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XPERIENCE with cut-wire shot for peening auto-
mofive chassis springs reveals these sdvaniages
fof the mat;erial

1. tisan ideal peening material from
the st uniformity of physical properties,
size and life,

2.1 e in many sizes and ean be pur-

chased in production guantities from different

peen ;
many of the objecﬁona to stmt &. It allows
greater control of the process. It should result in
& new attitnde toward peening and probably will
make possible many new applications. |
6. It is possible that with improved equipment
additional changes in the chemical analysis and
puysical properties of cut-wire shot will allow a
further fmprovement in shot peening costs,

Cut-Wire Shot. Described

Cut-wire shot is made from MB hard-drawn me-
chanical gpring wire. This wire 1s drawn to con-
trolled physical properties and is the stage in wire-
making just prior to ofl tempering or annealing.
The chemical analysis of this material will vary
with the wire size. This chemical analysis is as
follows:

Carbon 0.45/0.70
Msanganese 0.60/1.20
Phosphorus  0.045 max.
Suilfur 0.050 max,
Silicon 0.10/0.30

The shot i made by eutiing the wire Into lengths
which are egual to the dismeter. Up until the pres-
ent time most of the experience hag been shot made
from 20 gage (0.0348 in. + 0.001) wire, slthough
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larger and smaller sizes are avallable. The experi-
ence has also been confined to the haxd drawn type
of ‘wire, although the wire 18 avallable in the an-
nealed or oil tempered condition,

The wire is purchased on tensile atrength snd we
specify 261,000 to 301,000 psi. Although the wire
cannot be purchased to a hardness specification,
our experience has been that the hardness is uni-
formdy between 45 and 50 Rockwell C.

As supplied, the shot has sharp edges which make
the new material quite abrasive. With new appi-
eations it is necessary to use a break-in period to
remove the sharp edges. The cut-wire in our first
application was blasted against serap in the peen-
ing machine for 4 hr before starting production.
In additional applications we have diluted the new
shot with used cut-wire shot from the first spplica-

" tions. The necessary day-to-day additions of new

shot are very small and cause no particular difm-
culty. For jobs where there might be more severe
surface regquirements, such as peening aiveraft
paris, it might be desirable to buy conditioned shot;

In use, the cut-wire shot deforms into a spherical
shape of uniforim size. Its value for peening lies
in the fact that it can be purchased In a uniform
size with controlled physical properties, It main-

tains size during use, and has remarkable life.

For comparison, Fig. 1 shows new 8330 chilled
cast-iron shot and new cut-wire shot.

Test Description

The coil suspension spring peening application
was selected for the initial tests on cut-wire shot
because this was Buick’s major shot peening appH-
cation and very complete shot usage and mainte-
nance costs were ‘available over several years' ex-
perience with chilled cast-fron shot. Table 1 gives
the operating conditions for both chilied cast iron
and the cut-wire test.

As shown-in Table 1, changes were made in the
operating conditions to accommodate the cut-wire
shot. The wheel speed was reduced from 2000 rpm
to 1775 rpm because of the increase in the average
sive of the peening particles. With the lower wheel
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speed and larger size of the peening particles, it was
found necessary to force-feed the shot into the
wheel by means of an air jet. The air jet idea was
worked out by Chevrolet Gear and Axle; by its use
the pounds of shot per minute delivered to the
wheel were increased from 145 to 300.

Before the test was begun, the machine was re-
conditioned and the chilled cast-iron shot was re-
moved from the system. It has never been practi-
cal to remove every last trace of peening shot from
a peening machine for this type of test and there
was a slight carry-over of chilled cast-iron shot in
the cut-wire shot test.

To maintain records, a form was furnished to the

shop to record information on operating conditions-

and control. These forms were completed dally,
and were in addition to records kept by the produc-
tion department.

At the start of the test, 1500 1b of cut-wire shot
were added to the equipment described in Table 1.
Scrap was placed in under the wheels and the ma-
chine was operated for 4 hr without conveyor travel
to round the sharp edges of the shot. After this
break-in period, production was begun. Because it
was necessary to add additional shot to fill the cavi-
ties of the machine, it was decided to mark the be-
ginning of the test when the quantity of shot added
to the machine represented only usage. This con-
dition was reached in seven days. During this
seven-day period, the shot was rounding although
the springs showed & good surface from the
beginning.

Arc heights, Faxfilm impressions of the peened
surfaces, and shot samples were taken periodically

in addition to the normal control of the operation.

This test was continued for 65 two-shift days, when
the machine was shut down for overhauling.

Shot Behavior in Breskdown

As a part of the investigation of cut-wire shot, it
was considered desirable to determine what pattern
was followed in the breakdown during use. Exten-
aive sampling during the first part of the test fur-
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Peening automotive chassis springs with cutcwire shot has
improved quality -and _lowercd eests, says Miller: in this
article, based on s paper he presented st & recent meeting
of the SAE Shet Peening Division, of tha SAE fren & Steol
Technical Committee,

He notes that peening hes been g costly and compara-
tively uncontroflable: operation  because of excessive peening
shot wsisge, shart shot fife, farmation of grit which prevents
contied-and makes for high maintenance cests, and fack of
size uniformity and quality of shet ss furnished,

Results of tests with. shot made from herd drawn wire, '
datailed bere by Mifler, indicate that the waw material
overcomes these drawbacks.

nished samples that shiow the method of rounding,
Sampies taken periodically during the test show the
tendency to maintain a uniform size. The photo-
graphs in Fig. 2 illustrate the progressive cold work~
ing of cut-wire shot.

The new material, as shown in Fig. 24, is added
to the peening machine. In this stage the particles
are quite uniform in size. -The wire gage is within
a =+ 0.001 in. tolerance. Judging from expexience to
date, it appears that the length of the particles can
be maintained well within -+ 0.0035 in., the figure
used in the Buick specification for cut-wire shot.

As received, the material hax sharp edges which
will abrade the work and machine in an undesirable
manner if the new shot is added in large guantities.

Fig 1—A smpfa of new cutowira shot, 0.095 in. (left) compared with
" maw-chifted castsiron ﬂm sixe $330. Both are magnified thees timey




Table 1—Operating Conditions for Shot Peening Tests

Material

Coil Spring Material
Material Size

SAE 9260
Varying with application (0.568-0.725-in. di-

ameter)

Sequence of Processing

Heat in walking. hearth furnace--Coil-—Fix-

ture Quench—Temper--Shot Peen-—Load Test
(Breakdown solid, compress to specified length
and measure load.)

Average Hardness of Coil Spring. . .. .. 51 Rockwell C
Weights of Coil Springs .............. 9 to 13.5 b (approximate)
Equipment
‘Type of Peening Equipment .......... American Wheelabrator Equipment Corpora-
tion
Production ......................... 450 springs/hr/machine
Number of Wheels ... ............... 2
Diameter of Wheels ................. 19% in.
Widthof Wheels ... ................. 1% in
Distance of Wheels from Nearest Sur-
faceof work ........................ 15 in.
Work Rotation ...................... 54 rpm
Conveyor Speed .. ................... 17.14 fpm
Peening Shot
Chilled Cast Iron Cut Wire
Size of Shot Added .......... 230 and 330 (approxi-  0.035-in. diameter x
mately 50% of each) 0.035-in. long
Shot Flow ................... 145 1b per min 300 1b per min
Wheel Speed . ................ 2000 rpm 1775 rpm
Shot Consumption/Spring .... 0.134.1b 0.013 Ib
Arc Height .................. 0.0166A2 average

0.0155A2 average

To take care of this difficulty, the shot must be con-
ditioned on new applications before production is
started. Fig. 2B shows what happens to the shot
during a 4-hr conditioning period. The remaining
photographs in Fig. 2 show the progressive rounding
of the shot by hours up to 141 hr and show the
condition at 7, 28, and 68 days.

These photographs were taken of unscreened
samples which were secured from material being
delivered to the wheel of the peening machine. An
effort was made to clean the machine of all chilled
cast iron before the test was begun, but note the
presence of chilled cast iron in Figs. 2B, 2C, and 2D.
Chilled cast-iron grit in small quantities was found
in shot samples very late in the test.

To determine what happened to the cut-wire shot
in breakdown, a sample was screened and the mate-
rial retained on each screen was mounted, polished
to expose the cross-section, and photographed.
These photographs are shown in Fig. 3. At first it
appeared that the cut-wire shot developed holiow
centers as it wore to smaliler sizes and the shot re-
sembles hollow chilled cast-iron shot. A closer ex-
amination, however, explains this phenomenon.

A micro-examination of the shot in Fig. 3 shows
that the shot retained on the 0.033-in. screen; Fig.
3A, has been cold worked to a depth of 0.002 to 0.003

in. below the surface. This material does not show
the presence of “hollow” shot. The shot taken off
the 0.0197-in. screen has received considerably more
cold work. Sections cut through the center of this
shot show cold work extending from the surface
to the center. .

Other shot from this group is ragged and torn at
the edges, with voids in the center which give the
appearance that the centers pulled out. It is appar-
ent upon closer examination that these hollows are
caused by the edges of the broken particles peening
over in a secondary rounding. On looking at a
plane through this peened-over section in which
the sample was polished, it appears that shot is ac-
tually hollow at the center, but the hollow is very
shallow. _ :

Fig. 4, which is a photograph of the shot used for
the cross-section in Fig. 3C, clarifies this explana-
tion further. The peened-over edges can be seen
very clearly in many of the particies.

The shot taken from the pan, Fig. 3G, is very
heavily cold worked and is either very irregular in
shape or appears like splinters that have chivped
off as the shot was wearing down, This sample
contained a considerable amount of chilled east-
iron grit.

Figs. 5A and 5B show etched cross=sections of cut-
wire shot in two stages of cold work. The rounding
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While some of the shot
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seems to have developed
hollow centers, thisoppear-
ance is exploined by Fig. 4




Fig 4—This is a p!mtazrap!i of shot from Fig. 3C, magnified. 10 times,
The edges of broken particlas, neened over in a secavséary rounding,
shown here, account for the “hollow” shot in Fig. 3

of the shot is apparently a combination of cold de-
formation and breaking off of the cold-worked
edges. Fractures in the shot start at the surface
and the shot breaks in the direction of the grain
flow lines. We have not been able to find internal
ruptures in the cold-worked. shot.

Although the surface hardness of the shot may
be increased in hardness considerably by use, we
have found no method of determining what the in-
crease might be. However, hardnesses taken on the
cross-section of the used shot have shown no more
than a one point Rockwell C increase. The method
and control of cutting wire shot will undoubtedly
have an influence upon the performance. An effort
will have to be made by the manufacturer to cut
the shot with a minimum amount of deformation
and without the formation of shear cracks.

It is our practice to life-test a sample fromn each
shipment and we believe that such a test should
become a part of a specifieation for cut-wire shot.

Test Results

Before shot peening was used, the Buick coil chas-
sis springs were made from four-pass ground bars.
This amount of grinding was believed necessary to
eliminate surface defects. The fatigue life aver-
aged less than 100,000 cycies. With the introduc-
tion of shot peening it was found possible to use
one-pass ground bars. In addition to the reduc-
tion in the amount of grinding necessary, it was aiso
possible to reduce the amount of material in the
spring. The fatigue life increased to an average
life of slightly less than 500,000 cycles using chilled
cast-iron shot. )

With cut-wire shot and the conditions as out-
lined, the fatigue life has been incressed to a life
in excess of 1,000,000 cycles. Our tests are discon-
tinued at 1,000,000 cycles when no breakage occurs.
With this improvement in lfe it may be possible
to make further savings in processing costs.

The extent to which a surface 18 covered with
shot impressions or coverage has a bearing on the
quality of the peening job. But the extent to which
& peened surface is covered with impressions does
not necessarily indicate the amount of compres-
sive stress introduced.

In the past, even with the use of separators, a
considerable variation in the size of the peening
material was encountered. This variation .ranged
from control of the size as purchsased, by means of
separators, to no control other than by dust collec-
tor. In the latter case visible coverage is better,
but the peening job is probably not as good.

The ideal situation is probably to have 1009,
coverage with a shot of uniform size. However, if
satisfactory minimum fatigue life can be obtained
with a lesser coverage, it is a waste of money to
specify the ideal condition. We do not peen for ap-
pearance, but to secure a satisfactory service life for

Fig. 5—These crcss«sacﬁaas of cut-wira shot, etched in 5% Nital, show cold working of the surface. They are magalﬁed 100 times. “A™ shows
slightly used cutvwire shot. and. that in “B" is used cutswire shot
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Fig 7—Faxfilm impression of

the same surface shown s

Fig. 6 (a coll spring pecned
with cwt-wire shot)

the part. Each application must be proved on its
own set of operating conditions.

Because of the greater average size of the cut-
wire shot it was necessary to increase the shot fiow
to secure coverage. Visible coverage is probably
reduced from that obtained with chilled cast-fron
shot because of the large percentage of small par-
ticles present. No attempt other than test has
been made by Buick to use the shot separators
either with chilled cast-iron shot or cut-wire shot.
The percentage of fines using cut-wire shot is very
small and we believe the dust collector is an ade-
quate means for maintaining clean shot.

Fig. 8 shows a photograph of the surface of a
Buick coll spring peened with cut-wire shot. Fig.
7 shows a Faxfilm impression of the same ares,

Shot Usage

In this test, cut wire shot nsage was approxi-
mately one-tenth of the usage experience with

50

Fig. 6—Surface of & Bwick coll
spring ~peened -with  ewt-wise
shot, magnified 10 times

chilled cast-iron shot. A large percentage of shot
is lost through waste during the peening operation,
It is difficult to determine the percentage lost by
waktage; but it can be seen from a comparison of
the results found with shot testing machines with
production results that shot losses must be a great
percentage of the usage. Cut-wire shot will show
an advantage of 250 to 300 to 1 over chilled cast
fron shot in the test machine, but production ex-
perience shows an advantage of only about 10 to 1.
It is true that in a production machine the shot
has many impacts per cycle but this eannot account
for more than a small part of the difference in re-
sults. In peening coil dhassis springs the éarry-out
losses are at a minimum; but despite efforts to
stop Jeakage to the outside, there was considerable
shot on top of the machine and on the floor in the
immediate vicinity of the machine. - This shot was
returned to the maechine as well.as epuld be done
_practically. It is certain that much work must be
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Table 2—Cost Comparison of

Chilled Cast-iron and Cut-Wire Shot for Peening

Chassis Coil Springs

Number of Springs Shot Peened®
Bags of Shot Used—100 Ib per Bag
Shot Cost pexr Tont

Number of Springs per Pound of Shot
Shot Cost per Spring

Average Arc Height—Almen A2
Maintensance Labor

Maintensnce Material

Maintenance Cost per Spring

Total Cost of Shot plus Maintenance
per Spring

Chitted Cast- lron Shot Cut-Wire Shot
1,000,000 1,000,000
1342 131.97
$110.00 $400.00
T.45 5.9
$0.0073 $0.00258
0.0158 in, 0.0168 in.
$687.14 $408.93
$2994.33 $1451.37
$0.00366 $0.00195
$0.01008 $0,00450

* The actual number of springs compared was 1,000,528 for the chilled cast-iron
shot and 447,076 for the cut-wire shot. The comparison was made on the basis of
1,000,000 springs for esse in reading the table,

t This is not the current market price for either material, but representa cosls at

the time that the test was carried out.

done with peening equipment so that shot can be
used to obtain the benefit of the longer life that is
being developed.

A sample of the shot was taken daily from the
machine for screen snalysis. This sample was
taken from shot being delivered to the wheel and
was taken at the same time every day. The period
when the sample was taken was 8 hr of operation
from the time that the last shot was added to the
machine. No samples were taken for screen anal-

.ysis during the first seven days of the test.

The size was found to remain uniform throughout
the 80-day period charted and the size is stabilised
“from the seventh day on. The amount of shot
added to the machine each day sfter the tenth was
100 Ib. Screen analysis showed that an average of
80% of the material being delivered to the wheel
is maintained on the 0.033-in. screen. About 15%
18 retained on the 0.028-in. screen, and more than
98% 1s retained on the 0.033, 0.028, and 0.023-in.
screens. : :

There is a marked decrease in machine mainte-
nance costs when cut-wire shot is used. This is
explained by decreased hardness and absence of
sharp grit in stabilized cut-wire peening material,
The machine used for this test ran approximately
twice as many springs before major overhaul was
necessary than was experienced with chilled cast-
iron shot. Blade life was at least 10 times as good.
Other machine parts showed a decrease in replace-
ments. '

Coat Advantage

Table 2 shows a cost comparison of chilled cast
“{ron and cut-wire shot for peening chassis coll

~ springs. The comparison was made on the besis of

1,000,000 parts. ‘The savings possible using cut-wire
ot, depend upon the application. Tha cost ad-
vantages over other peening materials are explained
_ by its long life which reduces usage, and handling
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costs. Because of the physical characteristics of
cut wire shot, maintenance costs are reduced con-
siderably. In addition to these savings in operation,
an improved peening job is secured, and it may be
possible to increase stress and thus make productive
materinl savings.

Because of the greater initial cost of cut-wire, it
is necessary to investigate each new application
thoroughly and to reduce wastage as much as pos-
sible, both from carry-out and loss through the ma-
chine, Because of the greater tendency to main-
tain a uniform size, it will generally be possible to
reduce wheel speeds and thus secure an sdditional
advantage in the reduction of shot usage and main-
tenance costs. ‘

New Cut-Wire Shot Uses

At present; Buick has three chassis coil spring
peening machines operating with cut-wire shot.
Another interesting application that is now in pro-
duction is the cleaning and stressing of the inside
surface of the Dynafiow brake bands with cut-wire
shot. This operation was previously carried out
with chilled cast<iron grit. The usage was de-
‘ereased from 6000 1b of grit per week to 60 1b of cut-
wire shot per week. Maintenance costs were re-
duced by an estimated 80%.

The Buick axle shaft is being cleaned with cut-
wire shot. Although this is primarily a cleaning
operation, some benefits are present from peening.
This is in the testing stage.

Arrangements are being made to blast the Buick
Because it 1s
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