REMEMBER:

~No one benefits
when a damaged
part goes on
the scrap heap
with the cause

unknown.

s8]
K%






(e
Y

“

)

























fatigue \

‘ bendE

In rotating components, a misalignment
or a loose bearing which allows mis-
alignment will many times cause bending
fatigue failures.

An actual bending or flexing of the com-
ponent will take place at the point of
misalignment with the resultant failure
appearing identical to bending fatigue
found in stationary components. In most
failures of this type the point of origi-
nation will generally be found at a fillet,
keyway, or drilled hole, as were the
fatigue cracks in this crankshaft.




fatigue ]
] torsional

In components that carry a twisting type load
or stress, progressive type failures are re-
ferred to as ""Torsional Fatigue'' failures.

Torsional fatigue failures result from a
series of twisting or wrapping forces greater
than the designed strength of the material.
Transmission shafts, axle shafts, drivelines
or torsion bars are typical components in
which this type of failure is generally en-
countered. As a shaft is twisted it undergoes
a fore/aft stress which, with excessive force,
may progress to a separation of the metal
causing a crack to start.

If keyways or splines are machined into a
shaft torsional fatigue cracks will usually
begin at the base of these splinesorkeyways
and will progress working in towards the
center of the shaft.

The start of torsional fatigue damage
can be seen in the photo above of 3
transmission mainshaft which hasbeep
sawed through in two places.
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| torsional

Breakage of coil springs is usually a
torsional fatigue type failure.

This breakage is many times the result
of operating anoverloaded truck at high
speeds over rough roads. Like the
progressive weakening of fatigued com-
ponents, the final failure may occur
without load and at slow speeds over
relatively smooth roads.

Note: Surface seams and pitting con-

tribute to this type of failure usually
at low mileage.




fatigue [
| contact stress

extended
damage

The surface damage to the teeth of these two pinion gearsis

typical of contact stress. Contact stress may take place

when gearteeth such as these receive repeated overloading.

The flexing imposed by the load working across the tooth
surface eventually cracks and breaks away the surfaceareas.
This damage may originate with a shock to the gears, such
as ''bucking" to start an overload, or frogging to pull out of
a bad spot, which cracks the tooth surfaces. The damaging
side effect to this type of damage is that the broken pieces
can circulate through the rest of the gear assembly and cause
considerable damage to bearings and other contact surfaces,
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| thermal stress

Thermal stress fatigue is another form of damage which
normally occurs in brake drums, flywheel and clutch friction
surfaces and other similar parts. This occurrence is also
referred to as "heat checking'" because the generation of
heat is normally the cause of failure. Thermal stress fatigue
develops in metal surfaces exposed to extreme pressure,
and repeated heating and cooling cycles. The heat generated
may cause surface cracking or even fracture. When heated,
the surface layers expand; as they cool, they shrink. This

cycling action can eventually cause the surfaces to crack.
(Refer to example.)
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/

bending

granular structure

\

True impact failures can be recognized by their
granular structure.

Since the failure is practi-
cally instantaneous in pure impact, fatigue lines
or other cross sge

ctional imperfections are
usually absent. The

failure in the photo above
Isan example of 3 bending-impact failure.




Impact failures often appear very bright and
crystalline. When rotated in the hand, animpact
fracture specimen will generally sparkle. The
surface of brittle fractures have a distinctive
appearance. A characteristic ''chevron'' or
"herringbone'' pattern is formed which points
toward the fracture origin. It is usually neces-
sary to have a strong light at a grazing angle to
the fracture surface to illuminate these mark-
ings. It should be noted that, although both shear
and impact fracture type exist, rarely do they
occur alone. Many shock load failures will wipe
their surfaces as the parts separate smearing
the granular surface and appearing like a shear
failure. The photo shows how a tough ductile
material can fail as a result of an impact load.



impact/shock l
bending

Whena rear axle ringand pinion gear set are subjected
to a shock loading the damage will many times look
like that on the gear set pictured here.

broken tooth surface shows the bright crystalline
granular pattern typical of impact failures.

his damage is usually caused by improper driving

T
techniques, such ag bucking to start an overload or
frogging to pull out of a bad spot in the road.
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impact/shock

torsional

When excessive torque or twist is applied
to a part - a torsional impact failure may
occur. This can be depicted by imagining
a rotating shaft that is seized and held
immovable while the rotating force con-
tinues to act. In softer materials the
torsional impact fracture looks like a
bending impact fracture in that the shaft

usually breaks perpendicular to the axis
of the part. (See photo above.) The failure
can be distinguished from bending impact
bythe smeared circular appearance of the
fractured surface (A" on photo) and a
nipple usually located near the center of
the part which indicates the final failure
area (""B"on photo).
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shear fractures
“

Shear fractures may be compared to the
separation ofa deck of cards when one part
of the deck slides over the other until trans-
lation separates the deck into two stacks.






abr_asive
failures

Abrasive wear occurs when hard particles
slide or roll under pressure across 2
surface or when one surface rubs against
another. Most failures due to surface
damage (except for corrosion) may be
classified as some form of abrasion. There
are many types of abrasion failures, such
as scuffing, scoring, adhesion, fretting,
ridging, etc. This section will discuss
some of the more prevalent forms of
abrasion since there is little variation
among other types.

Abrasion failures are most generally
caused by insufficient clearance between
working parts, lack of lubrication, or the
presence of foreign matter. An abrasion
failure can usually be identified by:

1. Discoloration of the wearing or worn
part due to heat generated by friction.

9. Presence of material, chips, etc. from
adjacent members.

3. Grooves in the wearing surface in the
direction of movement.







abrasion

True abrasion is usually associated with
e presence of foreign matter (refer to
hoto at left) which causes grooving and

chipping. Metal to metal contact and trans-

fer between adjacent parts, on the other
hand, is usually classified as adhesion.

adhesion

Adhesion, (also called scoring, scuffing,
galling, and seizing) results when micro-
scopic projections at the sliding interface
petween two parts weld together under ex-
treme temperature and pressure.

After welding occurs, sliding forces tear
the metal and cause the transfer of metal
from one surface to the other. (See photo
at left center.) Adhesion can be elim-
inated only by preventing absolute metal
to metal contact. When tightly adhering
surface films separate the two metals,
adhesive wear does not occur. If neces-
sary, extreme pressure lubricants should
be used. These lubricants react chemically
with the surfaces, providing sufficient
lubrication to prevent welding. Because
heat is developed during adhesive wear,
care must be taken to keep the interface
temperatures below the lubricant critical
temperature. Surfaces that are extremely
rough or very smooth are more apt to
score than surfaces which are nearly
smooth. The latter lack large projections,
but have minute reservoirs which retain

lubricant.







Corrosion is defined as the deterioration
of a substance (usually a metal) or its pro-
perties because of a reaction in its en-
vironment. There are various types of
corrosion. Action of these various types
can cause components to fail in service.
A thorough knowledge of corrosion charac-
teristics is essential because corrosion
effects have been known to complicate the
analysis of service failures. It should be
pointed out that there is more than one
type of corrosion - in fact, there are six
distinct forms of corrosion.

corrosion
failures

These are uniform corrosion, galvanic
corrosion, fretting corrosion, high tem-
perature corrosion, stress corrosion and
cavitation erosion. All types are equally
damaging to components but are the result
of varying circumstances. Each of the six
types will be explained asto cause, appear-
ance, and methods of prevention. Also,
conclusions derived from the three ex-
planations will be stated.
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failure
identification

Thus far we have discussed the several
different failure types most commonly
encountered in truck service. We have
also examined the characteristics which
classify one type of failure from another.
With this in mind, a series of photos of
failed parts is presented in the following
section as further exercise in correctly
identifying a failed part. Each failure is
identified by name. In case you may have
any questions on a particular failure, refer
back to the section of the booklet which
explains in detail that certain failure type.




Component - rear axle housing, Type Failure - bending fatigue










- drive pinion, Type Failure - bending fatigue




Component - pitman shaft, Type Failure - torsional fatigue

Component - connecting rod, Type Failure - bending fatigue
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COmponent - crankshaft bearing surfaces, Type Failure - abrasion

Component - bevel gear, Type Failure - abrasion




Type Failure - impact

Initial Metal
Imperfection-
(Cooling Crack)

Component - idler gear, Type Failure - fretting corrosion
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Component - pistons, Type Failure - high temperature abrasion (scuffing)
= {]

Component - gear, Type Failure - contact stress fatigue







