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1.0 Purpose of Compliance Test and Test Procedure

Purpose: The tests performed are part of the safety compliance program for the National
Highway Traffic Safety Administration (NHTSA) by MGA Research Corporation under
Contract No. DTNH22-16-D-00028. The purpose of the testing is to determine whether the
subject vehicle, Hyundai ELANTRA meets certain performance requirements of FMVSS
216a, “Roof Crush Resistance”. The compliance test was conducted in accordance with
OVSC Laboratory Test Procedure No. TP-216a-00 dated May 6, 2009.

Test Procedures: The “MGA Research Corporation Testing Procedure for FMVSS 216a”,
submitted to and approved by the National Highway Traffic Safety Administration, contains
the specific procedures used to conduct testing.

This procedure shall not be interpreted to conflict with any portion of NHTSA TP-216a-00,
FMVSS 216a nor any amendment thereof within the applicable contract.

2.0 Compliance Test Data Summary

The roof of a Hyundai Elantra was required to sustain a maximum load of 36,956 N (3 x
UVW) on both the right and left sides of the vehicle with platen displacement of 127 mm or
less. The left side sustained a maximum load of 36,709 N at 31.0 mm of platen travel. The
right side sustained a load of 36,875 N at 31.0 mm of platen travel. No head contact was
observed.
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3.0 Test Data and Results

Data Sheet 1
GENERAL TEST AND VEHICLE PARAMETER DATA

NHTSA No.: C20214202 Test Date: 05/27/2021 Side Tested: Driver
Laboratory: MGA Research Corporation Test Technician(s): Jacob Briskey, Kyle Goodrich

TEST VEHICLE INFORMATION:
Year/Make/Model/Body Style: Hyundai Elantra

Body Color:  Black VIN: 5NPLS4AG4MH005012

Build Date: 10/21/2020 Odometer Reading: 696 miles

Engine Data: 4 Cylinders CID 2.0 Liter cc

Engine Placement: Longitudinal or X Lateral

Transmission: Speed Manual X Automatic Overdrive

Drive: Rear Wheel Drive X Front Wheel Drive Four Wheel Drive
Safety Restraints: seat belts and airbags

DATA FROM TIRE SIDEWALL:

Size of the tires on test vehicle:  205/55 R16 Manufacturer:  Kumho
Tire Pressure for Max. Load Carrying Capacity: 300 kPa Front 300 kPa Rear
Treadwear: 500 Traction: A Temperature: A

DATA RECORDED FROM VEHICLE PLACARD OR TIRE LABEL.:
Recommended Tire Size: 205/55 R16

Recommended Cold Tire Pressure: 235 kPa Front 215 kPa Rear

VEHICLE CAPACITY DATA:

Number of Occupants 2 Front 3 Rear 5 Total

Type of Front Seats X  Buckets Bench Split Bench

Type of Front Seatback Fixed X  Adjustable with X Leveror Knob

List of Components Removed: Seats, carpet, and exterior trim

UNLOADED VEHICLE WEIGHT:

Right Front 382.0 kg Right Rear 241.0 kg
Left Front 395.5 kg Left Rear 238.5kg
Total Front  777.5 kg Total Rear 479.5 kg
Total Weight:  1,257.0 kg % of Total weight in Front:  62.0 % of Total weight in Rear: 38.0

TEST VEHICLE ATTITUDE:
Pitch Attitude: (Nose Down (ND), Nose Up (NU))

Initial:  Right Door Sill Angle 0.1° (NU) Left Door Sill Angle  0.1° (NU)
Prelimi  Right Door Sill Angle 0.1° (NU) Left Door Sill Angle 0.1°
nary:

Roll Attitude:

Initial:  Left-side 220 Right-side 222

Prelimi Left-side 416 Right-side 418

nary:

Jacob Briskey 05/27/2021

Technician Signature Date
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Data Sheet 2

NHTSA No.: C20214202 Test Date:

05/27/2021

Sid

Laboratory: ~ MGA Research Corporation  Test Technician(s):

e Tested: Driver

Jacob Briskey, Kyle Goodrich

H-Point Data (mm)

After
gﬁs HRMD
Installed
Torso Angle 18.4° 18.6°
HRMD X (=A) — fore/aft of striker 184.5 185.2
Z (=B) — Above/below striker below 265.8 266.1

Positioning Data (mm)

Cc 508.4
D 2511
E 97.6

986
A — Horizontally from the door striker to the H-point
B — Vertically from the H-point to the door striker

C — Vertically from the door striker to the top of the head
D — Horizontally from the center of the head to the H point
E — Vertically from the top center of the head to theheadliner
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Data Sheet 3

NHTSA No.: C20214202 Test Date:

05/27/2021

Side Tested: Passenger

Laboratory: ~ MGA Research Corporation  Test Technician(s):

Jacob Briskey, Kyle Goodrich

H-Point Data (mm)

After
gﬁs HRMD
Installed
Torso Angle 18.4° 18.2°
HRMD X (=A) — fore/aft of striker 1974 197.0
Z (=B) — Above/below striker below 270.8 270.9

Positioning Data (mm)

Cc 505.2
D 280.5
E 99.5

A — Horizontally from the door striker to the H-point
B — Vertically from the H-point to the door striker

C — Vertically from the door striker to the top of the head
D — Horizontally from the center of the head to the H point
E — Vertically from the top center of the head to theheadliner




Safety Compliance Testing for FMVSS 216a Page 9 of 189
“Roof Crush Resistance” DTNH22-16-D-00028 / G21Q7-001.3

Data Sheet 4
Test Information — First Tested Side

NHTSA No.:  C20214202 Test Date: 05/27/2021 Side Tested: Driver

Laboratory:  MGA Research Corporation  Test Technician(s): Jacob Briskey, Kyle Goodrich

A. Driver Side Pre-Test Data

Levelness of the Tie-Down Surface/Platform (0 +/- 0.5°): 0.1° Platen

Platen Angles: Pitch Angle: 5° Roll Angle: 25°

Platen Alignment at Vehicle LongitudinalCenterline: 748 mm

Max. Applied Force for Vehicles w/GVWR < 2722 kg = UVW 1,257.0 x9.8x3.0= 36,956 N
Max. Applied Force for Vehicles w/GVWR > 2722 kg = UVW N/A x98x1.5= N/A N

1. Any convertible top, movable or removable roof structure in their closed positions: Yes

2. Close all windows, close and lock all doors: No Yes X

3. The test device will initially contact the roof at 156  mm aft of windshield.

4. HRMD Top Center of Head Position (Driver): X: -65.8 Y: 409.2 Z: 508.5
5. HPF 201 Head form Top Center of Head Position (Driver): X: -65.9 Y: 4095 Z: 5084

HPF device properly aligned: Yes

B. Post Test Data

Maximum load achieved = 36,709 Nat 31.0 mm of displacement.

Did the maximum load achieved reach the maximum applied force (0,-250N)?  No-Fail X Yes-Pass
Did head contact occur? No X Yes at mm of displacement

Was a 222 N head resultant force attained?  No-Pass X Yes-Fail  at  mm of displacement.
Did the platen travel exceed 127 mm? No-Pass X Yes-Fail

Did the windshield break? No X Yes  at  mm ofdisplacement.
Did the sun roof panel(s) break? No X Yes N/A X

Description of damage and deformation that occurred during the test:
Permanent deformation along driver side roof line.
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Data Sheet 4 Continued
Test Information — First Tested Side

Did the second HPF shift from its original position? No X Yes Distance 0 mm

Indicate in the picture below where the second HPF center is located versus the original position (center).
NOTE: The distance between each concentriccircle is_2 mm.
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Data Sheet 5
Test Information — Second Tested Side

NHTSA No.: C20214202 Test Date: 05/27/2021 Side Tested: Passenger

Laboratory: = MGA Research Corporation  Test Technician(s): Jacob Briskey, Kyle Goodrich

A. Passenger Side Pre-Test Data

Levelness of the Tie-Down Surface/Platform (0 +/- 0.5°): 0.1° Platen

Platen Angles: Pitch Angle: 5° Roll Angle: 25°

Platen Alignment at Vehicle LongitudinalCenterline: 761 mm

Max. Applied Force for Vehicles w/GVWR < 2722 kg = UVW 1,257.0 x9.8x3.0= 36,956 N
Max. Applied Force for Vehicles w/GVWR > 2722 kg = UVW N/A x9.8x1.5= N/A N

1. Any convertible top, movable or removable roof structure in their closed positions:  Yes

2. Close all windows, close and lock all doors: No Yes X

3. The test device will initially contact theroofat 161  mm aft of windshield.

4. HRMD Top Center of Head Position (Passenger): X: -893 Y: 4277 Z: 5052

5. HPF 201 Head form Top Center of Head Position (Passenger): X: -89.5 Y: -427.7 Z: 505.2

HPF device properly aligned: Yes

B. Post Test Data

Maximum load achieved = 36,875 Nat 31.0 mm of displacement.

Did the maximum load achieved reach the maximum applied force (0,-250N)?  No-Fail X Yes-Pass
Did head contactoccur? No X Yes at mm of displacement

Was a 222 N head resultant force attained? No-Pass X Yes-Fail  at  mm of displacement.
Did the platen travel exceed 127 mm? No-Pass X Yes-Fail

Did the windshield break? No X Yes  at  mm ofdisplacement.
Did the sun roof panel(s) break? No Yes N/A X

Description of damage and deformation that occurred during the test:
Permanent deformation along passenger roof line.




Safety Compliance Testing for FMVSS 216a

“Roof Crush Resistance”

Page 12 of 189
DTNH22-16-D-00028 / G21Q7-001.3

4.0 TEST EQUIPMENT LIST AND CALIBRATION INFORMATION

ITEM MFR MODEL SIN pae | AR eals. | ACCURACY
LVDT 1 MTS G-Series LVDT1 | 12Months |  10/27/2020 0.164%
LVDT 2 MTS G-Series LVDT2 | 12Months |  10/27/2020 0.164%
LVDT 3 MTS G-Series LVDT3 | 12Months |  10/27/2020 0.164%
LVDT 4 MTS G-Series LVDT4 | 12Months |  10/27/2020 0.164%

Load Cell 1 Interface | 1220AF-50K | 305372 | 12Months |  12/18/2020 0.93%
Load Cell 2 Interface | 1220AF-50K | 568559 | 12Months |  12/18/2020 0.93%
Load Cell 3 Interface | 1220AF-50K | 281953 | 12Months |  12/18/2020 0.93%
Load Cell 4 Interface | 1220ACK-50K | 557637 | 12Months |  12/18/2020 0.93%
Load Cell 5 Interface | 1220ACK-50K | 1019124 | 12Months |  12/18/2020 0.93%
Load Cell 6 Interface | 1220AF-50K | 305366 | 12Months |  12/18/2020 0.93%
Load Cell 7 Interface | 1220AF-50K | 305386 | 12Months |  12/18/2020 0.93%
HPF Load Cell | Humanetics | 9555TF DH9302 | 12Months |  10/27/2020 0.20%
HPF Load Cell Humanetics 9555TF EH3439 12 Months 09/29/2020 0.20%
Inclinometer MIT Pro360 | MGAOD173 | 12Months | 03/31/2021 | 0.062° + 0.6R
CMM FARO N/A RID215 | 12Months | 051042020 | 0.345 mm
Tape Measure Stanley 33-215 TPMO007-32 | 12 Months 09/29/2020 1 mm
Temperature/ Extech RHM15 MI0225 | 12Months | 01/31/2021 | 7:1e-001 %RH

Humidity Gauge

8.5e-002 °C
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MICHIGAN OPERATIONS
DATE: 0371872019
SUPERCEDES. MGTPLVDT 4

D WO MGATP_LVDT_CAL
REVISION MO §
PAGE4 OF 4

mga research corporation

Linear Voltage Displacement Transducer (LVDT)
Verification for the MAST/Hydraulic Cylinders

Sensor Information Reference Sensor Information
Mame: LVeT - Name: Tapr  Aleasere.
Maodel: TS Model: oan [y
SN 216~ LLDT=~| S/N: MiA 00681
Range 4" Capacity: y&!
Calibration Date | 12/11[ 2010 Calibration Date: VL 192014
Dadade o /27 702\ Calibrated By: Novastac

Measured Yalues

Reproduced from Caleulated Slope

Dis!ancr_ _ _ % Error *

() Mﬂ'ﬂi'-l_l'i[hﬂ?lme (in} Seale factor Best Fal Line fmam/V)
£.00 .0 .00 Leo
'1.--99 ?—1“1 D,Dﬂﬁ Interoept
5,00 s 04 o,008
<% .51 0,003
10.00 2,99 @00l
11.50 11.52 o, ool
15,00 1504 &, g0l
11.%0 .5k 6.00%

1o .00 7e.04 0.001
1145{} "I.'.IT-.QE £, ﬂ{]‘s Mlaimum Error
1M.00 13.498 ©.0000 0,008

» _percent Eror caleulated by 10~ Measuned - Calculated) / Measured Range

Calibrated thermometer (1D DE004s

) used to monitor temperate and Relative Humidity.

Temperature | % Relmive Humidity
68T ™
Performed By: % Approved By:

All calibrations are traceable to the National Institute of Standards amd Technalogy. Extimated uncertainty of ihe measurement is 20,7%,

Al gertification data and equipment are on file for inspection af your request. Best uncertainties represent expanded undertaintics
expressed af approximately the 93% confidence level using a coverage facter k=2,

446 executive drive ® troy, mi 48083
248 ( 5T7-5001 = fax 248 7 577-5025
www, mearesearch.com



Safety Compliance Testing for FMVSS 216a
“Roof Crush Resistance”

Page 14 of 189
DTNH22-16-D-00028 / G21Q7-001.3

MICHIGAN OPERATIONS
DATE: 03/182019

SUPERCEDES: MGTPLVDT 4

DOC. NO- MGATP_LVDT_CAL
REVISION NO - 5
PAGE 4 OF 4

mga research corporation

Linear Voltage Displacement Transducer (LVDT)
Verification for the MAST/Hydraulic Cylinders

Reference Sensor Information

Sensor Information
Name: LVDT- 2 Name: Tage  AMeagyec
Model: MTS Model: Shag leny
SN 26~ LVbT -7 SIN: MbApocs)
Range 4" Capacity: (2
Calibration Date 1w/1y{2¢10 Calibration Date: 17 [ 4 f?d’lﬁ
Calibration
DueDate 'D/’P’f Zol\ Calibrated By: /V:?uaéhr
Measured Values Reproduced from Calculated Slope
Dis?ance ) ) 9% Error *
(in) Measured Distance (in) Scale factor Best Fit Line (mm/V)
5.00 0.00 0.00 Loo
1.50 1.48 Ouobs Intercept
5.00 5.00 0
1.50 1.ué 0.00%
10,00 q.4¢ 0.00M
1. 50 YT 0.00T
15,00 1§ b0 @)
17,50 1.4% 0, 00|
10.00 10 .00 o
11.%0 1L.52 0.0004 Maximum Error
1M.00 4.0 0.000® 0,008
*: percent Error t‘ah.‘ui:icd_b\' 100*{Measured - Caleulated) / Measured Range

Calibrated thermometer (ID# /L oo4s ) used to monitor temperate and Relative Humidity.

Performed By: Mj%

Temperature

% Relative Humidity

68.1

59

Approved By: .

All ealibrations are traceable to the National Institute of Standards and Technology. Estimated uncertainty of the measurement is £0.7%.,
1

All certification data and equipment are on file for inspection at vour request. Best uncer
Iy the 95% ¢

| uncertainties

represent exy
e level using a coverage factor k=2,

expressed at appr

446 executive drive ® troy, mi 48083
248/ 577-5001 o fax 248 /577-5025

www.mgaresearch.com
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MICHIGAN OPERATIONS
DATE: 03/18201%
SUPERCEDES . MGTPLVDT 4

DO WO MGATP_LVIDT_CAL
REVISIHIN W) §
PAGE 4 OF 4

|

mga research corporation

Linear Voltage Displacement Transducer (LVDT)
Verification for the MAST/Hydraulic Cylinders

Sensor Information Reference Sensor Information
Name: LunT-3% Name: Lrid ﬂrasvrc
Maodel: M Model: "]*Mif.\f
SIN Z1b-LVOT- % S/N: MEA o06f
Range Ty Capacity: i’
Calibration Date | 10/77 /1070 Calibration Date: 12/l 019
g::;::m 10/ /01 Calibrated By: ﬂ(;tra Gfar-

Measured Values

Reproduced from Caleulated Slope

Distance % Error *
(im) Measured Distance {in) Scale factor Best Fit Line (mm/v)

.60 O.bp &y0p l.oo

150 .48 o. 008 __Intercept

£.00 5.0 o

1.50 _ 1.52 0.00% -

19,00 4.949 .00l
.50 11,57 P, 00l

15.00 15.04 o.00%

LT1.50 1751 0.00\
Lo op 0. oM O,0070
1l.50 11.5b 0.0 "!I Mawimum Emror
.00 73.46 0.000f 0.000

. porcend Error calculated by 100* Measured - Caloulated) | Meassed Range

Calibrated thermometer (ID# MF )45 ) used 10 monitor temperate and Relative Humidity.

Temperature | % Relative Humidity

46.T

34

Performed By: W

All calibrations are traceable to the Xai I Dmsninure af 51

Approved By:

dards and Technalogy. Estimated undertainiy of the nseasmremsent is 20, 7%,
Al cerfification data and equipment are om file for inspection al your request. Best sncertainties represent expanded mncertainties
expressed al approximately the 95% confidence evel msing a coverage factor k=2

446 executive drive * troy, mi 48083
2487 5TT-5000 » fax 248 / 577-5025



Page 16 of 189

Safety Compliance Testing for FMVSS 216a
DTNH22-16-D-00028 / G21Q7-001.3

“Roof Crush Resistance”

MICHHGAN OPERATIONS DOC. MO MGATP_LVDT_CAL
DATE 03/182019 REVISION N0 - 5
SUPERCEDES: MGTPLYDT 4 PAGE 4 OF 4

mga research corporation
Linear Voltage Displacement Transducer (LVDT)
Verification for the MAST/Hydraulic Cylinders
Sensor Information Reference Sensor Information
Name: Lvor-Y MName: lept ;"1{:15#1?
Model: Mrs Model: Stanley
SN Tih- |yl -4 SIN: MEA0048)
Range gy Capacity: !
Calibration Date 117 /1me Calibration Date: VT /100§
Calibration
DueDate 027 (2001 Calibrated By: /ﬁ"ﬂ 56 -
Measured Values Reproduced from Caleulated Slope
[Mstance 8% Error *
{in) Measured Distance {in) i Seale facior Best Fit Line (mm/V]
0,00 0.00 2.0 l.op
1. '50 .48 {j‘i oo '@ Imtercepi
8.0 5.0 2
150 146 p.o03
.00 4.44 o.001
\L.S0 vL.57 &, o0l
19,00 15.00 o
I1-5¢ 17.82 p.op!
10 .00 1eo.p4 0007
1,?“4!} {-151 2,00 a'ﬁl Maxsmum Frroe
LM.0e 1%.98 o eiph a.ooh
*_ peroent Error calewlased by 100 Measused - Caleulated) / Measured Range

Calibrated thermometer (ID% _MI 0045 ) used 10 monitor temperate and Relative Humidity.
Temperature | % Relative Humidity

681 i

Performed By: W Approved By:

Al calibrations are traceable to the National Institute of Standards and Technology, Estimated uncerisinty of the measurement s 20, 7%,
All certification data and equipment are on file for inspection at your request. Best uncertainties represent expanded uncertsinties
epressed ol approxi 1y ihe 95% confidemce level usimg 8 coverage factor k=2,

446 executive drive ® trov, mi 48083
248/ 577-5001 = fax 248 / 577-5025

WA !ngﬂ[:ﬁﬂ_ﬂn'h L0
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cAmATON FORCE MEASUREMENT S0 LTIONS

CARTIFICATE

“*  LOAD CELL CALIBRATION CERTIFICATION

CUSTOMER : MGA RESEARCH CORP

ADDRESS : TROY, Mi

CONDITION AS FOUND & FINAL 5.0. # 205581 P.O. & Mi24081

MODEL 1220AF-50K SERIAL: 305372 BRIDGE: A CAPACITY: 50 Kibf

PROCEDURE: C-1257 Mounting Per Interface Instaliation Insiruction 15-5
ZEROQ BALANCE: 0.232 %R0

TEST CONDITIONS
TEMPERATURE: 73 °F HUMIDITY:23%  EXCITATION: 10VDC
TRACEABILITY

FORCE STANDARD: STD-10 MNIST# STD-10B2820 DUE: 15-MAY-2022
STANDARDINDICATOR: BRD1 MIST# EVLB45567

TEST INDICATOR: BRD4 MST# EVLB45567
SHUNT CALIBRATION Shunt Straight Line
{+i- .01%) ___Output Conversion  Connections®
TENSION 300 KOhm 2080240 mVVY  35.081 Kibf -Qut fo -Exc

COMPRESSION 300 KOhm -2.80403 mviY 35088 Kt -Outto +Exc

Shint calibration mesisted connections for bension and compression respectively are {-Exc fo -Oul) and {+Exg 1o
-0t} Tor connecind models, (-Sanss to -Out Shumical) and {(+Sansa to -Out Shunical) far T wire models

PERFORMANCE

Rated Qutput SEB Qutput Nnnhneang Hysleresis SEB
TENSION 413736 mVA 413675 mViV -0.029 %F 37T WFS £ 0.020 %F3

COMPRESSION  -4.13845 mVIV -4.13815 mV/V -0.021 %FS 0.036 %FS £ 0.018 %FS

STATHC ERFCHE BAND (BEH) Tre barad of rpecmem eeabans of P BS0BNCG W) SREBNO0TS CRMTEROn porms Som o Desi ko
g b Paran T OUTPUT i echaies T eflecs of HONLFARITY, WOETERESS. and rormwiam io Mk |L0AD

TEST LOAD RECORDED READINGS [mVIV)

APPLIED (Kibf) Tension Comprassion
0 00000 00000

10 82670 - 82714

20 1.65400 -1,65451

30 248123 -2.48229

40 3,30892 -3.30589

50 413735 -4.13845

20 1.65552 -1.85601

o poo0a -.00025

interface Inc. certifies thal force measurements are traceabls to primary standards at NIST. Calibration
performed per Interface QA program and the requirements of ISO/IEC 17025, MIL-STD-45662A & ANSINCSL
Z540-1-1994 . Estimated measurement uncertainty is 0. M‘Dﬁ RODG. exprmﬁ as the expanded uncertainty at
85% canfidence level using a coverage factor of k=2, ﬂaﬁu'rl:p relate 1o load cell serial 305372 only,

DO NOT REPRODUGE THIS REPORT axcapt in full or with Interface Inc. written approval.

TECHNICIAMN : CRATTY, RICHARD C. CALIBRATION DATE :18-DEC-2020

ISSUED DATE 18-DEC-2020
APPROVED mm-m#/ﬁ

7401 E Butherus Dr. » Scoitsdaie, Arizons 85260 + 480,048 5555 » waw Interfaceforce com
T8-S0 0010 R Page 1 OF 1



Safety Compliance Testing for FMVSS 216a Page 18 of 189

“Roof Crush Resistance” DTNH22-16-D-00028 / G21Q7-001.3
% mmcerface
FORCE MEASLRAEMENT SOLUTIOMNS

T

“* LOAD CELL CALIBRATION CERTIFICATION

CUSTOMER : MGA RESEARCH CORP

ADDRESS : TROY, MI
CONDITION:  AS FOUND & FINAL 5.0. # 2055681 P.O. # MI24081
ODEL 1220AF-50K SERIAL 568559 BRIDGE: A CAPACITY: 50 Kibt

M
PROCEDURE: C-1257 Maounting Per Interface Installation Instruction 15-5
ZERO BALANCE 0,033 %RO
TEST CONDITIONS
TEMPERATURE: 73 °F HUMIDITY:23%  EXCITATION: 10 VDG

TRACEABILITY
FORCE STANDARD: STD-10 MNIST# STD-10B2820 DUE 15-MAY-2022
STANDARD INDICATOR:  BRD1 NIST# EVLE45567

TESTINDICATOR: BRD4 NIST# EVLGS45567
SHUNT CALIBRATION
Shunt Straight Line
(#-.01%) Output Conversion  Conneclions®
TEMNSION 30.0 KOhm  2.90224 m\iiv 34,373 Kipf -Duit to -Exc

COMPRESSION 30.0 KOhm  -2.80705 mViv 34,403 Kipf ~Qut to +Exc

Shurd calibealion resabor connections lor lenkion and oomprasaiodn respactvely ane (-Exc to -Du) and (+Exe 1o

“Chatj Tor conmacior modeis. (-Sense 1o -0 Shunical) and |+Sense to -Chal Shunbcal) lof 7 wine models
PERFORMANCE

Rated Qutput  SEB Output Monfineari HJDO resis SEB
TENSION 422188 myN 422170 mVV 0008 %FS 0. %FS *0.007 %FS

COMPRESSION  -4.22551 mVV 422484 mV/V -0.019 %FS 0.016 %FS 0014 %FS

STATIC PRACH BAND (BEH| The bared of musssus Sesatons of B et Bivn i baal
tSrmp b chriug® 2ero CUITPUT. B nchudes the sfects of NORLINEARITY, n'r.IrEHEm [-pesm A TR

TEST LOAD RECORDED READINGS [m\Viv)

APPLIED (Klbfy Tension Comprassion
0 00000 00000

10 B4404 - 84451

20 1.68853 -1.68040

30 253332 -2, 53461

40 337758 -3.38008

50 422188 -4, 22551

20 1.88853 -1.69008

o - 00004 - 00001

Interface Inc. cerifias! lpat !'nrmmmmmta are traceabia to primary standards at NIST.  Calibration
performed per Interface QA program md'ﬁya mulmmm‘m&uﬂen 17025, MIL-STD-456524 & ANSUNCSL
Z540-1-1884 , Estimated maaummnt mmmmtr is 0.040% ROG. mmﬁeﬂ as the axpmuad uncertainty at
85% confidence level using a coverage factor of k=2. Resulis relate to load cell serial 568559 only.

DO NOT REPRODUCE THIS REPORT except in full or with Interface In: written Imm'ai.l.

TECHNICIAN : CRATTY, RICHARD C. CALIBRATION DATE 18-DEC-2020

ISSUED DATE 18-DEC-2020
APPROVED Sean Malone - Service Mg /ﬂ_

7401 E Butherus Dr. » Scolisdale, Arizona 85260 » 480 848, 8558 « www inlerfaceforce. com
FIBSC- 0 e B F'aga 10F1




Safety Compliance Testing for FMVSS 216a Page 19 of 189

“Roof Crush Resistance” DTNH22-16-D-00028 / G21Q7-001.3
% incerface
l_‘,.k.,IB.H..\.TlO:I FORCE MEASUREMENT SOLUTIONS
CERTIFICAT

“=" LOAD CELL CALIBRATION CERTIFICATION

CUSTOMER : MGA RESEARCH CORP

ADDRESS : TROY, MI

CONDITION:  AS FOUND & FINAL 5.0, # 205581 P.O. # MI24081

MODEL: 1220AF-50K SERIAL: 281853 EBRIDGE: A CAPACITY: 50 Kibf
PROCEDURE: C-1257 Mounting Per Interface Installation Instruction 15-5

ZEROD BALANCE: 0.060 %R0

TEST CONDITIONS
TEMPERATURE: 73 °F HUMIDITY:21%  EXCITATION: 10VDC
TRACEABILITY

FORCE STANDARD: STD-10 MNIST# STD-10B2820 DUE: 15-MAY.2022
STANDARD INDICATOR: BRD1 MIST# EVLE45367

TEST INDICATOR: BRD4 MIST# EVLG45567
HUN N
. T CALIBRATIO Shunt Straight Line
[+f=.01%) Cutput  Conversion  Connections®
TENSION 100 KOhm 280282 mviV  35.062 Kibf -Out to -Exc

COMPRESSION 30.0 KOhm  -2.89801 m\VV 34,995 Kibf -Qut to +Exc
Shunt calibralion resisior connections for bension and compression respectively ane (-Exc 1o -Out) and (+Exc 1o
O] foe connecior models; (-Sense 1o -Out Shuntcal) and (+Sense 10 Out Shunlcal) for T wire models,

PERFORMAMCE

Rated Qutput  SEB Output Nenlinearity Hysteresis SEB
TENSION 414061 mVV 413854 mviy -0.041 %FS 0,052 %FS £ 0.026 %FS

COMPRESSION  -4.14082 mWV/V -4.14084 mVivV -0.023 %FS 0.030 %FS + 0.020 %FS

STATIC ERAOR BAKD (SEB| Tra band of manmun deviions of e S50ening g oesosndng Cabbestan posnis fram & tes It
AR b W Barg DUTPUT R nchudes th J%ects of NORNUMEARITY, HYSTERESES, and nondeturn 1o MIKLILIM LOAD

TEST LOAD RECORDED READINGS (mViV)

APPLIED (Klbf) Tension Comprassion
0 00000 00000

10 B2703 - B2761

20 165474 -1.65545

30 2. 48267 -2 48356

40 331150 -3.31185

50 414061 -4, 14082

20 1.65689 -1.65708

0 0o003 =.00017

Interface Inc. certifies that force measurements are treceable fo primary standards at MIST. Calibration
perfcrmed per Interface QA pmgrnm and the requirements of ISQVIEC 17025, MIL-STD-45652A & ANSINCSL
Z540-1-1954 . Estimated measurement uncertainty is 0.040% RDG. expressed as the expanded uncertainty at
95% confidence level using a coverage faclor of k=2, Results relate to load cell serial 281953 only,

OO NOT REPRODUCE THIS REPORT except in full or with Interface Inc. written approval.

TECHNICIAN : CRATTY, RICHARD C. CALIBRATION DATE :18-DEC-2020
ISSUED DATE: 18-DEC-2020

APPROVED

7401 E. Butherus Dr. » Scotisdale, Arizona 85260 » 480,948, 5555 « www.interfaceiorce. com
i R R FPage 1 OF 1



Page 20 of 189

iance Testing for EMVSS 216a
Safety Compliance Testing DTNH22-16-D-00028 / G21Q7-001.3

“Roof Crush Resistance”

(LN mncerface

FORACE MEASUREMENT SOLUTIONS
CIRTFICATE

""" LOAD CELL CALIBRATION CERTIFICATION

CUSTOMER : MGA RESEARCH CORP

ADDRESS : TROY, M|

CONDITION.  AS FOUND & FINAL 5.0 & 205581 P.O.# MI24081

MODEL 1220ACK-50K SERIAL: 557837 BRIDGE: A CAPACITY: 50 Kibf
PROCEDURE: C-1257 Mounting Per Interface [nstallation Instruction 15-5

ZERDQ BALANCE: 0.072 %AO

TEST CONDITIONS
TEMPERATURE: 73 °F HUMIDITY:21%  EXCITATION: 10 VDC
TRACEABILITY

FORCE STANDARD; STD-10 MNIST# STD-10B2820 DUE 15-MAY-2022
STANDARD INDICATOR: BRD1 MST# EVLG45567

TEST INDICATOR: BRD4 MIST# EVLG45567
LIBRATI
SHUNT-CALISRATION Shunt Straight Line
{+/= . 01%]) Output Conversion  Connections™
TENSION 30,0 KOhm 280185 myy 34 782 Kipd <Out to -Exc

COMPRESSION 30.0 KOhm -200815mViV  34.818 Kibt =-0ut to +Exc

Shunt cafibeation resistor connections for tension and compresien respectivaly are {-Exc to -Out) and {+Exc to
~Out) fot conaecter models. [-Sense to -Out Shuntcal) and (+Sense b -Oul Shintesl) for T wite medals.

PERFORMAMNCE
Rated Qutput  SEB Cutput Nonlineari feresis SEB
TENSION 417065 mviAY 417148 mVV 0032 %F 8 %FS £0.020 %FS
COMPRESSION  -4.17820 mVV 417771 mviV -0.018 %FS DCHB %FS £0.012 %FS
STATIC [MADA BAND (SES] The el of manmum dmvarony of g PoaEy Foem § Dasl R

itk L]
Wi i ot 20 OLTFUT. @ rciudes (e sifects of MOMLINEARITY, HYSTEREAIS, g rarvssre Ay AL | DAy

TEST LOAD RECORDED READINGS [mVA)

APPLIED [Kibf) Tension Compression
o 00000 00000

10 B3484 - 83517

20 1.65938 -1.67080

an 250373 -2 50618

40 3,331 -3.34203

50 417065 -4 17820

20 1.66820 -1,67127

0 - 00007 - 00007

hnterface Inc. certifies that: force measurements are lraceable o' p primary standards at NIST, Calibraton
perfarmed per Inhdaqa QAp pl:ngrlm and the requirements of ISO/IEC 1?&25 MrL-STD-IiSEBRA & ANSIFNCSL
Z540-1-1994 . Estimated measurement uncertainty is 0. 040% ROG, e a3 the expanded uncertainty at
95% confidence level using a coverage factor of k=2. Resulis relate to load cell serial 557637 only.

DO NOT REPRODUCE THIS REPORT except in full or with Interface Ine. written approval. :

TECHNICIAN : CRATTY, RICHARD © CALIBRATION DATE :18-DEC-2020

ISSUED DATE 18-DEC-2020
APPROVED mu-mw/%

7401 E. Butherus Dr. « Scoltsdale. Adzona B5260 « 480,548 5555 « v interfaceforce com
FIB-0-Ch R Page 1 OF 1



Safety Compliance Testing for FMVSS 216a Page 21 of 189

“Roof Crush Resistance” DTNH22-16-D-00028 / G21Q7-001.3
~' mncerface
maon ey gy

EEMTFICATE
Vi 89

LOAD CELL CALIBRATION CERTIFICATION

CUSTOMER : MGA RESEARCH CORP

ADDRESS | TROY, MI
CONDITION AS FOUND & FINAL 5.0. # 205581 PO, # MI24081 &
MODEL 1220ACK-50K SERIAL: 1018124 BRIDGE: A CAPALCITY: 50 Kibf

PROCEDURE: C-1257 Mounting Per Interface Installation Instruction 15-5
ZERO BALANCE 0.240 %RO

TEST CONDITIONS

TEMPERATURE: 73 °F HUMIDITY:23%  EXCITATION: 10VDC i

TRACEABILITY

SHU

FORCE STANDARD:, STD-10 MIST# STD-10B2820 DUE 15-MAY-2022
STANDARDINDICATOR: BRD1 MIST# EVLE45567
TEST INDICATOR: BRD4 MIST# EVLG4556T

I ALERATI Shunt Straight Line
{+/- .01%) Qutput Conversion  Connections®
TENSION 30,0 KOhm  2.90588 mVV - 34.814 Kibf Qut to -Exc

COMPRESSION 30,0 KOhm  -2.81010 myv 34827 Kibf  -Outlo +Exc

Shunl calbration mesisiod connections o lenskon and compression respeciivaly am [-Exc 1o -Outh and [+Exc 12
Dt} far connecios models; (-Sanse to -Oul Shurdcal) and [+ Sense 15 -Dul Shurical) far T wite model

PERFORMANCE

Rated Cutput SEB Output Hunllnaang i-?steres't& SEB
TENSION 417292 myVyV 417340 mVWV  0.018 WFS -0.013 %FS = 0.011 %FS

COMPRESSION 417872 mViV -4.17797 m\V/V -0.025 %FS 0020 %FS £0.018 %FS

BTATEC ERSIDA BAND | 3EN; Tre pars] of mar gyrvabors of e seoerang o descancryg cakbegtar porss hom o bai B
R e PLON P CHETPUT i ncheies e efeon of MO INCARITY SiYRTFAESS snc ronrmum o BRI L 04D

TEST LOAD RECORDED READINGS [mWViV)

APPLIED (Kipf) Tension Compression
0 00000 00000

10 B3453 - 83408

20 1.66952 =1.67044

30 2.50452 -2.50837

40 3.33886 -3 34241

50 4.172092 -4 17872

20 1.66898 -1.67128

0 000 oo027T

Interface Inc. certifies that force measurements are traceable to primary standards at NIST. Calibration
performed per Interface me and the requirements of SQIEC 17025, MIL—STD-dsﬂﬁzA & ANSINCSL
Z540-1-1994 . Estimated mm‘mn‘t uncertainty is 0. mn#ﬂnﬁ ‘expressed as the expanded uncertainty at
95% confidence level using a erage factor of k=2. Results relate to load cell serial 1018124 only.

DO NOT REPRODUCE THIS: T except in full or with Interface Inc. written approval.
TECHNMICIAN | CRATTY, RICHARD C. CALIBRATION DATE -18-DEC-2020
ISSUED DATE 18-DEC-2020

APPROVED : MHM-WW-—/I%

7401 E. Butherus Dr. * Scottsdale, Arizona B52560 + 480 948 5555 « www interfacelorce. com

FrEADOE R Page 1 OF 1



Safety Compliance Testing for FMVSS 216a Page 22 of 189
“Roof Crush Resistance” DTNH22-16-D-00028 / G21Q7-001.3

mncerface

CALSRA TN FORCE MEASUREMENT SOLUTIONS

CENTFICA

“*" LOAD CELL CALIBRATION CERTIFICATION

CUSTOMER : MGA RESEARCH CORP

ADDRESS : TROY, Ml

CONDITION:  AS FOUND & FINAL 5.0 & 205581 PO, # MI2a081

MODEL 1220AF-50K SERIAL: 305366 BRIDGE: A CAPACITY: 50 Kibf

PROCEDURE: C-1257 Mounting Per Interface Installation Instruction 15-5
ZERO BALANCE: 0.111 %RO

TEST CONDITIONS
TEMPERATURE 73'F  HUMIDITY:21%  EXCITATION: 10VDC
TRACEABILITY
FORCESTANDARD.  STD-10 MNST# STD-1082820 DUE 15-MAY-2022
STANDARDINDICATOR: BRD1 ~ NST# EVLB45567
TESTINDICATOR BRD4  NIST# EVLG45567

SHUNT CALIBRATION

Shunt Straight Lina
{+=_ 01%) Cutput Conversion  Conneclions®
TENSION 30.0 KOhm 280424 mviv 35.051 Kiof -0Dut to -Exc

COMPRESSION 0.0 KOhm -250484 mVV 35051 Kibf  -Out 1o +Exc

Snisl calibrasion ressbor connoctions for lension and compression respectvely are (-Exc to “Chaty and (+Exc to
Ot for connectar modeds; [-Sense bo -Out Shuntcal) and (+Sense to -Out Shuntcaly for T wine madals.

PERFORMANCE

Rated Cutput SEB Output Numlneang resis SEB
TENSION 414376 mVAV 414291 mViv <0029 %FS 0.041 %FS = 0,020 %FS

COMPRESSION  -4.14460 mV/V -4, 14388 mVY -0.025 %FS 0031 %FS £0017 %FS

ETATES ERRCH BAMD (BED) Tew band & mnas Sivators of Fa mosrdng and deiieedey DR = poar om o e 8
Mg v o pan QUTPLIT 1 inckades e aecs of MCMLIREARITY, SYSTORERIS e rosinm 1 MAREIM LOAD

TEST LOAD RECORDED READINGS (m\W/v)

APPLIED (Klbf) Tension Comprassion
i 00000 00000

10 82802 - 82823

20 165632 -1.85885

30 248504 -2 48574

40 3.31430 -3.31507

50 4.14375 -4, 14460

20 1.65800 -1.65813

] 00010 - 00020

inlerface Inc. certifiés thal forceimeasurements are traceable to primary standards at NIST. = Calibraton
performed per Interface QA program and the requirements of ISONIEC 17025, MIL-STD-45652A & ANSUNCSL
2540-1-1994 . Estimated measurement uncertainty s 0.040% RDG. expressed as the expanded uncerainty at

95% confidence level using a coverage factor of k=2 Results relate to foad cell serial 305366 only.
0O NOT REPRODUCE THIS REPORT except in full of with Interface Inc. written approval,

TECHNICIAN : CRATTY, RICHARD C. CALIBRATION DATE 18-DEC-2020

ISSUED DATE: 18.DEC-2020
APPROVED mm-mu,/’ﬁ_\

7401 E. Butherus Dr. « Scoltsdale, Adzona 5260 « 480,948 5555 « www.Interfaceforce com
FIa0n e § Page 1 OF 1
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Safety Compliance Testing for FMVSS 216a
DTNH22-16-D-00028 / G21Q7-001.3

“Roof Crush Resistance”

(S mncerface
T L A e i ]
[= S TR FORCE MEASURAEMENT SOLUTIONS

EERTWICATE

“"" LOAD CELL CALIBRATION CERTIFICATION

CUSTOMER : MGA RESEARCH CORP
ADDRESS : TROY, MI

CONDITION. AS FOUND & FINAL 5.0. % 205581 P.O. # MI24081
MODEL: 1220AF-50K SERIAL: 305386 BRIDGE: A CAPACITY: 50 Kibf r
PROCEDURE: C-1257 Mounting Per Interface Installation Insfruction 15-5

ZERD BALANCE 0.058 %WRO
TEST CONDITIONS
TEMPERATURE 73 "F HUMIDITY:23%  EXCITATION: 10 VDC

TRACEABILITY
FORCE STANDARD: STD-10 MIST# STD-10B2820 DUE: 15-MAY-2022
STANDARD INDICATOR:  BRD1 MIST# EVLB45567

TEST INDICATOR BRD4 MST# EVLG4556T
SHUNT
GABRATION Shunt Straight Line
{+/- 01%) Cutput Conversion Connections®
TENSION 30,0 KOhm 280823 mviv 35.144 Kibi -Out 1o -Exc

COMPRESSION 30.0 KOhm -2.90502 m\iV 35.085 Kibt -Dut to +Exc

Shunt casbration resisior conmections for tension and compesssion respectively e [-Exc to -Outh and (+Exs to

=0l for ponnecics modeds; (-Sense to -Oul Shunteal) and (+Sense ba -Oul Shuntcal) for 7 wire models
PERFORMANCE

Rated Output ~ SEB Oulput Monfmearity Hysteresis SEB
TENSION 4 13838 mVY 413758 mVV -0.027 %FS 0.028 %FS +0.019 %FS

COMPRESSION 414075 mViY -4 14004 mVV -0.028 %FS 0.042 %FS 0021 %FS

SPANIC [ANGH RAKD (38 Tre band of ma e gewaterss of Po piosdg s descmrdvyg taldrmon pores Fom o besl i
W e Wt fard QUITPUT 1 inciudes e st of WORLINEARITY. HYSTERESTE #~ harrarurn 12 MU L KD

TEST LOAD RECORDED READINGS (mViv)

APPLIED (Kibf) Tension Compraession
0 00000 00000

10 82684 - B2T3T

20 1.65425 -1,85515

30 248217 -2 48329

40 331035 -331188

50 4.13838 =4.14075

20 1.65542 -1.65685

0 D000S - 00019

interface Inc. certifies that force measurements are traceable to primany ‘standards at! NIST. © Calibration
performed per Interface GA pmgm and the requirements of ISO/EC 17025, HIL-STD-#&EE% & ANSUNCSL
£540-1-1884 . Estimated measurement uncertainty is 0,040% ROG! expressed ; as ine expanded mmrladnt,- at
85% confidence level using a coverage factor of k=2, Results relate 1o load cell serial 305385 only.

DO NOT REPRODUCE THIS REPORT except in full or with Interface Inc. written approval. &
TECHNICIAN : CRATTY, RICHARD C. CALIERATION DATE :18-DEC-2020
ISSUED DATE 18-DEC-2020

APPROVED Gt Wzonss - Serice Mgt ﬁ

7401 E. Butherus Dr. « Scotladale, Anzona B5260 « 480,948 BE5E » wwwe Inferlacelorce. com

P05 B Page 1 OF 1



Safety Compliance Testing for FMVSS 216a Page 24 of 189
“Roof Crush Resistance” DTNH22-16-D-00028 / G21Q7-001.3

% HUMANETICS' Report Summary i

23300 Haggerty Rd, Farmington Hills, Ml 48335

Tel: 248-TTE-2000 Fax: 248-778-2001 ACCR
small; infod@humanetesatd com Auvtomated Load Cedl Calibration System koo
WIS W hunianatiosand.oon Copyright (£)1987-2017 Humanetics Innovative Solutions, Inc. Can 242163
Customar Narma MGA RESEARCH CORPORATION Identification Mo AFZDI0ZTOT0S
ATTH. SCOTT ARSEN Ceate®; 10ZF2020
446 EXECUTIVE DRIVE
TROY M 48083
Manufacturer:  Humanetics Serial Number: DHI302
Model Number. 9555TF
As Received Condition As Shipped Condition Action Taken
In Tolerance® v In Tolerance® =l Repair H
Qut of Tolerance" 0 Out of Tolerance® ] Full Calibration I
Oparational ] Oparational il Special Callbration i
Mot Ciperaticnal O Mot Operational ] Raturnad “As s |
Damaged m Damaged o
A, ] A |
Received Notes As Shipped Notes Action Notes
nia nia na
Technical Notes: Calibration AZLA Accredited:  [w|ves | Mo
1) Unbsss othansiss noled &l cakbrations conform io 150 170252005 Euﬂ.{ﬂ I:H-:d,l.]
Uncertainty Uncerainty
Standard 10 Report Ne. Sarial No. Due Date [Faree) {Mamant)
SH-CL-D2w- 2020004272 &71308 Aidamandy 0.3% F.8 a0 E 5
1
&) Caltrmton St Usesd Stmrd i i It i fPue Eansdate: she Eaceable to MIST (Mabonsl insbtuln of Stasdasds and Technolagyl Wi
aapson of i masssameils Fepoied on the Load Cel firidgs mpodanco Meawnsmes 5 W, e i T e oy,
3} Latrwinny Soops M % roranivn Sl L& =" i L] 10 ISOAES TI0E 1008 ANSUNCEL 2-5400-1-1004

4]

N

“Dain” induales contirmanon of cahrason dets shd sk b wsod to momment calberton nsvaei

Calitegton Mathods: Trss CalbraSon Motods used in fha caffuniion an defnoed s e Cafitation Blathod for Singls ard Myl Axly Loss Caiy
PEL-A-00000PE Proosdure Nesbar OL-PRAO0001FCL-PR-D0DOZF

Thin documan spplies only 1o the calleason of he Nem des<rbed sbove and the sgecile calerabion paronsed by e Hurasstel innovalive Sollons. Ine
calitraion labivaliny. Wesn declanng in Toleranos or Oul of Towmrascs condmonsin ), the calibraion lSoratory utiies a Sursd Alsk Moer™ a8 tha
datisien ndn, The sabibly of the LT over Sme dapends en many liciors cutilde o coningl 1L i the mapormityity of Toe using the il describad aham
10 guantly T measuremed of uecarainty and evalualy the stdeguacy of thal measremsn? pricess i demonsiness Bk madsimman trmossbeaty iy
rodity marued

Thin repert mhall ngd be inprocuced. exoept n S8, wshogt M wilan cersenl 5l ihe Humanecs novatie SelkSom bnc s cablemtion nharaley

Caitwaton and Measurereni Capabsiities SR sapreses hand 1 o at approemataly tha 5% Weel of sorddance, covengas facior
eE=2

Tha Humanabon incovatven Soluson. inc. casibrabon latnnatony does aof aagand this provided messcred valseiu) by the sssoomsd urcsrsaty of B
rragmrnmend. Whon peameteds) e cerbdad Lo b wimen specifod |okseancadi]. Tur orespanced massursd ynkass] shali fall withn the aphaogriste
spachcaton limd. Wilh witen agrisrssnt frem [ha cugiomaor, oihwr deciion miles may be used. Pissso visil Tl company websts s

e rmanetranid fom dor & cogsy ol The Bcopo and Codtficila A copy of the soopa and CatFests s Slid swalable ugon iegasel

CLFO-001129 Page a5 AevE
Technician: BURCHI 10ETR0R0 7:30:41 AN



Safety Compliance Testing for FMVSS 216a
“Roof Crush Resistance”

Page 25 of 189
DTNH22-16-D-00028 / G21Q7-001.3

HUMANETICS

23300 Haggerty Rd. Farmington Hills, MI 48335
Tel: 248-TT8-2000  Fax: 248-TTE-2001

Calibration Report
Uni-Directional Calibration

-:m;:".I nin@h:umannmm o Automated Load Cell Calibration System
wehsia: wwvw humanaticsatd. com 3 .
Copyright (e} 1987-2017 Humanetics Innovative Solutions, Inc
Applied Excitntan (VD) 10,000 Dala 102020
Calibraton Na AFMNIDITONDS & Mo, From Cal Ar2TR0 12 Ma. From Cal  10/275031
Medad Mo Q554TF Sarial Mo DiHa02
Tachsican BURCHI Tamp ("C) 228 Mt (%) 272
CLsimemir MGA RESEARCH CORPORATION Last Calibratod LT ]
Description 3-Channel Load Cell Crestomar Tag Numéor
Bridga Zero Offset  Nonlinearity

Fx 22MAN < 0002 miY 002 % FS 015 % FS 17100 mvihy 2T % FS

FY 2N 00053 miv ofs % Fs B %FS 1152 mvi .18 % F&

FZ 44482 N D017 myiv 004 % FS OINRFS 12381 mviv .18 % F5

Using Sensor @@ 10V Excitation  Using Sensor @ 5V Excitation  Using Sensor & 2V Excitation
ll.ﬂu Capacity  QuiputmV & Capacily Output mVED Ovtput mV & Capacity Dutput eWEY Dutput mY 6 Capacity

M1 N 170858 0. 00T ERRIT 8.5499 0.003844 10 3AT00 DUOO1EATET
F‘l' 22X N 1rasr i R | .7 0.00385586 34303 000 T5E225
FZ 44462 N -2 3805 -0 002 T RSSD 8. 1653 0.00138778 - &T8 D00055T10
Shunt
Bridge Equivalent Load Bridge Resistance (nom]
Fx 15000 K Ohirm 18320N 7000 Onime
FY 1500 K Ofma 1E25 0N 7000 Dhms
FZ Z000 K Ofimes B0 N 00,0 Ofme
Nobe: Posiees shimt i bebasen +Exc_+Sig Nogative ahurd 5 bebwesn -Exe+Sig
Wire Color Codes
EX EY E2
Brm =B | Rad Stp #Exe | Gm * Em
Fod +8i | B +5ip | Bh * Sig
MIA # Teds | N/ + Tods | WA # Tods
O = Exg Wht « Eng Wia - Eun
Yol - 5y Bik Stp - Sig Gry - Big
A Teds | MNA - TS | MA = Tnds
Reference Load Cell
Standard ID Manufaciurer Model No, Serial Mo, Report No,
2H-CL-PRK-1 Irdarface, |ns TEIOFMO-2-T 5304 2020004272 B0

Calibrated by: / % ~

Humanetics Innovalive Solutions, Inc. Autkanzed Reprosentative®®

Mobe; Thes repon shall not be reproduced, sxespd in full, withow the wiiten consent of Humanetics innovatve Solutions, Ine

CL-FO-00112P Pagge 2 ol 5
Tachnician BURCH

Rav B
10FZT2020 T 3R LT AM
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Loading Sequence Summary

Uni-Directional Calibration

& HUMANETICS'

23300 Haggerty Rd. Farmington Hills, M| 48335
Tel: 248-7T78-2000 Fax: 24B-T78-2001
o ummanaticsatd. com

Autormated Load Cell Calibrabion Systam

amail:
wabsita wwi humanaticsatd com Copyright (c)1887-2017 Humanetics Innovative Solutions, Inc
Calibraban Mumbsr AFI0ITOTOS e 107277020
Modal Numbar T555TF B Mo From Cal 42Tan 12 Mo From Cal 100272021
Sarial Murrdue DHa30z Last Calibeatad 10AaI1e
Doscriplion S-Channel Load Cell Tamp (“C) ] Hum. (%) 27.2
Cusonme MEA RESEARCH CORPORMATION Customes Tag Muinbes
Axis FS Load FS Output Sensitivity  MNonlinearity  Hysteresis Moment
Eu mviv mVIVEU % FS % FS Arm EU
FX 2241 N 1.70094749 0.00076884 0.02 0.15 i
FY 22241 N 1.715173 0.00077117 0.04 021 1]
FZ 44482 N -1.239052 -0.00027855 0,04 0,18 a
EX Axis 0.0002 m\iy
FY Mg 0,0008 mviiy
FZ Mg 00005 m\yiy
Forca | Fx j = 034+ 130080  *  Output (mVAV)
Force ( FY ) = 0a7T o+ 120675  * Oulput (mVA)
Force | FZ ] = 057 + -3589.64 ‘ Dutput {m\iA)
Mate: Thes report st nol be reproduced, secept in full, withoul the wrinen consent of Humanelics innovative Solutions, Ine
CLFODO1 138 s Page 3ol & E Fv B
10272020 T IBL1 AN

Techneian: BURCH
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Safety Compliance Testing for FMVSS 216a
DTNH22-16-D-00028 / G21Q7-001.3

“Roof Crush Resistance”

AN . Crosstalk Summary
w ';-{u M.hN ET-I CS Uni-Directional Calibration

LE

23300 Haggerty Rd, Farmington Hills, M| 48335

Tol; 248-TTB-2000 Fax: 248-778-2001
Automated Load Cell Calibration System

amail: infoihumaneticaatd. com
wibsite: waww humaneticsatd com Copyright {e1987-2017 Humanetics Innovative Solulions Inc.
Calibration Numbne AFHADZIOT0S Dt 10272000
Madel Numbor BIESTF GMo From Cal  4Q7R021 12 Mo From Cal 1272021
Serial Murmbar D302 Last Calitraine 1A2018
Descripbon 3-Cnannel Load Cell Temp (*Cj frd ! FHum, (%) 272
Custimer MiiA RESEARCH CORPORATION Customer Tag Mumber
Crosstalk Data (mV/V)

EX EX EZ
Bridae Applied Load
FX 224N 1.70587T9 -0, 004081 0.002473 0000000 0. :00000 0.000000
FY 221N 0005471 1.715173 -0, 002059 0000000 0000000 0.00000
FZ 44482 N 0.001255 0001090 -1.230052 0.000000 0000000 0,000000

% FS Crosstalk *

Ex EX EZ
Bridae Applied Load
FX 22241 N 00000 % -0,23759% -0, 1996 % 0.00005% DLD0M0% 0.0000%
FY 22241 N 0.5538% 0.00005% 0.1661% (0, 0000% 0.0000% 0.0000%:
FZ 44482 N 0.0734% 0.0635% 0, 0000% 00000 % 0.0000% 0.0000%

Mot This repord shall nol be reproduced, axcepd in full, withou| e witen consent of Humanates Innovaliva Sohutions. Inc.

PercenieEgs crossiplk far foroe channale applymg momeanis are comectad for tha applied force

CLFoo01ZP Pagud ol § R B
Tochnicinm BURCH) IOETAI0 73841 AM
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AN -
@) HUMANETICS

23300 Haggerty Rd. Farmington Hills, M1 48335
Tol: 248-T7TB-2000 Fax: 248-778-2001

Measurement Report

Load Cell Bridge Impedance

Measurement Summary
Automated Load Cell Calibration System

ami; Info@bnmmaneticsatd. com

wabs|te: wiaw humanaticsatd com Copyrighl (¢)1987-2017 Humanetics Innovative Solutions Inc
Caltrmticn Number AF2010270705 itk 10700

Modal Murrier G Mo, From Cal  w272021 12 Mo, From Cal V0021

Sanal Mumbor Larl Caltirabed 10AZ015

Dascription 3-Channel Load Cell Tomp {"C} 228 Hurn, (%) 27,2

Cauntamer MGA RESEARCH CORPORATION Cuslomer Tag

Bridge Impedance Measurements®

Input Output

Axis Impodance  |mpadance
Channal 1 FX 706.3 7054 Ohims
Channal 2 FY 704.3 T06.0 Ohms
Channel 3 FZ T06.2 T0£.3 Ohms

Bridge High Short Measurement**
Bridge to

Axis Transducer Body
Channal 1 FX >=2.00G Chms  (10° Ohms)
Channal 2 FY »=2.00G Ohms (10" Ohms)
Channel 3 FZ >=2.00G Ohms (10 Ohms)

Measurgment Accuracy

2 (00048 x <raading>) + 0,05 Ohme}? Yoars £ 18 b 28°C
{045 x <rasding>] + 10 OhmsVear § 23°C +5°C

Measurement Equipmant
Matlonal Instrumenss PXI-20T 1 Mkililinator
Kaysight 82654 ElectrmmatetMigh Resistance hetar

"WOTE: Input impedanco maasuramornts Wken tetween sexcitalion, outpul impedanos measwements (aben babwoan taigral
*HOTE: High sharl measuremaents ane Whkan betwesh texclation and the irnnsducor body, Measursmants are made a2 +500 VDC
Tha measurame s reporied an i paps ama for verification puiposes ondy and ae nal AJLA accrediled

Mole: This repor shall nol be reproduced. seceal in lull, ot ihe watlan consent of Humansties nnovalive Salflions (ne

CL-FO-00112P Paga Sal 5 Rird B
1072030 T7.38:41 AN

Techrecian: BLIRCHI
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S HUMANETICS' Report Summary

-

o dnea e L ST PR | B
BT el e '
al: 248- ax: 248-
email; infa@humaneticsatd, com Automated Load Cell Calibration System c;ﬁ:f:fnﬁﬁn
wabshe:  vankiusnenelossid.oom Copyright (c)1987-2017 Humanetics Innovative Selutions, Inc. Cert # 2421.03
Customer Name: MGA RESEARCH CORPORATION Idantification Mo.: AF2009281318
446 EXECUTIVE DRIVE Date: S28/2020
TROY, MI 48083
Manufacturer: Humanetics Serial Number: EH3439
Model Number: 9555LN2
As Received Condition As Shipped Condition Action Taken
In Toleranca® In Tolerance® [+ Repair O
Out of Tolerance® O Out of Tolerance® O Full Calibration [+
Operational O Operational O Special Calibration O
Mot Operational | Mot Operational O Returned "As 15" O
Damaged O Damaged J
MIA 0 MIA m
Received Notes As Shipped Notes Action Notes
nfa nfa nia
Technical Notes: Calibration AZLA Aceredited:  [W]Yes [ Mo
1) Unless otharwise noted all calibrafions conform o 150 17025:3005. CMG(a) CMG(8)
Uncartainty Uncertainty
Standard 1D Raport No. Serial No. Due Data [Farce) [Moment)
2H-CL-AZK- 2020000065 574018 1152021 0.20% F.5. 0.50% F.5.

1

) GCalibration Standards Usedt Standands used in the calibaation of this ransducer are iacaable to NIST (Matknal Instiiule of Standands and Technology), With
axcaplon of tha measuremenis reporiad on the Load Cell Bridgs iImpedance Maasuramant Sunemary, which an for waeification only,

3) Laborslory Scope: Humanatics Innavalhve Sclufion, Inc's calibralion program ks accredited 1o ISONEC 170253005 ANSIMCSL Z-540-1-1694,
4] "Dabe” indicalos confimalion of calibration dala and should b used bo inchamanl calibration inlervals.

§) Calibration Mathods: Tha Calibration Mathods usod in this calibralion ana defined In the Callbration Mathod for Single and Multi-Auds Load Calls
{CL-AM-000027). Procadurs Mumbar: CL-PR-00001PICL-PR-00002P.

B] This documant applies cnly to tha calibration of the lem described above and the spediic callbration performesd by the Humanetics innovate Solutions, nc.
calibration Inboratory. Whan dedasing in Tolerancs or Out of Tolerance conditions{s], tha calibration laboralory utlizes a Shared Risk Maothod** as tha
docision rule. Tha stability of the UUT over imae dapends on rrul'rg,rfnﬂ::n oulside our confrol. It Is tha respensibilty of those wsing tha llem desoribed abow
1o quaniéy thelr measuramaont of uncertainty and tha ) v al thalr el 1o damonsinat thal moasuremaont tracoablity |s
cranclibly mainlained,

T} Thits rop<et shall nod be reproducad, axcept in Tull, withaut the wiithen consond of i Humanatics Inndvative Solutions, Ine's calibration laborabory.

B) Calibration and Measuremanl Capabilities (CMC) represent sxpanded uncortainties axprossod al spproximately tho 55% lovel of confidoncs, coveraga factor
alk=2

“'The Humanelics Innovative Solulions, Inc. calfration labarstory doss nol axpand the provided measured value(s) by the assoclaled uncertainly of tha .
mmmmnﬂmﬂmmﬂuﬂhmmwuﬂmtﬂ the uneapandsd maasured vahss(s) shall fall within mnappmptﬁia_d_rﬂ_
spacification limil. With writlen agr fircen Lh el islon rules may ba vsed. Please visit the company website ot
mhl.mar.aummumrnSnraanpol'hSmpu-ndWnﬁmﬁurhmwwﬁuumlsulmmﬂab}uummmﬂ

CL-FO-00112P Page 1of & Raw B
Technician: BURCHI SZR2020 12:19:19 PM
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Safety Compliance Testing for FMVSS 216a
DTNH22-16-D-00028 / G21Q7-001.3

“Roof Crush Resistance”

meUMhMETlcg' Calibration Report
(TR T TR TV A | FAP o p i "
23300 Haggerty Rd. Farmington Hills, MI 48335 Uni-Directional Calibration
Tol: 248-778-2000  Fax: 248-T78-2001

email: info@humaneticsald.com Automated Load Cell Calibration System

website:  wwwhumanalicsatd.com Copyright (c)1987-2017 Humanetics Innovative Salutions, Inc.
Applied Excitation (VDC) 10,000 Drate W2aI2020
Calibralion Na, AF2008281318 6 Mo, From Cal 3282021 12 Mo. From Cal 972802021
Madel Mo, 9555LM2 Serial No. EH3439
Tachnician BURCHI Temp (*C) 239 Hurm, (%) 48.6
Customer MGEA RESEARCH CORPORATION Last Calibrated BH202018
Daseriplion 3-Channal Load Call Customer Tag Numbear

Voltage Calibration
Bridge Capacity Zero Offset  Nonlinearity Hysteresis Output @ Capacity — 2o Chanae

FX 2ZMAN 00222 mVIV 0.04 % F5 0.08 % F5 1.7638 mV 0.22%FS
FY 2ZMAN 00037 mvVv 0.05 % FS 0.13% FS 1.76849 mvViv 0,14 % FS
FZ 44482 N 00190 mViv 0.08 % FS 0.05 % F5 =1.2518 mvViv 0.14 % F3

Bridgn
Fx 22241 N 17.6358 000792939 BA178 0.00386469 3,5272 0.00156588
FY 22241 N 17.6488 0.00793511 B.B243 0.00386756 3,5297 0.001568702
FZ 444832 N 12,6168 -0.00281382 -B.2582 000140681 -2.5033 -0.00056276
Shunt
Bridge Shunt Value
FX 150.0 K Ohms 14BT.0N T00.0 Ohms
FY 150.0 K Ohmsa 14860 N T00.0 Ohms
FZ 200.0 K Ohms 31360N T00.0 Ohms
Nole: Posithve shun s babwesn +Exc_+5ig MNagativa shunt ks batween -Exc_+5ig
Wire Color Codes
EX EY EZ
Red +Exc | Rod W +Exc | RodVio + Exc
Yal + 5ig il Wht +8ig | Yol Vie + Sig
WA +Teds | WA + Tads | NIA + Tods
Bk - Exc Blk Whi -Exc | BlkVie - Exa
Biu - Sig Blu Wht - Sig Blu \Vio - Sig
WA -Tods | M -Tods | WA = Tods
Reference Load Cell
Standard 1D Manufacturer Model No. Serial No, Report No. Calibration Due Date
- CL-AIHA Interfaca, Inc, 161 0FMO-2K-T 574018 0000065 1152021
Calibrated by:

anelics Innovative Solutions, Inc. Authorized Representative
Mote: This report shall not be reproduced, excepl in full, without the written consent of Humanetics Innovative Solufions, Inc,

CL-FO-00112P Page2ol 5 RevE
Tachnician: BURCH| AI20/2020 12:19:19 PM
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ETICS

LERL Pl

wz HUMAN

23300 Haggerty Rd. Farmington Hills, Ml 48335
Tel: 248-7TT8-2000 Fax: 248-TT8-2001

Loadin
Uni

g Sequence Summary
-Directional Calibration

Automated Load Cell Calibration System

smak: . IMo@humanelicsald.com Copyright (c)1987-2017 Humanetics Innovative Solutions, Inc.
Calibration Number AF2009281318 Dala SI28I20H0
Modal Nurnber B555LM2 6 Mo. From Cal  3/28/2021 12 Mo. From Cal  9/28/2021
Sarial Number EH3430 Lasi Calibrated GH22019
Deseriglion 3-Channel Load Cell Temp (*C) 39 Hum, (%) 49,6
Cusbomier MEA RESEARCH CORPORATION Customer Tag Numbar
Axis F5 Load FS Output  Sensitivity  Nonlinearity  Hysterasis Moment
EU mviv mVIEU % FS % FS Arm EU
FX 22241 N 1.763583 0.00079294 0.04 0.08 4]
FY 22241 N 1.764856 0.00079351 0.05 013 1]
FZ 44482 N -1.251649  -0.00028138 0.09 0.05 1]
Bridge Unbalance
FX Axis 0.0000 mVV
FY Axis 0.0011 mvinv
FZ Axis 0.0001 mviiv/
inearization
Force ( FX ] - -0.45 * 126136 *  Oulput (mViv)
Force ( FY ] = -0.69 + 126050 *  Output {mViV)
Farce | FZ ] = -1.90 4+ -3553.80 ° Output (mviv)

Mote: This report shall not be reproduced, except in full, without the written consent of Humanetics Innovative Solutions, Inc.

CL-FO-00112P
Technician: BURCHI

Page 3ol 6

Rev B
DZO2020 12:19:19 PM
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ANy :
w7/ | IUMANETICS

23300 Haggerty Rd. Farmington Hills, Ml 48335
Tel: 248-T78-2000 Fax: 248-778-2001

Crosstalk Summary

Uni-Directional Calibration

Automated Load Cell Calibration Systam

email; infog@humanelicsatd .com
wehsite: www humaneticsatd.com Copyright {c)1987-2017 Humanetics Innovative Salutions Inc.
Calibration Numbar AF2009281318 Dite SIPAIZ020
Modal Numbar 9555LMN2 & Mo. From Cal AR 12 Mo, From Cal  S/28/2021
Sarial Mumber EH3439 Las! Calibrated GH22019
Description 3-Channel Load Cell Temp (*C) 239 Hum. (%) 49.6
Customer MGA RESEARCH CORPORATION Cuslemer Tag Number
Crosstalk Data (mV/V)

EX EY EZ
Bridge Applied Load
FX 22241 N 1.763583 =0.008235 =0.002096 0.000000 0.000000 0.000000
FY 22241 N 0.010399 1.764856 =0.005875 0.000000 0.000000 0.000000
FZ 4448,2 N -0.004741 0.003745 =-1.251649 0.000000 0.000000 0.000000

% FS Crosstalk *

EX Ex EZ
Eridge Applied Load
FX 22241 N 0,0000% -0.5232% 0.1674% 0.0000% 0.0000% 0.0000%
FY 22241 N 0.5896% 0.0000% 0.4694% 0.0000% 0.0000% 0.0000%
FZ 44482 N -0, 2688% 0.2122% 0.0000% 0.0000% 0.0000% 0.0000%

Maote: This repar shall not be reproduced, excepl in full, without the written consent of Humanetics Innovative Solutions, Ine.
* Parcentage crasstalk for force channels applying momenis are correcled for the appliad force

CL-FO-00112P
Technician: BURCHI

Page 4 of &

Rev B
WRR020 12:18:19 PM
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pvalive S wiien:

23300 Haggerty Rd. Farmington Hills, M1 48335
Tel: 248-T78-2000 Fax: 248-778-2001

HUMANETICS'

Measurement Report

Load Cell Bridge Impedance

Measurement Summary
Automated Load Cell Calibration System

email: info@humanaticsatd.com

wabsite: www humaneticsatd.com Copyright (c}1987-2017 Humanetics Innovative Solutions Inc.
Calibration Mumber AF2005281318 Dale W2RMR2020
Madal Numbar A555LN2 G Mo, From Cal  3/28/2021 12 Mo. From Cal 2872021
Serial Numbser EH3434 Last Calibralad BH 22019
Dascriplion 3-Channal Load Call Temp ("C) 238 Hum, (3] 46,6
Customer MGA RESEARCH CORPORATION Cusiomear Tag

Bridge Impedance Measurements*

Input Output

Axis Impedance |mpedance
Channel 1 FX T06.5 T06.1 Ohms
Channel 2 FY T06.2 706.1 Ohms
Channel 3 FZ T04.5 T04.4 Ohms

Bridge High Short Measurement**
Bridge to

Axis Transducer Body
Channel 1 FX >=2.00G Ohms  (10° Ohms)
Channel 2 FY »=2.00G Ohms  {10° Ohms)
Channel 3 FZ ==2.00G Ohms  {10% Ohms)

Measurement Equipment Measurement Accuracy

Hational Insirumants PX-4071 Multimetar

Kaysight B2985A ElectrometerHigh Resistanca Meabar

+{{0.0048 x <reading=) + 0,05 Ohma)2 Years & 18 to 28°C
H{{0.45 x <reading=) + 104 Ohms)Year @ 23°C £5°C

*NOTE: Inpat impedance measuraments laken between texcitation, oulput impedance measwremants takan betwean taignal,
**MOTE: High short measuremants are takan batweean texcitation and the ransducer body. Measurements are made al +50,0 VDC.
The measuremants repored on this page are Tor verification purpeses only and are nol AZLA accradited.

Mede: This report shall not be reproduced, except in full, withoul the wrillen consent of Humanetlics Innovative Solulions, Inc.

CL-FO-00112#
Technician: BURCHI

Page 5ol & Rev B
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“0“2?&3' Calibration Certificate 1"_

E 0L UTIOMNS
Metrodogy Management Services e

35200 Piymouth Rd. / Livenia, M1 48150 £ 734.453.8003 IR Certificate # Z63778:373278

PRO 360 - GENERIC - DIGITAL PROTRACTOR

SERIAL NUMBER:  MNA WORK ORDER: 373378
ASSET NUMBER: Z63778 TEST RESULT: PASS
CUST ASSET NUMBER: MGADD173 PERFORMED ON: 03731721
PROCEDURE NAME: MIT - PRO 360 - MMC CAL DUE DATE: 03/31/22
PROCEDURE REV: 1.1 DATATYPE: FOUND-LEFT
CALIBRATED BY: WILLIAM FRENCH TEMPERATURE: 24°C
CUSTOMER: MGA RESEARCH - STATIC LAB HUMIDITY: 32 %

33653 DEQUINDRE
TROY, MI 48083

PRIMARY CONTACT: Takisha Doss

This inatrument has been processed and calibrated in accordance with the NovaStar Sohetions Cuality System Manual. Al calbeations are fraceable to the
International Sysbem of Unita (51} through o Mational Metrology Institute (NMI) such &s NIST, acceptable intinsic standards of maasurament, or derived by
the ration type of sell-cabibration techniquees. The NovaStar Solulions quality system |s accredited ISQNEC 17025 and ANSUNCSL Z540-1-1004,

Thi results reported horein apply onty 1o the calibration of the item described above. No sampling plan was used for this calibration.

Whare staternents of compliance are made, e measuremenl wncerlainly |s not factored in unless clharwisa noted, Expanded uncertainties are axpressed
at the approximate $5% level of confidence using a k=2. Due 1o any number of factors, the recommended due date on the ltem does nol imply eontinuing
confommance to specifications during the recommended Interval. Unbess slherwise statad the unit under test meets or excends manufacturer specifications.

For range and best measurement capability specifications for the standards used W perfurm this calibralion, see the most recant callbration report
maintaived by this calibration laboratory (available upon request),

Thils report may not ba reproduced, except in full, without written approval from NovaStar Solulions.

AS RECEWED COMNDITION:  In Tolerance REMARKS: MA
AS RETURNED CONDITION:  In Tolerance
ACTION TAKEN:  FULL CALIBRATION

Assat # Cort # Description Cal Date Due Date
2116 2116:1456281481 42280 - EXTECH - DATA LOGGER 0308021 ONDER2022
222 2222:1494506043 550-060 - YLIASA - ROTARY TABLE 0512017 DSM2022

Qi Signature: E! @‘( Dabe: UINI0I 12:20:69 PM

Genorated: 2312021 121714 PM Page 1 of 1 Inlernal Uso: CER v2.1  MGA1200
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NoveSiar Report Of Calibration &

8 0L WUWTIOMNSE
Matrology Managemant Services narra

35200 Plymouth Rd, [ Livonla, M 48150 / 734.453,8003

PRO 360 - GENERIC - DIGITAL PROTRACTOR
SERIAL NUMBER: A WORK ORDER: 373378
ASSET NUMBER: Z63TTE TEST RESULT: PASS
CUST ASSET NUMBER:  MGADIMT3 PERFORMED ON: 0331
PROCEDURE NAME: MIT - PRO 360 - MMC CAL DUE DATE: 0313122
PROCEDURE REV: 1.4 DATA TYPE: FOUND-LEFT
CALIBRATED BY: WILLIAM FREMNCH TEMPERATURE: 24°C
CUSTOMER: MGA RESEARCH - STATIC LAB HUMIDITY: 32 %
33653 DEQUINDRE
TROY, MI 48083
PRIMARY CONTACT: Takisha Doss

This Instrumesnt has been processed and calibrated in accordance with the NovaStar Soiutlons Quality System Manual, Al callbrations are traceable Lo the
International Systam of Units (S1) through a Nasional Metrology Institute {NMI) such as NIST, acceplable intrinslc standards of measdrement, of derived by
the ralion type of sell-callralion lechaiques. The NovaStar Solutions quality system s scoredited ISOMEC 17025 and ANSINCSL 2540-1-1994,

The results reported herein apply only te the calibration of the item described above. Mo sampling plan was uged for this calibration.

Expanded unceriainties are expressed at the approximale 95% level of confidence using a k=2, Dua fo any number of factors, the recommuended dus dale
ea tha Herm does not imply continuing conformance 1o specifications during the recommended interval. Unbess othersise slated the unil under test maats or
exceads manufaciurer specifications.

For range and bost measurement capability specHications for the standards used to perform this calibration, see the most recenl calibration repor
malntaingd by this calibration laboratory (anailable wpon request).

This report rmay not be reproduced, except in full, withoul written approval frem NovaStar Solutions.

REMARKS: N/A

Asscl I Cort & Description Cal Date Due Date
2116 2116:1455281481 42280 - EXTECH - DATA LOGGER 03052021 0305022
2222 2244506043 G50-050 - YUASA - ROTARY TABLE 05M1201T  08M12022

Generated: 3312021 Z:08:13 AM Page 1 of 2 Internal Use: 5T v1.2
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“Roof Crush Resistance” DTNH22-16-D-00028 / G21Q7-001.3

Test Procedure Results

Tost resulls for callbration with work order ; 373378

Test Doscription Hominal Test Result Limit [Lower)  Limit (Uppor)  Units Uncertainty PassiFall
LINEARITY CHECK
0* REFEREMCE 0.0 0.0 0.1 0.1 - Pags
5 50 5.0 4.9 5.1 - 0.062% + D.6R Pass
3n* 30,0 30.0 298 30.2 * 0.062* + 0.6R Pass
il 80.0 601 50.8 60.2 = 0.082° + 0GR Fass
i 80.0 899 89.9 201 " 0.062" + 0UBR Pass
[t E0.0 &0.1 508 G0.2 . 0062 + DLER Pass
30 0.0 304 0.8 30.2 = 0.062% =« DLER Pass
5* 5.0 5.0 4.9 51 - 0.062* + D.ER Pass
o 0.0 0.0 0.1 01 N Pass
5 5.0 5.0 4.9 51 - 0.082° + 068 Fass
i 0.0 0.8 208 0.2 " 0062 + 0GR Pass
[ 60.0 50a S8 B0.2 . Q.DEZ* + 0UER Pass
0" 80.0 B9.9 808 a0.1 - 0,062 « D.ER Pass
BO* 600 58.9 588 602 - 0.062% « 0.6R Pass
an® 30.0 20.9 208 0.2 = 0.082* + D.BR Pass
5 5.0 5.0 4.9 5.1 * 0.062% + D.ER Pass
o 0.0 0.0 0.1 o1 = Pass
ABSOLUTE ZERD ANGLE 0.0 0.0 0.1 0.1 - Pass

- END OF REFORT -

Generated: 33172021 2:08:13 AM Page 2 of 2 Intermal Usa: 5T v1.2
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Novesiar

) Calibration Certificate
S OLUT o N B

Matrology Management Services FrLON
35200 Piymouth Rd. / Livenla, MI 48150 / 734.453.8003 |IEERIRA I iﬁﬂlﬂﬂ!ﬂ_ﬁ Z162870:356761

A

RHM15 - EXTECH - HYGRO/THERMOMETER MONITOR

SERIAL NUMBER: 0518 WORK ORDER: 356761

ASSET MUMBER: Z162870 TEST RESULT: PASS
CUST ASSET NUMBER:  MID225 PERFORMED ON:  01/31/21
PROCEDURE NAME: HUMIDITY CAL DUE DATE: 01/31/22
PROCEDURE REV: 1.0 DATATYPE: FOUMD-LEFT
CALIBRATED BY: James Johnson TEMPERATURE: 22°C
CUSTOMER: MGA RESEARCH HUMIDITY: 28 %
446 EXECUTIVE DRIVE

TROY, MI 48083
PRIMARY CONTACT: SCOTT ARSEN

This Instrument has been processed and calibrated In accordance with the NovaStar Solutlons Cuality System Manual. Al calibrations are traceable to the
Natienal Ingtitute of Standards and Technotogy (MIST) or fo anothar National Metralogy Institute to the Intemational Systern of Units (51 units), acceptable
intrinsle standards of measurement, or derved by the ratio type of self-calibration techniques, Tha NovaStar Solutions quality system ks accredited ISQMEC
17025 and ANSUNCSL Z540-1-1994,

The results reported hereln apply anly te the callbratlon of the llem described above. No sampling plan was used for this calibration,

Where statements of compliance are made, the measurement uncertalnty I nat faclored In unless oiherwise noled. Expanded unceriainties are axpressed
at the approximate 95% level of confidence using a K=2. Due o any number of faciors, the recommended due date on the ltem does not imply conlinuing
conformance to spacifications during the recommended Inferval. Unless elherwise staled the unit under les! meets of exceads manufacturer specifications,

For range and best measurement capabllity specifications for the standards used to perform this calibration, see the most recent callbration report
mainiained by this calibration kaboratory (avallable upon request).

Thils report may not be reproduced, axcept in full, without writlen approval from MovaStar Solutions,

AS RECEIVED CONDITION:  In Tolerance REMARKS: MA
AS RETURMED CONDITION:  In Tolerance

ACTION TAKEM:  FULL CALIERATION

Standards Used

Asset Cort# Description Cal Date" Due Date

1504 1504:1193660830 15024 - HART SCIENTIFIC - THERMOMETER READOUT 092020 09032021

2088 5260300000044 53 42280 - EXTECH - DATA LOGGER 0S08/2020 050872021

3051 E28030000011107 2500 - THUNDER SCIENTIFIC CORPORATION - HUMIDITY 1200472020 12/04/2021
GEMERATOR

3118 5200300000324 36 5608 - FLUKE - PRT 03f23/2020  OArFar2021

QA Signaturs: Wﬂ&ﬂ/

T LR =

L4

B~

Duabe: 2172021 4240017 AM

w171 1_".'

Generated: 2/1/2021 4:37:16 AM

Page 1 of 1

Internal Use: CER 1.8 MGA300
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“W?.%ial‘ Report Of Calibration %

S OLUTIOMNSE
Matrolagy Managemen? Sendees o

35200 Plymouth Rd, / Livonia, MI 48150 / 734.453.8003

RHM15 - EXTECH - HYGRO/ITHERMOMETER MONITOR
SERIAL MUMBER: 0519 WORK ORDER: 3567681
ASSET NUMBER: Z16287T0 TEST RESULT: PASS
CUST ASSET NUMBER:  MIOZ25 FERFORMED OMN: D321
PROCEDURE MAME: HUMIDITY CAL DUE DATE: 01f31722
PROCEDURE REV: 1.0 DATA TYPE: FOUND-LEFT
CALIBRATED BY: James Johnson TEMPERATURE: 22°C
CUSTOMER: MGA RESEARCH HUMIDITY: 28 %
448 EXECUTIVE DRIVE
TROY, MI 48083
PRIMARY CONTACT: SCOTT ARSEM

-

This instrumant has been processed and callbrated In accordance with the NovaStar Solutions Quality System Manual. All calbrations are iraceabls (o the
Mational Institute of Standards and Technalogy (MIST) or to another Nafional Metrology Institule to the International System of Units (51 wnils), acceptable
infirinsie standards of measurement, or darived by the ratio type of self-calibralion technigues. Tha NovaStar Solullons quality system is accredited ISOEC
17026 and ANSUNCSL Z540-1-1504.

The results reported hereln apply only 1o the calibration of the iem described above, No zampling plan was used for this calibration.

Expanded uncertaintles are sxpressed al the appreximate 95% lavel of confidence using a K=2. Due to any number of factors, the recommended due dabe
on the llem does not Imply continuing confarmance to specilications during the recommanded Interval. Unless otherwlsa statled the unil under test meats or
exceads manulacturer spachications,

Far rangé and best measuremant capabillly specifications for the standards used to perform this calibration, see the most recont callbration report
maintained by this callbration laboratory (available upon request).

This repart may not be reproduced, sxeept in full, without written approval fram MovaStar Sohstions.

REMARKS: MNIA

Standards Used

Assol # Cerl if Description Cal Date Due Date

1504 1504:1193650836 16024 - HART SCIENTIFIC - THERMOMETER READOUT OR02020  OR032021

2958 529030000004453 42280 - EXTECH - DATA LOGGER O5/08/2020  OB0A2021

3051 520030000011107 2500 - THUNDER SCIENTIFIC CORPORATION - HUMIDITY 1200402020 12042021
GEMERATOR

e 520030000032436 5608 - FLUKE - PRT OMZH2020 03232021

Generatad: 173172021 25707 PM Page 1ol 2 Internal Use: 5T v1.1
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Test Procedure Results

Tost results for callbration with work order ; 366TE1

Tast Description
Humidity

30 %RH

50 %RH

70 %RH

Tamperatune
9.984 *C
Bnc
3204 °C

Nominal

30,00
50.00
T0.00

9.88
23.01
2.0

Test Result Limit [Lower)

3.0
48.0
BE.0

105
233
328

250
45.0
65.0

B0
21.0
30.0

- END OF REPORT -

Limit {Upper)

350

B5.0

5.0

12.0

Mo

Units

%RH
eRH
HRH

"C
"C
c

Uncortalnty  Pass/Fall

T.1e-001
T.1e-001
T.1e-001

8.5e-002
8.5e-002
8.5e-002

Passg
Pass
Fass

Pass
Pass

Pass

Ganerated: 1/31/2021 2:57:07 PM

Page 20 2

Intermal Use: ST vid
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mga research corporation

MGA RESEARCH CORPORATION
LABORATORY TEST PROCEDURE
FOR

TAPE MEASURE VERIFICATION/CALIBRATION

P et 9T
P. Michael Miller II, Director of Laboratory Operations

Procedure Approved By: M m

Helen Kaleto, Quality Manager

Procedure Approved By:

Page 1 of 3
TPMO007-13 2020-04-22
Revision Date: April 18, 2019

446 executive drive ® troy, mi 48083
248 /577-5001 o fax 248 / 577-5025
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MICHIGAN OPERATIONS DOC. NO: MGATP_TMC
DATE: 04182019 REVISION NO.: 11
SUPERCEDES: MGATPTMC 10 PAGE 2 OF 3
Date: 9/29/2020

Description _of Test Procedure: This test procedure is used to conduct tape measure

verification/calibrations. Tape measures must be verified/calibrated every twelve months.

Equipment:

Reference Steel Rule Fixture

Subject Tape Measure

Verification Procedure

Mount the subject Tape Measure to the Reference Steel Rule Fixture. This is done by simply
inserting the blade end into the slot.

Verify that the blade is pulled tightly against the edge.

Unfurl the tape measure at least 31 inches (775 mm) and secure the opposite end using tape
or clamps.

Check the pull portion of the tape measure.

Once attached to the fixture, record all measurements on the data sheet on Page 3. Ifthe tape
measure is new, assign an MGA Serial Number and add this to the Peripheral Items
Calibration List.

Verify the blade is pushed tightly against the opposite edge.
Check the push portion of the tape measure.

Once attached to the fixture, record all measurements on the data sheet on Page 3. Ifthe tape
measure is new, assign an MGA Serial Number and add this to the Peripheral Items
Calibration List.

If all measurements are within 1/32 of an inch (1 mm), the Subject Tape Measure is
acceptable for use. Ifthis tolerance is not met, the tape measure should be repaired or thrown
out. Typically, the tape measures are not repairable once the blade end is damaged.

The tape measure has now been checked in both directions.

Once completed, fill out anew calibration sticker and place it on the Subject Tape Measure.
Calibration Certificates must be completed and signed and placed in the Calibration File.

Before placing the procedure in the Calibration File, scan the Certificate page into Word.
Save the file on the Network under Peripheral fems with the filename TPMXXX (Date).doc
(XXX = Serial Number; Date = Date of Cal (MMDDYYYY).

Calibration Procedure completed by: Scott Arsen
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MICHIGAN OPERATIONS

DATE: 04/18/2019

SUPERCEDES: MGATPTMC.10

DOC. NO: MGATP_TMC
REVISION NO.: 11
PAGE 3 OF 3

Reference Steel Rule

Brand:  Swanson
SN MGAOQOT98

Tape Measure Calibration Certificate

Calibration Date: 11/06/2019

Reference Subject Tape Difference
in (mm) Measure
Pull | Push | Pull | Push
0 (0) 0 0 0 0
4 (100) 100 99 0 -1
8 (200) 200 | 199 0 -1
12 (300) 300 | 299 0 -1
16 (400) 400 | 399 0 -1
20 (500) 500 | 499 0 -1
24 (600) 600 | 599 0 -1
28 (700) 700 | 699 0 -1
32 (800) 800 | 799 0 -1
35 (875) 875 | 874 0 -1

Subject Tape Measure

Brand: _ Stanlev

SM: TPMO07-32
Calibration Date: _09/29/2020

If all differences are + 1/32 of an inch (1 mm), then the tape measure is acceptable.

Pass

*

Date: _9/29/2020

Fail

Performed By:

Maximum Difference = lmm

Scott Arsen

All calibrations are traceable to the National Institute of Standards and Technology. Estimated uncertainty of the measurement is + 0.164%.
All certification data and equipment are on file for inspection at your request. Best uncertainties represent expanded uncertainties expressed at

approximately the 95%6 confidence level using a coverage lactor k=2.
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Model: Prime

Serial #: R10-02-13-11437

Megsurement Traceability

Calibration Certificate

Calibration Date:

YYYV-MM-DO

Cerfificate #: ___R10021311437-20200514-309P

Bar- short

: 8/29/2020

Dgte: 8/29/2020

-+ 00062977 -5700-2191-b306-00955020a 136

e 6/4/2020

: 0006297767 be-21511d00-009555243632

albrafion Probe_ e
i phere

; KELC-617134

: 7/10/2020

ate: 10/17/2020

;1844500442
+ 18-449:000543

e arfifacts above have been caliorated with a deviee fracedble 1o fhe

See attached data for measurement results.

Calibration Results®

Units [§)) freough @ [

i or thiough an ISO17025

Specification

[3 Single Point Articulation Tests af <=20%, 20%-80% and >=80% range

Measurement Result (Pass/Fall)

1 Gifective diameter sphere test

0021

1
[

20 fic ball bar tests In 4 guadrants and 2

+/0.05%

Instument condition as received (AS FOUNDY:
Not within specification

This cerlificate i i other cent before: 2020-05-14 11:19:59 AM
This certificate shall not be reproduced, except In full, without permission of FARO Technologies, inc.

The results of thi late ly to the it ibrated or tested.
Calioration Standard Used: ASME 889.4.22-2004.

FARO Technologies Inc

PH1:1-800-7362771 125 Technology Park
PH2:407-333-9911 Lake Mary, Ft. 32746
FAX:407-333-8056 UsA

Approved by

Instrut

fion outgoing (AS LEFT:
Within specifications

Jundee Apaisom

Cert# L-1147-1 Calibration

2020-05-14

waR
5,/20/2020

ACCREDITED

f\controlrecords\05manufa\partspec\XH08-0495.eps Rev6 RevDate: 02/20/18
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5.0 Photographs

Hyundai Elantra . Front view of vehicle
NHTSA No. C20214202 Before testing
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FMVSS No. 216a

" i

Hyundai Elantra - 3/4 right front view of vehicle
NHTSA No. C20214202 Before testing
FMVSS No. 216a
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1 —e— . —— L —— F 7 e .

020 Audi Elantra . Right view of vehicle
NHTSA No. C20214202 Before testing
FMVSS No. 216a
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Hyundai Elantra Right side interior front seating area
NHTSA No. C20214202 Before testing
FMVSS No. 216a
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Hyundai Elantra 3/4 right rear view of vehicle
NHTSA No. C20214202 Before testing
FMVSS No. 216a
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Hyundai Elantra - Rear view of vehicle
NHTSA No. C20214202 Before testing
FMVSS No. 216a
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; . s y N
- - i, TNy |
Hyundai Elantra 3/4 left rear view of vehicle
NHTSA No. C20214202 Before testing

FMVSS No. 216a
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Hyundai Elantra Left view of vehicle
NHTSA No. C20214202 Before testing
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FMVSS No. 216a

Hyundai Elantra I Left side interior front seating area
NHTSA No. C20214202 Before testing
FMVSS No. 216a
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HyundaihE_lhantlra . 3/4 left front view of vehicle
NHTSA No. C20214202 Before testing
FMVSS No. 216a
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-

Hyundai Elantra ) Driver Side Oscar Photograph No. 1
NHTSA No. C20214202
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FMVSS No. 216a

Hyundai Elantra Driver Side Oscar Photograph No. 2
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Driver Side Oscar Photograph No. 3
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Driver Side Oscar Photograph No. 4
NHTSA No. C20214202
FMVSS No. 216a



Safety Compliance Testing for FMVSS 216a Page 58 of 189
“Roof Crush Resistance” DTNH22-16-D-00028 / G21Q7-001.3

Hyundai Elantra ) Driver Side Oscar Photograph No. 5
NHTSA No. C20214202
FMVSS No. 216a
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| |

‘ i —
Hyundai Elantra Driver Side Oscar Photograph No. 6
NHTSA No. C20214202

FMVSS No. 216a
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/

Hyundai Elantra Driver Side Oscar Photograph No. 7
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Driver Side Oscar Photograph No. 8
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Driver Side Oscar Photograph No. 9
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Driver Side Oscar Photograph No. 10
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Driver Side Oscar Photograph No. 11
NHTSA No. C20214202
FMVSS No. 216a
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-.'i *‘-. Wﬂ’

Hyundai Elantra . Passenger Side Oscar Photograph No. 1
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Passenger Side Oscar Photograph No. 2
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Passenger Side Oscar Photograph No. 3
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Passenger Side Oscar Photograph No. 4
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra - Passenger Side Oscar Photograph No. 5
NHTSA No. C20214202
FMVSS No. 216a
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"y
‘:G\- -
Hyundai Elantra Passenger Side Oscar Photograph No. 6

NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Passenger Side Oscar Photograph No. 7
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Passenger Side Oscar Photograph No. 8
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Passenger Side Oscar Photograph No. 9
NHTSA No. C20214202
FMVSS No. 216a
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MANUFACTURED BY
| G52 HyUNDA MOTOR MANUFACTURING ALABAMA, LLG
[ Oct/2V20 svwr 3858 lbs 3
WR
' SR 0711bs  REAR 2094 lbs TRIM NNB
| THIS VEHICLE CONFORMS TO ALL APPLICABLE U.S.A. FEDERAL
MOTOR VEHICLE SAFETY, BUMPER, AND THEFT PREVENTION STANDARDS

IN EFFECT ON THE DATE OF MANUFACTURE SHOWN ABOVE

V.LN  SNPLS4AG4MHO005012

PASSENGER CAR

Hyundai Elantra VIN Label Photograph No. 1
NHTSA No. C20214202
FMVSS No. 216a
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TIRE AND Lﬂﬁ._
EIGNEMENTS SUR'LESI
SEATING CAPACITY B
NOMBRE DE PLACES !

G Cﬁ.PACn—Y HEDUCED Tllclllmllllllhtol eccupants and cargo shou --u.-.-ﬁ

La poids tatal des occupants et du chargement ne doit a4

-
L)

i lbs . URE SEF OWNER'S
y _____Kgor - DIMEN MANUAL FOR
ADDITIONS

235kPa, 34psi INFORMATION

TN

215kPa, 31psi

A510

Hyundai Elantra
NHTSA No. C20214202
FMVSS No. 216a

Tire Information Label Photograph No. 1
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:I'l

Hyundai Elantra Pre-Test Photograph No. 2 of Test R21070
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Pre-Test Photograph No. 3 of Test R21070
NHTSA No. C20214202
FMVSS No. 216a
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M "J , 5

T o N
Hyundai Elantra Pre-Test Photograph No. 4 of Test R21070
NHTSA No. C20214202
FMVSS No. 216a
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s G~ :
Hyundai Elantra Pre-Test Photograph No. 5 of Test R21070
NHTSA No. C20214202
FMVSS No. 216a
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m—mmgn 0521121
NHTSA
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Pra-Tes!
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e R21070

Hyundai Elantra Pre-Test Photograph No. 6 of Test R21070
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Pre-Test Photograph No. 7 of Test R21070
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Pre-Test Photograph No. 8 of Test R21070
NHTSA No. C20214202
FMVSS No. 216a
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of =
Hyundai Elantra Pre-Test Photograph No. 9 of Test R21070
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Pre-Test Photograph No. 10 of Test R21070
NHTSA No. C20214202
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FMVSS No. 216a
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Pre-Test Photograph No. 11 of Test R21070

Hyundai Elantra
NHTSA No. C20214202

FMVSS No. 216a
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Hyundai Elantra Pre-Test Photograph No. 12 of Test R21070
NHTSA No. C20214202
FMVSS No. 216a
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Hyundai Elantra Post-Test Photograph No. 5 of Test R21071
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Hyundai Elantra Post-Test Photograph No. 6 of Test R21071
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Hyundai Elantra Post-Test Photograph No. 13 of Test R21071
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Hyundai Elantra Post-Test Photograph No. 14 of Test R21071
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Hyundai Elantra . Post-Test Photograph No. 16 of Test R21071
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Hyundai Elantra Post-Test Photograph No. 21 of Test R21071
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Hyundai Elantra Post-Test Photograph No. 22 of Test R21071
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6.0 Test Data Plots
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