.3 By
8 | A0 | 15450 | Fam [RE Fam_ | Pis | 2050mac E3.1 B
a3 | 18075 | TG | Pem | B0 Pamm Pass_| JoiOmaes | .8 | 530
06| 17OE | 1258 | Pam (37 Pass | Paes | 230.0 masa ZnA BT8 |
oY | 18085 | 12315 | Fem 5005 _Pami | Paks | 2940 maso 7N -
00| R | 12225 | Fam 5.903 Fasa “Eayy | 274.0 masc 35 A
o | &30 P 5700 Fam | Pass | 24710 masc E19 |
00| 15018 | 12010 | Peem B.085 Fame Pass | meac 4.5 %
i [ 18018 Paie (KL Pamy | Pass | 2315 miac 3y L7 1
B [ TP b 1.0 Fam TR “Pam Foes | sehomeac | AN | 900
03 | 508 | 1105 | FPusy &4 Tasn Fass_ | mac Hy <% S
o4 | 17. TETH Fam Erre TaEx | Pamk 2071 masc BT 1A
TYEE | 1r.ams | 1118 Fasa EXT | Fam Pasa (1] fEA By
T8 | 18018 | 1908 | Pea 5.885 Pase | Pams | 218.0 rmac [ Ba
AGT | 1R85 | VL1l Fasa L) Fam_ | Fam mweC L B1.1
TR | 1T | (1AW Fo [.Eir{ ) T Pass TEAC [T 1]
08 | TBAEK | 19.188 | Fass 5101 Fam L MR T 0.5 L
116 | 18038 | 1155 | Pam G047 _ | Fos Fam | J1i0imaso ;.1 By
117 | 17885 | 1235 | Fa 8.551 Fass Pam | il Umasn =% T - I
Ngta: Thia raport shad nct be reproduced In full without the written pamision fram Invensys
Sensor Systems and the Procduct Test Laboratory. Teat resuits relets ta iters tested only.
Page 22 of 32
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i Product Test Laboratory
o 1100 Airport Rd.
2 Shelby, NC 28150
L Invensys
Sensor Systems
Type of Tast: PPAP
Taat Log #: 210139
Custamar/Part Cescription: Delphl Saginaw Coiumn Lock Actuator
Invensyx Part # 17400014
Taest Dascription: 2.5.2 Vibration Test
Sampla Size: 44
Build Date: 181 & 181
Tachnician: Alan Smith
Star Date: 1215/01
Finish Cate: 1704402

253 vibrmien Test: Taat par ETS —1141 - IV the slecirical achusior seysmbly, componest vibration test. Pane to perfiorm
mhmﬂund Insting apeciicadons sfter viomtion & done,
For SAE gina viaration, tha fraquency rangs i« 1o be fom 10 fo 55 ko 10 Hz with o Inaesr sunsp paiod of 2
minutes AR yche, Exsurainn shall Ba 1.0-mm peak 0 paak avi i sl fragquancy range.
B. For rascrant ssarch, tha frequsnsy rangs by io ba varied from 10 io 1000 Hz #i & ineerswsep rate of 1.0
oGty min, Fasdbuck socserometacs 4re o be mounted dimclly to e part
C. Eschanmpls into ba vibmtsd In s of 2 mitusly parpendiouder planss % 4 Fours g plane.

[ - -
Fl"m Llnili'l Lockhal HII'“UP Toat Nales
Part alda Cumrent T'"':::: n
) Gwltary | foTOR | 14avde & iy
Lockd | MR o Bout uniocked | locked | @ unlocked | locked

112 | 17.8850 | 12040 T 509 Pain Faum 2251 reimc .3 1.5

13 | 34000 | 12158 [ XE] ] Faa 4.1 maec 3 273

LKL B | 12.0E0 Fara (31 1] Fax | Pam AL 33 A

TIE | 5048 | 12000 | Fam AL Fass__ | Fam &1 meac .2 % -0

116_| 16.005 | 12000 | Pesa EE | Faa Fam | 2170masc | 528 522 |

17 | &018 | 1.0 Fam B.143 Paxa T 7350 menc L] 50.0

T8 | IRLED | o298 By Ty Pana Fana | mang | A8 | 575

119 | 17.088 | 1248 Baia L ™ Bass T mamc L7 [T ]

1 10070 | 1250 1] LT Fasa Fasi 700.3 manc - %)
Fi1H | 17625 | 12100 Pasa 5] Faxa Fase 4.5 mana 47.3 LE )

T2 | AR | 128 Paas T Ead Foaa Fom oL 0 manc L] LL R

T8 | 100 [ 12008 Fana 2510 Fass Fass TS mano 3 =28
154 | 19046 | 12350 Fam CRE!] Fast Faa 214.5 faan LA orA
125 | T | 12 Fams E170 Pass Feea | 2150 meac el e

T38| 17908 | 14318 Pass BTy Pas Pass | meea | S0 | SO.7

TIF | A0S | Tt | Fum [ £ Pam® | FElk TTLD mawc [ EX 1|
128 | 17.588 q% Fams 8.031 Pass Fala | 1950 msec By ) 541

| 14.080 | Paxy EU7S | Fum T Z11.5 meaa 5.E [+
O !5.15 T 15480 P [ir g Fam Fas Z30.0 mae 1] A

™ 11 [Z:4] Fasa 3,000 Pasa Pams T S meac 43,3 W7

[F 7] Fasa 518 Pasy’ 21T HEY meac J4.E 7%

Huu]ﬁ'_ﬁﬂ_f'fﬁﬂ Fad a high swiich paint
Serveral parts failed for high noisa,

Saveral parts noted for hgh current during hardatop test.

Note: Thie regort shall not ba reproduced In full without the writlen permission from Invansys
Seneor Systems and tha Product Taest Laboratory. Tazt resuite relais © Hems tested only.
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- INVensys

Sensor Systems

P

Typa of Test:
Test Log #

CustomerPari Deacription:

Imwvensys Part #

Test Deacription:

Sempla Slze:
Build Date:
Tachnician:
Start Date:
Finish Date:

Product Test Laboratory
1100 Alrport Rd.
Shelby, NC 28150

FPAP

tHM-0138

Dalphi Saginaw Column Lok Actuator
17400014

2.5.1 Pullout Forea Teat

44

161 & 194

" Alan Smith

01/04402
a1/10/02

2.3.1 High Fulowut Forcs Tast Test the aciustor #or 3 cycies iry beth drectians wiils having a 43 MM {32 1-ba.) appled o
the shaft lasc. Tha plungee shall pull oot with 2 voltage of 8 Vide appiled st room amparatere,

Part # 33 fi-lbe. CW | 53 fidbs GCW | Pant¥ 33 fidbs. CW | 33 ft-lbs. CGW |
L] Fass Fass 111 Fass Pass
af Pass Fags 112 Fass Pags
81 Pags _Pass 113 Pazs Fass
22 Paas Pass 114 Pass Pask
] Pass Paas 18 Pass Fass
ad Past _Puss 116 Pass Pass
CE] Pass Pasz 117 Pass Faas
96 Psss Pasa 113 Pass Fass
a7 Pkt Pass 118 Pasy “Fasg
] Pass Pass 120 Pass Pass
98 Pans Pass 121 Paas Paza
104 Pass Pasa 122 Pass Pass
[ _Pass Pasgs 123 Page Pazs
102 Pass Fasx 124 Fass Fass
103 Pas Pazs 125 Pass Pass
104 Paks _Pans 126 Pass Paas
105 Fasa Fass 127 . Pass Fass
106 FPass Fass L] PaEs Pasy
107 Fass Pass 129 Pass Pass
108 Fazs Fass 130 Pazs Pasa
105 Pras Pass 131 Pass Pags
110 Pass Pass 132 Pazs Pass

“Fande AX gty aomkern o lest spane

Neds: Thia report shall not be raproduced in full without the written permmission from |mensys
Sarmor Systeme and the Product Test Labocatory. Tast results relate to kems tested only,
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_;?.-‘ Product Tast Laboratory
- 1100 Airport Rd.
‘invensys TR
% y
Sensor Sysiems
Type of Test FPAP
Tast Lag # 01-0439
Customen/Pan Deacription: Daiphi Saginaw Column Lock Actuator
Invensys Fart *; 17800014
Test Description: 2.5 Function Tasi
Sarnple Ska: 44
Build Date: 161 & 191
Technician; Alan Smith
Start Date: 01115402
Finish Date: 011702
Plunger Lungth | Lackball Huardatop Text Noisg
Part side | Cumni@ “;:EL“‘
tocked | oot | pulaut unlocked | locked uniocked | lackad
[TBD [ v | 120 | e -1y Poss | Pass | J{20meeo | 533 | 530 |
] TYEE | 1.0:0 | Fam Ba08 Poes Pass 7.5 Mt -l [Z1]
B | TEOUS | 12430 | Pam ni28 | Fam Pasx BN e A g
W | 15000 | 12160 | Fama (¥ ] Fasd Paw | 235.0 et 532 -
B2 5110 | 1298 Pam [ EIF ] Fess | 271.0 maee o9 E1.5
B4 | AGOAD | 1500 Fass 5.8 Fosx | Puxs | Z15.5meec 513 =57 |
| 18 13208 Pata 5920 Faxs Pais | Comeee | 918 | 228
] TT.R25 | 15.145 Faua [ Bt maC O T O
57| 18070 Tam | G.ofl Fays Banz 2170 mmae K] -2
N A P AR Paw | Pms | IBlmmes | NAT | BT
%8 ! 18.0% | 12218 | Fass |  &iad | Fems Fan 217.0 mmw 512 XL
13 | 18020 | 14030 Fam [ ] Fas Fam | mEee L ) .3
16 | a0 | 12180 Fans [RT+] Pass ~Fan o 1) maes N1 L
T0F .| 1700 | O - . Pam | 271.0 meat M3 30|
108 | 15088 | 11.80 Faxt [ Fi] ] Fass TN mane L1.44] - F-
04 | 1008 | 12208 Fam L5 Faz Pass masa | 5.7
W | B0 | [ FE] Pays Fams ZZ8.1F mant 1. 8 . 7N1]
08 | TR | T : Pema | B1M4 ™1 Fam 2I5.0 muat LN Bl |
0T | IE0a8 | 1490 Fams -5 5 FEF- Fp'm 225.5 Mt :::E x|
lii] T2 180 % 4 [T Fass | Zoi.0 maec Mx 2.5
110 | 16090 | 1980 | T8 Py Enen 22800 mmne [+ [+ I
1 | 1 . 148 - [T FaEs meeC 517 FLy |
Node: This report shatl naot be reproduced in full without the written permiasion from Invansys
Sensor Systems and the Product Tast Laboratory. Teat rasuits relate (o tems tested ondy.
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¥ Preduct Test Laboratory
e 110Q Airport Rd.
® Invensys T
Sensor Systems
Type of Teat: PRAP
Test Log #: 01-0138
Customear/Part Descrplion: DelpN Saginaw Column Lock Actuator
invensys Part #: 17400014
Tasat Deseription: 2.5 Function Test
Sample Slze: 44
Bluild Cata: 161 & 191
Tachnician; Alan Emith
Start Data: 0111 8/02
Finigh Daie: oM vz
Plunger Langth | Locidaedt Hardutop Tut Noisa
Part side | Curent® “"F:.gﬂ:“
£ Switch | Toree 14.2vde 0 -40°C
Lockad Poirt puliout urdocks | |ookad unlockad | focked
12| AFmE | 19085 | Paes F] T Tase | =il meec 550 525
13 | 18020 | 12138 Pazs | G40 [ Pena 1405 manc 5.7 Eas |
T4 | 18080 | JA7AE Fem 7185 Ty Fazs | 340 masd | WA |
8 | 10005 [ 11.8% Pam 180 Fads Paia w00 mawe 4 535 |
T8 | 17000 | 12125 | Pasa XA Pasa Poss | 221.0mwec Ly Ry |
i7 | 1848 | 11.675 | Pesa YT Faas “Pase | S0LN mewa T35 LK
118 | IR0S | 12.0m Fasa [T Fasn Pasa e ]
19 | 1788 | 12210 T 6220 Fam Fam® | Z2%.0 maec =40 545
20 | 15080 | 124w Pass [Ex ] Fam | Fam | Z17.) meac Lo 51|
131 | 1T0A8 | 13.07% o Ty Pomw: | Fuse | oosimeec | ah3 =i
122 | 18000 | 212k Fams B2 Pess Fama" | Z11.0 maac 560 5.1
5% | 10088 | 1155k Poss [ T.-L) Faax Pass HITS miaat LLE§ LG
T3 | 10048 | teeis | Fess KL Faza Fass | 2H.3 masc i 14 BT
128 | RS | 12 Py E.308 Pauim Post 217.0 rmac 5.0 “ER
128 | 1798 | 143% Fasa [T ] Fans Fass o0 EmeC | Bad ore
127 | 12D | 1280 Fem 8478 "Pats P T mwe | BET | BE1- |
" 1o8 | 8010 | 12480 Fans [FT Fam Fam e T oY 5
13 {a4 | Faes (K0 Pam Fanm | 2240 moea X B2 |
T | B0 | 12288 Pass 0.5 Fana Pama 203.5 meaa g Frx]
1 | 17000 | 1.7 Fasa [- B .E] Fama o 255 meec [T ] L
[TE | 1508 | 28 | Fem KL Fess Pz | H00maec | M7 | M3
Resulta: Parta # 114, # 117, and 2 127 with high cumrani
Swvaral parte notad with high current during hardstop teet.
Several parts failed with high nolsa. )
. Note: Thie report shall not be reproducad in full without the written psemlszion from Invensys
Zencor Syaiems and the Product Test Laboratory, Tost reaulbs redete ta isme teated only.
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7 Product Test Laboratory
! 1100 Airport Rd.
% Sheiby, NC 28150
Jnvensys
-
Sensor Systems
Typa of Test: PPAP
Tast Log #: 0101239
Customer/Part Deacription: Deiph! Saghew Column Lock Actuator
Invensys Part #: 17400074 '
Test Description; 2.5.69 Thermal Storage Test
Sample Slze: 44
Build Date: 161 & 184
Tachniclan: Aian Smith
Shart Diate: 1127/
Finish Dais: 120301

2.5.6 Tharmal Storage Teat Parts to be slared for 48 b, & 50° C and then 448 hra. @ ~30° C. Park & conform to ingial
furarional lsats after Hharmal eterags teak

Plunper Langth | Lookhaolt Harcston Test Neaisy
Part ahdn Current & T:m" i
[ 3 Switch foroa 4. ¥ Friey
Lacked | R0 | poou urilozked | locked | O unlocket | locked

133 | 10080 | 1508 Pasa TEE Fats Fass 0.0 mase 7. X4] E |
3 | 1805 | 12995 Feas [ [T Fass TILY masc 2.0 ¥
Tas | 18,080 | 11,070 | Faes | [~ Tees Fam | Wilmesc. | S4B | Gag
I8 | TROIE | a0l | Pmsk | BSF | s | Pam | 2640 mueg -
T3 | 18030 | _11.540 Pas 423y Pans Faas FILE maac By LR

138 | 1500 | L% | Faa XL Faaa Paam | ZAGmeac | M8 | H.5
T | R8T | T390 | Pk 10 Pam Pam 20,5 G LT 252

40 | 16018 | 130 Frsta 1) __H_l;: FF:' mﬂ! T mm ﬂl_ﬁs

141 [ 18.008 | 12330 By BT A reec

T4 | 10085 | 12.980 Foaa e Paay” Fany | Z85meac | S41 | 2z

T4 | T | 1205 Faea S 1 Fase | Pam | 2980 mssc 5E.3 (X4

44 | AR | Tams | P -5 Tiain [ TR mzac 575 & iy

T | 10050 | 1250 Poi B207 Fams Pass 3o HE E;

4| 16.085 | 11580 | Fuee A _:zm ":-_-i‘"' ﬁi!’i.:m' g_;]i

147 TS T2 40 Bass [ K] [T-] [T [ L]

148 | 15108 | 11580 [T 5.5 Fama Pase 1.0 M BB [ 445

T30 | 1500 | 12300 | P 705 Foae | 2750 maac 50 4

] T2y Pass | AR Pam Fam ZALE aae .7} L]

KT T 8018 | 15280 Pase [T Past Famy' | S50 mmna Ll ] 59,1
L] T 170 Eas B3 | Fam | Fam LA meec | A3 | Srh

185 508 | 1.8 Famy [ Far] Fam Exsa® o ™ [ZF] L]
~ 154 | 1 BT Fana M1 Faos Pawn 4T maec L" % 3

1670 | 1080 | Fees Toss | Pais | =TH.0meec T Y

3

Note: Thia report shed not be reproduced In full without the writien pamiasion from Invensys

Sermoe Systema and tha Product Test Laboratory. Test resulls mlate ta itera testad only.
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é;j'y " Product Test Laboratory
1100 Airpert Rd.
Shelby, NC 28150

L

' Invensys

Sensor Systems
Typa of Teat: PPAP
Tast Log #: 010133
Customear/Part Descriptian; Delphf Saginaw Coalumn Lock Actuator
Invansys Part #; 17400014
“Tast Description: 2.5.6 Thermal Storage Test
Sample Size: 44
Build Data: 181 & 191
Technisan: Alan Smith
Start Date: 1172701
Firiah Datea: 12703104

3.5 Therral Siorage Tesk Parts i b Sinrd fior 42 hrs. (5 90" C and than 48 hre, §f «40* C. Fark to aonform b indisl
funciional teata afier thermal alarage best

Mungiar Lungth | [ aokhal ' Hardatop Tast Naiss
Part side | Cumem@ ety
# Sutich | fores | 142vdo -
Locked | “go pulloct unloched | [ocked urdocksd | locksd
1% | 18025 | 15,100 | Faes ¥y Fass Pass T30 meac 541 5.7
18 | 77 | 1.8 Fany 5058 Foss Fasa 58X manc -1 s |
58| 14070 | j2ma Pam a.143 FEEY Pass 305 et =8 50.7
TR | TROED | TEEK | Fam 8.8 Paih Pid | 283.0 mama B30 U
180_| 8075 | 12220 | Pam _&.064 Fasa Pase 260.0 mc 537 | BT |
T8 | 17685 | 10000 | Pam | &1z " Pag Payy mesc FE] 57.8
TR | INO4G | 15908 Fass 5500 P Pasa® TN E maac . v &) .-
5 |_10ES | 12970 Fass | EBAZ Fasa Fais 2045 mos: 5.1 338
184 _| 18915 | 11908 | Pam 8753 Pasa Past | 2845 meea 4] 55
188 | 1804 | 1aea Pays L Fars* P meat C7N] FAT]
T8 | 18000 | 500 | Fam 148 Fama Fass meac | D00 2N )
|/ [ TEmE | 20 LT LET] Pans Piim 1.0 manc 552 57.0
168 | 16000 | 12160 e | RONY Pasy’ Fas TaeC 1.5 X}
B | B8 | 13,240 Pas [XFF] Paun P’ T ] B0
TP { iT.ae8 | 19370 | Pass B0 Fam Pam 7.5 e =K | KZE
71| 10018 | 11540 | Paes S.0ue | Fasa Fass | 200.0 moes X L%
e TE.0 Pass %] Pasa Past 25015 maaa L~ ]
173 | 18010 | 12085 | Pass [N b Fass Fass | 251.5 meec S 28,4
174} 17008 | 1480 Pas (LT “Fana Hises 705 masa L BT |
7S | r.08s | t2ard Pam 0330 T P TED mess ] ..
76| B8 | 1213 | Pam 054 Faxa Pase | 2960 mueso 3N i ]

Results: Paris # 138 and ¥ 142 had nigh switch points.
Saveral parts noted with high cumrant during hardstop test.
Multiple fallureg for high noise noted.

Naota: Thia report shall nat be reproduced in full without the writtes psrmission from Inveraya

Sansor Syatams and the Product Test Laboratary. Test rasults relate ta dama testad only.
Page 28 of 32

8858-2113
aM 372000




I e
&

LInvensys

Sensaor Systems

Product Test Laboratory
) 1100 Airport Rd.
Sheiby, NC 25150

Typa of Tast FPPAP
Test Log # 01-0138
Customer/Past Description: Delphl Saginaw Column Leck Aciuator
Invensys Part #: 17400044
Tast Deacriptian: 252 Durabllity Teat
Sample Size: 44
Bulld Cata: 181 & 131
. Technician: Alan Smith
Start Date: 1210511
Finiah Date: o1R2an2
254 Durablity Test Farte jo undergo 50,000 oycies of teting combined with ETS-1144-A tharmal dumbliy bect. Aflar

tast parts shall cordom ko funcional te. Th urkiliy sl aonsiat of the Mm%

Side Load Farce

watd # cyciea B Uningk Vo
L 15 M&I‘ﬁn % m
] QI TVde 1o —TERm
I 0008 _13vdo Tde THM
d Frin Hydc 12870 OMm
5 1l T Ovdc —dvde Hm
g a2y Tide 14 2Vdn —_ONm
i 1] 14,2908 T oM
B LE BVaE gvaa L
Plungs Leaygth L ooldalt Hurtirbap Towt Noise
Purt sida | Curend @ T';,_:,":.':“
Locked | TR | pullout unipekad | Eocked unlockad | booked
; 195 | 18340 | 15318 | FPees | TA4E Fexs T 206.5 masc 07 LN
. 54 [ 18035 | 1208 Paxa 7 A% Fass Fam 0.0 1] L%
" 135 | 1005 | 11.088 | Pas [F) Pass’ Fars 223,05 MG =}
W | M5 | 1L Fem KL Haax ™ 1908 nmat a0 % 5
15T | 60% | 11.645 | Pam Fiom Fass Fais 7.0 meeu Az
5 | Bnd | 18 | Fem pAT L “Tos | Pom Z17.5 meoc 1] TLE |
T B | 128 Eax CA:SF P Faa L T A5 BT,
0 | 1 | Fas FAL Y — Fasa | Pxm HeSmeec | Seb 4.8
47 | 100 | 14450 | Feee 7 Fam Pam 1 e L5l :
3 18178 | 4073 | Fasa B.704 Fam | Fwn | 20 mes | SE7 | STS
EEBELE R Fase % 1 Fae | Cam | 223.0 muan 55 LERS
L | 18 1L Peus 17 Facx Foan T84 0° manse [1:1.) L+ A
T8 T 10 | 128 |  Fms R Fam - Tama .0 G B,y [N ]
48 | T8 | 1100 | Pam (XL Fass | P’ | 220.0 meac F1Y] H‘P
ar | R (.50 Faae 7. Past’ Paea” | Z11.5 maac LT X
T | TEE 1% Fows TAN P P po i L) D]
1@ | TR0 | A8 | Pam V537 Facs Pow? | HiOmesc | B84 T |
[~T50 | 19.080 | 11295 Fam [ 3] Faez Fesa® | 2125 rmac -] LLN]
T [FXT PAKE BTar ™ Pam” 1001 o L] LF S
sz { 1h.0aE | 1.EN Pass | G.ONT Fasa Foas | ZiABmeac | 488 K|
T8z | 18.988 | 124 Takh X Fata Pass | 211.5 meec a8y [
T4 | 10.50 | 12440 | Fas “ETR 1 Pam Pass 1.3 MBeC 5.5 B.F
138 | 15128 | 11500 Pavs 1.3 o Fass 270w T W00 |

Note: This report shall nat be reproduced in full without the written parmisaion from Invansys
Senzor Systems and the Product Test Laboratory. Test results relate to tams tasied only.
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' INVensys

Senscr Systems

Product Test Labaratory
1100 Alrport Rd.
Shaelby, NC 28150
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Type of Test:
Teat Log #:

Custormer/Fart Deacripticn:

Invanays Part #
Test Dascription:
Sample Size:
Build Crale:
Technician:
Start Date:
Finieh Cata:

PPAP
01-0139 -

Delphi Saginew Colurnn Lock Actuator

17400014
2.5.8 Durabsility Test
44

181 & 191
Alan Smith
1240501
01/02/02

2.5.8 Durabiffty Tesk: Parts 1 undemo 50,000 cydes of ieeting combined with ETS-1141-A thermal durabilty toat. Afier

teat pars xhall confam i funetansl teet The cursbifily shal! cormist of ke fdhvl'lﬂa:

Tt ¥ # pydies W% Unriock Volkage Eie Lo Fomn
1 1% c T 20Nm
2 00 Tode Tovdc T5Rm
3 TG 1ZVdc Tode THm
4 W47 Wil T2 8Vdo ONm
5 e T2.8Voe Bvee Thm
— 8 5var Ve 14.3Vda ONm
T BTl 4 e ggc oNm
5 15 [T dg Sonm
Flunger Langth Losniehodt Hardetop Tast Noisa
Part .| sida | Curent@® “&";‘:.,":;“
# force td.2vde
Buwitich @ -40°C
Lockad Polt pullout wryigehad Ioveomed unlgeked | lacked
157 | 18.1 LR~ Fass BAE Pana Fuas 2= 0 meot 7.7 SonT
T e T T P —Ta Pt P vt s 555
i 1 T T T 730 meac 51 550
0 | &M | 11.595 Fosx (% 7] g Fas T maa ] BT
B _| TTHRD | 1.5 | Fasa pAL 1 Pazs’™ Patd | 1300 meac 3 5.1
162 | 18110 | 11.750 | Pum 720 Fass | Poss | 2165 maec LFE X
a3 | 16050 | 1109 Do 5.5 Paaa Py, TI2 ) maac [+ L] 57.8
8d | 15%85 | 11.78% Paxd [- =] Posa | Pasa’ 231.1) mmac 51,1 % 1
185 | 18290 | 1209 =TT E.08F Pax Paxz | s BT B4 E
B _| THeS | 11055 | Fem 5007 “Fass” Paxt Eﬁ_ﬁ masc E_: 1
"R 182dg | 1A Pasy 'Rl | Fasy Fame” 13.0 ues = L]
168 | 15.38) | TE508 | Paes 7380 Faca Fase® | 229.5 mane 807 | &2 |
T80 | T5oe0 | 1228 | Fams (1) Faw Fass™ | 240 meec .5 541
171 | J&158 | 1150 Fasz T Faia 50 1 rieac 1.5 51.5
—I7E | 15180 | 11.530 | Pass X PRt P | 2270 maac CEE] LT
78 | 18220 | 11.538 Fam &.704 Posd [y mew | R0 1 602
T4 BRERED] Fass B0 Pass Vass | TTEmG L% Ly
T | 8000 | 12048 | Pam &3] Ty x| ZGA Meec T .1
78 | 1B MG | 12080 Fasa T Pasa Fats T Emeee | S1.B | =9

Resufls: Part # 144 had high swilch point.
Part # 170 had a blow out in the housing.
Saveral parts noted with high cument during the hardstop test
Saveral pars failad with high nabae.

MNote: This raport shal not b repraduced in full without the written parmission from Invensys
Sanscr Systemns and the Product Test Leborgtary. Tast results refata o tems teated anly.
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f\ Product Test Laboratory

A
kol 1100 Afrport Rd.
ﬁ Shnlhy, NC 28150
Invensys
Sengor Systems
Typa of Tast: PPAP
Tasnt Log #: 01-0139
Customer/Part Daacriptian; Deiphl Saginaw Calumn Lack Achstor
Invensys Part #: 17400014
Teat Description: Techniclan Notas
Sempla Size: 172
Bulid Date: _ 161 and 194
Techniciarg Alan Bmith
Stert Dete: 1112801
Finish Date: 1702

Tachnician Notes For Tasiing Ta Date

1. Hawve found some parts during surrent testing that have baen above 7.0 ampa af 14.2%de but
have no spacifications for thia valtags, Spacification for curent draw is, shall not sxcesd 7
amps at 25°C and 18.0Vde applled. {2.1.13). Have alsa fourd several parts during hard stop
tasting to have exceaded this 7 amp rating these have besn denotad with a "** under the hard
stop testing sections of all iest,

2 Duwring the lock boll actuaiion time test (2.1.14) of the functicn test | had four parts thait did nst
show up switching on the o-scope untll after several minutes. The following fa a flst of parta
and their timas bafore a rate was asen for e awitching of contacts. The motors ran out
contact was not seaen. Part # 144 after durability took B minutes to sas switch on scopa. Part
#51 after thermal shoek took 9 minuiss to sas switch on acope. Part # 60 afier thermal ahock
took 5 minutes ta see switch an scope. Part #3 aﬂardmttaathnnh 14 minubas to sea switch
On SCope.

3. | had a faw parta thal had switch peinta out of apecs.

4. 'had alot of parta that were out of spacificatians on the sound levals noted [n the tast specs.

5. Part# 170 was removad from testing afler durabillty teat. Thia part was fourd o have baen
assembiad Improperty. .

8. Several parts had high cumani readings during final functkinal checka.

Noje: Thia report shall nat be reproducad In full without tha witien permisslon from Imensys

Sensar Syatems and the Product Teat Laboretory. Test results ralate o iteme teeted only.
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® ' |nvensys

Product Test Laboratory
1100 Alrport Rd.
Shelby, NC 28150

Sensor Sysiems
_ i} _Calibraed Equigment List
Name _ | Cescrption D% / Mooef S/N Cal.Cata | Dueblate
VA-
Lambda LL 58040 0510738573 951DT?§BT3 SMTION 5MTI02
Sory DtfizF T - 160208 100808 8ATR1 817502
T Omega HH1Z TT—6d3124 | 633134 AL 411 0/02
Quest | Modal zﬁﬁ_mﬁ'ﬁ'ﬁa‘fj- 2100012 | HS - 2100012 | 2116/ 1
Dual Display M —
Fluke 45 Mater .m?ms Tazan1g 22101 22102
N —
Lambda LLS8040 917051485 91Tn_51435 1425401 1/25/02
) 22300 — | Tex 2230 2930
Tektronix Scope BO21117 BD21117 8/2/01 822
. MM -
Fluke 79111 MuHimeter 71899670 71881070 7723101 1/23/02

MNote: This report shall not ba reproduced in full without the written parmisaion from Invensys
Sansor Syatams and the Product Tast _abamtory. Teat rasults relste to ems tegted anly.
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; | Product Test Laboratory
& - 1100 Alrport Rd.,
2 Shelby, NC 28150
L Invensys

Sensor Systems

Product Test Laboratory
Product Vaiidation Raport #: 01-0{39
PPAP - Supplement
Delpht Saginaw Electronic Column Lock Assembly P/N 26050966
Invensys Part #: /740-06014
Specification #: Specification ¥26053015 Rev.2F (28J496), Print 17400014 Rev.0)
{08/01/01} '
Sample Slze: 152
Build Date: J67 & 197

Supplament to Report: 01-139

Current Draw Comparison
[Page # Tabie of Cantants Test Results
1 Cover Page -
24 2,1.13 Motor Stall Currant Confarmed
2 Equipment List

Testad By: g’%“ Mﬂu: Zﬂ"f'"‘u..'-h

| Date: . 78/ ‘?/ﬂ-

(Tachrician)

Nots: This reporet ahml not ba mpmdunud in fult witheut the writen parmiaslan from Invenavs
Senacr Syatema and the Product Tast Laboratory. Test results relats io tama tested nl;y tofs
agea
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i Product Test Laboratory
1100 Alrport Rd.
;. Shelby, NC 28150
* INVEeNSYS |
*,
Sensor Systems
Type of Tast PRAP
Tost Log #: 01-0138 = Suppimmeant
Custamer/Part Dascription: Dalphi Saginaw Column Lock Actuator
Invensys Part #: 17400014
Tast Deacription: 2.1.13 Motor Siall Currant
Sample Size: 182
Build Deta:; 1414 191
Technician: Alan Smith
Start Date: 11/26/01
Finish Dete: 10/7X02

Thig test is parfurned 2t tha request of S custorner - Deioid Sagnaw

Thin tast was orginaily perfermad at 14.20vde. Seotiem 2.5 Funclional requiremand far speciflcation 3 pecifine
that Run/Sigk Cumhtnhlpuhmdltﬂ.!w:.ﬂufuhwmnmthghlmmmlm of Sectian 2.5
and 2.1.13. Voitage levels are differant for each sacton.

Curentff | Cumntfd | Curent f
142vdc 142V o 18.0¥da
Petd I3y [l Tas | Fartd
Teat duta Tout duiw Towt dute
1M 100202 10M2me
1 [&"T:] LN -F ] ..}
b BT LF 7] BT ]
[ 3| 8% | 5A% | . Bk 1
] [ b - TR T ™
S [ Eird L Ll "]
[] L LA 1. 0
i 5.3 LT [ % T
B [ K 1] L LA
B B0 ¥ 7] 5. 188
10 %k L] L]
11 5318 — 4N

14ﬂJJJaJ ;

Tﬁﬂﬂ?ﬁﬁwﬂﬂtﬁﬂwﬂﬂ?a;ﬁtﬁﬁp

aqaaagaasaaaaaéaaaaaaaaa'

- T N3
) . %-71] 4,508
(14 . = 5.8
(<] Ty | a2

Mata: This raport shad not ba reoroduced n full without tha writtan permizsion: from mvengys

wsmmmapmmnutuhmm Tmmummmm:mt-dugzg 2ot
]
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S Product Test Laboratory

i 1100 Alrport Rd,
Shelby, NC 28150
Invensys
Sensor Systems

Type of Tast: FPAP

Teat Log # 010132 - Supplement

Customer/Part Dascription: Cralphi Saginaw Column Lock Achuator

Invensys Part ¥ - 17400014

Test Deseription: 2.1.13 Mator Stail Current

Sampla Size: 162

Bulid Date: 1514 197

Technician: Alan Smith

Start Date: 11/26/01

Finish Date: 1077/02

Thiz fost is parformad af the requesd of the cusiomar - Delniv Seginow

This test was ongineily pedomed at 14 2vde. Saction 2.5 Functional raquirement for spacification specifiss
that RuriStall Surment B to be perfonmed at 14.2 Vde, The following testing s & compartacn of Section 2.5
anit 2,1.43. Volage lavein am differant for each saction.

Gurrant {f | Curmemtd) | Gurrent Currani @ | Corent @ | Currant @
4.3V 14 M 12,0V t4.IVdc 14.2vda 18.0vdc
Pat# [T TR | MW | 0-nm | Purid 050138 CELE ] 113
Taxt dutn Tast dade Taxt dats Test duin Tant duta Yexi datw
LM TR 100202 1em/02 HATR ipmzmz 10/02/m2
) [ B.347 677 103 5140 Eng. %E‘
70 5931 5211 6.502 T [y uﬂ!
o 4063 ) i T 20T A.128 4127
7z e 350 X1 A
i 07 1] 037 [ ]
] [T [ FET] &g
-- TR T ALl 5] K]
i T R 110 B.047 5.083 (¥ -]
77 [L1.%] hE il LER (-] ) L Al 8| o]
i LY E{) TR 5578 T2 LK X1E7 w1l
; L& T 13 [(RL] EATE B 174
T LE- ] [ K0 il [T L% ] X1
13 g L1:5]) 0508 - 15 3558 305 B0
- [=T] 5.5 [EL] L] [ B TR57 5
5] A- LA ki) i i} 1y 5143 5186 LK)
T [-Fil] LA~ 12K 1E (B ] &L ] 874
[T 5. % 1;: L 1R X1
7] [ KF] .3 1 5550 [T Bran
[T (X[ B.AN7 (A7) T8 B 8073 [T
B B0 %= 1] T SOk — a1 | &7
) (A L7 — NP 5 (%3] s v
1) % 5] ] 1% XL 2 BT/ - 558 |
1 [ i LEC [F 3] 1= (L] LE.T] F: 2]
] AR | ) (1] 128 1117 [ 'L a.xkrz
] :RE"] g 5] A} i L 5] W, T
T - KZT ] LR Az i) LXK THY 1<
L] Hax1:) L] BN F:] Ears L f ) [ XF]
B+ I & O 0 QET] 037 B3 AR
[ 57 5358 [-4:5K nal £.000 THd | 9433
[ A ] Eii4 T8 8,718 LT S ]
@ | ATR L% (1] QB E] A1 AT X7 L
e 0 K] [N ] 134 g8 | LM (]
[ H L] A T 13 [ X108 [X].-
I - LM T A N Zw ]

Nate: This report shait not be reproduced In full without the writen permmgion from Invaneys

Sensar Systama and the Product Taest Laborastory. Test results radate (o tems tosted nnplz. sl
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' INvensys

Sensor Systems

Type of Tast:

Tast Log #

Customar/Part Dedzriptian:
invenzys Part 3

Teat Dearriptian:

Samplae Size:

Bullid Date:

Techniclan:

Start Date;

Finiah Date:

e

Product Test Laboratory
1100 Airport Rd.
Shelby, NC 28150

PPAP
011328 - Supplsment
Delphi Saginew Column Lock Actuaior
17400014
2.1.13 Motar Stall Current
162
181& 181
Alan Smith
11726/01
107702

Thin ol Is parforrmed Bl the request of te customer - Dalphi Seginew

This tast wea originally performed at 14.Zvdc. Saction 2.5 Funcinnal mguimmant for spacification specifies
that Run/Stail Cumrent & to e perfurmad at 142 Vde The folkwing testing b 2 comperson of Sacticn 2.5
ard 2.1.12. Veltapa lavals srs diffsrent for each ascton.

Surrmnt @ | Curremtill | Curret Corantly | Curnnt @ | Curmunt @i
14.2vda 142vdg 18.Wde 14.2vde 14.2vde 18.0vde
Part# 51 ANE LB 3k ] H-Hw | Pl AN [FERED] w-mN |-
Tastcaia | Tastduin | Testdaw Teatdats | Testdsin | Teat duie
T/ 10032 100232 0111742 1oz | 1mene
137 6.247 %] AR 7 B.600 Eng.
T e s, Eng. 175 T 5
(B3] LKD) : '—ﬁ k] L XF- I %L Y-
20| 8.964 E‘FF'EE_ B.754 174 8134 B.T5 577
14y a.h07 5133 G2 N 8240 BES7 aHy
142 8183 ERT) 8925 178 0.084 /T8 fng.
] Eﬁﬂ Y -] X5 ]
T4 5.
D De . A I
g - 4-1F) TES ¢ EamW
4T 8280 L E.14 O.BaT
143 :.mﬁ [ HAE
1§TJ 4% &34 ——%
17 o1 [~ Eng.
T ot
9% [:P¥r s | Lo
I 1 S - S ] —aar
1% BAAT 3
3
L T o
7 ;
L - ﬂa‘ﬂﬁ
Ll 51D L) 5588
152 ] \ Eﬁ
163 LA
T I T T K
T 1) LTE] EAT2
1;' I;Il’ LI ~En
1 L
L ERr
189 5182 iy 911
170 B2 Eng Eng

Mote: This raport shed not e reproduced in full without the wrifan permissicn from invanays
Sansar Systems and the Product Test Laboratory. Tes! resuits relats to teme tested qnly.
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3 {invensys

Product Test Laboratory
1100 Alrport Rd.
Shaiby, NC 28150

Sensor Systems
Calibrated Eguipment Livt
Name "Daacription 1% / Mecal SIN Cal, Uate Dua Cate
Lambde LL28340 VA-3610738873 | 9510738873 112502 1/25/02
Fiuke 45 D“"Mgt{:fl" MM—72323018 7323018 WTIZ 217103

Mata: This report shall not be rapraduced in full without the writien pamission from invensys

Sengor Syshwna and the Praduct Test Laboratory. Test rawilts relate 1o iemy mated only.
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A Product Test L

Invensys

1100 Airport Rd.,
Shalby, NC 28150

Sensor Systems

Product Test Laboratory
Product Validation Report #: 01-05394
Product Validation
Deiphi Saginaw Colunm Lock Actuator 17400014
Inveansya Part #. 7740-0014
Specification #: Specification #2605301F Rev.25 (28JA96), Print 17400014 Rav.0)
{0601/01]
Sample Size: 3
Build Data: 7167 & I91

Ro-Mgasure Yime Pull-in Tast
Temperature: -40°C
Voitage: BVde

Table of Contents Tast Results
Cover Page '

Test Data

T

Graphieal Analysis

Tested By: (’;a\_, M Date: &~ /70X

Product Test Lab Supervisor: . Date:-_r//8/0.0
Test Facilltfes Man Date: r—

Note: This report shall not be reproduced in full without ths writien permission from kmvensys
Sensor Systens and the Product Test Laboratory. Test resulis relate to bema testad only.
' ) Page 1 of3
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Invensys

Sensor Systems

Type of Tast:

Tesat Log #

Customer/Fact Descripllon:
Imvangys Fat ¥
Tast Dascipdion;

Sample Size:

Bulld Omts:
TachnickEn:
Stan Dale:
Finish Date:

Product Test Laboratory
1100 Airport Rd,
Shelby, NC 28150

PPAP

01-138

Deiphi Saginew Cokemn Lock Arhater
17400014

2.% Functional Tesat

3 .

1814 191

Alan Smith

1M7/2002

1/48/2002

25 Functionsl Testing: The parts st confonm 1o th apecs. As fequired 2 dengbed Dakow
Pumge: kengitt Extand min lngth of 17.55mm
. Sustch painl max kength of 1Z84mm
Lnuihnhldliﬂuwlmt BONm ) OVdo
Carranit ) 14Vdo
I-hl'dlhp: Criva volnge of 18ydc and return velage of S\do
Locikiok schuation ima: « GO0 rees  #Vde (D -4 C
Nolsa: 12vdc & ambisnt emp {3 disancs of 373 mm with § baokgmound nokes < 47 dbs Wkh st
suxpancad 5n ng koad sppied M rolss of Stdba

Plungar Langth | Lackbad . Hardstop Test | Tima Pull Nolse
Poart side Current : ng
Loched | "ot pulioot uniocked | inched - 40" uninckad | okt
] i Low Temperaiure taken at 11:00nm on 1
— ¥ ] 17.970 | 12 Pass 0.840 mq;g: Pass | 1886 A NA
31 | 18.180 | 2010 { Fass 5.740 Puss Fasy CEX: A KA
W 1!.15:3 12.75 | Pma rwim Pusa Pﬂl!]_m Hﬁ* NA
witching at Low mﬁu T ER on ¥,
3 WA A A NA WA 1768 7Y A
B T NA NA A — A NA 420 | FA NA
%8| NA NA NA NA NA HA 2040 NMA | NA
“Swihichiig #t Low Temperstore _afmm
¥ ] MA NA NA NA, RA 1130 A NA
14 A DR MNA, NA, NA MA 218.0 MNA A
W A NA NA A, A, NA 10 NA NA

Nta: Thia report shell not be reproduced In full without the writien parmission from Invensys
Sansar Systems and the Product Test Laborstory. Test results relate {0 iteme tested only.
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L ol T 1 el o

s Product Tast L.
; 1100 Airport Rd
- Invensys T
Sensor Systemns
Time Pull In @ 14Vdc & 40°C
200
215
250
- .....1
s
§ 200 5
175 i e
180 a1 dan 7711 San 18 6
Part #3 1955 1_?“ riL ]
mPart #51 283 242 34
aPart #50 2245 202 1%

Note: This report ahall not be reproduced in full without the wrillen parmission from Invensys
Sensor Systems and the Producl Test Lahoratory. ‘Test results relale to items tested only.
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memorandum Invensys

Sensor Systaems
To Mizhael Goodson

From Larry Kane

Date 12/17/01 .
Subject Deiphl Saginaw ECL Nolse Comparison
T Steve Davit, Mark Spurling, Sarah Fiala

Mike,

Below are the comparison rasults of tha current product belng built today tn a comparison
of the PPAP product that were astembled for the baaring changa. Alan Smith measured-all the
samples in the same manner as representad by the Delphi Product Specification #26053015 rev
025 (28JA3€). The PPAP samples were selected at random from the initial functional set. Thirty-

two samples were dellvered to us an Friday, Decamber 14t for the comparison.

e Emnr Erhm'f T Amug- r Max L : A w1
1 ) e T g 5 53.3 53 _ﬁ.‘l .
z 5.0 ‘ﬁ%‘ H.’ﬁr' C0.78 ] 546 552 | W8 | 049 |
3 353 o485 53.8 .88 [ Br.1 5 55 0.76 |}
S S W A DO A M N O 5 T
] W] §1.1 54.85 5.02 55 ] §A B350 548
] 507 | ob2 |wboQs .| 318 ] a4 | Bed 54.25 X
1 303 51.1 50.7 0.57 -] =X ] 5508 1.34
& | =4 188 o ] 124 [ 5.2 53.3 %1 124
] % [+ ¥ .48 1.05 [13 743 54,7 e T
0 L) T 54,85 &) 56| 5.2 43 541 15 |
1 - E{k- nens | D78 55 51 5= | ;W | 13 |
| gig | %15 | %8 | o |5 556 | Wd4 | 0A |
T 1a 578 52,0 55,2 268 -3 W] 858 o 4 .28
14 Br.1 5.4 ga.7 461 | 55 X 5 X 8,08
17 55.7 53.7 557 212 &5 55,7 5835 049 |
18 B0.7 [ B1.1 . 55 L] "B7y | 5B34 1,08
;A B LK 33 [ ] [543 M8 | G678 535 1.1
LN Al 518 54.05 I8 55 55 588 | a4 124}
L .5 9.8 208 L) L %) E:] L3 L -
w = X £1.88 3.00 M- 2. BT [ F 2.2 |
— M | 553 HE | 933 2.52. .1 a1 -3 55.05 .34 |
2 - % L] [+ 1] 4.53 a3 (3] .08 1.08
13 [ %] B3 1 53 4.4 55 0.5 N X 1] AT
) i ErA A A O.I0 5] [:18] To v B | 108
_ii‘_ﬁ ‘_Ebﬁ 20,3 .13 2 55 ET ’f 5.7 o |
1 ﬁ! H.E !.Zi =5 R 1 541 ﬁ.ﬁ
27 5.7 1.5 1] 1.58 55 _ | 518 A8 s5.3 212
i i 50 = 0.00 3 L5 55| o&8 | 212 |
™ | 564 [ e | 0.1 56 "S5 4.5 51.6 404 |
» 507 &3 50,5 0.28 2. %] ] Br1 | Sow |
N Ha E4.4 5485 iy 55 — 58N 3K} ] 0.35
L7 [ ] 51.5 =] 9.30 55 E1E 578 B3 PR
Awerags | SNBS | S8 | exed | 521 408 .07 B3 1 .09 1.
nuenays Sanior Syshoms
1180 Alrport R,
Swiby, NC 2150



Here is a graphical analysis of the data from the previous page.
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FASCO CONTROLS CORPORATION

, PRODUCT TEST LABORATORY
TEST REPQORT
e of Togt Engineéring
@ 00008
ustomerProduct Description: Saginaw Column Lock
Fasco Part & 1740-0DD2
Test Description: Durability Bofors Test
Sampie Size: - 12
Buld [ata: : N1839
Technician: Lod Hoyle
Start Dafo; 14012000
Finish Date; y 192000
Powasr on motoy far 300 mSas
Partd | Pull Force @ 22 Tima Ts Actuate Mardstop Hardstop Swich Point
fLiba {millseconds) {Unlock) {Lock) £ Yeoity
9 Voits -40C Amblent Amblent 11.8mm
Amblamt < 300 millizaconds 142V 1223V 8V 12.8mm
13 Faasad Nt Maasured Passad Fassed 14,040
14 Passad . Not Measared Paased Paasad 13,330
15 Passad Nat Measured Pasasd Paseed Mads I~
- 18 Passed Not Maasured Passad Passad Mace
. 17 Paasad Not Maasured Passed Pessed 13.820
1B Passed Not Measured Passed Passad 13.275
19 Passed Mot Maasured Paased Passsd 12.520
20 Passed Not Measured Passad Pmld ] 12385
21 Fassad : Not Mesaured - Passed ‘Passad 1210
22 Passed . Not Messursd Pasaad Passed 12.395
239 Passed - Not Aessured Passed Pagzed 12,510
24 Paagad Not Measurad Passed - Passad 12278
Redts: Part# 13's molor b shorted to the housing. # 13 will not be put on test,
’ - 3685-2113 030489

Paga 1 of 4



FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATORY
TEST REPORT
Type of Tast: Engineering
Tast Log #: Oo-ados
. lemerProdudd Descrption: Saginaw Column Lack
rusco Part & 17400002
Test Deseription: Durability Bafare Tast
Sampie Sk 12
Buld Date; N1ag
Technician: Lari Hoyle
Start Date: 2101/2000
Finiah Date: F1AS2000
Power on motor for 360 mSec
Part# Switch Point Rebound Currant Curent
{Extanding} (mlilimeters) Msasursment Maasurernemt
imilimetera) Optional {Amps) {Ampa}
14.2V & Amblant 14.2 i Amblent
Lock Linlock
< 7 Amps < ¥ Amps
13 13.840 Not Msasuned 5,800 2.100
14 $3.515 Mol Measured 5.800 azon
15 15.805 Nol Measured 5.800 8200
14 15,780 Not Measured 5600 §.000
. 17 Made Net Measurad 5.500 5.800
18 I 13.080 Mot M!amrnd 5300 8.000
19 12355 Not Massured 5.800 300
20 12175 Mot Measumd 6.500 8.000
21 12.300 Mot Measured - 5.80D 8100
b 12.27% Not Messured 5800 & 200
23 . 12.470 Not Measured 5400 8. 100
24 12,336 Mot Mezsaured 55800 8.000
Raesulis:

5886-2113 02049
Pege 2 ot 4



FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATORY
TEST REPORT
Type of Test: Engineerng
Tagt g i 00-0005
! domenProduct Deseription. Saginaw Column Lock
- ~a5&0 Part ¥ 1740-0002
= Test Dascription: Durabdity Aftar Tast
1’ Sample Skze: 12
Birkd Derde; Nigg
Tachnesan; Lari Hoyle
Start Data: o1/01 2000
Finish Date; MM 92000
Power on motor for 200 mSec
Part # Puil Forca} 32 Tima To Actunte Hardatop Hardstop Switch Point
ftiba {millisaconda) (Unlock) fLock) 5 Voits
9 Veits ~40L: Ambignt Ambient 11.6mm -
Ambmant % 500 millinsconds 14.2v1.65V T2V 12.8mm
13 SHORTED SHORTEL SHORTED SHORTED SHORTED
14 Passed Not Messured Passed Passed 13.085
15 Passed Not Measured Fassad Passad 13.810
18 Pazead Mot Mt rad Passon Passand 13.190
7 Pasaad Not Maasured Fassad . Passad 12800
’ 18 Passed Nixt Measursd Pazasd Paasad 13.155
19 Faszod Mot Measived Pazsad Faxed 12.080
2 Prand Not Measursd Pazsad Pasaad 11.388
2| Passod Not Messured Pasaed Passed 12120
22 Passad Not Measuwad Passad Paased 12.356
x| Passad Not Msasurad Passad Fassad 12080
24 Passad Not Measured Pazsod Passead 12.520

Rusulis

S856-2113 D204/99
Page daf4
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FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATORY
TEST REPORT
Tuna gf Tast Engineering
I Log ¥ co-0005%
ustomarProduct Daseription: Saginaw Calumn Lock
Fasco Part 1740-0002
Tast Dascription: Durabllky After Test
Sampls Siza: 12
Buld Date: Ni8g9
Techndcian: Lowi Hoyls
Start Data: Q101/2000
Finish Cate: 1M 2000
Powar on mobor for 300 miSec
Part# Switch Poimt Rabound GCurrant Cwramt
iExtending) imillfmeiers) Mezsursment Maasuramant
{millimatars) Optonal (Amps) LAmps)
4.2V  Amblant 14.2 @ Ambilant
Lock Lnlack
<7 Amps < 7 Amps
13 SHORTED SHORTED SHORTED SHORTED
14 13.31% MNat Magsyrad 5.300 8,100
15 T 13910 Mot Measured a.600 £.,300
. 18 13.135 Not Measured 8,700 4,800
17 13045 Mot Moasured B.800 4.800
18 13210 Not Measured 5400 8.500
19 14.850 Not Meazured 5.500 5200
20 11420 MNot Measured . 5400 5500
21 11,580 Mot Measurad 8,300 5000
22 12.390 Not Measured - 8.500 5,800
23 11.880 Not Messured 5200 a.300
24 12.550) NOt Meaztired 5.300 5300

_ ' 4 Part# 13 was shorted from the beginning. | found part # 15 to be shariad gl the end of the tesl

85002113 030409
Page 4 of 4
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SAGINAW COLUMN LOCK

TEST LOG # 00-0005

DATE: 02/08/2000
ENGINEER: STEVE DAVIS
TECENICIAN: LORI HOYLE

Thene parts were cycled 30,000 timey et 85C. The motor on time wag 300 milliseconds,
Pargx munnbered 13-17 bod sar beanpers in tham. Parta 18-24 were corregt productien.

Pt 24 filed aroamd 11,000 cycles and never worked again. Tin up,
Part 23 failed eromnd 36,000 for about 2 hooes. Pin op,

Part 22 failed sronnd 46,000 cyciss and mever woried again  Fin op.
Pan 18 failed around 45,004 for about 1 hoar.

Part 17 failed around 36,200 for sbout 23 cycles. Pin op.

Part 16 misesd 1 cycle aromnd 20,00 cyclex.

Part 15 fadled arounid 49,000 tycles and never returnod. Pinup,
Part 13's motor wis Shorted 1o the hoosing and was never tested



CYCLES COMPLETE

60000

SAGINAW 00-0005

y )

o o

o -

(- o

o 2
| |

BPART #

|

24

W CYCLES COMPLETE




SAGINAW COLUMN LOCK

TEST LOG # C0-0005

Date 02/08/200

ENGINEER: STEVE DAVIS
TECHNICIAN: LORI HOYLE

SAGINAW 00-000%F

PART # |CYCLES COMPLETE
14 | 50,000
15 | 49,000
18 | 40000
17 | 4pa7s
18 | 49,780
18 20,000
20 | 50,000 #3004
21 50,000
22 40 00D
73 | #9520
24 11.000

WAPART 2
ECYCLES COMPLETE
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Lab Work Request .

Dutai  O1A0G2000 06 _ ﬂaﬁb
E-_p-tﬂﬂﬂ: Steva Davis

Dwl neacied:  C1DACO0

Part Namad ECL

Part Kwnbar: 1 7400000

Customasr:  SAGINAWY

Typa of Tusk or Waork: ENG EVAL B

Spmcial Ramuroments:
EVALUATE EFFECTS OF YARYING POWER "ON" TIME WTTH RESPECT TO REBOUMND
SCHEMATIC AND DNSCLIEEION OF TEET SPECIFICE PROVIDED 14800 AM

Al Arsan thel are Fffected:
ENG TEST

SN -

NOTE: You muet incliads aft pertinent d  print 4 wng with this document. Failare o do &0 will
m%“ﬂhﬂﬂhmmﬁgmw
haip Attwchmaots or Lirdts Mare: - .

Domurmet©t Hlskory Section:

Decurnem Crawted on 01CIV2000 by Eteve Cwvie
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TEST LOG # 00-9564
ENGINEER: STEVE DAVIS ' 514 NO TROUBLE FCLUND {NTF) .
TECHNGIAN: LORI HOYLE _ 505 NTF
CATE: 011700 519 NTF
TIME VOLTAGE APFLIED: 30mSEC CF = CURRENT PRODUCTION
[PART #_[REBOUND (mm) __ 8WIT j CURRENT )
514 10.35 C178 4.7
NTF 10.37 178 4.7
10.35 178 a7
BB 10,16 188 a1
NTE 10.15 188 4.1
10,18 188 4.1
[T 10.39 154 3
NTF 16.28 154 4.3
10.27 154 43
08 10.36 144 LK
RETURN 10.4 144 53
1038 144 5.4
823 10.37 169 4.9
RETURN 10.37 159 4.9
| 10.38 159 . 4%
539 10.45 182 . 4.3
RETURN 10.47 182 4.3
10,45 _162 43
- 1-CP 13,48 150 45
- 13.48 150 4.5
13.45 150 4.5
ZCP 14,53 102 45
14.53 102 4.5
| 14.27 102 4.5
3-CP 14.12 102 4.7
1420 102 47
14.24 102 4.7
=] 13.41 122 4.5
13.52 122 _ A5
13.27 122 45
E-CP 14 - 102 " 4.3
14,38 102 43
' 14.54 102 4.3
G-CP 12.897 130 4.7
13.87 130 4.7
13.52 130 4.7




. TEST LOG # 00-0001

ENGINEER; STEVE DAVIS
TECHNICIAN: LORI HOYLE
DATE: Q117100
TIME VOLTAGE APPLIED: 100milliseconds
PART 4 |REBOUND (mm)  SWITCH (mSec) CURRENT (Ampa)
— 514 10.38 1268 45
10.38 1268 4.5
10.38 126 45
[~ 56 1017 127 43
10.18 137 43
10.17 137 4.3
k] 10.3 122 4.1
10.25 122 41
10.24 : 122 : 41
508 10.35 118 30
10.28 118 49
10,38 118 439
523 10.32 122 4.1
10.23 122 41
10.32 122 41
] 10.43 140 a1
10.44 140 41
19.44 140 41
‘ . 1CP 10.08 142 2.3
| 10,08 142 43
10,00 142 43
— 2CP ETFT) 140 13
10.3 140 4.3
10.32 140 - 43
BE= 10.12 138 43
. 10.11 138 ' 4.3
: _ 10,91 138 i3
T acP | 10.1 140 %5
10.00 140 4.5
10.1 140 4.5
5GP 11.12 132 43
10.21 132 43
' 10.22 132 43
& 10.21 132 3.8
3 10.23 132 3.0
A
-4
H




TEST LOG # 00-0001
ENGINEER: STEVE DAVIS
TECHNICIAN: LORI HOYLE

DATE: C1M7/00

TIME VOLTAGE AFPLIED:; 200mSec

PART# |REBOUND (mmj}  SYWATCH (mSec) CURRENT (Amps) |
54 10,58 114 4.9
10.85 114 4.9
10.89 114 4%
6505 10.33 122 4.3
10,37 122 4.3
10,38 122 4.3
T 518 | 10.34 118 4.3
10.33 118 4.3
10,32 118 4.3
508 11.1% 110 4.9
1119 110 4.9
_ 10.93 110 4.0
523 10.82 110 4.9
10.85 110 4%
10.9 110 49
039 11.2% 110 'y B
1.2 110 : 49
L 11.23 110 4.8 .
. 1LP 10,13 140 o Y
10.13 140 45
1043 140 45
" 2LP 1027 136 45
1028 138 4.5
1027 138 A5
3CP 10.02 134 4.7
- 10.03 134 : 47
. 10,07 134 4.7
AP | 0. - 134 49
10.1 _ 134 | 4.9
10.1 ' 14 4.9 |
 SCP T B 134 ar
10.21 134 47
' 10.22 134 47
eGP 10.28 124 45
b 10.2% 154 45
L. 10.25 134 i5
k|
E
|




b eyl s . . HE

TEST LOG # 00-0001

ENGINEER: STEVE DAVIS
TECHNICIAN; LORI HOYLE

DATE: HMAT/00
TIME VOLTAGE APPUED:; 300 mSac
PART #  |REBOUND jmm} _ SWITGH (m&ac) CURRENT (AmpY) ]
514 10.87 110 5.5
10.82 110 55
10.82 110 55
508 10,32 112 B3
10.24 112 5.3
10.34 112 51
30 10,35 108 5.3
10.34 108 5.3
i 10,34 104 5.3
303 10.54 104 55
10.93 104 5.5
11.41 104 5.5
623 10.78 104 B.1
10.89 104 8.1
10.83 104 _ 8.1
539 11.01 104 23
11.09 104 5.3
11,12 104 5.3
I 1CP 1C.1 128 4.9
10.1 129 4.9
10,11 128 4.9
IGP 1023 128 55
10,24 128 5.5
10.27 129 5.5
T 3.CP 10.03 128 6.1
10.03 128 8.1
10.03 128 .1
= 10.12 F] 5.3
1012 128 5.3
10.12 ’E;E_ s.ﬁ__
“&CP | X[] 1
10.12 i 5.3
1029 126 53
- &CP 10.2 128 5.1
1023 128 - 5.1
10.24 128 51




TEST LOG # D0-0001
ENGINEER: STEVE DAVIS
TECHNICIAN: LORI HOYLE

DATE: 01/17/00
TIME VOLTAGE APPLIED: 400mSEC
m_—neanur_urn imm)  SWITCH (manc) CURRENT (Amps) |
514 10.78 114 5.3
10.75 114 5.3
10.78 114 5.3
&08 1023 120 4.9
10.25 120 49
10,28 120 48
519 10.38 118 i —
10.45 118 4.7
10.35 118 4.7
508 .91 110 5.3
11.08 110 5.3
11.11 110 5.3
523 10.81 112 8.1
10.87 112 8.1 -
10.98 112 B.1
539 1141 110 4.9
11.13 110 Y-
11.13 110 40
1Cp 10.11 134 5.3
10.11 134 52
10.11 134 53
2-CF 1021 184 5.9
1023 134 59
10.24 134 : 59
TGP 10.02 152 13
10.02 132 £a
10.02 132 53
4GP 0.1 134 53
10.11 134 53
10.11 124 5.3
5CP 1017 132 5.9
10.18 132 5.5
10.19 132 58
- eor 1 10.21 132 LE
10.21 122 . 51
10.21 132 51




TEST LOG # 06-0001

ENGINEER: ETEVE DAVIS
TEGCHNICIAN: LORE HOYLE

DATE: 04/17/00
TIME VOI.TAGE APPLIED: 500mSEC
[PART # |REGOUND [rwn)  SWITCH {mBec) CURRENT (Ampa)
T 814 10.72 12 . a7
10.78 112 5.7
10.77 112 5.7
808 10.25 118 53
10.21 118 53
10.34 118 5.3
518 10,33 110 5.3
10.33 110 5.3
10.32 110 5.3
505 11.07 110 55
11.08 110 5.5
11.12 110 55
523 10.82 110 8.1
10.95 110 8.1
10.97 110 8.1
539 11.08 110 5.
11.14 110 5.3
11,13 110 5.3
ICF 1011 128 5.3
10,13 128 53
10,12 120 5.3
2-CP 10.27 128 &1
10.3 128 8.1
10.32 128 5.1
P 10.02 128 6.1
10.02 T 428 6.1
10,02 128 8.1
#CP | 1013 126 5.1
10,18 128 5.1
10.13 128 5.1
5-CP 0.2 128 53
10.21 129 53
_ 10.21 128 5.3
I 6CP 10.23 128 .1
1623 126 5.1
10.23 128 5.1




TEST LOG # C0-0001

ENGINEER: STEVE DAVIS
TECHNICIAN: LORI HOYLE

DATE: D1/17/00

TIME YOLTAGE APPLIED: 800mSED

[PART# | _'w“anuun {mm) & ) CURRENT (Amps)
514 10.72 110 3
10.79 110 6.2 '
10.89 110 53
505 ~10.24 118 5.1
1027 118 5.1
10.34 118 5.1
319 1035 114 5.1
10,33 114 5.1
10,33 114 5.1
77T 17.08 108 55
11,00 108 55
11.1 108 55
I 5 11.05 108 39
10,9 108 5.9
E— 10.84 108 50
7] 11.07 108 5.1
11.07 108 5.1
11.00 108 51
1-CP 10.11 132 R
10.11 132 5.1
| 1012 132 5.1
2-CP 10.22 132 5.1
10.24 132 5.1
1027 132 51
1-CP 10,02 128 5.1
10.02 128 5.1
10.02 128 5.1
4GP 10.14 128 51
10.12 128 51
10.14 " 128 a1
— 5P 10.18 120 4.9
10,21 126 49
10.21 129 49
8-CP 10.22 128 5.1
10,22 129 5.1
10.24 126 5.1




Lol

o e e = -

C i VIS . i e "

l i
TEST LOG # 00-0001
ENGINEER; STEVE DAVIS
TECHNICIAN: LORI HOYLE
DATE: 117/00
PART#_[SWITCH POINT RETRACTED JFULL RETRACT BWITCH POINT EXTENDING |
514 11.770 10,380 11.630
12.025 10.375 11.740
12.050 10.370 11.520
205 12.115 10.110 11.585
12.178 10,110 11.545
12,180 10.105 11.585
519 12.105 10.300 11.680
12.320 10.330 11,935
12.415 10335 11,780
508 12.300 10.390 11.870
12.100 10.385 12,030
12.375 10.420 12.025
523 12.110 +0.308 . 1,755
12,135 10.370 11.850
12270 10.370 11.608
538 11.820 10410 11,305
11.910 10.410 1,310
11,980 10,415 11,545
1-GP 12.225 10,085 11738
12.135 10,080 11.733
11.988 .10.085 11.83%
2-CP 12.308 10225 12.015
12,800 10,220 12,110
12.580 10160 11.895
0 12.250 10.085 12.000
12,280 10,045 11.985
12.500 10,083 11.890
4-CP 12550 10.110 12.135
12 380 10.085 11.870
12 485 10.100 11,675
—3TE i F. T0.1%5 =T
12.410 10.185 12,115
12240 10.980 12035
BCP 12.420 10.200 11.725
12.443 10.200 11.935
12.300 10.200 12.075




Tek Run: 2.50kS/s _Sample  [EHE

L

A 50, 4ms
{®: 48.8ms

- . - { Ch1 High
) ) o 11.4

+ . . . . Unstabie
d:.... " = om : ] : ] : "1 o= om .I. '] ..T histngmm
) : : : X 1 Ch2High
.......................... 10.8

..............

el Ch May
~ - : { 47emv

e R R R U L I R R R R R

]l s

b , . . . :
M40 s CHT 3.8V 190 Feb 2036

chi seomv [HM 10.0V 21:51:18 .
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- ok T . .. A R i B

Tk Run: z.s::nlts.nfsr _i_SaF'ane [1 134}

14: 50.4ms
b @ 48. Bms

Ch1 High

11.4
Unstable
Histogram

Ch2 High
!0.83

Ch3 Max
430my

{1 sep

1y

SRR T
“Wdgims CRT RV

19 Feb 2036
21:49:57



Tak Run: I.EI:II(SMIr . 53lmple § 1]

L | }
T T T T T T T T ] A e $0.4ms .
: T 1@: 48.8ms

__:"'-"r-_; ! - ' i Ch1HIh

I . L . ) 11.4

T S ' 1 Unstable
: : T DT LT 1 histogram

SUURETOUPETRUPEIPR R B 1L

.::4.,1:::i::':,:"::f:::ll::;‘. Ch3 Max
. : -
s P AP 1 sowms
- 12w

]

3T hms TRt AR 10 Feb 2036

21:49:03 .




Tak Run: z.suksnr . Saimple INERE
|

16.0 ¥

Ch3 500mv

BN .- & V" G WG T . e

— ]
AR AR © {A: 50.4ms
B '@‘: 431!"‘5
........... S S
- 1 Chi ngh
" o DR 11.4
Unstable
:« ......................... hlstngmm
-
I Ch2 Hi&h
.......................... 10.8
i | e el e, l-;-_'l_l. 1
ISR A I Ch3 Max
470my
L., p—— . .I_ R . 1k
I T a . R o S0m%
. r PR : ............... 12¥
- -

W30 oms TR J BV 10 Feb 2038

21:48:23



Tek Run: z.suks;"s.r N Sapmple IRrE

]A: 50.4ms
]@: 48.8ms

cht High |
11.4

Unstable

histogram

Ch2 High
10.8

Ch3 Max
450mV

Mg oms CHTF""E8V 19 Feb 2036

Ch3 s500mv [ 10.0V  21:47:12
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Tek Run: 2. SI‘JkS!:r

4 53|"|P|E N

|.'_!||||

1+

k7
T

.......................

TA: 50
: ®: 48.8ms

4ms

Ch1i High
11.4
unstable

histogram

Ch2 High
10.8

Unstable

histagram

Ch3 Max
450mV

W40 oms TR J TEV 19 Feb 2036

21:41:31




Tak Run: E.SEkﬂ'sr N Salmple [ 1161

" {A: 50.4ms .
l@: 48.8ms |

Chi Hl\?h
11.8

Unstable

histogram

Ch2 High
10.3

T T

Ch3 Max
430mY

1 12W

0.1 VWA BV 19 Feb 2036
ch3 soomv @EE 10.0V 2128016 .




Tek Run: 1.00ks/s _ Sample  [NEDS
|

{A: 134ms
@: 134ms

EiPrs

Ch2 High
10.8

Ch3 Max
530mV

Chz 500mv 10.0V

W Totins ChT 7 L5V 20 Feb 2036

16:36:21




A i
n"_i_-'.'.l.—:_ !'._Lwl‘.iwl!..iwl!i L1

Tak Rumn: 1.u0k5!r.l . 52

mple NI
1

.............

Ch3 S0Gmv

10.0 V

JA 132ms
{®: 132ms

Ch1 High
11.3

W Toims “ZhY 7 T3V 20 Fab 2036

168:54:74




, N 1T

4

Tak Run: i.uuksrs' . Siliﬂple IREE

L} 1
LA )

- ] 1 1 ] TOma T 1
Ch3 5So0mv WP 10.0V 20 Feb 2036

0 16:52:14




Tak Run: I.uuks.r‘s:r +5=mple [1ri7] ] .
[

llllll-'lllli..l_r_rl_!_l_l_r‘!rl

— =
A - =T el
A o P " .

P % IR

JA: 134ms
1@: 134ms

Ch1 High

11.%

Ch2 High
10.8

Ch3 Max
S30my

1 1 Carrewnt Frad.
4 400w 3

T

10.0 V

20 Feb 2036
16:50:34




Tak Run: 1.00Kks/s +Sa||mple {1173
E

Mo 11

Ch2 High
10.8

{nstable

histogram

Ch3 May
430mv

H 7 Y S M
BV 6o WFBtmE TR 7 X¥0V 20 Feb 2036
Ch3 s00mV 10.0 V

. 16:29:39




..........................
. .
- L 1
s . 2l i al
.,'!. T i ! T+ L
L
X - . .
B I e
S R TSP
. I 3
-
...... . L S i iy =
I at - '
| i ]

Ch3 sS00mv

1129

Unstable
histogram

Ch3 Max
S10my

400w §
12¥

100V . 20 Feh 2636

1

0:27:32




b

IR .- & TR T e "

Tek Run: 1.00kS/s + Salmple 111 -]
L
1

— 3 — . .} ......
1 C 1 ar1ioms
1®: 110ms
T o L .'. chi High
, ~ 1 1.8
] ch2 High
. 11.2
1 Unstable
histogram
Ch3 Max
530mV
] S00ME
4 11w
KRB V! Gon; Pt s e
ch3 Soomv 10.0¥ | fg.;g?f;“




M Ta6ims " Thi J TH5e 20 Feb 2038
16:22:03
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Tak RUNn: 1.00kS/s . 5=Imple (1113 ]
E
| |

........................

-

10.0 V

20 Feb 2036
16:19:49




Tak Run: 1.unk5!sr +Sa}mple (1114

| 1 g |
LI L L] L 20N B B ) LEL L IE) LEBLIE L]

~=W-TotmsCHT 7~$35V 20 Feb 2035

16:17:25




o0 mS

- 51y nﬂu.-.. 55 - [ 70/ 114 %3
/0.95 114 5.3 Jja. 2! LIV,
87 JH 53 2l 13 sy
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A 5/9 /636 ny 4 6 @ .02 32 453
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/og” " 57 0 I 24
w839 /141 i sy L1621 32 Ty
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¥
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Tek Run; 2.50ksS/ss Sample HEROE
L+ J!

- r:b: s8.4dms .
1®: 48.8ms

ch1 High
11.8

Unstabla

histogram

ChZ High
10.8

Unstable

histogram

Ch3 max
47¢my

---------------

SO N F

izv

.....

~— 30 fms Cht RV 1¢ Feb 2036

Ch3 So0mv 10,0V 21:29:56




5 TN T 1 TN

Tak Run: I.uuksni_ +5i1mple [1111:] .
L| p

LI T TR

------------------------

A 132ms
]@: 132ms

Ch1 High

1.8

Ch2 High
10.8

Chl

s56emy

Ch3 Max
380mVv

0T

N3 B[ 4.8V
Chd 10.0V

20 Feb 2038
22:18207



Tek Run: I.uuksrsl _ Sample DB

A HEA M A B

3Cr
100m3
12¥

W 5.0V W Toime CHT 748V 20 Feb 206
s0dmv  Chd 100V 22:17:29 ¢




Tak Run: I.N}RSHI +Sarrl|ple 111

" {A: 140ms

j®: 140ms
Ch1 High

11.8
Unstabie
histogram

Ch2 High
10,8

Ch3 Max
450mV

wr
1003

12¥

. [ i . [ i i . T 1 ms' = . - o
?PJ 5quumﬂ E q,diz 1‘5“_2 E MTbgms ThT 7~ "4.8V 20 reb 2028

22:16:49




Tak Run: I.ai'.ll'.llvasl.i'si i_Sample IR .
i I
P " S JA: 136ms
{@: 138ms
T £
+ - . - . { Ch1 High
. . , . i 11.8

) . I . . . . 1 Cha High
R R EERTETRPRPERPrS R 10.8

' X 1 Unstable

. . . . E histogram

ot :::_‘::::;::::!L:::-:—i:::;!li:J.:_ Ch3 Mag
+ - ’ - - 1 430mv

T
~~Wytoims AT 748V 20 Feb 2026

300my Chd 10.0V 22:15:31




Tek Run: I.ﬂﬂk!!s} +5:n||ple e

T iAr 140ms
l®: 140ms

Cht High
11.8

Unstable

histogram

Ch2 High
“10.8

Ch3 Max
430mv

xCp
100m 3
114

20 Feb 2036
22:23:05




Tak Run: 1.00kS/s . sample NS
L

1A 142ms .

{@: 134ms

Ch1 High
11.8
- - 1 - - - - {1 uUnstable
...:..11:-...-m......--.:.1.--1:....:...1-:...._.| hlstﬂgﬂm
E it ] chzugn
.......................... 10.8 )

Ch3 Max
430mVY

1 1cr
1 100w Sec
1 12v

N . L
L il Liin min ink J
i

Ww—n‘mﬁw 23 Feb 2036 |
500mv Chd 10.0V 21:37:08 .




Tak Run: ‘.l.l.'.lllllrc&l»%I

_ Sample  [HIOE

34

3 . : - H . . -
!Eg s00my Chd4 10.0V

1 sti . :_.:

@®: 140ms

Chi High
11.8
Unstabla

histogram

ch2 High
10.8

"::'"'5””5""5”":‘”'3&:14oms

Ch2 Max
410mY

=1
100mE
12V

20 Feb 2030
22:14:55
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Tak Run: I.WII:SISI +Sarlnple e

] A
LB ™ L L R B T

; I y

f

.................................... +

W T W . T T o

1

...................................................
-
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,,,,,,,,,,,,,, ofmr B4 4 onm A r a e omr s omomaww s am
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| L a bt Sl i TR}
=T T i el Bt NN R B B

M H -
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-

.........................................

- v '1!!

- - - 5
WW
: ST S U

o]
L

500mv Chd 10.0V

A T22ms
J@: 124ms

€1 High
11.8

Unstable _

histogram

Ch2 Hi&h
10.8
Unstable

histogram
' Ch3 Max .

410my

] 1o0ms
| iV

LT 4.5V 20 Fab 2036

22:14:02




= ]

Tak Run: l.npks.fsl +5m|*nple Ik

e T T T T T [ T p————

A> 118ms
g: 118ms

Ch1 High
11.8
Unstable

histogram

Ch2 High
10.8
Unstable

histogram

Ch2 Max
490mv

I R R T R I I R R e

S0l
100m3
12V

% rotms thT 7~""'3¢V 20 Feb 2036

10.0V 22:12:33

s00mV  Chd



Tek Run: 1.00k5/5 _‘_Sarlnple 1Tt} .
| ®

1A 122ms
1@: 124ms

Ch1 HIigh
11.8¥
Unstable
hlstogram

Ch2 High
70.8

Unstable

histogram

Ch3 Max
410mVY

S1?
100 %
12V

22:10:586

H‘LW ARG R R T TR 55V 20 Feb 2036
soomv Chd 10.0V .




Tak Rurn: 1.unks.d'sl +Saq1ple 177 )¢]

10.8
tUnstable
histogram

Ch3 Max
430mV

1 504
- 100m¥
4 1z¥

22:10:06

SV TOUORS N DU TOOOE SAUUC UL NN IO SO -
?E s00my  Chd 10.0 V 20 Feb
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Tak Run: 1.06kS/s +Sarlnpla 117
i

.

I

--------------------------

EH sabmy Chd4 10.0V

: ; : S
. . - ! . 4
I ]

o Al 126ms

®: 126ms

Ch1 High
11.8

Ch2 Hlah
10.8

Unstable

histogram

Ch3 Max
450mV

1%
100mE
12V

~~ M Tatims CHT 248V 20 Feb 2036

22:09:15
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Tek Run: 'I.l.’lﬂl:S!s'__i_ Sample JIINK ] o

a1 + LN I ) "r‘E“‘ -I;I’Il "'lr11lll1rlil=l'lllllli
. A ) ) : I : : ; : A 134dms
: : : A S : : . @ 134ms
| S ERREH BN EEL I SRR IR IR Eas J
e . . met 118

L R L L T R B R T T T T VU

-4 U AT

¥ -+ o 1 ch2High

. T R S 10.8
2 1 ilil-ilml_llalll‘illr ',",'.—.I....t,...1...,:1,._,
L] 1 !lll.:u-.ufilalf:lla._.::..'!'..:.E...-f.---!,...' ChEM“
ool o1 45omV
b

A TN TN Y

@ S06mY  Ch 10°0V 23 Feb 2036

18:30:05
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TeKk Run: 1.00kS/s N sample
L

1A: 134ms
J@: 134ms

Ch1 High
11.8

Ch2 High
10.8

Ch3 Max
470mv

Z00m3
1 12v

W TR 08V WM Ti0ms ChT 7380V 23 Feb 2036
S00my Chd 10.0V

T T .




Tak Run: 1c.l:|l.'||(:5.o'|r . samplke [IINB

: L S o]
WW. W Totms ThT 7480V 23 rab 2036
s00mv Ch4 10.0V

18:26:41
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Tak Run: 1.00kS/s
L

X Sample

—r 1
T T L =TT I r
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.............................................
—r TR vr - T -
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. . - - i
L . - K3
-4
L e -
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b = 4 4 = = o= 1 = = % 4 4 4 BN R oaw b T owom

500mvV  Ch4

10.0V

T I R R T T R R I R B R

A 134ms
A@: 134ms

Ch1 High
11.8

Ch2 High
10.8

Ch3 Max
470my

M Tobms ChT 2 150V 23 Feb 2036

1B:323:47




Tek Run: 1.00kS/s _"_Slmpla ]
i |
' ~ A
A MR L T 1A 136ms
1®: 138ms
...................................... s P
11.8
1 ch2uigh
........................................ 10.8
Ch3 Max
430my
2P
200ms
144')
R T T
m {60V —?HI 100V W T0oms ChT 7480V
S00my Ch4 10.0V ?::I.::?qlzso!u



X

TeK Run: 1.00kS/s Sample [FME

1A: 140ms
{@®: 140ms

Ch?® High
11.8

Ch2 High
10.8

Ch3 Max
450mV

b .. : - L[] - L] . Ii : e . . ms‘ ] . : ]
H T00mY chﬂliqj ioﬁ_oﬁ vt W Y00 AT 7458V 23 Feb 2036

18:23:32 .




Tak Run: 1.0Ek5!sr - SaImple 1]
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" PRODUCTTE  LABORATORY .

INITIAL AND DALY SET UP SHEET |
Test Log & DO-0O04 4 Uised: Environmental Chamber, Lebview Data Aquiaition
CusiomerProducd Description: Saginew Colwnn Lock Typa of Tast: Engineering
Fasco Part #: 1740-0002 Enginser: Bteve Davis
Specification #: 268053015 Technickan: Lorl Hoyle
Test Specifications: 50,000 Cycles -40G (0 85C _ '
Date Tima Cycles Tamp. Voltaga AMpirages Prossina Corrishis Indfials
Gompluln_r o =0T 10 85C 8V o 12V N/A NA -
as Tol. 8pec. Tol. B Tol. Tol.
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FASCO CONTROLS COCRPORATION

o o |~ | tm il |t |a |

PRODUCT TEST LABORATCRY
TEST REPORT
e of Test: Enginaaring
2 Log# 00-0044
wustomerProduct Deserption: Saginaw Column Lock
Fuaca Part #: 1740-0002
Test Dascrption: Durability
Sampla Slze: 24
Bulld Cate: N18%9
Tachnician: Lorl Howe
Starnt Dala: 021472000
Finish Deta: 0272820000
Part ¥ Pulf Forcedl) 12 Time To Attuxte Hardstop Hardstop Switch Fuin-t
ft.lbs {milllseconds) {Unlock) {L-ock) & Voits
8 Volty ~40C Ambient Ambiant 11.8mm -
Ambiant < 600 millizaconds 14.0VB.5 14.2V8. 8¢ 12.5mm
Pawmed 201,600 Passad Passad 12185
Passad 217.000 Paxsed Passed 12415
Passad 187.000 Passed Passed 12,5840
Pzasad 197.000 Passad Fassad 12455
Passed 107.000 Passad Passad 12448
Pasaed 201,000 Passad Fassed 12.540
Pagasod 201.000 Passed Passed 12.510
Passad 229,000 Passed Paasad 12.410
Paasad 21.000 " Pasaed Pasend 12,275
10 Passad | 225.000 Passed Pagsad 12.230
1 Pasaed 217.000 Passed Pasand 12.425
! 12 Passad 208.000 Pasaad Paasad 12,540
Rasults

5008-2113 ONOV9R
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FASGO CONTROLS COCRPORATION

PRODUCT TEST LABORATORY
TEST REPORT

Type of Test: Englneering

Test Log # O0-0044

CustomerProduct Description: Saginaw Catumn Lock

Fasco Fart W 17400003

Test Desaription: Durabiiity (Before)

Sampls Siza: 24

Bulld Date; N189

Tachinkign; Lo Hoyie

Start Dgte; 021 4/2000

Finlsh Date: Q272812000

Part # Pull Forcagl 22 Time To Actuxie Hardstop Hardstop Switch PoInt |
fLiba {milisacaonds) (Unlock) {Lock) BVoits |
2 Yolts -0 Amblent Ambiant 11.8mm -
Ambinmt < 800 millisaconds 14.2V/I8 BV 14,278 5V 12.8mm

13 Pasaad 205.000 Paased Passed 12,825
14 Pasaad 213.000 Passed Paxtad 12.375
15 Pasaed 208000 Passed Pasaad 12.808
1] Paysed 217.000 Fassad Passed 12.280
17 Pidgnd 209.000 Passad Pagted 12550
18 Pasasd 217.000 Passad FPazsed 12443
19 Passad 205.000 Passed Frssed 12,338
20 | Passed 229.000 Passad Passad 12.370
21 Passsd 213.000 Passzed Fazsad 12138
2 Fassad 217.000 " Pagsad FPassad 12405
23 Fassad 200.000 Pasged Passad 12.52%
r s Paszed 208.000 Fassad Fassad 11.055

8E08-2112 03/04/90
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FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATORY
TEST REPORT
Type of Test: Enginaering
Test Log # 000044
stomerProduct Deseiption: Saginaw Column Leck
. il Pant & 17400002
Test Dascription: Durabiltty {Hafom)
Samples Siza: o4
Bulld Cwata: N159
TachnicEan; Lari Hayle
Start Date; 02/14/2000
Finish Data: 2282000
Part # Jwitch Polnt Rabound Currant Currant
{Extanding} {millimetars) Mexsurement Mausuramant
(miltimeters) Optional (Amps) {Ampa)
14.2V @ Amblent 14.2 g Amblant
Lock Unlock
<7 Amps <7 Amps
1 11,508 NiA 5.000 B.700
2 12,175 N/A 5200  E.500
. 3 12,120 NfA 5200 5.800
4 12,1490 N/A 8.850 5,500
: 5 12.045 NA © 5,500 . 5100
. 8 12.170 MN/A 5100 5.400
T 11.855 NdA, 5.400 5700
B 12.075% MN/A 4200 3.800
" g 11.825 MNiA 5100 5.000
= 1% 12.050 - NAA 5.000 5.400
11 11,844 WA 5100 5.500
12 12.025 MNUA 5100 5,700
Results: .
-
l‘.
A _
z . 3848-2113 03/04/09
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FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATORY
TEST REPORT

Typw of Test: Engineerng

Tast Log # 00-0044

Customer/Product Daseription: Saginaw Calumn Lock,

Fasco Part#: 1740-0002

Teaat Description; Burabliity (Baefora)

Sampie Slze: 24

Buiid Date: MN188

Technician: Lewi Heyle

Stan Date: 02/14/2000

FInlsh Data: 02/28/2000

Part ¥ Switeh Paint Rebound Cuwmant Currant i
{Extanding) {millimeters) Maazurement Measuremnent :
{millanatara) Optional (Ampa) {Amps)
14.2v @ Ambisnt 14.2 @& Amblant
Lock Unfock
< T Amps < 7 Amps

13 12275 MNiA 5.500 5.900
14 12185 MNiA 5.300 5.700
15 12170 MNA 5.300 2.800
18 12,070 N/A 5200 5,600
17 12.275 NIA E.200 5.500
18 12,145 MN/A B.300 £.800
18 11.809 MN/A 5.200 5.800
b 11.950 MN/A 84000 5 800
.21 11.8315 - NA 5.800 5800
22 12.300 MNiA 5.200 5600
23 12.225 MSA 2200 5400
24 11.800 NA 5.500 5.800

Resulis:

£869-2113 DA/D4/98
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FASCO CONTROLS CORPORATION

PRODGUCT TEST LABORATORY
TEST REPORT
Type of Tesl; Enginaaring
Tast Log # 00-0044
. stomerProduct Descriplon: Saglnaw Column Lock
rasco Part # 1740-0002
Tast Dascription: Durabliity (Afler)
Sampla Slze: 24
Build Date: N183
Teachnican: Lori Hoyla
Start Date: 021442000
Finish Date: O2/28/2000
Part # Pull Forcal® 22 Tima To Actuate Hardstop Hardstop Switch Point
ft.lba {milliseconds) {Uniock) [Lock) 5 Volts
9 Valts -40C Amblent Amblent 41.86mm -
Ambiwnt < 800 milllsacondy 14207859 14,27 5 12.5mm
1 Passed 1B81.000 Passad Fasaad 12.640
F Faasad 181,000 Passad Passed 12175
3 Passed 1869000 Pagsed Passed 12.145
4 Passed 183,000 Passad Passad 12230
! 5 Passed 208.000 Passad Passed 12415
. & Passed 185.000 Fattad Posasd 12,305
T Fagand 253.000 Pasasd Passed 12.050
R Passed 173.000 Pasasd Passad 12.250
3 Passad 177.000 Fassod Passed 12005
a 10 Passad 193,008 Patswd Pasesd 12.300
1 Pasted £97.000 Passed Passad 12.235
12 Passed 181.000 Passed Passed 12,425
Reaults:

4

» YRR

BAsG-2113 03408
Fage S of 4
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FASUU CONTROLS CORPORATION

PRODUCT TEST LABORATORY
TEST REPORT
Type of Tast: Englnzening
Tast Log ¥ QC-D044
CustomenFroduct Description: Saginaw Column Lock
Fasco Pant & 1740-0002
Tast Description: Durabllity {after)
Sample Sixe: - 24
Bulld Date: N189
Technlcian: Lori Hoyle
aart Dals: 02r14/2000
Finizh Cats: Q272872000
Part# Pull Forcag) 22 Time To Actyata Hardatop Hardstop Switch Polmt
fribs {mililzsconds) {Unlock) {Lock) 5 Vol
3 Vol -G Ambiant Amblsrmt 11.6mm -
Ambiant = 500 milllascornds 14.2900.5V 14.2VI8.8Y 1 28mm
13 Paszad 201.000 Faased Fassad 2. 445
14 Pasasd 201.000 Faszed Fassad 12.380
15 Pasased 205000 Paased Pagsed 12,276
18 Paasad 225,000 Passid Passed 12475
17 Paased 173.000 Passed Fassed 12.830
18 © Passsd 188,000 Paszsed Passed 12.245
19 ‘Passed 189,000 Passad Passed 12.200
20 Passed 193.000 Prased Passed 12,0488
21 Passed 185,000 Passad Passad 11.784
22 Pagsad 193,000 Pasaad Passed 12.480
23 Passad 213.000 Passed Passead 12.23%
24 Passad 229000 ' Passed Passed 12.02%
myits:

BBGE-2113 CAAN4NY
Page 7 of 4
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RESULTS OF TEST 00-00444

BASELINE TEST FOR NEW DURABILITY TESTER

TEST 1
9 volts lock & voits unlock 22 fi-lha
Pazt # 2 minges 3 unfock cycles,
Pazt # 1 muiesed 1 unlock cytle.
Part # 4 misead | unlack cycle,

All misses were at 20C.

TEST 2
12 voidts bock 12 vohs unlock 11 fe-1ba,
NG Inllures

TEST 3
12 vokts lock 12 velts nmbock 7 fi-1bs.

Parts £1, 1st miss 3t 8777 cycles. Temp x ~21.7C.

Missed abot 383 cycles in test 3.

Failure: Stck in the lock ‘

Az 9381 cycles the part missed 1 time for rebound in the unlock position. Temp was 68,7,

TEST 4
128 volts lock ¥ volts unlock,
NO failores

TESTS

9 volia lock 12. & volts anlock

Part # 1 24 fxihares were for rebound.

1* filuse was at ¥77 cyeles in the wmkock position. Missed 24 timex,
3 fifure ocgurred after the tegter was repaired, this dme theme was ahour 500 cycles mizved.
The wmp mnge was from 80C to -6,3C,

Total faitures: 24

Faihae Position: Unlock

Fuihare Mods: Febonnd

Taotal failures for betng stuck locked wees 300

All fallvies wera in the unlock pogition.

Part # T: First faffore was al 523

Total cycley miszes: 70

Temp: 79C was the temp when the part failed the first time. The part coadinned to mdss cycles all shraugh
wst 5 gt vaious

Failure Mode; All wayy stuck in the miock position

Part# 8: & 10

Al failures were for the geritch bouncing when trying to lock. This i 2 failurs the car wonld not sco.
Temp Range: -40C to -13C,

Pan 8§ missed around 00 cycles. Part # 10 around 400 misses.

Part # [1: Failed shout § tycies for bouncing whea locked, tamp -20C,
memmummmmmdmmmmmuﬂu&um




Part # 16

Failure Mode: Stuck unlocked

Temp Failure: 84C to 48C

Failed off and on for about 200 cycles.

Pomt # 20

Failure Mode: Sk undocioed
Temp fhitures oczur; -34.7C
Fralled sbout 30 cycles,

Part # 23

Failure mode: Stuck unlocked
Temp failvres occnr: 79C
Foiled about 125 times.

Tt § Swmnioary

Parta 7, 11, 16, 20, 23, 24 Stick in the milack position at temps of 64C to 79C.

Part ¥ land 20 stick in the umlock positlon ac-34C. Most of the misses are more intermittent, they are nat
o for long periods of Hme.

The car wonld not ss¢ part £ a0d 103 faiture. Past # 11 also exhibited seme fibures that would not be yeen
by the car.

TEST &
14,2 volty lnck 9 volts ohitack

Part & 1

Failurs Mode: Stuck locked
Failure ttmyx Com fiil at sory temp,
Cycles missed 3683

Part#7

Failure Mode: Stuck locked

Temp; Pailed 1" time a1 73C and way off 24 houry, therefwy part can fail at eay temp.
Cyreles micsed: About 5882

Part 49 ;

Failure mode: Stuck locked , .

Part failed at 2332 cycles st 79C. Part did aot work again umd] teet 7-3529 and 34C,
Cyches mipged:; 7714

Part # 15

Faihme Moede: Stnck Locked
Failsd from 2552 (79C) - 5933(-60)
Cocles misgad 1446

Par # 16

Friled at eyele 1 and wak off 11 hours,
Faihmre Mode: Stack locked

Temp Failed: -6C and restarted 5 62C

Failed ngain at 3212 snd was off for 24 hours.
Temp Pailed: §2C and regtarted at 64C.
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FASCO CONTROLS GORPORATION

PRODUCT TEST LABDRATORY
TEST REPORT
Type of Test: Enginearing
Tast Log # 00-0044
mystomar/Produet Description: Saginow Column Lock
. sco Part #: 1740-0002
+ 88t Dascription: Curability (After)
Samplw Size: 24
Build Data: N18%9
Tachniclan: Lori Hayle
Start Date: 021 42000
Finizh Date: OZr28:2000
Part # Switch Polmt Rebound Curment Curment
(Extending) {millamaters) Maagurament Mamsurament
[(millimswra} OpHongl (Ampa) [Amps)
142V 3 Ambient 14.2 & Amblat
Lock Unlack
= 7 Amps <7 Ames
1 12.375 MNA, 7.100 5.400
2 11.74% M/A 5200 5.300
3 11.820 N/A £.900 £.700
4 11.705 MSA T.300 5.300
5 11.905 NA 7100 4,300
. . ] 11.845 N/A 7100 £.300
7 11.38% MIA 8.800 8.200
. 11.785 M/A 5,900 8700
] 11.855 WA 6.700 5,300
10 11.975 NAA - 7000 8500
11 11.045 - NA . TO0D - 5.300
12 11,800 N/A 5,700 6.800
REsults:

BAa5-2113 0I/0A/B0
Page 8 of 4



FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATORY
TEST REPORT

Type of Test: Enginesring

Test Log 00-0044

Cusiomer/Product Description: Saginew Column Lock

Fasco Part # 1740-0002

Tast Description: Durabilty(Aftar)

Sample Slza: 24

Bulld Oate: N18D

Techmcien: Lorl Hoyle

Start Date. 02A1472000

Finish Date: C2/28/2000

Part # Switch Foint Rabound Ciuymant | Current
(Extanding) (milimaters) Massursmant Mugsursmaent
[milimstars) "~ QOptonal tAmps) {Amps)
. 14.2¥ & Amblant 14.2 § Amblamt
Lock Lnlock
< T Ampa < ¥ Amps

13 11.880 NiA 7.200 5400
14 12.095 A 7.100 5.400
15 11.880 MNVA, 5.900 5.500
18 11,8480 NA 5.800 5.400
17 12175 MNrA 7.200 5300
18 1775 A 8.000 5,800
18 11.750 N/A 5.500 5500
20 11.835 N/A, 5,900 5,300
4| 11.438 A 5,800 8.800
22 12.185 INCA 5.700 68.800
. 11.430 NA 7400 8,400
24 11.8680 N/A 5,500 8.500

Results:

3085-2113 CarD4be
Page 8 of 4




Total ycles missext: 8843

Part ¥ 19

Failure Mode: Siuck locked

Failed at 80C and was off from 2637 - 7771,
Ternp at which Rifure oconrred was 80,60
Creles missed: 5134

Test § Summuary
Most of the initial misses were at 30C once the part fails it Ls off for long periods of time, The temp ot

which the part sacts working variey. All the fallnpes were sticiing in the lock dimction

TEST 7
B volts lock I4.2 volts miock

Part ¥ 1
First faiture: oconrmed 2t 4106 cycles.
It missedt aroomnd 1000 cycles, The tesp tanged from 60C us:cm;mmm

Partd 5

Failed ot 355 cycles, it failad abont 5000 cycles

The termp waa ot 23C when the part failed the frst time. It contirmed to fail fhroogh the cold cycle md
vack up 0 75C, At 75C [ had my longeat failurs (4770 cyeles).

Failura Mode: Shiek wlieksd

Part# 7

Failure Mode: Stmek anloeked

Cycles misged: 5300 .

Temp: Can fail st amy temp and for Long periods of ime.
Part pever worked after 7-5790.

Part#11

Failure Mode: Sk vmlocked
Fi:ﬂﬁ;hue-wnimhlfotﬂhmn{ﬂ]{:}.
Totgh faihires were S300 cycles,

Part# 13

Failed Grst time ot 4273 cyules.
Faihume Moder: Stock unlocked
Totnl cycles falled 100

Pant # 15

Failure Mode: Sk vnlocked

Failed fivat &t cycls 410 and 35C (1699 cyclm).
Tempe that it &xils at anc: 34, 60, & 70E.

Pant# 16

Falled at 4411, ,

Fadhars Made: Stock qalocked,

Puiled stfot 100 cyciz at temps from T9C 0 2.06C,




Part ¥ 1%

Failed at 335 cycles

Temp; -3C

Fallure Mocle: Rebounding when trying to Jock, this woudd net be seen by the car.

Pant #20
Fajhure Mode: Seock gnlocied
Temp: 43C

Pan #2321

Fatlare Mods: Stuck unfocked
"Tenap: 300

Cycca mizsed: 287

i

Faifure Mode: Stuck unlocked
Temp: 42C

Crcles misxed: B

Pant # 24

Frilare Mods: Stk umlocked
Tomp: 42C

Lot's of short Failures,

Test 7 Summs .
Mot falhores occuured in the temp range of 42C — 73C. Test 7 was more lilos tost § in that the misses were '

more intermitiend. The part would miss for 2 while and the nm for a while. The first failure was alwsys in

the tarp range of 2307 — 750, however, the next falinres condd be gy tempy. Al fhe parts thilsd in the

ualociod powition sk

TEST 8

Ropent of tzat 1

Pout # 4 fuiled 1 cveln,
Past # 5 falled I cytle.
Phart # 7 failed 15 eyclen.
Part # 15 fatied 7 cycies,
Part# 2] failad I cycle

All faiburex were in the unlock position. .
Temps for all wera 20C,

Party that sxw oo fillures

2

]

12

14

17

18

21

Part 4 orissed only ! cycle in tet 1 gl pagt 3

_ Parta 3 and 10 kad rebound problems n the Iock divection thet e car would never e,
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Sensor Systems

CONTROLS CORFPORATION

Product Tast Laboratery
Product Validation Report #: 00-0044
Product Validation - Baseline Analysis of Current Desten
Delphi Sagincow Electronic Column Lock
Fasco Part #: J740-00027
Specification #: 260530153
Sample Size: 24
Bulld Date: NI8%

Page # Table of Contents —_Test Hesults

1 Cavar page

2-3 Initial Rﬂdlr_rg_a‘ All confermed to specification
4 ___Anaiysls of Durability See detalls

| 648 Post Durahility Performance All conformed to specification
7-12 Analysis of Basaline Testing of See details
Current Design

Product Teat Lab Supervisar: el
Test Pacilities Mana Date:

Note: Tivs report shak not be repraduced in full without the writen perrissian from invensys

Sansor Systems and the Product Test Laboradary. Test resuike relate o Hhams teated on.

Pmﬂ:ﬁi
86883-2113
110/200Q




FASCO
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Al parts conformed i gpacification.

Invensys CONTROLS CORPORATION
Sensor Systems
Type of Test: Product Vaildation — Basallna Analysis of Cument Product
Toatlog #: 00-0044
Customar/Part Description: Delphi Saginaw Electronls Cokumn Lock
Fasco Part #: 1740-0002
Teat Deacription: inttial Raadings
Samgle Size: 24
Bulld Date: . N189
Technician: Lei Hoyls
Start Date: 021 472000
Finish Date: 02ft4/2000
Pat# | PullForca @ | Timeio ‘Hardstop ‘Hardalcp | Swich Point
22 fi'lbs. Actumte {ma) {Linlgck) {Lock) &h Svde
8 Vdc @ -40°C 142V/B8Y | 14285V | 11.8mmmin.
NTE 800 ™ _ 12.8mm mae
1 Passad —207 Passad Passad 12.185
2 Fassad 217 Fessed Passad 12476 |
] Paesad 157 Pasgad Pagsad 12540
4 Fassad 107 Fassed “Pamsed 12455
5 Fasged 187 Paseed Poesed 12445
3 Fassed 207 Fassad Brased TZX40
7 Passed 201 Passed Passad 12510
& | Pamied 29 " Passad Pased 12410
B Passad 201 Pagsed Passsd 1
10 Pagsad 225 Fassed Passad 1228
K Passed 217 Paseed ] 12.425
EF] Passad 00 Passed Passed 12.540
K Passad —_208 Passed _Paisad 12626
] Pasaed 213 Passed | Passad | — 12.376
16 Passad 217 “Pasaad “Passed 12280
17 Fassad 209 Fassad “Possed | 12.560
18 Pagsad ik Passad ] 12,448
18 Pazsad 208 PRseic Passad 12.335
20 Passad 229 Faganc — Pansed_ 12370
21 Passed FAE] Passad Frggad 1
7] —_ar Passed Passed | 126805
23 Pagsed 208 Passed | Passed 12525
24 Passed | 200 Passad Pasgad |  11.459

Nota: Thia report shall not ba reproducad in el without the writhen plrmlufun'fmn Invensys
Sanacor Systema and the Product Tast Laboratory. Test nesults relate (o terns tested an.

Page 2 of 12
8085-2113

11072000
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\invensys

FASCO

CONTROLS CORPORATION
Sensor Systems
Typa of Test Product Valldation ~ Easeline Analysis of Cument Product
Tast Log #: 0D-0044
Customar/Part Descriotion; Dalohl Saginaw Elactronic Calumn Logk
Fasco Part #: 1740-0002
Teat Daacrptian: Inttial Raacings
Sample Size: 24
Build Data: N139
Technician: Lor Hoyle
Start Dats: 0211412000
Finish Dire: 021442000
[ Fart® | Switch Poil " Rebaurd Cumrant Cuarant
{ Exterirg) Measurement Maasuramant
mm {amps) (amps)
14.2vdec @ 14.2vdc @
Ambiant Ambiant Unleck
Lock Cycle Cycis
NTE 7 amips NTE 7 ampa
7 11.905 50 _ 5.7
3 12175 5 5.5
3 12.320 52 BB
) 12,140 B.E 55
5 12, 5.5 681
B 12.170 21 5.4
7 11,885 54 _ 5.7
[} 12.075 8.2 3
g 11625 6.1 5.8
10 12050 5.8 b4
n 1T 51 EX]
12 12028 5.7 57
13 12275 55 5.9
14 12988 6.3 57
15 12.170 5.3 5.8
18 —12.070_ 5.2 38
17 12275 5.2 5.6
18 143 CED 5.8
18 11,903 5.3 13
20 11950 80 58
21 11318 58 58
] 12300 6.2 58
x] 12.243 — 52 54
24 11.800 5.5 58

Reauks: Al parts conformed to specification.

Nate:; This repert shall nat be reproducad in full withaut the writien parmissian from (nvenays

Senaor Systems and ths Product Test Laboratory. Test resuls raiate tn tarms tested on.

Fage Jof 12
8886-2113
112000




Sensor Systems
Testing Failurs bode Anatynls
Sagirmw Calunmn Lock

L %
Pasa 37.50
Stuckilnlock 29,17

k 29.17
{Switch Event 417

[ Pt a S aFL ghao

Temperature was & significant factor an the parts that falled due o a "stuck” condition, Whethar in
the Lock or Unlock positian, parts falke “stuck” at tampecaturesa that averaged 77°C. Englneering
anaiysia has shown that the materials of the gearing become mallesbls vt smperatures abave —

B0"C.
*’ Only a small parcaniage of pwts filad dus o & savers rebound problem that would show o 2
' gwitch avent failurs,
ﬂm: This report shell not be regwoduced In full without the writtan permission from invensys
Sengor Systems and the Product Test Laboratory, Test reaults relate to itams tastad on.
. Page 4 of 12
85858-2113
11072000
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Invensys FASCO

Sensor Systems
Type of Test Product Validation — Baseline Analysis of Cugrent Product
Test Log #: 00-0044
Customer/Part Dascription: Dalphi Saginaw Electronic Column Lock
Fasco Past#: 1740-0002 .
Tast Dagcription; Fost Durability Parformancs Verificaticn
Sarnple Size; 24
Build Date; N168
Tachnlcian: Lor Hoyle
Start Data- 02/14/2000
Finish Date: 02/14/2000
Part# Pull Force Tima Hardstop Hardstop Switch Point
22 b, Actuata (ma) (Unlock) (Lock) € 5vdc
8 Vdc & 40"C 14.2v/8.6¥ 1425V | 11.8rmm min.
_ NTE 900 ms _ 12.8mm max.
1 Pasaad 181 Fansed Pssaad 12,64
2 Passed 181 Passed Passed 12175
3 Passad 168 Paszed Passad 12,145
4 Passad 183 Paasad Passed 12,230
5 Pazsad 200 Pasaed Passed 12.415
8 Passed 185 Passed Pagsed 12.305
7 _Pasasd 253 Pasaed Fassed 12.050
) Fassad 173 Passed ~ Prssed 12250
] Peased 177 Passad Passed 12.085
10 Paased 183 Passed Passsd 12300
11 Passad a7 Passed Faased 12.236
12 Passad 181 Passed Passed 12.425
13 Passsd 201 Passad Passad 12.445
14 Pasaed 201 Passed Pasasd 12,380
15 Pasaac 200 Passed Fassed 12770
16 Pedsed Passed Passed 12475
17 Passed 173 Passad Basasd 156536
18 Pasted | 160 Pasead Pacsad 12248
i[ Passad 1€0 Pasead Paased 12.200
20 Pasaed | 83 Paaved Passad 12.068
A Passsd 185 Passed Passad 11.765
p] Pesad | 159 Pazsad Passed 12.480
] Fassed 213 Fassed Pacsed 12.235
74 Fassed 229 Pamaad Passad 12.026

Rasuits: All parta conformed to spacification.

Mote: This report shall not ba mproduced In fudl without the written permiesion from Invansys

Senzor Systemns and the Praduct Test Laboratory. Teat results relats to tems testad on.
Page & of 12
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1102000




Invensys

CONTROLS CORPORATION
Sensor Systems
Type of Test: Product alldation -~ Basalne Analysds of Currant Product
Test Log # 00-0044
Customar/Part Descripion:  Delphi Saginaw Ehectronic Colurn Lock
Faaco Part# 1740-0002
Teat Ceacription: Pust Burablity Parformancs Vacification
Sample Size: 24
Buitd Dats: N1BD
Technician: Lor Hoyls
Start Date: 021472000
Fintsh Date: 021412000
Part# Switch Point (Extending) | Gumant Measuramant Current Measuramant
mm (amps) (ampa)
14.2Vdc @ Ambient 14.2vdc @ Amblant
Loek Cycia Unioak Cycla
NTE 7 amps NTE 7 amps
1 12376 71 54
2 11.746 6.5 6.3
3 11.620 6.0 6.7
4 11.700 7.3 6.3
5 11,808 7.1 6.3
g 11845 73 &3
7 11.386 (X3 6.2
: B | 1S 5.5 [y
] 11855 — &7 5.3
10 11678 7.0 8.5
ik 1845 7.0 55
12 11.900 57 (3]
T 11080 72 5.4
14 12088 7 BA
8 11880 5.8 5.6
18 11.980 58 X
17 12178 72 ]
8 PN B 6.6
18 11,760 53 LY
20 11888 8.8 53
21 11.435 K] as
7] 12,188 5.7 — 8.8
23 1.830 7.4 8.4
24 11,880 BE 83
Rasults: Al pars conformad to specification

Nate: This repart shall not be mpradused in full withauk the wiitien
Sansor Systame and tha Product Tast Eaboratory. Test reaulte relate & tems tezted on

permission fram [nvensys -

Fage 6 of 12
BEES-2113
102000



Sensor Systems

Anzlysis of Bansling Testing of Currant Datign

The cument d=sign was test=d to show what changes occur o the pants during the durablitty
tesiing. Performancs testing alone doas not show a true rapregantation of what actually accurs o
the product through » specified durabiity cycla. Thia typa of tealing only shows that tha product
with: the current design steys within tha Bmita get forth by Delphl Saginaw Spacification #
26063015,

The follawing tables and graphs datail the testing completad February 28, 2000. Tha durahility
testar uses National instruments LabView saftware to zontral the functionality of the testing and
tha deta acquisition of aach companent undar tast The dats is than :n:tyzad io determina
anomelias and detarmine falture modea.

Performance deis i3 gathared prior ¢ and after (e durablity testing, An analysis of the dats s
provided below to show any signiicant changaa that cceur o the preduct.

[Part #[ SWEHT | W FY | Actatl | % Change
Extend | Edund | Changs
(Balore) | Alwr (mm} |
1 |[11.908]12.373] G.47| 280
[ 2 [12.175) 11.745] 0.
3 | 12.12] 11.82] -0.6] 430
4 | 12.14]11.708] 04 372
5 [12.048)11.805] <0.14]  -1.19]
& 1217 11.545| 0325 274
7 _|19.886;17.365| -0.52| 4.8
B {12075 11.765] 031 -263
& | 11.825[11.855 -1.
10_| 12.05/11.975 0.075
11 | 11.94] 11.645] -0.295 -‘ii'
12 |912.025| 11.9] 0.126| _-1.05
13 [12.275] 11.88] 0.413]  -3.50]
14 _|12185[12.085] 0.1 0.8
15 | 1217] 11.86] -0.31] 2.8
1| | 1 . .76
1‘: T —gg| | Lo reMGn SN st — XCw
18 | 11. 11, 1 1.
|20 | 11.988]11.838] 0.3
21 1181519 038 332
32 12,3] 12.185{ 0,118 -0.04
23 [12225] 1183 0.385] __ -3.54,
24 11.8] 11.66f 014  -1.20]

Nobe: m-mmaumhmhmmm-wm permission from Invensys
Saneer Systems and the Product Tast Laboratory. Test resulte relste to itema tested an.

Prage 7 of 12 T .
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VENSYS ~ Comscomontin

Sensor Systems
Fart ¥ | Gumant @] Gumani @) | R Ghangs
Lotk Lock
(Bafore) | _(after)
1 B 7.9
|21 92 | 98
3152 | 69 -
4 | 68 T3 T om0
5 | 53 71 ]z E
8 | 51 7.1 1000
7 1_54 | 68 ::i:;ﬂ *
8 | 62 59 }
10 | & 7
| 51 1 7
12 | 5.1 5T | 10.53 | [ Cunirt @ L akrd) — = Cumiet @ Lock {alar} ~ = = % Ghanon |
13 | 55 72 | 2351
| 14 ] 53 71 | 2535
15 | 54 58| 10.17 |
(18 |62 58 | 1034
1 52 | 72 | @r.q8 |
18 | &3 5 | -5.00 |-
19 | 63 | 59 | 1047
T8 | &s T 1AM
21| 58 | 58 [ 345 |
2| 52 | 57 | 8.77
23 | B.ad T4 | 28.76 |
(24 | 3% | 8% | 000 |

Note: This report shall not ba reproduced in full without the written permission from tnvansys

Sansor Systams and tha Produet Taat Labaratory. Tast reaults melete to items taated an g of 12
' Page
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111072000
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Invensys

CONTROLS CORPORATION .

—WHM{M— - -m“mw- '—-‘m

Sensor Systems
[Part] Curmfl | Gurent gy | % Ghands
] Liniosk Uniack
(Baars) (afan)
1 X7 54 | -A88 |
2 55 5.3 377 |
6.5 B.7 18.42
4 8 5.3 377 |
K 5.1 5.9 19.06 |
§ 54 E-E] -1.69 |
ki Livd 82 | 808 |
] 58 6.7 18.42
] LY 5.3 568 |
10 54 8.5 1E.52 |
11 66 55 7.00
2] &7 6.8 13.64
13 0 54 -0.28
4 % 5.4 556 |
15 58 5.5 1.82 |
(16| 58 54 | 370 |
7] 65 | &3 | a7 ]
18 5.8 5.6 .67
19 0.8 9.4 _-1.82
20 55 5.3 5.88
21 58 8.8 17.65
22 5.8 6.8 17.65
23 5.4 B.4 15.63 |
(34 |38 6.5 1077 |

Nota: This rapoet shail nat ba raproduced in full without the writtan permission from Invensys
Sansor Systerns and the Product Teat Labaratory. Test resulis relste to mm:m T .
. : age
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Sensor Systems
Purt# | Tmaha | TiMe ko Ehr:: % Changs =——
me mi me
(akara) | fafw _ ] I nm
1 201 181 =20 | -11.05 = | 00
2 217 181 -36 | -19.85 - " tom
3 197 168 28 | -16.57 . v . ¢ | a0
4 | 197 | 193 < | 207 v ' X 3 oS
5 | 197 | 208 | 12 | 5.74 | Y . 7 o
il 201 185 <18 | -B8.85 0 ' om
7 20 253 52_ ) 20,85 | - ®wmRmerp®eE® rR
] 229 | 179 28 | <9Z2.37 Partd
] 20 | 477 24 [ -14.56
10 | 225 | 183 | 32 | -16.68 | — - R A e
1|27 | 187 | <20 [-10.15
12 | 208 181 28 | -15.47
13 | 208 | 201 4| -1.89
14 | 213 | 07 [ 12 [ 507
18 | 205 | 208 4 161 |
(18 [ 217 [ 295 | 8 [ 356
|97 | 208 173 -28 | -20.51
18 | 217 | 189 28 | -14.81
19 | 208 | 189 | -3 | 49,99
20 | 229 153 38 1885
3 | 213 | 185 28 | -15.14
217 193 | -24 | 1244
23 | 208 | 213 | 4 | 188
"24 | 200 | 229 20 | 873
Nois: Thim repart shef not bs reproducesd in full without the written permiagion from [nvanxys
Sensor Systems and the Produnet Test Labaratary. Test reauita relats to items testad an. -
Page 10 of 12 '
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Invensys FASCO

CONTHOLS CORPQRATION

Sensor Systems
Fart#| SWAQ | SWPG | Acal | % Change
Fvia Svde | Change - .
mm { nﬂ;:
115 11_La4 (0446 | 38|
2 | 12415 [ 12,178 | 024 | -1.67
3 121451 -0.308 | 325
4 [ 12456 | 1223 | D228 | 1.84
[ ® [ 12436 | 12478 [ Do0a | D24
8 | 1254 | 12308 | D236 | -1.91
7 | 1251 | 1206 | 0.46 | -3.82
3 | 1241 [ 1335 | 096 | 1.3 _
B [ 12276 | 12.085 | 0.18 | -1.49
10 | 1223 | 123 | 007 | 057 |
11 | 12425 13336 | 015 | -166
12 | 1354 12425 | 0115 | .03 __
13 | 12626 | 12445 | 0.8 | -1.43 | PO T pafors -~ -« -BWRA W (v . - - X Suree
14 [ 1237 | 1238 | 6005 | 0.04 |
| A6 [ 12805 1227 | 0336 | .73
16 _| 1236 | 12476 | 0.195 | 1.50
17 | 1255 | 1283 | 0.08 | 0.83
18 | 12445 | 12245 | 02 | 163 |
19 | 12935 | 722 | -0.138 | 1.4
20 | 12.37 | 12.08% | 0285 | 235
21 [ 12135 [ 11785 | -0.37 | -a.14
22 | 12605 | 12.48 | 0,126 | -1.00 |
23 [ 128257 12.235 | 0. 237
24 | 11955 {12026 | 0.07 | 0.58

Nate: This report shall not be reproducad in full without the written pariiagion from Invensys
Senscr Systems and the Produet Taat Laborstory. Taﬂmuhmhtlhmumdpm. ref 12 .
age
BaS5-2113
11162000
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Sengor Systems

"Fisigund | Rebound | %
it mm | Changa
initta) | (Posl)
10.4 | 10.38 1 00608
10.28 | 10.26 | -B.195
10.22 | 1019 | 0.254

16,45 | 1011 | -0.584
10.21 | 10.2° [ 0,060
10.37 ] 10.34 [ -0.288
70.06 | 10.01 | -0.467 | 105
10.32 | 10.28 | -C.580 | 104 |
1008 | 10.07 | -0.188 102 |
1018 | 10.12 | -0.963 | .
10.24 | 10.18 | -0.588

10.85 | 10.18 | -0.683 a9
10.20 | 1023 | -0.583 | 95
e Tia Lot TrerRRrR el D
70.53 | 10.39 | -1.330 Part#
17 | 10.57 | 10.45 { 0.571 |

18 | 10.18 | 10.07 | -0.868 & —. nw - AOww ]

b N o B B S o

?.15,"1‘;;,:': Elanm u-l.n u’u - ﬂ

1025 | 10.7 | 0.780
10.01 | 9.95 | 0.668
"10.28 | 10.28 | -0.097
10.33 | 10.28 | -0.484
10,08 | 10.0Z | -[».585

. 18 | 1028 [ 1015 | 0.381] —

%Hu!ﬁ'éf

Mote: This report shall not ba raproduced In full withouwt the written permivsion from Invensys

Sansor Sysiems and the Froduct Test Laboratory. Teet resobs relate & Hems tested on,

‘ . Page 12 of 12
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Lab Work Request
60-06sh

Dates O2R472000
Request Ry: Steve Davis

Date newdind:  CEEA2000

PartName: SAGINAW +o!

Pt Namkar: 17400002

Cuskamer; RAGINAYY

Typs of Text o Work: sNVIEINMENTAL AND SIRABHITY

Spacial Nequirnmma:
VOLTAGE LIMITED TO 2 VDG MAX, FOR ALL TEST LEGS

Al Arake trast ars EiTectad:
TC: CETERMWEME |3 HARDETOR IB WOLTAGE ORIVEN

NOTE: rou must includs o pertinant drawings, prints and spaci BoaKana o) with this docamentt. Fefurs o 4o a0 wil
2362p8 thiy muaLast i ha rafurmed to sender ahs daley the projeet
holp Abachnrents or Linky Hars:




" PRODUCT TEST LABORATORY

INITIAL AND DAILY SET UP SHEET
Test Log # 00-0058 ' Equipment Used: Environmental Chambey, Labview Data Aguisition
CustomeProduct Desaiption: Saglnaw Column Lock Typa of Test: Englnearing
Fasca Part #; 1740-Di02 Engineer, Steve Davis
Specificaticn #: 20053015 Technkclan: Lorl Hoyle
Test Specifications: 50,000 Cycles 400G to B5C A Tesdy GV ' k o Feifwited
Date Tima Cytieg Temp. Volage Amperage ressure Comments . Initlals
‘Complete -40C lo 85C 9V to 12V MNVA NA
pIY ) Tosl # Spes.  Tol Spee.  Tal, Spec,  Tol. Spec,  Tol.
3-2 745 | 3-:5 | as Y Ay ¢ ibe er af 226 ro

pisses ¥ ey 2 4 Ff ﬁ‘.?‘—""‘ fr the puht ;&
3~ Joos |2-3& IRl Sone 7 Lpsr g (::;) A’jé
3-3 -L-.s‘iFg S gt | 37% - 'Wr L LK

3L |20 [3-435 | 325 | 9 Teme gHoMil To  foonfuy Exeeale] | ¢

274 lrivo |3-5272 | 4ot v B2 8y stede ynich

Pohere | Ao 4, o B 3226 Fqt; TieD |6-MRD J-ppp F-72° - -*b-?véi.' 2¢~7

A= Lol A2YI2 B I 20 JFD Jo 42 fOLE P8t A~ ﬂ?U‘é;g{r@_é‘-? . 234

H-3-7 |2:g0 [3- L3? %L}l‘;—ﬂr p 22 A-feor Haler S-TH g = 22) Fr3al a- 3C)
g d Y - Y i A=l . - - '

-7 _frod s | R-85L37 fi'#w@}(#&créﬂgé.-’ J!L# (=% -3 79~ 24%

2/ ~fo ,z.r.jr 2312 | gv-¥

3 _ - fe

J Lse |H-dyq | Y9°¢ L

3¢ |3sy (¥~-q057| Y167 27 AW )Z

e VR Yo u L S pd o f




Test Log#:

DO-D056

PRODUCT -

T LABORATORY

INITIAL AND DAILY SET UP SHEET
Equipment Used:

Environtenial Chamber, Labview Data Anuisition

- L

Customes/Product Description: Saginaw Cohrmn Lock Type of Tes: Engiinesring
Fasco Part #; 1740-0002 Enginmsar; Steve Davis
Spacification #: 26053015 Techniclan: Lovi Hoyle
Tesl Spacifications: 50,000 Cycles 400 tp 85C
Daile Time Cyclas Tamp. Voltaga Amperages Prassure Commenls InMisds
Compiete -40C to 85C Wi 12v N/A N/A
Tasi # Spec. Tol. Spec, Taol. Spee.  Tol. Spae,  Tal.
"y |Llesm [K-487 | Dyce. %
e s |S-s954 | Y/ Jer|He ahs f.
303198 [~y | S(e AC ,ﬂL
315 Ihrop, 1-%557| 79 3% MY 3 1-24 74 BNV Y -3 - 3§ 7—40 §
Geibo \fo- B30 W43 - F - - Jr 75 - -S| rP-e s
A=Y _ 2o -§ 24—/ L2 -F IS 2K _
ST C-7532 H B t%‘
245 | Fod A Go¥D Gran) Fo £ @Esy) 55 F2>(G—/53)
#‘.:-_"-—_-_-,.’.--—-_“..,:—-"' - T— . oo S g .
Cla- 353 0T4_ | g (g2 dHed-_is-2 Qi3 _-to
Ty - 2P s = [do-pv  dp 22-23. 23-c¥ @ -
DO = (Mo A7 | Fad ¥ Ty .
.  UBED-Jg8E DUME

Y
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FASCO CONTROLS CORPORATION

PRODUCT TEST LABCRATORY
TEST REPORT
Tena of Test: Enginserning
. Log # 000056 -
_ LustornerProduct Deseription: Saginaw Column Lock
Fasco Part # 1740-0002
Tast Degeription: Curability {Initial)
Sample Slze: 4
Bulld Date: 2290
Tachnlclan: Lor Hoyls
Stan Dala: TAO22000
Finish Date: D3 500
Part # Pull Forcafl 22 Tims To Actuain Hardatop Hardstop Switch Polint
ftibs imillfseconds) {Uniock) {Lock) 5 Yolta
2 Volis 10 Ambiant Ambient - 11.8mm -
Amblant < 00 milllseconds 14.27/8 5V 14.2VI8.8Y 12.80m
1 Passed B.700 Paasad Passad 12.240
] Pasaad 5.800 Passad Pasgad 12,218
3 Passed 5.500 Passad P assad 12.230
4 Passed 5400 Passad Passed 12.100
. 5 Passed 5.700 Pazsed Passed 12,310
B Pagsad £400 Paszod Pazsad 12225
T Fassad 5.500 Pasasd Passad 12426
8 Passed 5,100 Passed Pagsed 12.385
9 Pasaad 8.800 - Passod Passed 12270
10 Pasaad 5.500 Pugsad Pazsed 12.410
11 Passed 5400 Passad " Passad 12250
12 Passed 5,500 Paased Faseed 12,296
Results;

8888-2113 0AM4/89
Paga 1 of 4




FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATORY
TEST REPORT
Typa of Teat: Enginesring
Tast Log # co-o058 -
Gustarmer/Product Description, Saginaw Column Lock
Freto Fart # 1740-0002
Teast Description: Durabedity({Initial)
- Sample Size: 24
Build Cata: 2700
Tachniclan: Lo Hoyile
Start Date: 3022000
Finish Dale; Q3/15/00
Part # Pul Forced® 22 Time To Actunste Hardstop Hardstop Switch Point
fLiba {miiliseconds} iUntock) {Lock) §Volts
f Volts 40C Amblent Ambiant 11.mm -
Amblent < 500 mHiizaconds 14.2vi8.BV 14.2v/8.0W 12.8mm
13 Paseed 205.000 Pazzad Passed - 12.218
14 Passed 163.000 Pazcad Passed 12.335
15 Paased 177.000 Pressad Paszad 12350
16 Passed 177.008 Passad Passed 12425
17 Pased 173.000 Passed - Passad 12225
18 Passed 185.000 Paased Paszsed 12.350
18 Passad 177.000 Pasaod Passed 12.410
20 Passed 135.000 FPassed Passed 12.235
21 Passad 173,000 Passad Prssed 12.320
22 Passed 185.000 Passed Prasad 12,110
23 Pacsad 146.000 Pasgad Passed 12.385
24 Pwssed 181.000 Passed Passed 12450
Results;

8689-2113 0AT4ER .

Page 3of 4




Typa of Tast:
Tosl Log #

. stomrﬂ.’rudunt Descriptic:
Fasco Part #

FASCO CONTROLS CORPORATION
PRODUCT TEST LABORATORY
TEST REPORT

Enginzering

000058 .

Saginaw Column Lock
1740-0002

Test Description: Durahility(Intial)
Sample Size: 24
Bulid Date: 2280
Techniclan: Lor Hoyle
Start Date: 03/02/2000
Finksh Date: 03715700
Part # Switch Polnd Rebound Current Current
{Extanding] {milllmaters) Maazuramarrt Maasuramestt
{millimaters) Opticnal {Ampe) (Amps)
14.2V @ Ambiant 14.2 £2 Ambient
Lok Unilock
< 7 Amps < T Ampn
1 11.956 NIA 5.600 5.700
2 12.095 N/A 5.700 5.800
3 11.725 MN/A 5.700 5.500
4 11.730 A 7100 5400
5 12.030 NiA 5,400 5.700
. B 11.715 N/A 5.400 5.400
T 12.150 MNiA 5.800 5.500
a 12.185 NA . 5,700 6.100
! L] 11.730 | MA 5.800 8.800
10 12.130 NA 8.000 5.500
11 11.685 MNFA 5.900 B 400
12 12.02% NA 5.500 5800
Results:

| L

8569-2113 0AVO490
Page 2of 4



FASCO CONTROLS CORPORATION

PRODUCT TEST LABOCRATORY
TEST REPORT
Typs of Teat: Engineering
Tast Lag # 0C-0058 -
CusiomerProduct Dascription: Saginew Column Lok
Fasco Pait# 1740-0002
Test Dascription: Durability{initial}
Bample Size: 24
Build Date: prry
Techniclan: Lo Hoyle
Start Oate: 03/02/2000
Finlsh Date: Q3ME/00
Part i Swheh Poim Rebound Curront Curnent
{Extending) {milinaters) Mesaursmant Meksurament
{millimatars) Optional {AMpE) {AmEa)
14.2V & Ambilant 14.2 & Ambieni
Lock Unleck
< T Amps =7 Ampa
13 11.680 MNiA B.100 a.700
14 11.880 MNiA 7100 5400
15 11.950 NA 5.900 5.400
19 11.950 MN/A 5.800 5.400
17 11.315 INSA, 8,800 5.500
18 12.080 A, 5.8900 5,800
19 12.095 MA, %900 5.500
20 11.855 M7A, ' 55900 5.800
21 11.895 MFA, 5.800 8.800
22 14,790 N/A ) 5.500 5.400
23 11.80% MN/A 5.800 5.300
24 11.825 N/A #.000 5.300°
Resylis:

2880-2113 0370400 .
Page 4 of 4
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FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATORY
TEST REPORT
Typm of Tasal: Engineering
Tt Loy ¥ ' Oo-0058 .
somerPmduct Description: Saginaw Calumn Lock
Fasco Part # 1740-0002
Tost Cescription: Durabity{Post}
Sample Size: 24
Euild Date; 2280
Technichan: Lor Hoyie
Btart Date: 0302/2000
Finish Dats: 031500
Parth Bwitch Point Rebound Curment Cyrmant
{Exmnding) {milimetans) Meaasuramant Measuremant
[millimeters) Optional [Ampe] {Amp)
14.2V {3 Ambiant 14.2 @& Amblant
Lock Uniock
<7 Amps <7 Amps
1 12,035 MAA 7.000 £.300
2 11.720 N/A 8,700 5.500
3 11.340 NiA G5.800 B.ADO
4 11.3040 MN/A 7100 5300
5 11.710 NiA 5,800 5400
a8 11.280 M/A 5800 £.700
T 11.8240 M/A 71.300 4900
a 11.815 MNIA, 5,700 2.800
@ 11,495 NA | 7.200 8.300
10 11.880 N/A, 7.100 8.900
1 11830 N/A 5700 8.800
12 11.580 N/A 5.500 £.400
Results

. BO0%-2113 CWD4DE

Fage 8 of 4



FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATORY
TEST REPORT
Type of Test: Englneering
Tast Log #: D0-DO58 -
Custormar’Preduct Description: Saginaw Column Lock
Fasca Pant ¥ 1740-0002
Tast Description: Durability{Post)
Sampls Size: 24 .
Bulld Date: 2280
Technlcian: Lor Hovie
Start Date: C3022000
Finish Date: 03/ 5/00
Part # Pull Forcaf® 22 Tirm To Achuais Hardetop Hardstop Swiich Point
ftibs {mlillsaconcig) {Unlock) {Loack) EVolta
§ Vplim A0 Ambisnt Ambilant 11.8mm -
Ambiant < G600 millissconds 14.2V/I05V 14.2VA.50 12.8mm
13 Pessed 201.000 Passed Pazsad 12,308
14 Passadt 201,000 Passad Passed " 11,790
1% Passad 153.000 Passad Pagsasd 12.270
16 Pyaasad 209,000 Passed Passad 12.080 ]
17 Passad 2C0.000 Passed Passad 11.285
18 Passad 197.000 Passed Passad 12180
19 Passad 185.000 Fassad Passed 12,248
20 Fagsad 207.000 Paasad Passod 11.800
21 Passad 145.00G FPaasad Pasasd - $2.105
22 Prssad 18g.004 Pazsad Passed 120388
23 Pissed 217.000 Paased Passed 12,138
24 Pazzad 206.000 Panzed Paasad 11.955

A889-2113 0A/D4/9
Page 7 of 4




FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATQRY
TEST REPORT
Type of Test Enginasring
. ToatLog ¥ 00-0058
' omenProduct Description:; Saginaw Column Lock
~asco Part ¥ 1740-00C2
Test Description: Durability (Post))
Eample Size: 24
Bulk Datn: 2250
Techniclan: Lorl Hoyla
Starl Date: 030252000
Finish Data: 0311500
Fart ¥ Puil Foroal) 22 Thra To Actustn Hardxtop Hardstop Switch Point
iLibs (mlllizaconds) {Unlock) {Lock} 8 Voits
? Volis -40C Ambiant Ambilant 11.6mm -
Amblent « §0d milliascomnds 14.2¥18.8V 142085 12.5mm
1 Pasgead 188.000 Paszed Paxxed 13,5845
2 Passed 167.000 Passod Pazzad 12.180
3 Fazsed 189,000 Passad Peasad 11.735
4 Paasad 188,000 Passed Paasad 11.595
I 5 Paassd 168,000 Fassed Paaaad 12.145
@1 8 Passed 185.000 Paszed Fa=zsed 11.835
T Paszed 185,000 Passad Passed 11.840
B Passed 184.000 Frssed Passad 11.080
) Fessad 189.000 Passad Pazssd 11.920
id Pasead 185.000 Passed Passad 12.20%
11 Passed 188.000 Passsd Pessad 12.025
12 Passed 177.000 Pussed Passed 12.185
Results

. . £680-2113 03/04R
Paga Sof 4




FASCO CONTROLS CORPORATION

PRODUCT TEST LABORATORY
' TEST REPORT
| Type of Test Enginaaring
' Test Log ¥ oo-00ss - :
CustomenProduct Deascription: Sapginaw Columnn Lock
Fasco Part #: 1740-0002
Tast Deacription: Dumbility(Past)
' Sample Size: 24
Build Dite: 2280
Technlcian: Loi Hoyle
Start Date: 03022000
Finish Dale: 031500
Part Switch Point Rebound Cumsat Current
{Extending) {milimetsrs} Msazuremant Msasurement
imillimaters) Optional (Amps) [Ampe)
14.2V 2 Amblent 14.2 @ Amblent
Lock Linlock
< 7 Amps < T Ampa
13 11.735 N/ 7,100 5.800
14 11.480 N/A 5.800 5800
15 11.885 NiA 5800 8.800
18 11.550 MN/A 8.700 8.700
17 11.475 N/A 5.A00 8,700
18 11.850 N/A - 5800 5800
19 11,858 N/A, 7.000 5.300
20 11,445 MNA 5.800 5.600
24 11,648 NA - 7.300 8,000
22 11.880 [T 5700 5.400
23 11.875 _ NiA 5,500 5,300
24 11.500 NZA §.000 5900
Ragyits:

5309-2113 030490 .
Page B of 4
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PART #

SELSRPOR2EERYRPEBRYBRENNNRENEY

Tat ozfin
570
5.40
5.50
5.0
6.00
420
4.20
+.10
4.20
3.850
.20
#.20
5.00
4.80
3.90
5.00
5.00
4.20
4.00
3.90
4.50
4.00
5.00
420
4.00
4.00
3.0
410
3.80

4.0
4.00
4.30
4.00
420
4.20
4.80
5.00
4.50
500
4.00

400

4.50
5.00
4.00
5.00
3.50
2.50
3.00
.50

TORQUE OF SAGINAW MOTORS

2nd
570
5.70
400
4.00
5.60
5.00
5,00
4.50
5.00
4.10
4.20
.80
3.90
5.00
500
520
4.00
3.90
4.00
6.00
5.080
5.00
5.00
4 DO
4.00
5,00
2.90
5.00
4.10
3.90
5,00
5.00
4.00
4.00
420
5.00
5.00
5.00
4.00
5.00

5.00°

530
350
5.00
3.5
5.00
5.00
5.50
5.50

3d
5.00
3.00
4.50
4.00
.00
4.00
5.00
2,00
4.50
2.00
4.00
4.00
4.00
5.00
5.00
4,00
4.00
4.00
4.00
4.00
4,00
4.00
5.00
5.00
4.00
4.50
5.00
.00
4,00
5,00
4.00
4.00
4.00
4.00
3.00

. 4.00

4,00
2.00
5.00
5.00
5.00
4.00
3,00
5.00
5.00
4.00
3.00
3.00
4.00

Average
4.36
470

457
g8
453
440
4-“!;
25Ty
4.57
4.3
413
408

P

2304

4.87
41T
457
487

4.80
A9
4,87
440

k.
4.33

STDEV
0.404145
1.479068
0.7637583

0.52376
1201373

0.52018 .

0.45184
a.007217
0404145
0.585347

0.11547

0.2
0.50827%
0. 11847

0.8356086

0.84251
0.57738
0.152753
0
0806278
0.929157
057738
)
0.52915
]

0.5
0.536085
1001885

0.1
0508278

0.57715
0.51318
]
011847
069202
0.550757
0.57738
1.040023
057736
057735
0.57736
0,655T44
1.000848
0.57735
0.69282
064291
1322876
1440376
1.040433

Pink 2o®

Porple
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216.80 23270  207.00 218.33 12.9700%
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FASCO

\lnvensys | CONTROLS CORPORATION

Sensor Systems

Product Test Laboratory
Product Validation Report #: 00-0096
Relay Comparison Test — Rebound Analysis
Delphi Saginaw Electranic Column Lock
Fasco Part #: 1740-0002
SpecHication #: 26053015
Sampla Slza: 18

Bulld Data; N/4
Page # Table of Contents Test Results
1 Cover Paga
. 2 Rebound-Relay Comparison Sew Details

Tastad > {_ Date: &B;aa

Techbiclan

Praduct Test Lab Suparvisor: v e i/ A0l Data: 3{ pred
e A

Test Facilitios Managef: ;< =¥ Date: Ff/°

Note: This repost shall not be reproduced in full without the written parmission from Invensys
Sensor Systems end the Product Test Cabocatory. Test results relats to items tastsd anly,
" Pagaiofd
8885-2113
171072000




FASCO

’ \anenSyS | | CONTROLS CORPORATION

Sensor Systems
Type of Tast Enginsaring Evaluation — Rebound Anakysis
Tast Log # 00-0006
Customer/Part Description: Delphi Saginaw Elactronic Column Lock
Fasco Part # 17400002
Tast Description: Varificgtian of Rabound Failuras per Test
Earmpla Sixe: 13
Huiig Data: N/A
Techrklan: Lort Hoyla
Start Date: 08B/2000
Finish Date: 08/18/2000
Test Desgription;

The Delphi Saginaw Electronic Column Lotk Asssmbly wes tasted under the normal conditions af
durability eecording to Spacification #268053015. Thare dre seven individual tests that pply &
different amount of siress on the devices. The total amount of cycling appiied to these unis
aquates to 50000 powersd cycles. One cycle includes an axtand and retract of the balt assembly.
Thix is spacified In tha spacification. For furthar details on tha durahiltty tea‘l'.hg rafar to tha
gpecificaton.

Changes ware made 2 tha durabiiity testar, which include a relay across the motor of the ECL.
Two different ralays wara used in the test. One reiay, 2 SPST, wat usad on haif of the devicas.
Anothusr ralary, a SPOT, was used on i othee half The SPST'a wars usad to aimulate 8 cumant
made! upplication whils tha SPDT's wera usad to aimulate a poasibla change. The purpose was
to avaluats the effact rebound and relay play upon the ECLL

Teat Analysis

Basad upon thae data that wey gathemd during the durabllity tast, i was datarmined that the
SPDT type relay provides better protection againet rebaund, The graph balow show the Bverape
numnbar of cycles per test that tha units ungar tast fetied due to rabound. The relay type aiso
segregates thess,

Faf *salnn Falind Fer TustiAelay Tret

= ==&

'I'll'l ’

Mverags Mammiar of Fuliary

] mTols =T msror |

Mate: This report shall not be reproduced In full without the written permission iromn Invenaya

Sensor Systems arxd the Product Teat Laboratory. Tast rasults reiate to items bastmd MF% 3 of 3
' o

588e-2113

1/1042000




Date: O5/15/2000 2AES

Regueet By: Dan Thuros

Dwia reeded;:  OEM 352003

Part Narm:  Columin Look covar msambly

Part Numbar: 174800002

Custewwr: Deiphl Sagiraw

Type of Taat or Wark: Tamparsturs oyols oovar assamblles for 1 wask batwasn -0 degrass © ard HE degress t'..

Epiclil Kaquiramanmts:
Norma

AN Aruim that ary Effecied!
Owalgn Valldeson

NOTE:  You muet incfude ail pertnent drasdnge, prinis s wpaciffositons along with thie dacumment. Fallors to do 30 wil
mlyk Thie npquessd T ba renanad m santer and delay the profent,
help Atmohments o Links Hers:

Doourparyt Hisiory Beotlon;
Doovurnant Crapted on G5;TB8/2000 by Oxn Thurber .

) : A6A5-2248
12198

>R 4.) # J0-0103

[ 5C agaly
3 ?"ﬁ;“"{""f” JJ&



' PRODUCT TEST LABORATORY
INITIAL AND DAILY SET UP SHEET

Tes! Log & 00-01073 Erulpment Used: Environmeniat Chambar, Labview Data Aquisition
Customer/Product Dascription: Saglnaw Column Lock Type of Test: Englneering o
Fasco Part #: 1740-0002 Enginesr: Stews Davis
Specificallon & 28053015 Tuchnician: Loel Hoyle
Test Specificallons: Sowk caps for 1 hour -A0C and 1 hour 85C, Repeat for 1 week. :
Date Time Cycles Temp, Voltage Amperage Pressure Commenis Inkials
Completa -40C ta B5C BV 1o 12V NIA, MFA
_ Tast # Spec. Tol. | Bpec. Tol Spec. Tol, Spag,  Tol. Vs
é/;q ‘[v: vo ' ' Oé’ ;;Z%
S-Z7 [s0 0k ' ¢ :
|
o2y |7ite ~3%7 2 ¥
s 2¢ |/ a5 54 Gl
19=39 ytew ~ 277 of r fett

8. .5 o2re

. aE WA L .l Weonpaam—m—m 0 TR 1 ul

T i TRV Y




5 Invensys PASCO

Sensor Systems

Product Test Laboratory
Preduct Valldation Report #: 00-0096
Reiay Comparison Test — Rebound Analysis
Delpld Saginaw Electronic Colvnm Lock
Fasco Part #: 1740-0002
Specification #: 26053015
Sample Size: /8
Build Date: N4

Cover Page

Page # Tabls of Contents Toast Results
1
2

Rebound-Ralay Comparison See Dotalls

Nots: This report shal not be reproduced in ful without the wiliten permisalon from: Invensys

. Sansar Systams and tha Product Test Laboratory. Test rasults reiate to nmma}% ‘o3
|-

BBER-2143

1M0/2000




FASCO

Invensys | CONTROLS CORPORATION

Sensor Systems
Typa of Test: Enginesring Evaluaiion - Rebound Analysis
Test Log# 00-0058
CustomerPart Desoription; Dalphi Saginae Eactronic Salumn Lock
Fasco Part #; 1740-0002
Teat Dascription; Vierieation of Rebound Falkras par Test
Sanple Size: 18
Build Date: MNA,
Tethnician: Lor Hayie
Etart Date: DANR2000
Finish Dats: 261472000
Tast Deacriptan:

The Deiphi Saginaw Elactronic Column Lock Assembly was tasted undar the normal conditlons of
durabllity according to Spacification #28053015. There are seven individual tasts that apply a
differert amount of stress on the devices, The totel ameunt of eycling applied to thase units
equates to 50000 powered cycies. One cycle inchries an extend and retract of ihe bolt assemibly.
This I specified in the specification. For further detalls on the durabiity testing, rafer to the

specificalion. -

Changes wars made to the durabiity tesler. which [nchuds a reley across the motor of the ECL in
the configuration spacified by Saginaw Enginearing. Two differemt ralays wans usad in ta iegt.
One ralay, a SPST, was usaed on half of the devicea, Another relay, a SPDT, was usad on the
other hatf. The SPST'S wers used to simulate a cument model spplication while e SPDT'S ware
usad to simulate a possibie change. The purposs was lo evakde the sfiact rebound and relay
play upon tha ECL. _

Nots: This rapoet shall not be reproducad In full without the written permission from invensys
Sensor Systems and the Pmduct Tast Laboratory. Tast resulls ralate to Rers tesied ondy.
Page 2 of 3
£080-2113
110/2D00




o INVENsys EASCO

Sensor Systems

Tust Analysis
Bazad upon the data that was gathared during the durability tast, it was determined that the

SPDT typs raisy reducss the cceurrencs of rebound. The Graph A lllusirates the number of
rebound events averaged aver their respectiva relay type per test.

Graph A

¥ OrGyolas Fatlad Far Text/Ralay Tysn

2000

Z2E00 '
2000
1200 :
1008
ELT ill
a . r v r r T T 1
1 2 2 4 a 5 T 5

Tust @

~

mspEFaT (=1 1.4-N)

Average Mumbar of Falhuss

. Graph B delails the aciual rumber of rabound cocumancas per DUT. This is only appiicable to the
SPST relay type that was used farhalf of the devices during the dumablity tesl. No sventa for
rebound warp detectad with the SPCT In use for the gther hatf of devicas

Graph 8
SPST Relay - Rebound Events per Part
8000
3 4000 —— :
% B (| T
1 2 3 4 & 8 7 8
Durabllity Tast Numbar
[m16 H17 018 210 W20 M21 M22 B23 W24 |
Nots: This report shall nat ba reprduced in full without the writtan permission from invensys
. Sansor Systams and tha Froduet Test Laboratary. Tast rasults relsts to bems tested only.
: Fagedof 3
8885-2113
11072000




mvensys SR

Sensor Systemns

Product Test Laboratory
Product Validaetion Report #: 00-0/46
Engineering — Material Evaluation
Delphi Saginaw Electroric Colurmn Lock Lead Screw Assembly
Fasco Part #: /740-0002
Specification # N4
Sampla Size: 10
Build Date: N/4

age ¥ “Table of Contents Teat Results

Caover Page

1 .
2 Results of Test See Dataila

Nate: This repart shall not be reproduoad In full without the written permission from Invensys

’ BmsmlndﬂmFmdudTmuhmmry.Tutrmhmmhm:taundu;u.  of2
: age

8669-2113
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9 IMVENsys

Sensor Systems

Typs of Test
Tast Log i

CustomerPart Desoription:

Fasco Part #:
Tast Description:
Sampie Stza:
Bulid Date:
Techniclan:
Etart Date:
Finish Dale:

FASCO

CONTROLS CORPORATION

Englneering - Materials Evaluation
00-0148

Deiphi Sagiaaw ECL Load Serew mgmhly
1740-0002

Load Teat to Fallure

10

N/A

Lamy Kanz

081472000

08M 42000

Determine utimate ioed capacily of various thread matardals. Comprassion test semplas in an
axial orisntation al a rate of 50 mmysec untk falure.

Pert # Force Raquired for | far Falure (N)
=10 1278
L2 67
L83 282
LS4 2497
LSE - 205
; ] 1258
‘ =7 1557
|5:1.] 144 5
- 58 ]
LS1D 205

350
300
250
200
150
100 B

50 |

Force (N}

L3831 LS2 L83 L34 L85 LB86 LS?7 LS8 LS9 L8810

[ ]
l:.

Force [1bs)

.
g_
[~
:
;

"'3 "ﬂ i

PartiD

Roesulis: Engineer will svalusia results.

Note: This neport shail not be reproducad in full without the wrilten permisaion from Invensys

L

Sensor Systems and the Product Teet Labormtory. Test msulta rejats to Hems tested only.

Page 20f 2 -
Bo80-2113
14102000



Product Test Laboratory

- Invensys

‘Shelby, NC 28150
Sensor Systems

Product Tast Laboratory
Product Uall:latlnn Rﬂpnrl #: 00-D105

Test

Delphi Soginaw Electrovic Cokemn Lock

Invertays Part % /740-0002

Specification #: See Test Set-up Poge

Sampla Slze: |2
Build Date: N4

6 samples of thermo- deburmed and 6 control samplas.

Page # Tabie of Contents
1 Cover Page

2 . Test Set-up Page

3-5 Analysis of Data

%#A

MNots: This report shakl net be repmducad in full without the writhen permisslan from invensys
Eensor Systems and the Product Test Laboratory. Test radults reiats {0 ibeme textad only.
Pags 1 of B
886D-2113
B/13/2000




Invensys

Sensor Systems

Type of Tost Engineering Test
Test Log # o0-0185
Customan/Parl Descriptlon: Delphl Saginaw ECL
Invensys Part ¥ 740-0002
Teat : Seo Selow
Sample Skze: 12

- Build Dats: NiA
Tachnician: Dennis Byrd / Lamy Kane
Start Dats: 127222000
Fnish Dats: 01/0872000

Set up condiffons and parameters:

— s —

Product Test Lahoratory
1100 Alrport Rel
Shelby, NC 28150

T S T R V o Toad
T?t# 3 Yoliage |' Lock H.'oltagu!'--#hclclﬂ lbel-}
i : g g 15
Z 12 12 1000 11
3 12 12 10000 7
4 ) 12.8 5747 None
5 12.8 g 9738 None
3 B_ 142 1 9737 Nona
7 142 9 o748 Nona
8 9 ] 15 22
Total # of Cycles = 50000
Total Test Time =~11.5 Days
T DUT .7 Station: 17 Rela -l DUT [ Smtion 1. Relay %y
I -_.;,-s;;a_:,, ol ZHL R N %]
CPT 24 SP 71 23 gﬁ‘_
CP2 22 SPST 72 29 SPST
CP3 20 “SPST T3 19 SPST
CP4 8 Q‘#ﬁ“F 74 T SPDT |
P8 10 SPOT T8 g “8PDT _|
CPo 12 SPDT T8 1 SPDT

Note: This report shall not be reproduced i full without the wiliten permission from Invensys
Sensor Systems and the Product Test Laboratory. Tmmhmm itams tasted onty.

Paga 2 ofbh
3888-2113.

81212000




9

;;ﬂf‘ a _ Product Tast Laboratory

& 1100 Airport Rd.
| Shelby, NC 28150
Sensor Systems
Tyos of Test Englinesring
Test Log # 00-0185
CustomerPart Description: Deiphl Saginaw ECL
Inversys Part & 1740-0002
Tast Description: Jsa page 2
Sample Qige: 12
Bulld Date: WA
Technicien: Dennis Byrd / Lary Kana
Start Cate: _ 12/22/2000
Finish Data; T C0R2001
Partd | Condion Tast# Cych Temperaturs Comments
cAt | Rebound | Al Tesls NA > 83C ﬁma
—Passed 2,78 NAA N/A A
CP-Z2 | Stuck Lock 1 2 1451 Recoversd Cycls 3
Rebound | 34,548 | inconsistent | >55.5°C Recovorsd af ~~" |,
: ~ 411.4%C
Fasses ars NFA WA NA
P3| Stuck Lock 1 3 14,87 Immadiales Recovery |
Rebound | 3458 | Inconsistent | > 4340 Recoversd et
Pasaed 78 “NIA WA A
P-4 Passed All Tests NA N/A NA
rRacoyon] af
CP-5 | Stuck Uniock ] 8737 28.33"C Cyele 7388 (31.18C)
Passed 1234578 NIA N/A NIA
CP-f | SXK LOGK 3 T #0347 Immediste Racovery
| Passad [ 1.2,34.8,7.8 NFA NA - N7A
s Rebound 3 4416 73.28"C__ | Recoverad at % 3810
: Stuck lock 3 9005 8Z54°C "
[ Rebound 4 F3 H25C FRecover &t % o3
[ Heboond 4 7168 Z2A.82°C Immediats
Shick Lock 4 (L] LG
—_ Rebound 4 pi i) EZT0TC | Racowsred af cycis 8739
[ Sk Lock 3 1040 2.590 ~Recovared at 1207

Nte: This raport shall not bs reproducad in full without the writen permission frorn Invensys
Sensor Systems and the Product Toest Laboratary. Test resulks refate to Rems tosted only. .
' Page 3 of
2888-2113
$/13/2000
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pjele— . ST—

Product Test Labaratory

1100 Alrpart Rd.
Shelby, MC 28150

Sensor Systems
Gont, _ - i
" Part# | Condition Tast # Cycie empsmture | Comments |
T! Rebountd 5 1203 79.8'C Hﬁmwzrﬁa al cycle
Rebound 5 4168 80.56°C WEE; 1a1 Gycle
Rabound 7260 58,2 me;;li?ﬂt aycle
Rebound 8 £02 5383 Emw.:';dﬂat cycie
Rabound B 3758 BA 42 Rm:n &l cycle
Rebound 3 TabA B1.58 Nt ver recovared
Stk Lock 75 Al Al
12 Passed 182 Al LY
? 4598 fzgc 52558 (5.05°C)
: ‘Recoversd at cy
Rehound 3 2810 53.56°C of Tt % (62,
Rocovarsd al aych
Repaund 4 nr BATC 1243 7.01°C)
Rebound 280G Racovered al Gycl
‘ A% . 5780 (4.43%C)
Reboumd pEeC Racovered at cycle
4 Taad has 9475 (-7.13°C)
Recovered at cycie
Rebound 5 1127 55.73°C 2208 (4. 75
at cycle
Rebound 5 4135 47.53°C 210 0.700)
Rebound 5 7272 50.00°C Wg_gd'
Rebourd ] 5L BATC |
- ﬁn Eﬂ" IH" d .t .
Rabound & 802 53.83%C 1487 @SE°C)
tyie
Rebourd ° 3738 8.1 4807 (1121
oyole
Ffbwnd 8 8T8t 42.26°C 0aa? (12.2°0)
Passad 748 Al 1 |

Nots: This report ahall not be reproducaid in full withoul the written parmiasion from Invensys
Sansor Systems and the Product Test Labaratory. Test reaults relete to kems tested oaly.

Page 4 of 5
Boae-2113
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Product Test Laboratory

1100 Airport Rd,
. Shelby, NC 28180
Sensor Systems
Part# | Condiilon Test ¥ Cycl | Temperaturs Comments
73 Passad 142 All Alt _
Recoversd at cyce
Rabound a 207 B2.7°C 5983 (32.20°C)
Recovared at tast 4
Rebound 3 9000 82,38 cycls 88 (42.28°C)
Recowared at cycls
Rebourd 4 5087 42.15°C 5000 (40.75°C)
- Racowened at eycle
Rubound d T3 81.88°C 8204 (43.02°C)
Fecovered at cycis
Rebound 5 1208 30.29°C 1557 (44.82°C)
Recowered at cycla
Rabound 5 1836 4324°C 1826 (35.57°C)
Recovered at cycle
Rabound 5 4218 81370 4374 [83.84°C)
Recovered at cycle
Rabound 5 7418 32.03°C TEE4 [43.14°C)
Recovered at cycla -
Rebound 5 7047 42.98°C 3295 (18,
m&a it cycle
Rabound - 329 aa1°c 1342 (24.43°C)
Recoversd at cycls
Rabound & 3268 T5.08°C © 4933 {-4.80°C)
Recovered at cycle
Rebound | . THBE B1.44°C 8785 (12.87°C)
Always recovered when
Rebouncd T&S Al » 70.7C temp Mﬁ balow
. 1 .
T4 Passed 1-%’ Ad Al
T8 Pussed | 100D Al Al
. LA N —
1 Passad 1'2'.1,3"; v Al all

Note: This raport shall not ba reprodiccad b fuff without the written parmiasion from invensys

Sansor Sysisms and the Product Teat Labocatory. Test results relate (o tems tested onty.

Page Sof 5
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