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influenced unfavorably by straightening. Schmidt‘85 fou_nd
that ‘crankshafts for airplane engines developed distortion
during processing and required a small e_xmount of straight-
ening when they were machine. finished. ‘When polgl
straightened, these crankshafts showed an 9n(_iurance limit
20% lower in reversed bending than the limit for crank-
shafts that had not been straightened. The effect was
even greater above the endurance limit, where the allow-
able stress was decreased by 33% for a life of 50,000 cycles
and by 27% for 150,000 cycles.

Fig. 22 Method of rolling axle fillet

Also, Horger and Lipson® found that the endurance
limit in rotating bending of full-size automobile rear axles
was 13,000 to 16,000 psi when the shafts were straightened
in production. Similar unstraightened axles had an en-
durance limit of 20,000 psi, or at least 25% greater resist-
ance to fatigue than the straightened shafts. The
detrimental effect of straightening was overcome by shot
peening after straightening. .

In the above examples, the reduced resistance to fatigue
found after cold straightening, was attributed to unfavor-
able residual tensile stresses established on one side of
the crankshafts or axles. )

Grinding. Residual surface stresses from grinding may
be the cause of service failures (See Fig. 24 and 25).

Influence of Service Environment

A third general cause contributing to failure of metal
parts is exposure to processes and environment, such as
(1) corrosion, (2) galvanic corrosion, (3) corrosion fatigue,
(4) fretting corrosion and (5) stress corrosion. Mechanical
defects arising from™ the service environment may also
cause failure. Limited space restricts the present discussion
of a subject about which many volumes have been written.

‘Corrosion. The types of corrosive attack most com-
monly encountered may be limited to three: uniform thin-
ning, pitting attack, and grain boundary attack. These are
discussed in the various articles on corrosion.

Galvanic Corrosion. When two dissimilar metals are
brought into electrical contact in an electrolyte, corrosion
of the less noble metal (anode) occurs in excess of its
normal rate in that electrolyte, while the more noble metal
(cathode) is protected. This accelerated corrosion is known
as galvanic corrosion. The amount of additional corrosion
of the anode is proportional to the current flowing in the
electrolytic cell, and the amount of current flowing is de-
termined in turn by the emf of the cell, by the relative
areas of the anode and. cathode surfaces, by the conduc-
tivity of the solution, and by the rate of polarization of the

electrodes. Galvanic corrosion is usually characterized by

severe local corrosion at the point of contact of the dis-
similar metals, if that contact takes place in the electro-
lyte. Galvanic corrosion is also frequently found at points,
other than the contact point, where proximity of the dis-
similar metal parts, relative anode and cathode areas, cell
emf, and solution conductivity are properly adjusted.
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Such solutions as rain water, séa water, batfery acid,
and some organic liquids may cause galvanic corrosion.
In some instances, large quantities of salts such as hydrox-
jdes and- sulfates are formed, which weaken the part
through detrition and the building up of stresses, espe-
cially in faying surfaces.. Corrosion of this type can be
detected by visual examination.

Fig. 23 Method of prestressing notches ?,round transverse _oil l}ole.
Crankpin having transverse oil holes in bqarmg sqat with 7.280-in. dlam.
Stamp used in prestressing-oil holes and impression produced. Wooden
plug protruding from stamp is used to locate stamp over hole. Pin No.
A7-3; Type 5 oil-hole design -

Corrosion Fatigue. Corrosion-fatigue failure in metals
results from a wide variety of service conditions, ranging
from those that are predominantly corrosive in character
with minor effect from stresses, through the graduated
conditions, to those in whit¢h corrosion is only a minor
_contributing  factor and the destruction of the metal re-
sults almost entirely from mechanical stresses. Fretting

Fig. 24 Burface cracking caused by faully grinding on a carburized
and hardened 1020 steel guidepin. This type of surface on a part sub-
jected to high stress will lead to early faflure.( X 11}

corrosion, discussed below, is considered by many to be 2
special type of corrosion fatigue. The characteristic that

identifies corrosion fatigue is the accelerating effect of a :

corrosive condition in promseéting early failure of a member
subjected to alternating stresses.

tures in the absence of a corroding medium. -
‘Fretting Corrosion. When two parts are clampqd, press
fitted or shrunk together and subjected to vibratory

stresses, fretting corrosion may occur. In steel, this cor- -

rosion consists of the formation of red oxide®™ between the

fitted surfaces, and particularly near the ends_of f,he"‘ﬁt-,
Fretting corrosion is also known as “friction oxidation” oFf ;

Characteristically, “the .- g -
fractures are transcrystalline, the same. as fatigue ‘frac-.

. Fig: 26 Typleal fatigue fracture of shaft, occurring at one end
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«pybbing corrosion”. . Fretting is one of the most severe
forms of weakening action on fatigue strength. A typical
fatigue fracture resulting from this eondition, is illustrated
in Fig. 26. The endurance limit of a shaft to prevent
pbreaking off In the
to one-half of that for the shaft without a press fit. %%
Even thoug! € sha oes not break off, because it is
subjected to stresses lower than the endurance limit, fa-
tigue cracks are often found when the assembly is pressed
apart.® -

Fig. 25 Grinding of threads on bolts and screws is sometimes the
cause of failure from residual stresses. The micrograph above shows
hardening caused on the side of a thread by overheating in grinding.
This hardening by heating in grinding leaves the thread in a highly
stress(ed i%%giition, which, coupled with service stresses, may cause fail-
ure. (X )

Fretting corrosion may occur when antifriction bearings
are subjected to vibratory oscillating loads of small ampli-
tude. Failures may be found in unused parts after ship-
ment, and in used parts subject to the above conditions of
loading. The failure is indicated by a “false brinelling” of
the part and is generally accompanied by visible deposits
of red oxide of iron.

of & fitted part

* Usually fatigue resistance in the presence of fx_'e‘ftmg
”_001‘1‘0510n can be greatly improved by the following meth-

0ds: the shaping of the parts as shown in Fig: 27; residual

L ng’mpressi‘ie stresses obtained in the surface of the shaft
'.- Y surface rol

ling ;%" the proper type of quench and tem-
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Der;® induction or flame hardening;** nitriding or case
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g rizing; or a.sprayed-metal layer of proper material®
- Stress-Corrosion Cracking. This type of failure in
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metals differs essentially from corrosion fatigue. The prin-
ciples of stress corrosion are discussed in the article on
page 227, and data are given there concerning the stress-
corrosion cracking of common ferrous and nonferrous al-
loys. For information on stress relief, see the article on
page 237. )

Fitted member such
\as wheel or gear
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Fig. 27 Corréct shaping of fitted parts. (a) Conventional method;
bending ‘fatigue resistance, 100%. (b) and (¢) Improved methods; bend-
ing fatigue resistance, about 130%. Fillet and groove r to be surface
rolled except when  in (b) can be large (about 0.4 D). If the portion of
the shaft in (a), (b) and (¢) over which outer part is fitted is surface
rolled, then fatigue resistance is more than 2009%. (The above data ate
based on breaking-off strength of full-size fatigue tests in rotating bend-

ing of sh A m and made of 0.50% C ste€l normalized
and tempered.) i

- Mechanical Factors .in Service Environment. Service
environinent may establish such conditions that the prop-
erties of the material are affected or the stresses in the
material exceed the allowable désign values. The loosenihg
of a threaded connection, the hardening of gaskets. and
shock-absorbing devices because of aging and other factors
that may affect clearances, change the rates at which
loads are applied, which may mean that parts will be sub-
jected to impact or repetition of loads that they ‘were not
designed to withstand. When the examination of a frac-
ture indicates an impact failure or a progressive failure
at a few alternations of stress, it is advisable to investigate
the possibility that other parts of the machine may have
become loose or distorted, thus throwing an excessively high
or unusual load on the part that failed. -

Temperature changes that result from unusual operat-
ing conditions, may cause failure on account of reducing
the strength by an annealing action or by the melting and
spheroidizing of the constituents that have low melting
points. Measuring the hardness may indicate the damage,
but a microscopic examination is often necessary, espe-
cially for aluminum-base and magnesium-base alloys. Low
atmospheric temperatures are generally above the temper-
atures at which the properties of most metals are affected,
However, high stresses may be induced by the unequal
contraction of unlike metals with different coefficients of
expansion. )

‘Mechanical defects, such as scratches; cuts and bruises
on the surface, are stress raisers and will lower the re-
sistance to failure from alternating stresses. This subject
has been ably discussed in a book entitled, “Prevention of
Failure of Metals Under Repeated Stress”, prepared by
the staff of Battelle Memorial Institute.
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