G GEMERAL MOTORA NORTH AMERICA
lbigy Structurc & Safety Integration

November 11, 2005

Richard P, Bowd, Chief
Yehicla Control Divialkan

Offica of Dafacts Invastigation GM-671 Supplsment 4

NHTSA :

Room #5326

400 Seventh Street, S.W.

Washington, D.C. 20580 NV3-213phk
PEO4-080

Daar Mr. Boyd:

This letter is (General Motora® {3M) responss to your October 14, 2005 a-mall request for addiional
Information regarding the subject Investigation,

Yaur quastione and our cormasponding raplies ane as follows:

information Reguest - GM Hummaear HE Siyooller - Qrece Foundre

1. Provide the material specifications for the ductile lron used In the casting of the H2
stearing imuckies Inchyding any dated changes, sulmtitificns, or other reguireaments.

The knuckle material s specifiad in SAE standend J434 {revised version of June 1985} as
Grada D4512 (typical 45 ks yisld strangth with 12% siongation} with required 138-217 Brinell
Hardness Number {4.3-4.1 mm Brinall Indam Dismeter). Ses Attschmsnt 1 CD with 2 flle
name ‘Resp to Q1 SAE J434 JUNBE" for a copy of the SAE J434 JUNBS Revised varsion.

2. Which party designed the component and was the matenial specified and veed in the
Finite Elnmant Analysin?

GM has desigh responshbiily for the knuckle used in the subject vehicles. Ghf's sbeering
krnuckle finke slament analyses use matedal properties that are conalatent with J434 {June
1988) apecified in response o question 1. Sea Attachment 2 CD GM Confidential with file
name "Resp ta Q2 CAE Material Proparty” for model critera used for the analvsls on tha
cisreant H2 staaring knuckie.

1. What iz tha mngs of metalographic composition and the chamical compoaition for the

matarial uzad ncliuding requirsd amaunts, limixtions, and accapizshis lavels of
Impuritisa?

The hardneas and micfostruciure of the material ane identical to the requinements of SAE J434
{revised version of June 1988). The metaluagical and chemical compositions are varied o
achiave the material hardness spacification.

Tha typical metallurgical compositions are:

B8% mmnimum nodularity (80% minimum requirement)

10-80% pearfita

Chemical compoaition s adjusted by tha foundry to meet nodularity and material hardness
spacification while avoiding primery carbides. The typlca! chemical compositions are shown
below:

Carban - 3.5-4.0%;
Sticon - 1.9-2 8%
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Magnasium - > 0.025%:;

Copper - < D.36%:;

Chromium - < 0.09%:

Tin = < 0.012%:

Manpanees - < 0.5%;
Phoaphorous - < 0.045%;
Sulfur - < 0.02%,;

Al oty sdamanis - < (1.1% max

How (s the maiting, casting, snd shaleout process docummnted? Pluase provide
Q35000 or T 049 docurmentstion

Ses atteched control plan for the Resdsburg faclity in Attechmant 3 CD Grade Corfidential
with fia name "Rasp to 04 and Q5 Conirol Plan”. Similar Information for the St, Cloud facilty
iz baing assembied and Wil be provided at a later data,

How Is tha malting, casting, and shaksout procass monitored for compliianca? include
xeamplas of audits, suparvisory iayersd audits, and cthar chackiista from the winters of
200220032004, Provids resction plang for audik non-conformance.

See aitachad control pian for tha Readsburg faclity in Attechment 3 CD Greda Canfidenttal
with fia name "Resp to Q4 and 05 Contml Plan™ far melting, cesting, shakeout proceas
montiored for compliance, and rasction plans for sudit nonconformanca. Thres axampliea of
conirol plan check sheets from the winters of 2002, 2003, and 2004 are provided Simiar
information for the St. Cloud faciity s being aasamibied and will be pravided at 4 taber date.

How are the knuckles cast? How many konickles molds are cast in each pour? Are the
loft and right knuckles cast In the same mold?

Knuckles ars cast in a greén sand mold on a 2070 Disamatie malding machine, bron |9 cupola
malied, treated using the George Fisher pure Magnstium colverier process, aivd pouned from
a pragaurs polr furnecs. Each pour makas four castings. Theara ane two lefts and two rights

In the sama mokl. Attachad are photos for paitarn plabas In Attachmant 1 CD with fils namas
“Rasp ko QB knucka 1ooling picture 1" and “Rasp to Q8 knucide toaling picturs Z°.

How are the parts packagod for ininsport?

The knuckiea sne bulk packed in a wirs basket,

Iz wny further haat traat parformed on the castings beyond shakeout?

Tha cast knuckies ara not haat treated.

What is ths ages of the faclity where the castings ars mada?

Grede Foundries Reedsburg and St. Cloud ere approximately 35 ysars and 36 years old,
rapectively. The age of the facillly refers to the bullding propertiss. The cupola melting, iron

ireatment and flaskiess Ditametic casting equipment usad n production of the castings are
giate of the art. Patiem tooling Ie new for each part.
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10. What are the quality performiancs metrics of the knuckie mold ine for 2002, 2003, 2004,
and year to cate 20037 This would include scrap rate, First Tive Qualty, Shipment
achadule compllance.

Sea sttachad quallty parformance metries in Altechmeant 3 CD Qrada Confidential with flle
nama “Reap te Q10 Knuckla ecrap History™.

11. ki there an in-ina test for 100% of the parts to canfirm nodularity and ductilby?
100% of the knuckle castings are tasiad for nodularity Lsing ultrasonic valocity testing.

12 What s the mudmum leval of Inventory (tons or sstimated quantity) of H2 knuckles that
has bean camiad sinces the H2 siert of production?

Sinca the start of vehide producion for the 2003 model year, Grada hypicelly has
spproximatety 1700 knuckle castings (H2 and GMTSO0D pickup) In thalr Inveniory which
aqusiea with approximately one day of vehicls production.

Information Reousat- G Hummer Hi- Assamiv Plant

1. What s the torgue specification for the H2 Knuckles with respact to the lower ball
Joint? [inolude any duted changes, substiutions, or other equirements.) What ars tha
acoapiabis Emiie today? Provide s history of any changes.

GM provided this informetion to NHTSA in the IR response letter of February 28, 2005 for
quastion numbers 9 {aclion number 8-7) end 10. This information s providad in Attechment 2
€D GM Confidentizi with fia nemea "Raap io Q1 Tonque Spac™.

4. Liat tha plant squipment that torques the lowar ball Joint (herein (bi). b it peumatic or
slaciric? What are ths capablftisa? How long has this equipmant baan In usa? List

thas same Information for pracading aquipmant parforming this Job.

The LBJ torque tool is Allas Capto Electric (moded number ETV 87 180 CTSAD HAD). The
oal s sdachric and has & Meximun eque cepabiily up ¥ 150 Nm with angle ssnaing. The
tool ts sarvioed and celloraisd every aix monthe and has beesn used eince the 2003 Model Year
start of vehicle production.

4. How Is the Ibj torque procass documented? Pleass provide Q33000 or TS16549
doaumentation.

Dynamic torque and angle data is recorded and stored In a databese and | kept for & months.
CQuality Contol Opemation Sheet from the Mishawaka plant I3 also provided In Aftachment 2
CD GM Confidantial with fle nema “Rasp b Q3 H2 Front LCA QCOS" and “Resp 0 O3 H2
Torua Contral 2CP0021".

O.tue How In the Ib] torque progass monitored for compliance? Inchude mamples of aucdits,
suparvisory lnyesrsd audits, and other checkiate from 2002 to prasent.

GM provided this Information tn NHTSA In the IR responas lstter of February 28, 2005 for
question number 8 (action number 8-7}. The plant takes 3 statlc readings per shilt (one by
Quality Varification parsonnel and two by production Ene parsannal). The daba is recorded on
s trend cheart and kept for 30 days. A sample of & aletic lonque workshest from April 2004
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through January 2005 s provided In Attachment 2 CD GM Confidential with flls nems “Resp
ta OF H2 LCA to knuckda static torqua® and "Reep to Q5 static torque rew daia“. The data
taken by GV personnal la kept elactronlaally for 8 months and was submitied in the original
raspansa on 8-7.

&udlmllmﬁnmmumlntlnH!plmtnlntluﬂlth'ueltplmh? How Ia it
diffarant?

This Informetion s in Attachmaent 2 CD GM Conlidantial with fle name “Resp to Q8"

A lalter from Greds that requests confidential treatment for documnents can ba found in Attachmaent

s

GwF' Kent
memmm
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HAS BEEN REMOVED FROM
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SUPPLIED TO THE OFFICE OF
THE CHIEF COUNSEL
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