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Mr. Richard Boyd, Chisf W O
Medium and Heavy Duty Vehicle Division T .
™

Offica of Defects Invastigation Safely Assurance
Mational Highway Traffic Safaty Administration
400 Seventh Sirest, SW.

Washington, DC 20580

Dear Mr. Boyd.
Subjact: PEO4-010:NVES-214]ry

Ford Motor Company (Ford) is providing the aftached final report of the matarial analysls of
the fractured axie shaft from the Marykand State Police vehicle (VIN 2FAFPT1WE3X154385)

~ that was provided to us by your office. Preliminary resulta ware reviewed with a
representative of your office In May 2004,

Tha analysis determined that the axde shaft fractured as a result of a grocve womn into the

" bearing race portlon of the shaft. Evidence suggests the fracture occurred while the axde
was at a temperature high enough to reform the structure of the shalt matarial. Anzlysls
conducted outside the fracture area indicates that the axie mat spacification requirements
for effective case depth, cors hardening, and chemical compesition. The surface: hardnase
outgide the fraciure area |s siightly below spacification ~ it I8 not known if the heat generated
at the fractura location affectad the surface hardness alsswhers on the shaft. Ford does not
believe the reportad axie shaft fracture is related to the measured surface hardness noted
above, '

i you have any questione cancaming this responge, please feal frae to comtact me.
Sinceraly, |

T 2
R. A. Nevl .

Manager,
Production Vehicle Safety & Compllance

Attachment

330 Town Canter Drive, Daarbom, Michigan 431262738 LISA @




Central Laboratory Report 40945
15000 Cantury Driva ,
Dsaroomn, Ml 487120-1267 )

FAX (373) 322-1614 : . May 25, 2004

To:

Subjact:

T. Coverl (313) 5941522 (313) 84-54023 FAX
R. Van Stratton-Kirk (313) 24-87844

Axde Shaft Left
Part Number:  JWIW-4234-
Vehicle Vin: 2FAFP71wasx I
Specification: - Enginesaring Drawing Provided
Supplier: Visteon '

One fractwad Isft axie shaft war racaivad on May 8, 2004.

Catarmina the causa of fallure. Detarmina if the shatt méals the print raquirements.

The axia shaft fractured through & groove wom into the bearing raca. The fractura appaars
to have occumed by single svent ductils torsionhal shear. Qxidation end reformed structure
suggest that the fracture occurmed while the axde was at high temperature {~1400°F
mlnlmum}

Analysia was dona oulslde the fractre anea due to the extreme heat deformetion at the

fracture sita. This analysis Indicates that the ade satiefion spocification requirsments for
effactive case depih, core hardening, and chemical composition. The surface harmdness

outside the fracture eraa ls slightly bakyw the spacification.

Data snd Analysis:

Visugl Examinati

The axle zhaft fractured through the bearing raca inboard of the flange (Figuras 1 through 3). Tha
baaring wore a groove into the shaft approximately 2 mm desp (Figures 2 and 3). The fracture
aceurrad through this groove. The surfecon of the bearing raca, groove, and fracturs exhibit a blus-
gray dlacoloration suggesting high tempersture oxidation {probably from frictional heating). The
fracture faces am ralatively flat and exhibit clreukar smeanad pettarne typleal of gingle svent ductile
torslonal shear (Figures 4 and 5).
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@ Cantral Labomiory

Metalcoraphic Anslvsia
(ASTM E 3, E 45, and E 407)

Fractumad End

4 5 321 F
Tha drawing above apresants the sections teken out of the exie shaft (Figuras §-8),
F {Fracture} — Sample was cross-sectioned and the pfeces ware mounted transversaly and
longltudinadly for microstruchure and Microlndantation hardness evaluation.
Fart 1 — Sample was crss~sectioned and the pleces were mountad transversely and
longitudinally for microstructure and Microindentation hardness evaluation.
Part 2 - Sample usad for elemental analysis.
Part 3 — Sample usad to measure tha Brinell hardhess in the cors,
Part 4 — Sample usad to measure eftsctive case depth by microlndantatien hariness.
Part 5 — Sampls uzed to measurs surfaca hardneas.

Table 1 (Figure 9) Inclusion Rating

Worst Fleld Indusion Reting (ASTM E 45, Method A)
A B pe C TypsD
Thin Heavy Thin Hanvy Thin Heawvy Thin Haavy
Part 1 2 1] 1] 0 D 1] 1] ]
Fracturg 2 ¢ 1] D i ] 0

Thera are worked-in oxides balow the surface of the wom In groove {Figures 10-11).  Oxide layers
8re prasent along the fractura face and surfaces near the fractura {Figurea 12-13), but nat on the
surfaces away from the fracture (Figure 14).

The Fracture and Part 1 werg etchad in 3% Nitaf for microgtructure analysie. The induction-
hardened microstructure of Part 1 conslsts of martenalte (Figures 15-18). Tha microstructure of the
core of Part 1 cohsists of banded ferite and pearitte (Figure 17-18). Tha surfacs snd cora In the
area of the fracture exhibits microstnachires of famrite and peariite (Figurea 18-23). Thera Is o
gvidanca of the induction hardenad zone left. This suggests that the frachire area had been heated
above the austanlzaticn temparatura (~1400°F minimum) and coaled.

The presence of cxdde lavars on the wom surface and fracture facae, along with the reformed
structure stiggest that the fraciure occumred while the shaft was at high temperature (~1400°F
minimum).
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Dearbom, M 48120-1267 . .
FAX (313) 322-1814 ~ May 25, 2004

achanleal and

{ASTM E 384, E 140 "E18.E0)

Bringll and Rockwsll hapdhessas ware moaassured on Parts 3 and 5. Part 3 was Lsad o duﬁrmma a
magsuramsant of the core hardness, whila Part &5 was used for a msmnt of the surfaca

hardness.
Tahln 2: Core and Surface Hamdness
Hardneas Raadlnl - Wication
Part ? - 283, 285 HE 207-341 HB

Part 3 | 58* B7*, 57" 58* BB* 57 HRC 80 HRC
*dpea nal mest tha epecication mquirement

A Clamax Vislon image analyais system was usad to perform a microindantatfon hardness traverss
{H¥;00} on Parts 1 and 4 to determina the sifective casa depth et 40 HRC. Thas hu'dnm 50 pm
halow tha surfaca was aleo mmurud uaing the Clemex systam.

Table 3: Surface Handness and Effective Cese Depth

Hardness S0um Effective Case
bulow the surface w

Part 1 " 52°HRC ~0.181
Part 4 57 HRC ~0.185
Specification 80 HRC 0,120-0.350
*doas not mest the apeciication requirement

. Bg Zracy; Tha eror of HKyy readings, as defined by ASTM E 384, has baen deterrnined
in ba-a'!a wl.-mn the mraguuuﬁrw:llrm parformed on & standard test block was compansd to the publighed
evarags for that block. Tha varfablilty of thess rsadings hae been detarmined with B6% vonfidence {+2s) to be £3%.
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» Wolght parcant
{ASTM E 415)
Tabla 4: Elamantsl Analysls
Axle Variabllitty #2 | Specification

Carbon .51 Q.02 0.47—0.55

| Manganese 0,853 0.03 0.8—1.10
Phoepheorus 0.02 0.005 0.030 max.
Sulfur 0.02 D.006 D.035 max.
Shkon p.28 0.03
Copper 0.02 0.1
Nickel 0. 0.02
Chromlum .08 .02
Vanadium <0.01 2,002
Mo num 0.05 0.01
Aluminum 0.83 0.004
Tlanlum =0.01 0002
Zrcanfium <0.01 0.002
Nichtn =<0.{1 2.006

| TIn 1 =0.01 0.001

| Lead <0 -
Iron Base Hasa

T‘LSL‘LSI:LSELEEL‘!{H.B(;L;EGI.SRHCLS . mﬂcwmﬁmﬂcwcmmusmus
" Cgaln Leh Fard Cetang | £o - ' R L PO
: E‘*Fm%?,ﬁ e ors gl 7 o i ‘* e i
Concur; e LLE By: R -.i:tfu..;.g:.,: ..'.n:-;.-.‘!!u,*-i._,_‘_
Allan Radke, Supsrveor Rachel Van SBtratton-Kirk [RVANSTRA)

Matallurgy & Mechanical Teating

Encoguras:  Flguree 1-23
Note: Fractura mount given to NHTSA

2 Yarlabilty la + 3 standard devisbionz of =100 messuremants of NIST -baceabls standerds.
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@ Gontrai Laboratory Report 40045

As Receivad
Fgure 1. Shalt es mosived

As Received ~1.08%
..i Figure 2: Wormn surfaca on the shaft nesr tha fracture

Mote: Wamiral magnifosdons given for phalom kcrographe.

o
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Ag Raceivad
Figure 3. Fraclure surface and wom anse .

As Received
Figure 4: Fracture surface

Notec Nominat magnifinations given for photomicrograpte.
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Ag Raceived
Figure & Fracture stiface

As Received
Figure 6: Sactions taken cut of the shait: F (Fraciure), 1, 2, & 3.

Nokx Mominal megnfieatane given ke phaiomicrographs.

e T
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As Recoled
Figure 7; Sections taken out of the shaft: 4 & §.

A3 Recelvad

Figure 8 Parts sectioned for microsiructune analysis. The left plece Is the
shait Fraclure stiface and the right plece is Part 1. '

Not Nominal magniicationa gheen for photomicrog/aphs.
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Ar Pallshed
Fgive 9. Photo showing the Incluaions in the siaft from Part 1.

As Pollshed | ~1.8x
| Figura 10: Photo of cross-section of the Frachired area showing the wom
surface.

Nota: Mominal magnificetons d\ﬂn lor photomic rogrept.

e
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Az Polizshad
Figura 11; Magnifiod view of the worn surface,

100,00

Ag Poiished
Figura 12: Pholo of the Fraciure surface showing the oxidas pregeni.

Mol Nominal magnificasions gven fio pholomiciogmpa.
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- Figure 13: Womn surface showing oxides prasent.

As Polished

Figure 14: Phito showing the surface of tha axle shaft away from the
fractura,

Nota: homina| rginiications v far pholonidagraphs.




@ Central Laborstory Report 40845

Nital ~1.6%
Figure 15 Photo showing Induction-hardened area on Par 1.

Nkal 200x
Figure 16: Microstruciure of the Induction-hardsned area from Part 1.

Hote: Hominal mapgnifcations ghvan for photom|oregrapha.



Nitat
Figure 17: Core microsiructive of Part 1.

Nial
Flgure 18: Core microstructure of Part 1.

MNobe: Nomiral megnifications given for pholomiomgraiis,

Raport 40945
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Nitat ~1.6x

Fgure 10! Pholo showing Mﬂram:smw«m muhchanham'amﬁ
araa near the Fracture surface.

' M&st _ 200x
Figure 20: Phato showing the microsiruciure near the Fractured siirface.

Nots: Noming megnificatona given for photomiaographa.
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Nt 1000
Figure 21: Phoio showing the microsiructure near the Fraclizred surface.

Nial 20x
Flgure 22: Photo showing the core micvostructure of the Freciured part.

Mobs: Mominal magnificalions ghvan for pholomicrographs,
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Mifal 1000
Flgure 23; Photo showing the care microstructurs of the Fractred part.

Moke: Nominal magniftoetcne ghven for pholomicrographa.



