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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes — Procedures

RECOMMENDED PRACTICES FOR SHOT PEENING PROCESSES
GM4283P

1 SCOPE. This specification covers the procedure
requirements for shot peening of metal pars to induce a residual
compressive stress on the specified surfaces to a predetermined
depth for the purpose of increasing fatigue life and resistance to
stress corrosion cracking.

1.1 This standard covers the practical consideration and proce-
dures involved in setting up and controlling shot peening opera-
tions. It includes requirements for the equipment involved (test
strips, holding block and gage), recommendations for their use,
and standards for designing desired conditions and/or results.

NOTE: Dimensions are in metric.

2. APPLICATION CRITERIA. Shot peening specifications
established for one part should not be generically applied to
others unless they have been so validated. Material, process, and
geometric differences play a large part in establishing shot
peening specifications.

2.1 Controlled shot peening is used as an Engineering design
tool for improvement of fatigue strength of metal parts. The
beneficial effects of shot peening are due to the compressive
stress induced on the surface of the part by the cold working
action of the shot, which extends to only a shallow depth.
Improvement in fatigue properties is more dramatic in parts
stressed in bending or torsion where the stress gradient
decreases from surface to center. Shot peening is less effective
for axial push-pull stresses where the entire cross section of the
part is uniformly stressed.

2.2 Caution should be used in subjecting the shot peened parts
to high temperatures because stress relieving can occur. Also,
machining or grinding of the shot peened area is prohibited;
however, honing or lapping (not removing more than ten
percent of induced compressive layer) is permissible.

3. PRETREATMENT.

3.1 Areas of parts to be shot peened shall be free of any surface
coating such as oil, grease, corrosion, etc.

3.2 Unless otherwise specified, all machining and heat treating
of the parts shall be done prior to shot peening.

3.3 When magnetic particle or fluorescent penetrant inspection
is required this shall be done prior to shot peening.

4. MASKING. Areas of the part which are designated to be
free from any shot peening shall be suitably masked to protect
such surfaces from the blast stream or subsequent damage.
‘When it is impractical to mask or protect an area to keep it free
form shot peening, sufficient stock may be provided in these

areas for subsequent removal of affected material for
compliance with dimensional requirements of the Engineering
drawing.

5. BLUEPRINT NOTE. The blueprint note or process
specification should include references to the shot size, shot
hamess range, shot type, intensity, coverage, and broken shot
content. For example “Shot peen to GM4283P-M or
GM4283P-8, S230 shot, HRC 55 to 62, arc height 0.31A to
0.41A (metric), 125% of full coverage, no more than 10%
broken or deformed shot” -M indicates the shot sizes are
according to the Military specifications (as listed in Tables 1 and
2 in this specification). -8 indicates the SAE guidelines are to be
followed. See SAE J441, J444, J827. See the Intensity and
coverage sections of the specification. Military specifications
are tighter than SAE specifications so that if SAE specifications
are required, Military specifications can be used instead if so
desired.

6. PRINCIPLE OF CONTROL. The control of a peening
machine operation is primarily a matter of the control of the
properties of a blast of shot in its relation to the work being
peened. The basis of measurement of these properties is as
followed: If a flat piece of steel is clamped to a solid block and
exposed to a blast of shot, it will be curved upon removal from
the block. The curvature will be convex on the peened side. The
extent of this curvature on a standard sample serves as a means
of measurement of the blast. The degree of curvature depends
upon the proper ties of the blast, the properties of the test strip,
and the nature of exposure to the blast, as described below:

6.1 Propertics of the blast are the velocity, size, shape, density,
shot material, and hamness of the shot.

6.2 The properties of exposure to the blasts are the length of
time, angle of impact, and shot flow rate, and stand off distance.

6.3 The properties of the test strip depend upon the physical
dimensions and mechanical properties of the strip.

7 INTENSITY MEASURING EQUIPMENT.

7.1 TEST STRIPS. Standard test strips A, N and C, shown in
Figure 1 shall conform to the following:

SAE 1070, cold rolled spring steel; square edge No. 1 (on 76.0
+ 0.4 mm edges); flatness (arc height as measured on a standard
Digital gage): £.02 mm for strip A and N, plus .3 mm for strip
C; blue temper (or bright) finish; uniformly hardened and tem-
pered (heat set between flat plates under pressure for minimum
of 2h @ 415 10 445°C to Rockwell C 44 to 55.
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FIGURE 1 - TEST STRIPS

7.1.1 The relationship between test strips A, N and C is shown
by Figure 5. This curve shows strip readings for conditions of
identical blast and exposure. The test strip A is used for intensi-
ties that produce arc heights of 0.15A to 0.61A. For greater in-
tensities of peening the C test strip is used. For lesser intensities
the N strip is used.

7.1.2 HOLDING FIXTURE. Test strip holder shall conform to
Figure 2.

— 7.4
1

‘HOLDER /— TEST STRIP

w

0.7
i

!
‘

—w 1

|
|
CLAMP SECURELY—4 F‘LACES-)J

FIGURE 2 - ASSEMBLED TEST STRIP AND
HOLDER

7.1.3 GAGE. The curvature of the strip is determined by a
measurement of the height of the combined longitudinal and
transverse arcs across standard chords. This arc height is ob-
tained by measuring the displacement of a central point of four
balls forming the comers of a particular rectangle. (This gage is
commonly referred to as the Almen No. 2 Gage. It supersedes

the Almen No. 1 Gage.) Digital gages are required and replace
the Almen No. 2 Gage. To use this gage the test strip is located
so that the indicator stem bears against the nonpeened surface,
as shown in Figure 3.

DIAL INDICATOR (MAX VALUE OF GRADUATION 0.03),
COUNTER CLOCKWISE DIAL, BACK ADJUSTABLE BRACKET,
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FIGURE 3 - ALMEN NO. 2 GAGE

8. DESIGNATION OF INTENSITY MEASUREMENT.
The standard designation of intensity measurement includes the
digital gage reading or arc height (in metric) followed by a letter
indicating the test strip; for example, 0.33A. This example
signifies that the arc height of the peened test strip as measured
by the digital gage is 0.33 mm and the test strip used is the A
size. Another example is: 0.15 to 0.20°C. This signifies 0.15 to
0.20 mm gage reading on C size test strip measured with the
same gage. This example is typical of the method used for
specifying an arc height tolerance for an application. As shown
in both of the examples, the gage or arc height reading is given
first and is followed by the test strip designation.
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FIGURE 4 - CORRELATION OF TEST STRIPS
A, N AND C AS CHECKED ON AN ALMEN
NO. 2 GAGE

8.1 PROCEDURE FOR MEASURING BLAST INTENSITY
(Base on Arc Height/Exposure Time Relationship).

8.1.1 GENERAL PROCEDURE (USED FOR PRODUCTION
CURVE SET UP).

1. Fasten the strip tightly and centrally to the test strip holder
as in Figure 2. Strips must not be used more than one time.

2. Expose the surface of the strip to the blast to be measured.
Record the time of exposure or its equivalent.

3. Remove the strip from the holder and measure the arc
height on the gage. The zero position of the gage must be fre-
quently checked, and if necessary, adjusted. Digital gages are
necessary.

4. Using different exposure times, repeat Steps 1, 2 and 3 suf-
ficiently to determine a curve similar to Figure 6. Whenever
processing parameters change, a new curve should be estab-
lished. The saturation point (Almen saturation) is the minimum
duration of exposure time which, when doubled, increases the
Almen strip arc height by no more than 10%.

5. The gage reading corresponding with the point where the
curve flattens out (A in Figure 6) is generally taken as the mea-
surement of the intensity of that particular peening.

8.1.2 PRODUCTION CURVE SET-UP PROCEDURE (Used
in making a production set-up in which a setting of the machine
is to be determined for a desired arc height and shot size.)

1. Provide a fixture to support the test strip in a manner to
simulate the critical surfaces of the part to be peened. In cases
where more than one critical surface is to be peened, the fixture
should provide for the mounting of the required additional
strips.

2. With an estimated setting of the machine (shot flow rate,
shot velacity, and type of shot), a serious of test strips should be
exposed to the blast of shot, each for a different exposure time
so that a curve such as shown in Figure 7 may be established.

3. If the intensity measurement obtained from the curve does
not fall within the desired limits, machine settings must be
changed. If a higher arc height is desired, either higher shot
velocity or larger shot is necessary, assuming a given type of
shot is used. If lower arc height is desired, a lower shot velocity
or smaller shot is needed. These velocity changes may be made
by changing wheel speed or air pressure. In certain cases, an
adjustment may be made in the direction of the shot stream, but
the most efficient peening is obtained with the direction of the
main part of the blast stream impinging at the maximum angle
of impact possible to the critical section of the part being
peened.
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FIGURE 5 — INTENSITY DETERMINATION
CURVE

4.  After new settings are made, arc heights are again deter-
mined as described in Step 2.

5. Suppose with the first trial, the Curve-B of Figure 7 is
obtained and the desired arc height is as indicated by the
horizontal broken line, the shot velocity or shot size is
accordingly too great and one or both must be reduced. If the
second trial results in the Curve-C, the shot velocity or shot size
is too small. Satisfactory adjustments for the third trial would
result in Curve-D, which is the correct one for the required arc
height.

6. When the machine settings are found that yield the desired
arc height, the time of exposure of the part may also be
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