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ABSTRACT

Shot peening has become a common production method of increas-
ing the fatigue life of crankshafts. In each of the cases cit-
ed below, the Metal Improvement Co. performed the shop peening
and the manufacturer performed the fatigue tests and reported
the results. Also, in each case, the tests resulted in shot
peening being used as a production process.
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Many manufacturers of internal combustion engines have been
faced with the necessity of increasing the output of these en-
gines and have accomplished this by turbocharging and after-
cooling. As a result, the internal components have been sub-
jected to higher stress levels. One of the most critical com-
ponents, and the most difficult to redesign, is the crankshaft.
A number of these manufacturers have elected to use the con-
trolled shot peening process as a means to increase the fati-
gue life of the crankshaft, therefore allowing them to operate
the engine at the higher horsepower and achieve acceptable
life on the crankshaft.

Shop peening has been used successfully as a production tool
on many sizes of crankshafts manufactured from many materials.
The sizes range from very small single cylinder crankshafts,
to small high power, high speed crankshafts, to intermediate
sizes such as used for moving heavy vehicles, and very large
crankshafts up to 20 cylinder, for use in high horsepower,
show speed applications. Data dealing with some of these
applications will be introduced.

361



Photograph No. 1 Photograph No. 2

The most highly stressed area of a crankshaft is the journal
bearing fillet. The high stress point is the bottom side of
the fillet when the journal is in the top dead center position
during the firing cycle. Photograph No. 1 is that of a failed
crankshaft and the failure is characteristic in that it occur-
red in the area as described. Photograph No. 2 is a closer
view of the fracture face, which indicates the initiation site
of the fatigue crack to be in the journal bearing fillet with
the crack propogating across the cheek to the adjacent main
bearing fillet. Photograph No. 3 illustrates a crankshaft on
which the journal bearing fillets have been peened and the
journal bearings have been masked against impingement by the
shot. ‘ :

Many fatigue tests have
been performed on crank-
shafts, typically on sin-
gle journal bearings. This
is accomplished by sec-
tioning the shaft at the
center of eachmain bearing
adjacent to the journal to
be tested. A high frequ-
ency load is applied in a
bending mode with the load
being constantly monitored
by strain gages mounted in
the fillets.

i

v : o The following data repre-

Photograph No. 3 . sents fatigue testing per-
: - formed by various engine

manufacturing companies.
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Case No. 1 - 6 Cylinder Diesel Engine Crankshaft

higher. The crankshafts in
Case No.

material.

Case No. 3 - 6 Cylinder Diesel

EFFECT OF SHOT PEENING GROUND AND
POLISHED FORGED STEEL CRANKSHAFTS

SHOT PEENING SPECIFICATION
MI 460 CAST STEEL SHOT

18-22 ALMEN A INTENSITY

~ 777100% MINIMUM COVERAGE AS VERIFIED
T BY THE PEENSCAN PROCESS

10° 01

6 CYL. DIESEL ENGINE CRANKSHAFT
24-MATERIAL AISI 1046 FORGING

FILLET HARDNESS 22-24 Rc
JOURNAL BEARING DIAMETER 3.4"
OVERALL LENGTH 385"

L
10*
Fatigue Life-Cycles

10° 10° 106

In Figure 4 the raw data yields
an increase in fatigue strength

of 38% which is not totally

valid because of the difference

SHOT PEENING SPECIFICATION
N As can be seen in figure 1, the
_w“— 4%$n@mg§gﬁggggwm%0unpeened crankshaft had a fatl-
' gue strength of 52,000 psi. 1In
ém“" N L : —-=-- the peened condltlon the fatigue
T — strength was increased to 65,000
.gw"_*" -~ - -SHOTPEENED-—— n©gj or an increase of 25%.
E‘w-_sﬁC‘YL.ADiES_L ENGINE CRANKSHAFT “As;%gﬁoﬁ‘ Case No. 2 - 6 Cylinder Diesel
ol i i Englne Crankshaft
JOURNAL BEARING DIAMETER 3.75"
OVERALL LENGTH 633" SHOT PEENING SPECIFICATION
A S Jmeon N - - ot A
: FIG. 1 90 FiLi ET HARDNESS 28-36 Re —100% MINIMUM COVERAGE
Number of Cycles & JOURNAL BEARING DIAMETER 375"  AS VERIFIED BY THE
. & | OVERALL LENGTH 63.3" PEENSCAN PROCESS
In Figure 2 the increase was g1~ <]
more dramatic in that the g
increase in fatigue strength 37T 7
was approximately 40%. This 4
is probably explained by the I e I G e
fact that the material had a £ ,
higher tensile strength and o I e EEY -
therefore the magnitude of
compressive stress from the 4 i o g
shot peening operation was Number of Cycles Fla.2

1 and 2 were of identical design, but of different

Engine Crankshaft

In Figure 3, the increase in

fatigue
320 N/mm

Case

gtrength was from
to 420 N/mm2, or 31%.

No. 4 - & Cylinder Diesel

Engine Crankshaft

~N

EFFECT OF SHOT PEENING GROUND AND POLISHED
NODULAR CAST IRON CRANKSHAFTS
SHOT PEENING ‘SPECIFICATIONS
MI 460 CAST STEEL SHOT
L —~=18-22 ALMEN A INTENSITY
N ‘1@% MINIMUM COVERAGE AS VERIFIED
B BYTHF PEENSCAN PHOCESS
-SHOr PEEN POL'SHED A
Uun~°

6 CYL DIESEL ENG CRANKS)- AFT

MATERIAL: NODULAR CAST IRON

- ULTIMATE TENSILE STRENGTH
600N/mm (UNPEENED)  715N/mm (PEENED)

JOURNAL BEARING DIAMETER 3.4”

OVERALL LENGTH 385"

in the ultimate tensile strength
of the peened and unpeened specimens. However, the significance
of the data is the fact that the crankshafts in cases 3 and 4

are of the same design.
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The fatigue strength of the forged but



unpeened shaft was 320 N/mm2 whereas the fatigue strength of the
cast and shot peened shaft was 360 N/mmz, an increase of 12.5%.
This data suggests that there are cases where a shot peened nod-
ular cast iron part can be substituted for a forged steel part.

Case No. 5 - 2 Cylinder 4 Cycle Gasoline Engine Crankshaft
50,0001

|
SHOT PEENING SPECIFI(':ATION

JOUR{‘JAL BEARING DIAﬁAETEFI 1.75"

MATERIAL CAST MALLEABLE IRON (ARMASTEEL 88-M)

1,000000

10,000,000

SHOT PEENAG SPECKIC Figure 5 is another example of a
40,0001-16-18 ALMEN A INTENSITY N e — cast crankshaft, cast from alle-
7 100% MINIMUM COVERAGE erouNoAND able iron. In this case the fat-
SHOT PEENED . N
%mnn—ww A — NG igue strength increased from
- @omw 25,000 psi in the unpeened con-
gmmb—%-w&hww B — dition to 37,000 psi after shot
& : peening, or an increase of 48%.
10,0004 2 CYL. 4 CYCLE GASOLINE ENGINE CRANKSHAFT _—

Case No. 6 - 16 Cylinder

100,000 , , Diesel Engine Crankshaft
Cycles 1o Faiure st LOAD VS. CYCLES TO FAILURE
FOR CRANKSHAFT SECTIONS
In Figure 6 the fatigue - 1000004} 1T .
strength increased from an _ \\\
applied load of 67,000 1b. § 90000
to 77,500 1b. of applied = \:\\
load, or an increase of g.mar ﬁs\-
17.2%. \ SHOT-PEENED FILLETS
70,000 \
. AN
AS-MANUFACTURED
60,000 = - L.
10° - 50x10° 10¢ 50x 10° FIG. €
Cycles to Failure
16 CYL. DIESEL ENG CRANKSHAFT = SHOT PEENING SPECIFICATIONS
MATERIAL: C1046 FORGING Mi 660 CAST STEEL SHOT
FILLET HARDNESS 250 BRINNELL 10-12 ALMEN C INTENSITY
JOURNAL BEARING DIAMETER 6.25" 100% MIN. COVERAGE AS VERIFIED
OVERALL LENGTH 144" . BY THE PEENSCAN PROCESS
SUMMARY

The above data indicates that crankshafts used in internal
combustion engines, gasoline or diesel, high or low RPM, forged
or cast, over a wide range of material and sizes, all show a
significant increase in fatigue strength when shot peened under
controlled conditions, compared with the same part in the un-
peened condition. '

It is also significant in the one case cited above, that in

certain applications, it perhaps, would be possible to sub-

stitute a shot peened cast crankshaft for an unpeened forged
crankshaft at considerable cost savings.

While this paper has been limited to crankshafts utilized in

internal combustion engines, similar improvements have been
noticed on crankshafts used in other applications.
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