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teeth that were determined to have broken from the sector gear. Note that one of
the two teeth is further broken into two pieces. Photos #13 and #14 show these
pieces re-positioned on the sector gear.

It is interesting that two adjacent teeth on the sector gear are sheared, yet on the
mating rack gear only one tooth is sheared off, and that is the center tooth. The
tooth adjacent to the center is not sheared, however the cylindrical flange on the
opposite side of the adjacent tooth is fractured. This damage pattern is
inconsistent with damage expected from a single external impact to the system.

The fracture surface on the piece from the center tooth on the rack gear was
examined with a scanning electron microscope (SEM). Photo #15 is a general
view of the fracture surface at a magnification of 20X. Two distinctly different
areas exist, separated by a ridge indicated with a red arrow in the photo. This
suggests that two separate cracks were involved in the fracture process, most
probably the result of two separate loading events. Photos #16 (at 100X) and
#17 (at 500X) shows more details of the fracture surface. Visible in photo #17 is
the classic dimple pattern associated with ductile shear fracture.

The interior of the gear housing shown in photo #1 was examined for debris. A
clean strip of filter paper was used to swipe the interior in an area where
numerous fine particles were discovered. Photo #18, taken through the lens of
an optical microscope, shows the oil and fine particles collected on the filter
paper. These were inserted into the chamber of the SEM and analyzed usmg

energy dispersive x-ray spectroscopy (EDS).

Photo #19 is an SEM photo at a magnification of about 50X. The bright spotty
particles visible in the photo are metal particles. The fibers are from the filter
paper. One particle marked EDS1 in photo #19 is about 0.016 inches long and
about 0.008 inches wide. This is by far the largest metal particle in the photo.
Photo #20 shows the EDS spectrum generated by the particle. The only
significant peaks on the spectrum are from iron (Fe). The small silicon (Si) peak
is not significant. This result shows that the piece of metal is wear debris from
steel, which is predominantly iron.

The area enclosed by the yellow square and marked EDS2 in photo #19 was
analyzing by scanned the entire area. Photo #21 shows the resulting EDS
spectrum. Since scanning the entire area generates characteristic x-rays from
each of the numerous tiny particles within the area, the spectrum gives the
chemistry of all particles present. As can be seen in photo #21, the only
significant peak on the spectrum is iron (Fe). The large peak on the left end of
the spectrum, not labeled, is a carbon peak resulting mostly from the filter paper
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with a smaller contribution from oil. These small particles are wear debris from
steel parts.

The results of the EDS analysis show conclusively that there was a significant
amount of wear debris from steel components in the gear housing.

Inspection of the Vehicle.

The subject vehicle was inspected on two occasions at Salem Brothers Auto.
Photo #22 is a general view of the subject vehicle. Photo #23 and #24, taken after
the steering gear box had been removed, show the steering linkage with the tie
rod ends still attached to the spindle arms. Inspection of the linkage showed no

evidence of damage.

The driver’s side tie rod end was disconnected from the spindle arm. The
spindle is shown in photos #25 and #26. There is no damage to the cast iron
spindle arm. The bore in the arm was inspected and the diameter measured in
two perpendicular directions and found to be circular. Photo #27 shows the top
surface of the spindle arm, while photo #28 shows the bottom surface. The bore

is undistorted.

Photo #29 is a view of the driver’s side tie rod end, while photo #30 is a closer
view of the pin. This pin is not damaged.

CONCLUSIONS

Inspection of the steering linkage on the subject vehicle showed no evidence of
any distortion or damage to any of the component parts. These components are
the only direct connection to the pitman arm and shaft. Any external impact
force to the front end of the vehicle, if transmitted to the gears internal to the
steering gear box, would necessarily travel through the steering linkage. If such
force was of sufficient magnitude to cause ductile shear fracture of steering gear
teeth, component parts of the steering linkage such as the tie rod ends, spindle
arm or the splined end of the pitman shaft would, in terms of reasonable
scientific probability, also show evidence of distortion and mechanical damage.

Inspection of the fractured teeth on the steering gear showed conclusive evidence
that the dominant fracture mode was ductile shear. The nature of the damage to
the fractured teeth indicates that multiple force applications caused the damage.
The damage is inconsistent with what would be expected from the application of
a single impact force.

Evidence of wear was found, but there was no evidence of metal fatigue.
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Absent any evidence that an externally applied force acted on the steering
system, the alternative explanation for the force that caused the observed

steering gear damage is a force generated internally in the power assisted

steering system.

PE13-014 000316LCPV























































































































































































































































































PE13-014 000409LCPV


































PE13-014 000420LCPV







PE13-014 000422LCPV


















>
o
®]
—
o8]
N
<
o
o
o
<
—
<
™
—
w
o




PE13-014 000429LCPV






















































PE13-014 000447LCPV



PE13-014 000448LCPV















PE13-014 000453LCPV
















PE13-014 000458LCPV



PE13-014 000459LCPV



PE13-014 000460LCPV







































PE13-014 000473LCPV






PE13-014 000475LCPV






PE13-014 000477LCPV






PE13-014 000479LCPV









PE13-014 000482LCPV



PE13-014 000483LCPV



PE13-014 000484LCPV



PE13-014 000485LCPV



PE13-014 000486LCPV



PE13-014 000487LCPV



PE13-014 000488LCPV









Steering - 2 Repair Attempt - customer
states vehicle wanders all over the road
while driving. Didn’t verify concemn, no
test drive w/ customer. Ran oasis, said to
check for steering damage that truck has.
Made sure tire pressures correct, all were
low per low door jam.

Interior - 2 Repair Attempt - customer
states R/H lower seat bolt cover keeps
coming loose. R/H front door is hard to
close compared to the other doors.
Adjusted door until proper fit.

Regular Service - customer requests
7.5k service.

Engine - Customer states truck is only
getting 14 mpg and should be getting
more. Test vehicle for poor fuel
economy, tested EEC system found no
faults. Ran oasis found no ssm'’s or tsb’s,
Mods at intake and exhaust will have
affect on fuel economy.

12/03/0107

5,542

Hilltop Ford
FOCS108290

Steering - 3'7 Repair Attempt - customer
states steering wheel is off center, please
check and advise, Lowered caster on
driver side so now its even, reset toe with
win toe set. Ran oasis, no problems
verified. Called hot line, no updates.
Verified concern, set up alignment caster
lead was incorrect. Installed camber

| caster sleeves to correct alignment.
Caster lead not correct reset toe to 0.03
Engine - 2 Repair Attempt - customer
states check engine light is on, eec test
received code, performed TSB.

Interior - 3 Repair Atiempt - customer
states R/H lower seat bolt cover keeps
coming loose. Verified and did
replacement install.

02/15/08

6,847

12+

Hilltop Ford
FOCS111435

Steering - 4" Repair Attempt - back to
dealer for same exact concem as stated
on 2/15/08. No new RO written up,
Engine - 3" Repair Attempt - back to
dealer for same exact concern as stated
on 2/15/08; poor fuel economy; lacks
power and acceleration; No new RO
written up.

2/19/08

n/a

1+

Hilltop Ford
(no new RO
given)
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