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Shot Peening Increases

LHoog

Life of Machinery Parts

By R. B. Huyel!

Engineer

Pangborn Corporation

HOT PEENING of machinery parts is a
S process for strengthening structural materials

against failure by fatigue caused by frequent
oscillations of stress, failure by impact, and for
protection “against fretting corrosion and against
stress corrosion cracking.

The process is as the name implies — for instance
in peening over a rivet head by a series of hammer
blows; or indenting the metal surface by a series
of hammer blows, rolling, and shooting the surface
with a-series of balls, etc. Since peening, if used,
must bhe economical, it is found that shooting the
surface with a series of balls or shot is the most
logical method; the same as is applied in blast
cleaning, sand blasting, shot and grit blasting, etc.
In this method a large number of balls may be

projected or thrown against a surface with a system
and equipment already being used.

There are two systems now being used, namely
(1) Air Blast, which uses compressed air to carry
the round balls or shot through a tube and discharge
them through a nozzle at relatively high velocity
against the work surface; and (2) Centrifugal Blast,
using a paddle wheel and throwing the balls or_shot
at relatively high velocity against the work surface.

The shot used in peening is generally a good
quality of grey iron. In the making of shot, it is
chilled, having a nominal hardness of 45-60 Rec.
Shot may be had in sizes ranging from .007" to
125" diameter, and is graded according to Fig. 1.

Surface peening with shot is a cold working
process and produces a series of small indentations

Fig. 1 — S.A.E. Standard Peening Shot Numbers
Adopted by Subdivision on Shot Peening, Sept. 21, 1944

Prior Min. None on
to 1945 Shot To Max. Screen Max. Screen Min. Screen Max, Screen
Number Size No. On No. Aperture On No. Aperture On ‘No.
P 157 157-.187 31 2% 4 1877 90% 5 0.157" 5% 6
P 132 132-.157 4 2% 5 157 W% 6 0.132 5% 7
9 P11l 111132 5 2% 6 132 9% 7 0.111 5% 8
P 93 .093-.111 6 2% 7 111 90% 8 0.0937 3% 10
10C P 78 .078-.093 7 2% 8 0937 90% 10 0.0787 5% 12
P 66 .066-.078 8 2% 10 .0787 90% 12 0.0561 5% 14
10
12 P 55 .055-.066 10 5% 12 0661 85% 14 0.0555 7% 16
14 P 46 .046-.055 12 5% 14 0555 85% 16 0.0469 7% 18
16
P 39 .039-.046 14 5% 16 .0469 85% 18 0.0394 7% 20
20 P 33 033-.039 16 5% 18 0394 85% 20 0.0331 7% 25
P 28 .028-.033 18 5% 20 0331 80% 25 0.0280 12% 30
26 P 23 .023-.028 20 5% 25 .0280 80% 30 0.0232 12% ‘35
P 19 .019-.023 25 5% 30 0232 80% 35 0.0197 12% 40
30 P 16 .016-.019 30 5% 35 .0197 80% 40 0.0165 129, 45
P 13 .013-.016 35 5% 40 0165 75% 45 0.0138 17% 50
40 P 11 .011-.013 40 5% 45 .0138 75»% 50 0.0117 17% 60
P 9 .009-.011 45 5% 50 0117 70% 60 0.0098 22% 70
P 8 .008-.009 50 5% €0 0098 70% 70 0.0083 22% 80
90
P 7 .007-.008 60 5% 70 .0083 . 70% 80 0.0070 22% 100
P 6 006-.007 70 5% 80 0070 70% 100 0.0059 22% 120
NOTE:
(1) Maximum 3% fines allowed through smallest screen.
(2) Shot number is roughly the size of the shot pellets in thousandths of an inch.
(3) Percentages given above are on basis of weight as determired by prescribed. tests.
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in the surface; the surface being deformed or
stretched at each point of indentation. Since these
indentations are close together and overlapping,
there is set up in the surface a static stress. In
other words, the surface is pre-stressed in com-
pression. The thin surface layer in compression
naturally has its opposing stress in the under layers,
which are in tension.

The peened layer may have a depth of .001” to
003", depending upon the peening impact and the
hardness of the work surface. The tensile stress in
the under layers being within the yield point of the
fibers, an equilibrium of stresses results, and the
surface fibers are said to be in residual compression,
when a part is flexed in service. The peened or pre-
stressed surface layer has the ability to expand to
something near its original state before the fibers
are subjected to a tensile stress. Therefore, since
the tensile stress is less severe on these surface
fibers the element of fatigue is less intense and the
point of exhaustion is delayed. The theoretical value
of surface peening is in the pre-stressing of the
surface layer in compression.

Failures in machine parts have their beginning
at the surface. They are the result of a tensile
stress; tearing apart of the fibers. Machine elements
subjected to frequent on and off stressing, or fre-
guent reversal of stress, tension and compression,
or reverse twisting or torsional stressing, may fail
ultimately through a {racture beginning at the
surface. This failure is called fatigue and is readily
understandable’ from the simple experiment of
frequent bending of a small rod until it fails or is
broken. This is an example of rapid fatigue and
ome which surface peening would not benefit.

A straight pull and release or pull-push will also
result in failure from fiber fatigue. Here again the
beginning of failure is a surface crack. A straight
compression stress may transmit a tensile stress to
certain surface fibers and ultimately result in a
fatigue failure.

In designing machinery parts it is quite often
desirable and frequently necessary to restrict the
size of parts, because of limited space, and for
the advantage of less weight, as in aircraft and
automobile construction. A supplementary process
such as shot peening becomes necessary in order to
prevent an early failure of these parts.
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We then have a value in surface peening which
may not be obtained in any other process.

Surface peening may be applied to lower grade
materials and make them equal to higher grade
materials in endurance. It may be applied to high
grade materials to make them better.,

Peening will show little benefit on thaterials with
low elasticity or, in other words, materials in which
the fibers are broken apart by hammer blows or
which do not respond to bending.

There are exceptional cases in which surface
peening applied to low elastic materials such as
cast iron, aluminum, bronze, etc., has shown im-
proved life in use.

Most applications, ,however, are on steel parts
which in use are subjected to frequent oscillations
of stress:

A few examples may serve to illustrate:

Valve Rocker Arms for Aircraft Engines—Fig. 2

Fig. 2

Materials: Steel

Shot Used: P-28 .028 dia.

Test Strip Reading: .015A2

Failure in operation before peening at point A
Life increase after peening 1400%

These rocker arms were peened all over except
the holes.

Connecting Rods Articulating for Aircraft
Engines—Fig. 3

X D)

Fig. 3

Material : Steel

Shot Used: P-19 .019 dia.

Test Strip Reading: .012A2

Life increase after peening 106%.

Coil Springs — Automobile—Fig. 4
Material: Steel

Shot Used: P-28 .028 dia.

Test Strip Reading: .015A2

Life Increases: 2000 to 5500%.
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Fig. 4—Automobile coil spring

Leaf Springs — Automobile—Fig. 5 Fig. 8
Material: Spring Steel
Shot Used: P-28 028 dia.

. Shot Used : P-28 (28 dia.

Test Strip Reading: .026A2
Life Increase: Over 400%.

Fig. 5 Intensity is determined by impact wvabwe which is the

result of shot size or weight and welocity of shot at

Test Strip Reading: .016A2 instant of impact, hardmess of shot, ongle at which
Life Increase: 100 to 600%. the shot strikes the surface and the uamber of shot

.. . grains applied to a given area.
Gears — Transmission—Fig. 6

Intensity, therefore, is the relation of impact
value and the number of shot grains applied to a
given area. Time or duration of peening with a
given flow of shot will determine the number of
shot grains applied.

“Coverage” may be expressed as “full coverage”
or “sparse coverage”, and has visual value only.
Full coverage may be only 50% {full intensity, or
full saturation; but full or 100%. intensity will be
full coverage. ‘

Fig. 6
Measurement of Intensity
Material: Steel

The degree of intensity is variable and may be
Shot Used: P-28 .028 dia. '

measured by comparison. As, for instance, a test

Test Strip Reading: .012 to .016A2 strip peened with a given impact for a short time
Life Increase: 100 to 300%. period compared “with another for a longer time
period.

Crankcase - Aircraft Engines—Fig. 7

T CALTEST SIRIP
745" HARDNESS :
739 ELATMESS: f.001
[ T 4 [osn:.m 1.0015 on ALNEN GA.E
EWOS_ONLY MAY BE SHEARER.
REMOVE BURWS AND
BREAK CORNERS

(B -STRIP_NOT MADE)

.

By

- . H ! oy re
Material : Aluminum alloys ' vy IEST ST

) Dv-43148 745 MARDNES 50 RC
Shot Used: P-28 .028 dia. FLATNESS. v_ALMEN S, |
. )

. o . - 3t 018 || cesatom ALMEN G2
Test Strip Reading: .010 to 012A2 p— il ENDS ONLY MAY BE SHEARED
. . : iy
Life Increase: Approximately 30%. ' ‘ REMOVE. BURRS AND
BREAK _GORNERS. TESY STRIP MADE OF SPRING STEEL , EXACT
Steering Knuckles — Automobile—Fig. 8 MATEKIA), _SPECIFIGATIGNS _QMITTED

Material: Steel A-4042 . Fig. 9—The Almen test strip
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Fig. 10—The Almen dial indicator gauge

The Almen Test Strip

A strip of steel, of known quality, and a fixed size,
when peenéd on one surface will respond in the
form of an arc longitudinally and more or less
transversely (Fig. 9). The measurement of the test
strip curvature or the “arc height” indicates the
peen “intensity”. By peening this test strip in a
manner. similar to, or exactly like the peening of
the part, we have measurement by comparison.

The Almen Gauge

The Almen gauge is a dial indicator gauge having
four bearing points in fixed positions, accurately
spaced, bearing on the unpeened surface of the test
strip. The dial indicator plunger also bears on the
unpeened surface, midway between the four points,
and gives the test strip arc height reading (Fig. 10).

13

Since intensity is variable, the test strip “arc
height” is also variable. The test strip, therefore,
provides a means of determining or controlling the
intensity applied to a given part. The results gov-
erning this procedure are comparatively simple,
but do produce reliable results. Refer to Fig. 11.

The thinner section parts may be peened to a
low intensity, as for instance, an arc height reading
of .005 to .007A2. Average sections to an arc of
012, 015, etc. Heavy sections .018, .025, etc. Ma-
terials of low tensile strength will be confined to
the lower intensity ranges. Parts permitting only
a minimum of distortion, elongation, etc., will also
be confined to the lower intensity ranges.
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In any controlled peening operation we must
first recognize and understand the use of the test
strip.

The “A” Test Strip - Spring Steel (Good

quality)—Fig. 9

Thickness .0510” plus or minus .001.

Harduess Rockwell “C” 44 to 50.

Width .745" to .750”——may be rolled as a strip.

Length 3” plus or minus .015”.

Close thickness tolerances ‘are important for sake
of uniformity in response to peening. Close hard-
ness tolerance is important for sake of uniformity
in response to peening. Range of arc height .002 to
.025 on No. 2 gauge.

The “C” Test Strip—Spring Steel (Good quality)

Thickness .0938” plus orsminus .001”.—Otherwise
same as “A” Strip.

Range of arc height .005 to .020.

The “B” test strip, if used, would be an inter-
mediate thickness, otherwise the same as the “A”
strip. So far found unnecessary.

The “A” test strip is used generally for most
machine parts and when using shot .010 diameter
to .055_diameter. An arc height of .025 on the “A”
strip indicates a high peen intensity and relatively
high stressing of the part surface.

The “C” test strip is used for higher intensities
generally, and may be used in the lower intensity
ranges. (See Fig. 12).

The Almen Gauge — The Test Strip Holding
Block—Fig. 13

To determine the desired intensity for a peening
application, an intensity curve must be developed
by the following procedure—Fig. 11:

T NOZLLE~—.,
L TEST STRIP

0Z4
or3
S
L0z y T
DIRECT PRESSURE BLAST, ./ _ _
o0z £ wozzie | 4} L6 000Bs. AR PRESSURE.
o “30 SHOT , 019 T0 .024 DIA.
ote ) 44 SHoT v.oLunE,_— -
o CuRVE . 13185 PEP MR LG oRISIE;
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pd IR PR & 1 -)
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014 Y I3 SURFACE.
o1 = Ty ANCULAR IMPINGEMENT AT 'B'8.°C",
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@i 010 PER TURN.
x A TEST STRIP - Ne 2 6A.
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< , RUN SEVERAL PASSES.
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NOZZLE PRODUCES THE HIGHER ARC,
N INDICATHNG THE LARGER VOLUNE RE-
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' £ 13 BT 45 52435 38 385 29 26 3% 216 2 185
ey

Fig. 11—Illustration of variable intensity applied to part
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Fig. 12—The “C” test strip used in lower intensity ranges

Using a given shot, say P-28 or (S-230) .023 to
.030 diameter, projected against the test strip, at a
given shot velocity.

By Air Blast - Covering the entire strip uni-
formly.

By Centrifugal Blast — Covering the entire strip
uniformly.

No. 1 Strip:

For a short time period, or a fast rate of appli--
cation, measure the test strip arc height on No. 2
gauge. Mark reading on intensity curve chart.

No. 2 Strip for say 25% longer time. Mark on
chart.

No. 3 Strip for say 50% longer time. Mark on
chart.

No. 4 Strip for say 75% longer time. Mark on
chart.

No. 5 Strip for say 100% longer time. Mark on
chart.

Plot curve on chart.

The curve should be similar to Fig. 11.

Additional test strips peened for longer time
should tend. to follow the horizontal line. Full
intensity is indicated by the knee of the curve,
which is also full coverage. Excessive exposure
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time will tend to produce greater transverse curva-
ture, and is considered excessive peening.

Lower intensity may be produced by lower air
pressure, or lower centrifugal wheel speed, or
smaller shot.

Comparable’ results may be obtained by small
shot at higher velocity or large shot at lower
velocity, or by varying the angle of impingement.
A 90° or perpendicular impingement produces the
maximum impact for a given shot size at a given
velocity.

The impact varies as the sine of impingement
angle.

Effective impact equals potential impact x sine
of angle.

At 45° the effective impact is, .707 of the 90°
impact, etc.

In considering shot size, which is graded com-
mercially within a certain range, as indicated by
the shot specification chart, now standardized
(Fig. 1) it will be apparent that the small sizes
may have a lower potential impact at a given
velocity.

Closely graded sizes are decidedly preferable.
The scatter on the intensity curve (Fig. 11) may
be due tc non-uniformity of shot mixture, bunching
of large small shot, variation in air pressure, or
variation in wheel speed, irregular shot feed, and
to some extent, variations in test strips. Excessive
shot volume or flooding in air blast, reduces shot
velocity, as indicated by Fig. 11, consequently gives
lower impact value. Likewise a reduced flow pro-
duces a higher shot velocity and a higher impact
value., Therefore, in processing a number of test
strips for each time period under supposedly uni-
form conditions, we may find some scatter in plot-
ting|the curve. This scatter may represent a number
of curves, high and low intensities. The average
representing the general trend, the usual acceptable
tolerance being about .003” in arc height.

Checking Peening Operations

From the foregoing it will be seen that the de-
termination of correct peening intensity requires

(Continued ‘on page 573)
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'Fig. 13—The test strip holding block
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Shot Peening Increases Life of Ma-
chinery Parts
(Continwed from page 557)

peening a number of test strips and developing the
intensity curve. A single test strip may be used
for the full range of exposure time by first peening
for a short time, measuring and reclamping in the
test strip holding block and processing again, and
again until the curve begins to level off. A number
of intensity curves may be necessary in order to
arrive at a desired peening intensity. After this has
been determined, and close regulation of the various
factors maintained, periodical processing of a single
strip for each critical area will provide the desired
check on the peening operation.

Removal of Cracked Shot

This is an important phase of the peening pro-
cess, in order to maintain uniform results. The
cracked shot should be removed continuously as
the shot mixture is returned for re-use. A good
high percentage of whole shot would be about
85% to 95%. Perfection in removal of cracked shot
has not been attained. Attempts at removal of the
cracked shot by screening, as employed in grading
shot, have encountered difficulties mainly in blind-
ing of the screens, particles lodging in the screen
mesh, consequently requiring frequent cleaning
which is too bothersome for production operations.
Even without the blinding, screening is not better
than 85% efficlent. The air wash separator de-
scribed in Fig. 14 is capable of maintaining a whole
shot mixture of 90 to 95%.

Briefly the separation of cracked shot from whole
shot in the air wash separator may be explained by
the simple fact that a stream of air or wind for
instance, acts on shot particles in proportion to
their mass, as a mild wind will carry dust or grains
of sand, but not pebbles. In the separator illustrated

the mixture of shot is caused to flow over an in-

clined smooth plate uniformly distributed over
the plate surface. The segregation phenomena in
this action cause the broken smaller particles to
flow underneath the larger particles and leave the
plate edge on the under side of the shot stream
and at lower velocity. A draft of air indicated by
the small arrows flowing through the stream of
segregated shot particles, forces the broken smaller
particles out of their path of flow into the trap, and
are thus removed from the mass of good shot.

The failure of shot in a peening machine is due
to a fracture from impact, instantaneously or from
fatigue after continued use. The chilled hard shot
has the ability to retain its round shape without
deformation under continued use until it is frac-
tured. This quality has its value in processing
hardened parts. The same chilled shot malleabilized
becomes more ductile and will withstand a greater
number of impacts before fracture. It may even
be reduced in size from repeated use. . This quality
has its value in processing parts of low hardness.
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Fig. 14—This air wash separator is capable of maintaining
a whole shot mixture of 90 to 95%

A secondary value is greater economy by reason
of longer life, less breakdown, etc. Broken shot in
the mixture has less weight, therefore, less impact
value at a given velocity, and serves no. useful
purpose. It further occupies space in the mixture
and tends to increase the time required to produce
the desired peen intensity.

By again examining the intensity chart, Fig. 11,
which shows some scatter, several curves may be
plotted through these points, the low points repre-
senting the smaller shot grains, or broken shot,
which may have colonized in the mixture and have
been applied to a particular test strip. It, therefore,
may be easily expected that a part processed with
a similar ‘mixture would show a low or high peen
intensity as compared with another part. Excessive
broken shot or fines in the mixture could produce
a peen intensity decidedly below the desired range.
Uniformity of shot size is, therefore, important.

(To be continued)
* * *

Taft-Hartley Bill Available In Chart
Form

“How the Taft-Hartley Bill Will Affect Your
Employee Relations”, a chart published by The
National Foremen’s Institute, Inc.,, Deep River,
Conn. Two colors, six columns; $1.00 (quantity
discounts). ’ '

This chart was prepared by the labor relations
staff of the Institute and is designed to help you
steer a clear and straight course through the many
technical aspects of the law. Prepared in chart
form, 16 by 22 inches in size, this guide explains
in simplified form the various issues raised by the
new labor legislation.
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PART II

media of air blast nozzle or the centrifugal
wheel it is collected in cabinet hopper by
gravity or by conveyor, thence to elevator and in
turn delivered to the separator, thence flowing by
gravity to a storage bin, the separator performing
the important function of removing the broken shot
and fines. The shot storage bin, usnally directly
below the separator, receives the shot and delivers
it by gravity to the shot projecting unit.
The capacity and design of storage bin deserve
careful consideration in order to provide a constant
flow, and to avoid excessive withholding of shot

AI-“I‘ER the shot has been projected through the

Pig. 15--Srorage bin for automatic continuous replenishing
of shot .

from use. Replenishing or adding of new shot to
replace worn and broken shot also deserves carcful
consideration. An automatic coutinuous replenish-
_ing system is possible and may consist of a rela-

tively small bin placed close to floor, as in Fig. 15.

This bin may hold a supply for one shift and be
re-filled at the beginning of each shift. The simplest
form of a shot replenisher is one which is controlled
by an overflow from the main storage bin, so ar-

Surix, Procsssinc sor Ocrousx, 1947

ranged as to maintain a constant level in main bin,
the overflow serving to stop the flow of new shot
and adding new shot st the exact rate of break-
down. Thus a small percentage of new shot is
mixed with the used returned shot, the system being
stabilized continuously. It requires no attention
other than re-filling.

A large capacity storage bin may also be used to
replenish new shot automatically without the sup-
plementary replenishing bin. In this case mew shot
may be put into cabinet hopper at the beginning ol
shift, the new shot being delivered to main storage
bin through elevator and separator, the separator

removing the undesirable fines and lrregular par-

ticles, if any are contained in the new shot. Im oper-
ation, the returned used shot is delivered to storage
bin on the top surface. The flow to outlets from a
bin is always from the top surface —- never from
the sides or bottom of bin. Thus the used returned
shot is continuously discharged first. As disintegra-
tion reduces the returned volume, the new shot

. stored in bin is gradually fed always from the top

PR T —

A0 co Rk

609




Fig. 17—Centrifugal wheel em-
ployed as a shot projectow.
Shot velochty varles according
to pucipheral speed of the
wheel

level. Thus the main storage bin may serve as a
constant replenisher of new unused shot and main-
tain a constant uniform mixture for use. Further,
since all shot in bin passes through the separator,
it is cleaned before use. Low level and high level
indicators are necessary. In a blast cleaning oper-
ation where coarse and fines are necessary, the
supplemientary replenisher is better, since it avoids
the period of using all coarse new abrasive after
re-filling.

Oversize storage bins simply store up a gquantity
of shot which never gets into circulation and may
easily amount to several tons. This condition may
be avoided by proper design and the use of the
automatic replenisher. :

Shot Projector — Centrifugal Wheel

Any good centrifugal wheel is a good shot pro-
jecting unit. Figs. 16 and 17 illustrate blast stream
and centrifugal wheel, respectively. The resultant
shot velocity is determined by the peripheral speed
of the wheel. The normal speed gives a shot velocity
corresponding closely to that produced by the
original compressed air (direct pressure) system
operated at 80 Ibs. P.S.I. The normal volume of
shot handled by the centrifugal wheel is about 10
times the volume handled with a 3%" diameter
nozzle, and in power consumption is relatively
about one-tenth. The delivery from the centrifugai
wheel is not a close concentration. Some of the
shot is not effectively used and, therefore, the usable
<hot ratio to the 34" nozzle may be only about 8 to
1. and the power about one-eighth.

A centrifugal wheel, operated with a 20HP motor
and handling 400 Ibs. of shot per minute; is equal
to ten (10) 34”7 diameter nozzies operating at 80
Ibs. P.S.1., requiring 1900 CFM and 200 HP. The
fan shaped delivery — Fig. 16 from the centrifugal
wheel is determined largely by the manner in which
shot is placed on the wheel vanes. A certain amount
of lag in delivery from the vanes is inevitable in
all centrifugal wheels This lag is commonly called
tail stream. Without this lag, it would not be pos-
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sible to produce a fan shape delivery, and we would
then have a more concentrated delivery or, in other
words, shot delivered in a sinall stream, whereas
the ian shape delivery is highly desirable. In most
applications, the fan shape delivery corresponds
to a spread as may be covered by the six (6) or
eight (8) 34" nozzles, spaced about 214" apart.

Surface Peening Machines For Production

The centrifugal wheel having certain known and.
more or less, definite qualities, it becomies desirable
to take advantage of these qualities and provide
means_for its effective and efficient use, and so.
also. with any shot projecting media.

In providing equipment for surface peening a
great variety of parts must be considered—

1. Gears — spur, all sizes; bexel, all sizes;
helical, all sizes.
Connecting ‘rods, various designs.
Crankshafts, various designs: :
Coil Springs — Compression, tension, all
sizes. Flat Leaf Springs, all sizes.
Gun parts, ,various shapes and sizes, -
Aircraft parts of various shapes and sizes.
Torsion bars.
Sucker rods, various sizes and lengths.
Steering kouckles,
10. Rear axle shafts,
11, Steering levers, and many other parts.
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Items 1 to 11 inclusive represent quite a variety
of parts which suggest there should be a machine
of more or less universal character so as to avoid
resort to highly specialized machines, one for each
type piece, and further designs for various sized
picees:

The multi-table machine is-equipped with a _cen-
trifugal wheel ‘monnted so _as_to project the shot
stream _against a single piece on table or a wulti-
plicity of pieces on table, and to give uniformi cover-
age and uniform intensity against vertical surfaces
as well as horizontal surfaces, fillets; ete, at any
position on table surface,
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When a work table of a certain diameter, say 247, Since the blast stream is applied at an angle oi

30” or 367, etc., is passed through a stream of shot 43 degrees to table surface and broadside to line
fromn the centrifugal wheel, it should be in such a of table travel, it will cover the table suriace as it
manner that the shot strikes all exposed surface passes through the stream somewhat like a wide

. uniformly. Since the work piece will have surfaces brush. If, on the other hand, the fan shape stream
parallel to table surface, other surfaces perpen- hould be applied parallel to line of travel, it will

merely blast a path equal to stream width across
table. i the work table is then revolved about one
revelution in each 27 of travel, the varions surfaces
will receive a blast of about equal impact and
imensity,  Fig, 18 illustrates  uniform  prening
through proper coverage. The work pieces illus-
trated at rim will all pass through the blast stream

dicunlar to table surface, and still other suriaces at
varions angles, the blast, thereiore, should be ap-
plied at an angle of 45 degrees to table surface,

‘ = Fig. 19A-—Closesup of table showing parts to be shot
Fig. 12--Multl-table installation utillzing centrifugal wheel puened
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PFlg. 20—8chematic design of table type shot peening unit
employing air nozsles

in cach stream position or any intermediate position.
Pieces at the rim of the table pass through the
blast more frequently than those near center. Picces
at center pass only once, but at a ‘slower speed.
Horizontal surfaces are blasted more frequently
and are, therefore, more intensely blasted. Fillets
may receive a perpendicular impact. A certain
amount of non-uniformity is inevitable but the
overall result is within the permissible range.

To consider the more correct and scientific appli-
cation, we find that the use of centrifugal wheel
stream becomes quite involved, and in many cases,
impractical. So also with the air blast nozzle,
which becomies quite involved, requiring more or
less elshorate machinery. As an example, a gear
having a number of teeth on which it is desired to
peen the root fillet, didendum radii, etc.; there is
no way of applying a perpendicular impact to all
of the various areas, and since there are numerous
types, shapes and sizes of gears the multi-table
45 degree sngle blast provides a very practical
and eflicient means for use of the centrifugal wheel
in a production operation.

Fig. 19 may serve to show the simplicity of
applying the centrifugal wheel to a variety of parts
in production. ‘

The characteristic of lag in delivery from the
centrifugal “wheel provides a shot stream of some
length (Fig. 16). The length is greater at increas-
ing distances from wheel rim, due to the diverging
angles. Thir streamn. length is of considerable ad-
vantage in most cases and particularly in its appli-
cation to the multi-table machine since it may be
applied to the table crosswise for full coverage of
auxiliary table surface (Fig. 17).

612

PHACELL RREORS
wonw

TamLy

i,‘ srennes Biw

I S ”m..
ELEVATION.
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Air blast nozzies may be applied in a similar
manner and it is, therefore, possible and proper
to take advantage of this unique discovery in the
use of air blast also. Refer to Fig. 20, which
diagrammatically illustrates a series of airblast
nozzies applied to the table type machine.

Numerous tests have been conducted in process-
ing a number of test strips arranged at various
positions on the auxiliary table and set at various
angles, etc., runniig a series at fast-to-slow rate,
and developing the intensity curves for each posi-
tion. See Fig. 21.

The variation in these curves is due mainly to
impingement angle. The curves have all begun
to level off at nearly the same point (at point of
saturation), which is the point of full intensity.

Air Blast Use In Surface Peening

There are two systems of air blast application—
(a) Suction or ‘induction principle; (b) Direct
pressure principle,

The suction or induction gun is a system in which
a jet of compressed air is fed to the gun-and blown
divectly into the nozzle orifice. The gun has a side
inlet. and, if open, outside air will be drawn in,
combining with the jet stream. and forced through
the nozzle. 1f a tube or hose is connected to the
side inlet and led to a shot hopper mixing chamber,
a certain amount of shot will be drawn along with
the air and also forced through the nozzle and be
projected as a blast stream. The jet size is normally
about 14 the diameter of the nozzle, and the shot
volume handled is normally about equal to the
volume handled through a nozzle cqual to the jet
size, The velocity of the jet stream is retarded some-
what by the energy used in creating the partial
vacuum in the gun and the induced air velocity may
be relatively low, giving a relatively lower velocity
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to the shot. This system is a rather simple hook-up,
and for this veason, is sometimes preferved. It con-
sists-of a suitable gun, an aiv supply tube or hose,
a shot supply tube or hose, a shot hopper and feed
valve with shotflow regulating orifice. A valve in
the compwessed air line serves to start and stop the
‘blast, and the blast muay be run continuously by
simply supplying air and shot. Peen intensities in
the low and wmedium rauges are possible up to
O15A2. ‘

The direct pressure system employs a pressure
tank from-which the compressed air and shot are
conveved through single hose to a nozzle. the air
and shot being miixed in a mixing chamber at the
tank. The shot is then accelerated in the nozzle
and attainsa higher velocity comparable to that
of the air velocity.

In either system the shot volume must be metered
through an orifice so-as to provide the proper ratio
of shot to air. A lean mixture will produce the
higher velocity and, consequently, produce the
higher impact and higher test strip arc. A rich
mixture may produce full intensity in less time,
but at a lower shut velocity and lower arc height
on the test strip.

The divect pressure systenemploys one tube or
hose through which air and-shot flow to nozzle. The
tank containing the shot is operated under pressure,
the shot flowing by gravity through the regulating
orifice in the mixing chamber and thence to the
conveying tube or hose to the mozzle. Shot is
admitted to the tank chamber ondy at atmospheric
pressure, at which time blast is stopped. The auto-
matic-continuous tank has two chambers; one above
the other, the upper chamber being exhausted to
admit a charge. at atmospheric pressure, while the

Srane

Plg. 2t--Method of detvrmining intensity curves
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lower chamber is under pressure and discharging
shot. When upper chamber is closed and both upper
and lower chambers are under the same pressure,
the lower chamber is refilled, thus providing con-
tinnous direct pressure blast:

The direct pressure blast provides for the full
capacity of the nozzle in shot voluse; and maximum
shot velocity proporiioned to air pressure supplied.
A multiplicity of nozzles may be employed with
the use of a distributing manifold running as many
as eight 348" nozzles fram one mixing chamber.
Shot volume 35 lbs. each, 288 lbs. per minute total.
At 80 ths. P.S.I. air pressure, the shot velocity will
be the maximum, approximately 250 ft./sec. The
air consumption will be_about 160 CFM each or

. 1,280 CFM for eight nozzles. The power con-

sumption-will be about 200 BHP. The peen inten-
sity at 90° imipact .020 to 025A2,

A comparable hook-up of induction type nozzle~
will be-

Shot volume through 14" nozzle, the most popular
size, 7/32" air jets,

Three to 1 or twenty-four (24) 14" induction
guns. Shot velocity about 150 ft./sec. Shot volume
about 10 to 12 Ibs. per minute each or 280 Ibs. total
per minutc, Air consumption about 1,280 CFM;
power consumption about 2000 BHP; and the peen
intensity at 90° impact .013 to .015A2, .

A comparable hook-up of centrifugal wheel will
be-m

Shot_volume 300 1bs. per minute; shot velocity
about 250 ft. per scecond, at normal wheel speed;
power consumption 15 BHP, and the peen intensity
at 90° impact .020 to .025A2.

( Continued un- page 638)

Fig. 22-8hot patterne fa centrifugal wheel shot peened
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Shot Peening Increases Life of
Machinery Parts
( Continued froo page 638)
as well as for the hard shot. Steel shot has been
used experimentally and found to be quite satis-
inctory, having longer life but is higher in first
.cost, and not available in quantity.

Shot Tester

Some progress-is-being made in providing a shot
breakdown tester. Standards of durability may now
be et up.

There will undoubtedly be several designs of shot
break down testers with somewhat different im-
pingement anvils.  This condition will be similar
to the variations in hardness testing machnes “as
Brinell, Rockwell, Scleroscope. ete.  Comparisons
of various shot grades may be miade with any one
tester, and-correlation charts may be compiled for
the various tvjres.

In the development of the shot breakdowa tester.
a mimature centrifugal wheel is considered ideal
(~ce Fig. 23). The small diameter bladed wheel
mav be run at speeds giving the same peripheral
velocity as the larger wheel and. therefore, produce
like velocities to the discharged shot, and corre-
sponding impact values. For maximum impact
value-the anvils would be such that the shot im-
pingement would be at %° or perpendicular to
the anvil surface. An angle less than 90° will pro-
dnce an impact value in direct proportion or as the
sime of the angle, as for instance, an impingement
angle of 0° would produce 9B.4% of the 90° angle.
From aralysis, it is impossible to provide this 90°
anvil impingement for all shot discharged from the
wheel: hkewise, it is impossible to always apply a
9 impingement in a peening process,

The use of one shot tester at a uniform speed
will give comparable results in shot durability of
Different makes or grades,

In testing <hot for durability and quality. a small
quantity such as 100 grams to 500 grams may be
used. This small quantity is run through the tester
at a wheel speed which produces the impact for
the size being tested, the broken shot to be screcned
out aiter cach pass. Successive passes and screen-
ing until 53¢ of the lot has been disintegrated will
indicate the average life of the shot. Several grades
oi shot may be compared with each other or may
bee compared with a standards chart.

In checking shot for quality. the wheel speed
Jonld be determined by developing the arc height
on the Aben test strips, using 500 grams of shot.
and plotting the intensity curve for each wheel
speed. The speed which produces a full intensity
of M9 to 021 will be correct for the size shot to
ne cliecked. A number of trials may be necessary
to arrive at the correct wheel speed.

One of the main hindrances to more gencral use
of surface peening is the dack of a closely graded
goosd shot supply. It is pointed out that wider shot
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tolerances may be used-with - good results in-aie
blast, but with more or less indifferent results in
the centrifugal -‘wheel blast. The use of the centri-
fugal wheel, being a more selfl contained machine
and ‘wiore-economical, it naturally -is preferred for
production operations. It is also pointed out that
a universal type machine employing the centrifugal
wheel may be used for applying surface peening to
a wide variety of parts, avoiding the necessity of
special designs for each particular part: It is further
pointed out that air hlast may be employed-in these
universal machines but vequiring a relatively high
compressed air demand. The varied- requirements
and technicalities involved indicate that competent
specialists are important in planning and setting
up a pricluction surface peening operation. The
continvation of the operation then becomes & matier
of training operators in the proper handling of
the work.

The resulting value of surface peening to a part
may be determined by ohserving and checking the
performance and endurance of the part in use. Short
range enduvance tests may also be employed on
certain parts, and thus secure an indication of the
resiilts to be expected from actual use

Surface peening in some cases may be considered
for finish. as well as peening. thus obtaining a
twofold result. * 0 &

H. O. Hill Elected President of the
American Welding Society

The American Welding Society has elected
Harold O. Hill as its president for the year 194748,
Mr. Hill will asswine that office on Friday, October
24, at the conclusion of the 1947 Annual Meeting
at the Hotel Sherman, Chicago,

Mr. Hill is assistant chief engincer, fabricated
steel construction, of the Bethlehewm Steel Company,
at Bethlehem, Pennsylvania. Bom in Ontario.
Canada. he was educated at the University of
Tovonto, from which he received the degree of
B.A. Sc. in Mechanical Engineering.

He commenced his engineering caveer with the
Riter-Conley Company of Pittshurgh, Pennsylvania,
fabricators of plate and structural steel. Here he
served in many capacities and was chief engineer
when this company was merged into MecClintic-
Marshall Company in 1916, when he became assist-
ant chief engincer of the ealarged company in
charge of the engincering on tank and platework.
When the McClintic-Marshail Co, was anerged
with the Bethlehem Steel Company in 1931 he
continued _his _same - duties with the Rethlehem
Steel Company.

Mz, Hill has held many offices in the Society
and has been on nsmerous important  conpmittens
during the 16 years he has heen a member of the
Sawiety. He is also a member of the A, P. L.
ASTM.ALEE A SCE.ASME.
A W. W, A a registered professional engineer in
the State ot Pennsylvania and past-president of
the Bethlehiem Rotary Club.
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