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SEUT-PLIING PRO LIRS FUR BLICAL
SOMPRECOSION SPRINGO

Jhe et U LS prucran Wi Lo debemine tie optimas soot-
peenioyt Droocsedures U ;.:mase the enaumace prupertia2s of nelical
mpression 8Priws.

IR 2D

Ae o w.Scovers of Jnotedeemninyr

Toer lmpruvenent LU fatipgue properties of metal components bty shot-
'w-e'1‘~" was disnovered oy accident and in connection wita compression
seroti's.  The process was originally developed as a tleaning operation and
was alled shot -blasting. Azxcording to J. O. Almen,l the beneficial effects
¢ snot-peening wern: {irst osserved by O. Burkhardt and J. P. Heiss who were
trying to improve tne fatlisue durability of valve springs. Broken valve
spriws were quite tammon in those days vefore peening. Burkhardt and Heiss
susp::ted that particles ot s:ale whizh adhered to the wire surface might
ne v cause of milures and rmquested that a special lot of springs be
tnereytnl dlenned. Wnen tle order was delivered, they were disturbed o
“int tnat all the sprim-e Wwere zruised ' and rowshened by the shot-blast .t
who cnonad neen used Lo clean tnem. Thowth they were dissatisfied with *he
appearnnce uf the sprinyts, taney proceeded to test these springs and werz
surprised Lo discover that they out-performed all previous spring samples.
Jernuse tnlis performance saomed incredible to the investipators as well as
o the sprine supplier tnat shoi-vlasting could improve spring life, thev
42 iyl Lo repeat the tests. Again, the shot-blasted springs proved
superior. The expression ‘shot-peening’ was introduced to distinguish the

ontrolled process for irprovement of spring life from the haphazard shot-
ulasting operation which led to the orisinal discovery.

In a short time, practizally all spring manufacturers were convinced
nat shot-peening could greatly increase the endurance propert:2s cof springs.
The practlcee of shot-peeniny then spread from the spring industry to other
industries in which faticae life of highly stressed parts is an important
considerntion. Jome academic groups were more dubious at first, but
eventually they recognized the beneficial effects of this practice; thus,
today, shot-peening is discussed in many textbooks on strength of materials.

3., Benefi-ial Bffects of Shot-Peening

Shot-peening improves the: fatigue durability of metal parts by the
alterine ot the surface layers in two different ways. First, the surface ot
the part :s cold-worked by the pelting of the shot particles and thus its

17. 0. Almen:, Zffect of Residual Stresses on Rolling Bodies, S.A.Z.
Preprint 467A, Jan. 8, 1962.



physical properties are improved. The second result is more important,
but not s8v oSbvious. It consists of prestressing the surface layers and
{nducing a residual coumpressive stregss witnin the material. This

rezidual stress will resist a subsequentiy applisd tensile stress and must
be counteractaed before the material can be stressed in tension; thus,

the load~carrying capacity of the material is increased.

C. Controlling Shot-Peening

The Almen strip is the basic coatrel tocl in shot-peening. It
measures the effect of peening by the curvature produced on a standarized
strip of spring steel which is peened on one side only. lolding fixture
and gage used for measuring the curvature are alsc standarized. This is a
very practical method, developed over 43 years ago by J. O. Almen of the
Research laboratories Division of General Mctors Corporation. Three
standard Almen strips are available that are designated I, A, and C witn
the following respective thicknesses: .031, .051, and .0938 inch.
However, all the strips have the same rectangular shape of 3.000 inches by
.750 ipchs. An intensity given as .N08A means that as a result of shot-
peening, the arc height (curvature) on an A strip will measure .008 inch.
An important consideration in shot-peening is "saturation”. A surface of
an Almen strip is considered saturated at a given intensity when addit-
ional peening produces no further appreciable curvature.

D. Proper Shot-Peening for Springs

Shot-peening procedures that would be most effective in prolonging
spring life have not been established. Generally, specifications of a
shot-peening process for a particular spring design depend mainly on the
discretion of the project engineer and without assurance that it will oe
the optimum process. The aim of this report is to determine cptimum
shot-peening manufacturing specifications for helical compression springs
of the type that are used in Armmy weapons. FEmphasis will be placed on shot-
peening of music wire springs since approximately 95 per cent of all small
arms springs are fabricated from this material.

DISCUSSION

A. Material and Test Procedures

The helical compression springs that were used in this prcgram were
fabricated fram the following spring tempered materials and given the
specified stress-relieving treatments.

1. Music Wire, QR-W-470
Wire diameters, .035 and .080 inch
Stress-Relieve-Heat at 450°F + 10° for 30 minutes



D0 atainless teel, o -Wesl$, Lmn. FoyR0
wire diameters, .35 ana . X a2k
Ltress-Relieve-Heat at o007 ¢+ 259 for 39 minutes

Four basic spring designs were prepared for this project. Desipgns
L and 2 were formed of .53» lnca wire and with sprirys indlees .2 6 and 4,
respectively. Desivas 3 and o wer tomed of L8 inen wire .ad with
spriny Inilizes of -y and 4 respe:livel;. Jomplete specificaticns for the
four spriny desirns are slven Inotae Appendiz. Deventy springs of each
des ot were vanr.catéd Promomusic Wire raterial. Also, seventy springs
wazn o sesirns 1, 3, and 4o wep: fabricated from stainless steel material.
~“ash wroup Of seventy springs was divid~Z into seven sets of ten springs
each and ziven the following shot-pe:aing treatments after the stresg-
relieving operation. Jet li:. 1 was selected as the control group and
rmeeived ne snot-peening.

oprings Joiled rum .35 Incin Wire

Sot o, Shot Size (Inch) Intensity {Arc Heisht)

L Jo shot-peening

o .07 LOLN =, 006N
" 07 .010N-. 012}
“ .00 .016H-.218N
5 .01l . Q0L - . 006N
6 L011 .010N-. 012N
o o1 .O16N-. 018K

Springs cciled from .080 Inch Wire

Set llo. Shot Size (Inch) Intensity (Arc Height)

1 €@ o shot-peening

2 .01 L O02A -, O0kA
3 011 . 006A -, 008A
L4 .01l .0l0A-.0124
5 L017 .002A-. OCkA
6 .0LT .00BA -. 0084
7 LOL7 .010A~. 0124

All shot-peening was perfommed with cast~steel snot of hardness R. 45-50
and in accordance with MIL-S-13165B.

A requirement of all wire material used in this program was that it nad
to be free from surface irregularities. Therefore, prior to coiling, the
material was examined thoroughly for surface defects with the use of a
microscope. No cracks or surface defects were observed and the material was
acce} ted for coiling. : After shot-peening, all springs °re preset by the
compression to solid height three times. Measurements zre taken and
recorded of the free height, load at assembled height, and load at minimum

operating height of all springs.



<
B T A <1 I A I AP R B S BB AT VR AL S LAY RSN ST SIILES S o (1 e2T]
el T SHrli,g Wers bes Ltient AophiLtatrann o a
LSt StrLnt o assenrler snl s e S Leesler Do SLowio o Lne Appendix.
Jestinut Wwn nl perrormed Lelwern uner stress, Levele U fH,00, psi |
and bl orate oL, oo Leeoperromante. However,
e ger DO LT, Lier SLYRSS ooniliions werns

s1ise uent Aled and the cycliic ravte wms increwseld to 1,205 rop.a.

. - .
e gt Hesults
L3 S VS

e springs fasricnted Iromomusi: Wire in oaccordane with esign 1
were tested at a rate o0 1,000 cumpressions per ninite oetween the nelgnts
ot 1. <7 inches and l.Z2s: .nches whi:n :orrespond to stress levels of
JOe ¥y sl oand 157,700 psi, respe:tively.  Hisht sprines of Jet 1 (o ontrol
“roup) br 42 After an average .U 181,475 cyecles. However, pmstlscaily all
the sprinets in Se=t 2 throwsr Jot U sustained 500,3%) cysles each and
nsurflizient test ddata were cenermtoed on which to draw iaferences as tc
th» optimum shot-peenin~ drocess. Therefoure, to obtain cmparative test
lata, 5 spriags that ral sustnined Y520, 00% scyeles oach were selected from
Jats 2 tarough [ for adiltional testiny. Test operating conditions were
~v.sed and made more sever: so as Lo nduce spring breaxase. The cyclic
rate was iancreased to 107%) compressicng per minute.  Partiermure, the
spriny Test heisnts on the rnrouse tester woere chanred to 2.%5X) inches
(), 1 psi) zmd 1.2 iaches (155, )70 psi), thereby appreciably increasing
the stress range throwsn which the spring must werx. Breaxage occurred to
all the music wire sdrings ot Oesiin 1 in the subsequent endurance testing.
Trst results ror this group are shuwn in Tabie 1 on the Append.Xx.

oesian 2 of gusic wire material was the second group of springs that
was nndurance tested. The initial test procedures for this group were
™vised to intensify the stress conditions to induce spring breskagce.

The sprinzs were cy:led tetween the heignts of 2.430 inches (20,000 psi)
and .8135 inches {155,000 psi), and at a rate of 1200 cycles per minute.
Test results for this group are cthown in Table 2 in the Appendix.

‘Test results for Desifns 3 and 4 of music wire material are showm in
Tables 3 and 4, respectively. Indurance testing for these two groups was
conducted between the stress levels of 29,000 psi and 135,000 psi, and
with a cyclic rate of 1200 compressions per minute. Note that many springs
of Desisn !t sustained 1,200,000 cycles without breakage. If a spring
sustained 1,000,000 cycles, it was considered to have indefinite life and
the endurance testing was concluded. However, to measure the relative
veneficial effect of the different shot-peening procedures, the average
life of springs in Dusign ' was computed by consideration of 1,000,000
cycles as the life of an unbroken spring.

In the endurance testing of the stainless steel springs, Design 1
was cycled between the stress levels of (5,000 psi end 150,000 psi, and at
a rate of 1200 cycles per minute. Design; 3 and L were cycled between the



stress levels of 20,0 psi and 133, %0 psi, and also at a rate of 1200
et per minute. The testing off 2ach spriny was concluced either at

Lreakaer or at the completion of 59),00) c¢yeles, whichever occurred first.
st results Obtained with the stainless steel springs are shown in Tables

9, U, and 7T in the Appendix.

The shot-peening treatments that were must effective in increasing
the life cf the nusic wire springs are shown in numerical order in Table 8.
It also presents data on which to base a comprehensive type statement as to
an vptimum shot-peening procedur=. The average life of each set of music
wire springs is listed in Teble 8 under its appropriate design group.
iuvwever, the average life for Set 1 of Design 1 is not included since all
the sprinns in this set had broken previcubly under moderate stress
ccnditions. Also, the shot-peening procedure that was applied is indicated
along the side of each set. A similar summary of the average life results
obtained in the endurance testing of the stainless steel springs is shown
in Table .

An examination of tne life values given for spring Designs 1 and 2 in
Tatle 8 shows that the most effective shot-peening treatment for music
wire of .035 inch is the one appiied to Set 2, i.e., a shot size of
.007 inch and an intensity of .OCHN-.006N. Note that the next most bene-
ficial treatment (Set 5) had the same intens ty of .OO4N-.0O06N, but a
larger shot particle. An inspection of the test data for Designs 3 and 4
indicates that the optimum shot-peening procedure for music wire of .080
inch consists of a shot size of .0l1l inch and an intensity of .00GA-.CO8A.
Again, note that the shot-peening process of the same intensity (Set 6) is
the next most beneficial one for Design 4 and practically sc for Design 3.

In a comparison of the designs of the same wire diameter, greater life
benefits were obtained from shot-peening with Design 2 than with Design 1,
and with Design 4 than with Design 3. This can be attributed to the Spring
index and the coil pitch which were much larger for Designs 2 and k4; thus,
better coverage was possible in shot-peening the inside diameter of the.
sprine. "Also, with regards to surface accessibility, note that the most
effective shot-peening procedure for each design involved the smaller shot
size particles which offered more open passage between the coils; thus,
better coverage of the inside diameter was attained. According to Henry O.
Fuchs and Paul E. Bicke1,2 a general guide is that the shot size should be
no larger than i of the smallest opening through which the shot must pass.

2Henry 0. Fuchs and Paul E. Bickel, "Shot-Peening of Springs,” Article in
Springs Magazine, May 1963
@
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Review of the stainless steel spring test data snown in Table 9 does
not indicate any reasonable alignment as was the case with the music wir:
results. A puzzling discrepancy occurg between Designs 3 and 4, in which
the shot-peening process of .01l inch shot and .0028-.004A intensity
ranks nighest for Design 3 and soorest for Design k. lHowever, shot-
peening does have a noticeable effect on the life of stainless steel
springs as is shown in Table 9. A minimum of a threefold increase in
spring life is gained even with the least effective shot-peening treatment.

Reasonavle inferences that can be drawn from the test data as to
optimum shot-peening procedures for sta:nless steel springs are given below:

For .035 inch wire - .007 shot, .OLOU-.C12M intensity
For .050 inch wire - .0ll shot, .010A-.012A intensity

CONCLUSIONS AID RECOMMEIDATIONS

affective shot-peen coverage of the inside diameter of helical
compression springs can be attained by use of the smallest size shot
particle that is practical.

The following shot-peening procedures are recormended:

For Music Wire Material

1. Wire size approximately .J35 inch
Stress rance of 20,000 psi to 155,000 psi
Shot size of .007 inen
Intensity - .COMN - 000

2. Wire size approximately .080 inch
Stress range of 20,000 psi to 135,000 psi
' Shot size of .01l inch
Intensity - .Q0GA - .008A

For Stainless Steel Material

1. Wire size approximately .035 inch
Stress range of 75,000 psi to 150,000 psi
Shot size of .007 inch
Intensity - .OlON - .012H

2. Wire size approximately .080 inch
Stress range of 20,000 psi to 138,000 psi
Shot size of .01l inch
Intensity - .010A - .012A
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SPRING SPHCIFICATIONS
D=GIGH NO. 1

WIRZ SIZE {IN.) civeeevavancscaonsasncanssansanaanas eevsesse 2035
OUT3IDZ DIAMETER (IN.) ...o..c... ceeeraeacas Cecerarenecaas ... 245 + ,005
TOTAL COILS teeevevnnnnacananns Ceeeieaes Ceereestirateeaaaan 30

TYPE OF ENDS vevevnnnonacenanenans Ceeeeaes Cereeseeencans <.« Closed and Ground
FRES HEIGHT, APPROX. {IN.) veeivencnnnnnes cereeecsarirseenss 2,65 (2.93)
MMAN ASSEMBLED HEIGHT (IM.) .vv.vne. Cieieseenacresanaanassss 1,966 (2.102)
LOAD AT MFAN ASSEMBLED HEIGHT (LB) .vevvevvnenn. N - Y
N:-xzzm-xu:.x OPERATING HEIGHT (Iie) vevevrneces ceoseerasssenasaess 1.243 (1.270)
LOAD AT MINDAUM OPERATING HEIGHT (LB) «vvevieerenenvaneenes. 12,0 + 1.2
LOAD - DEFLECTION RATE {LB/IN.) cvieeveecnsns ceereenen ceeee. 8.3 (7.2)
MAXTMUM SOLID HEIGHT (IN.) .ovevnnnn ceenaes tvestresesasesess 1,100

SPRING HELIX ..cvivennrencncas certrseteanns eveceennaesssncnns L. H.

VALUSS IN PARENTHESES APPLY OML: TO SPRINGS FABRICATED FROM STAINLESS
STEZL MATERIAL.



SPRING SPECIFICATIONS
DESIGN NO. 2

WIRE SIZE (IN.) veivieerencnosonncancanans tebesasceccnranes
OUTSIDE DIAMETER (IN.) ......un Ceettisssestcacrttrscatoaann
TOTAL COILS .evvcveccennnccns e ceeenccanna
TYPE OF ENDS tevvevscovncconnnscanns ceeennns
FREE HEIGHT, APPROX. (IN.) tiveeeevenrescnasnsssseccnsnsanes
MEAN ASSEMBLED HEIGHT (IN.} ciiiececonvssossesecasonncacns .
LOAD AT MEAN ASSEMBLED HEIGHT {LB) +sevvcvecssnconsnsnsssces
© MINTMUM OPERATING HEIGHT (IN.) cevevrcecsosncsssocacnocsons
LOAD AT MINIMUM OPERATING HEIGHT (LB) +veeveveececsacocenns
LOAD - DEFLECTION RATE (LB/IN.) seeeiecncocccncsscansaconan
MAXTMUM SOLID HEIGHT (IN.) ¢ivececencscosnssonnsascascccans

SPRING HELIX cevcvevvocesnssnccccnascssacsnasovonsessnsannnns

035

.350 + ,005
18

Closed and Groud
2.73 (2.97)
1.805 (1.901)
4.0+ .4

.876 (.832)
8.0+ .8

k.3 (3.7)
.680

L. H.

VALUZS IN PARENTHESFS APPLY ONLY TO SPRINGS FABRICATED FROM STAINLESS

STEEL MATERIAL.



SPRING SPECIFICATIONS
DESIGH 0. 3

WIR® SIZ2 (IN.) vevevnnnnn eceeseaceaneaaes

OUTSIDE DIAMETER (IN.) verivvennneseacncnsnanne cesanne

FREZ HEIGHT, APPROX. (IN.) «evcvvnn.
MEAN ASSEMBLED HEIGHT (IH.) vevrnvveees
LOAD AT MEAN ASSEMBLED HEIGHT (LB) vvverceccvecsoscascnncss
MINTARY OPSRATING HEIGHT (IN.) coveeeenn.
LOAD AT MINTMUM OPERATING HEIGHT (LB) civecccsesccnncncocsns
LCAD - DSFLECTION BATE (LB/IN.) .......
MAXIMUM COLID HEIGHT (IN.) vvevevennn.

SPRING HELIX ....... casenveses esescestsstesarsaraccessssnse

.560 + .007

15

Closed and Ground
2.73 (2.93)
2.070 (2.165)

27 + 3.0

1.405 (1.400)

54 + 6.0

b1 (36)

1.250

L. H.

VALUES IN PARENTHESIS APPLY ONLY TO SPRINGS FABRICATED FROM STAINLESS

STEEL MATERIAL.

10



SPRING SPECIFICATIONS
DESIGN NO. b4

OUTSIDE DIAMETER (IN.) svveevevernoscccscsscsnosscascnscnss
TYPE OF ENDS evuevvsoesasacscsconsossososnsssnssnssascsscas
FREE HEIGHT, APPROX. (IN.) teievevcecvacscneacesansacncanss
MEAN ASSEMBLED HEIGHT (IN.) tevvcvovecccscscsccasasossascns
LOAD AT MEAN ASSEMBLED HEIGHT (LB) coceceescenscnncncnnccns
" MINIMUM OPERATING HEIGHT (IN.) vvueveensnoccenesscscannnnens
LOAD AT MINIMUM OPERATING HEIGHT (LB) ceecevevsacoacennacen
LOAD - DEFLECTION BATE (LB/IN.) c.cecececcceccaccncssecaces
MAXIMUM SOLID HETIGHT (IN.) ceevececeonscoccasenccensonanans

SPRING HELIX .vcevecscetonsvansacosssasecsocacsosconcosnces

.080

.800 + .008
9.5

Closed and Ground
2.75 (2.95)
1.890 (1.957)
18.0 + 2.0
1.027 (.964)
36 + 4.0

21 (18)

.810

L. H.

VALUES IN PARENTHESES APPLY ONLY TO SPRINGS FABRICATED FHOM STAIMLESS

STEEL MATERIAL.
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TABLE 1, TEST RESULTS
DESIGN 1, MUSIC WIRE SPRINGS

Wire size = .035 In. Spring index = 6.0

Number of Cycles at Spring Breakage

Spring/Set Nrber

2 3 b 5 6 7
1 5%, 500 41,500 24,700 k5,100 36,400 54,200
2 50,600 3-,800 77,400 51,000 39,600 42,100
3 23,300 46,1400 25,500 36,400 37,400 41,000
A 84,400 27,400 36,900 60,800 148,500 38,500
5 52,400 39,600 30,800 52,100 k2,700 53,800

Average Number of Cycies:
5k, 040 37,5540 39,060 k9,080 40,920 45,920

NOTE: Above listed springs were previously cycled 500,000 times, each under
moderate stress conditions.

13




TABLE 2, TZ0T RESULTS
DESIGN 2, MUSIC WIRE SPRINGS

Wire size = .035 In. Spring index = 9.0

Number of Cycles at Spring Breazage
Spring/Set llumber
1 2 3 4 5 6 7
1 59,90 184,300 79,500 81,500 131,900 50,800 63,500
2 7,800 47,500 49,700 57,000 4,400 70,300 36,900
3 66,400 81,200 &5,200 67,300 66,500 66,700 103,400
L 56,900 99,200 53,100 65,200 60,600 74,800 61,200

5 56,700 105,700 88,000 97,900 59,200 78,500 73,000

Average lumber of Cycles:
63,540 103,640 67,300 73,780 78,500 68,220 68,600

1k

[



TABLE 3, TEST RESULTS
DESIGN 3, MUSIC WIRE SPRINGS

Wire size = .080 In. Spring index = 6.0

Number of Cycles at Spring Breakage

Spring/Set Number ‘
1 2 3 b 5 6 7
1 171,100 138,000 345,500 196,700 185,400 135,200 206,100

3]

185,500 142,600 478,000 197,500 315,200 220,100 230,700
3 121,900 228,400 311,600 190,800 164,100 231,300 379,100

L 114,500 116,200 216,000 116,700 297,700 462,100 241,500
5 123,000 160,000 364,000 159,500 155,300 206,500 223,100

Average Number of Cycles:
148,250 167,040 343,020 172,20 223,540 251,040 256,100
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TABLE 4, TEST RFSULTS
DESIGN 4, MUSIC WIRE SPRINGS

Wire size = .080 In. Spring index = 9.0

Number of Cycles at Spring Breakage

Spring/Set Humber
1 2 3 b 5 6 7

1 108,100 526,600 1,000,000% 770,500 478,200 1,000,000% 658,500

2 108,L400 1,000,000% 1,000,000% 1,000,000% 1,000,000% 1,000,000% 1,000,000%
3 79,500 375,000 1,000,000% 1,000,000% 1,000,000% 942,900 616,600
4 107,600 1,000,000% 1,000,000% 1,000,000% 299,700 1,000,000% 1,000,000%

5 103,300 1,000,000% 1,000,000% 1,000,000% 1,000,000% 1,000,000% 1,000,000%

Average Number of Cycles:
101,460 780,320 1,000,000 95%,100 755,580 988,580 865,020

*Endurance-testing was texminated upon completion of 1,000,000 cycles

1L



TABLE 5, THST RESULTS
DZSIGHN 1, STAINLESS STEEL SPRINGS

Yire size = .035 In. Spring index = 6.0

- Number of Cycles at Spring Breakage
Sprinp;/Set Number
1 2 3 I 5 6 7
1 25,800 500,000 203,600 500,000 148,400 73,400 86,600
2 107,000 212,600 500,0C0 173,000 261,900 396,500 500,000
3 47,100 92,000 82,600 491,100 321,1C0 95,000 500,000
4 55,300 211,400 394,300 438,000 191,300 369,300 40,000

> 38,500 351,100 475,000 97,700 96,000 500,000 213,500

6 * 227,800 500,000 133,300 88,100 156,300 500,000
' * 500,000 500,000 313,200 106,600 98,000 500,000
8 * 77,906 435,200 269,300 158,300 300,300 500,000
9 » * 500,000 482,000 151,000 217,000 500,000
10 * * 500,000 90,600 142,700 387,000 500,000

Average lumber of Cycles:
5%,720 271,600 409,070 298,820 166,550 259,280 384,000

*These springs were used to establish test conditions for the operating stress
levels and cyclic frequency.
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TABLE G, T=ST RESULTS
DESIGN 3, STAINLESS STEEL SPRINGS

Wire size = .080 In. Spring index = 6.0

Mumoer of Cycles at Spring Breakage
Spring/Set Number
1 2 3 L 5 6 7
1 45,300 495,700 352,500 429,000 0,000 370,800 370,800

2 36,800 291,800 270,500 396,000 81,300 324,500 369,700

3 30,800 500,000 500,000 500,000 500,000 317,600 353,100

4 37,200 500,000 500,000 412,500 229,800 46,400 500,000
5 37,200 500,000 346,600 500,000 500,000 394,700 302,400
6 39,400 500,000 307,600 410,000 500,000 314,600 416,200

47,200 5C0,000 463,000 LL4O,400 500,000 466,500 500,000

Ly

8 35,900 500,000 314,600 452,000 500,000 360,100 500,000

37,300 500,000 268,800 soo;ooo 500,000 387,600 389,900

O

10 36,100 500,000 349,300 475,00 500,000 5C0,000 497,000

Average Number of Cycles:
38,320 478,750 369,290 451,530 433,120 388,280 419,910




- Wire size -

TABLE 7, TuST RESULTS

D=SIGH L, STAINLESS STERL SPRINGS

L0890 In.

Spring index =

Humber of Cycles at Spring Breaksge

Spring/Set lumber '

1

-~ [OA NN ] £ ra

[64)

1C

Average lNumber of Cycles:

1

40,200

47,200
37,500
33,300
40,200
35,400
51,600

23,300

39,800

42,100

40,110

2
188,400

164,200
41,700
224,100
175,400
87,800
72,500
85,30
85,200

142,900

126,750

3
150,200

203,200
129,400
285,800
294,000
121,200
177,400

75,800
110,700

21,000

175,270

L
133,100

265,000
281,500
241,100
256,000
169,8c0
275,500
241,500
205,220

221,000

228,970

5
500,000

500,000
233,500
500, 000
330,200
500,000
280,000
486,200
269,700

216,400

381,650

6
194,500

182,200
163,700
229,000

92,000
20k,500
238,200
274,500
196,300

193,000

197,790

9.0

230,300
232,400
152,200
225,200
208,900
218,800
225,700
210,000
28¢, 400
23,200

. 223,310



TABLE 8, AVERAGE LIFE OF SPRING SETS

Music Wire Springs

o DiSIGN NO. 1

Set No. Average Life (Cvreles) Shot Size (In.) Intensity
2 54,040 .007 . OOLN-. 006N
5 49,080 L0111 . QOLkN-. CO6N
7 L5,%20 .C11 .016N-. 018N
) 40,920 .011 .010N-.012N
4 33,060 . 007 .C16H-.018N
3 37,500 .007 .010N-. 012N

DESIGN NO. 2

Set No. Average Life (Cycles) Shot Size {In.) Intensity
2 103,640 .007 . OOl4N-, Q06N
5 78,500 .011 . OOlN=-. 006N
4 73,750 .007 .016N-.018N
T 68,600 .011 .Ol6N-.018N
) 63,220 .011 +OLON-.012N-
3 67,300 .007 .O10N-.012N
1 63,540 Not Shot-Peened



DIZSIGH 0. 3

Set lio. Aversge Life (Cycles) Shot Size (in.) Intensity
3 343,020 L1 .O06A -, 0084
7 256,100 L0L7 L0l0A~-. 0124
6 251,040 .0L7 . 006A -, 00CA
5 223,540 OL7 s J2A-, 00kA
L 172,240 .01 .Cl0A-.012A
2 167,040 .011 . 002A -, O0LA
1 148,250 Not Shot-Peened

DESIGN NO. &4

Set HNo. Average Life (Cycles) Shot Size (In.) Intensity
3 1,000,000 .011 .006A -, 008A
6 988,580 L0L7 .006A~. 0084
b a5L,100 Nol ~010A-. 0124
7 865,020 .O0L7 .01CA-.0124
2 780,320 .01 . 0028 -, 004A
5 755,580 .0L7 0024 -, 00kA
1 101,460 Not Shot-Peened



TABLE 9, AVEFRAGE LIFE OF SPRING SETS

Stainless Steel Springs

DESIGN NO. 1

Set No. Average Life (Cycles) Shot Size {(In.) Intensity
3 Log, 070 007 .O10N-. Q12N
7 384,000 o011 .016N-. 018N
4 298,820 .007 .016N-. 018N
2 271,600 .007 .OO4N=-, CO6N
6 259,280 .01 .O10N-. 012N
5 166,550 011 .OO4N-. Q06N
1 54,720 Not Shot-Peened
DESIGN NO. 3
~Cet No. Average Life (Cycles) Shot Size (In.) Intensity
2 478,750 S0 .002A-. OOHA
b 451,530 Noikl .010A-.012A
5 431,120 Noks 0024 ~, 00kA
7 419,910 ~OL7 .010A-. 0124
6 383,280 Q17 .006A -, 0084
3 369,290 .01 .006A -, 0084
1 38,320 Not Shot-Peened



DESIGN MO. 4

Set No. Aversge Life (Cycles) Shot Size (In.) Intensity

5 381,650 LOLT7 . 0028 -, OCkA

Ty 228,970 011 .010A-.012A
T 223,310 .017 .0l0A-, 0124
6 197,790 «017 .006A -, 008A
3 175,970 a1 .006A -, 008A
2 126,750 .01l . CORA -, 00kA
1 40,110 Not Shot-Peened
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