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i ichir~ Terztoko, Tadashi Saitoh, 
Takashi Ysanaglhinra 

Suncall Gorp. 

The peening of fine steel beads with diameters less than 
80ym (referred to as SS Treatment in this paper) on the 
surface of nitrided and then lconventionaify shot-peened 
(with O.Fmm diameter cut steel wires) high-strength 
helicai springs made from developed high strength valve 
spring wire, was found to effectively improve spring 
fatigue strength. This improved fatigue strength is rnainiy 
the resuit of very high compressive residual stress 
caused by work hardening of the spring surface layer 
without inducing deleterious surface qualities such as 
harmful surfam micro-fisuring or surface roughness. 

The effect of the SS Treatment on the fatigue strength 
of non-nitrided high-strength vaEve springs made of high- 
strength oil tempered wire for valve springs has already 
been reported by the present authors [I]. In that paper, 
bombarding steel beads with a nsmina! diameter of 
50pm and an average hardness af HV 860 (SS 
Treatment) following conventional shot-peening using 
cut steel wires with a 0.6mrn diameter and a hardness of 
HV 558 on the surface of nosl-ntrided high-strength 
valve springs made af the developed high-strength oil- 
tempered SOTHN valve spring wire [I], was reported to 
be very effective in improving valve spring fatigue 
strength. 

by other researchers. in a paper by Q. Nakano et a1 121, 
cut steel wires with a diameter of 0.25rnrn and a 
hardness of HV 800 was used as the media for second 
stage shot-peening after first-stage shot-peenmg with 
0.8rnrn diameter steel shot particles. Ira another study by 
T. [tah et al [3], cemented carbide particles with a 

diameter of O.lmm or B.2rnm and a hardness sf HVf400 
and ~ouad  cut steel wires with a diameter of Q.25mm 
and a hardness of HV800, were used as the media for 
second-stage shot-peening of nitrided high-strength coil 
springs. In that study, the highest fatigue strength was 
obtained when cemented carbide shot particles with a 
diameter of 8.1 mrn was used in the second-stage. 

in this study, the effect of SS Treatment on the various 
properties of gas-nitrided (hereafter, referred to as 
nitrided) and conventionalfy shot-peened helical springs 
made of high strength SOWN wire was invest~gahed. 
This paper first describes the effects of second-stage 
shot-peening particle size inciuding the effect of SS 
Treatment on the residual stress and hardness 
distFibutions of gas-nltnded and Wa-stage shot-peened 
high-strength SOTHN wire springs. Then, causes of the 
resultant improved ccsmpaessive residua[ stress and 
surface layer hardness of the conventionally shot- 
peened (as first-stage) and SS-treated (as second- 
stage) high-strength nitrided springs are described 
based on the X-ray diffraction peak braadenlwg (half 
vaiue width), transmission electron microscopy eIc. The 
improved fatigue strength of the nitridex!, conventionally 
shot-peened and SS-treated high-strength SOWN wire 
helical springs is further reporte compared with the 
nitrided and conventionally shotpeened high-strength 
SOYWN wire helical springs. Moreover, using a newly 
developed high-strength oil-tempered SBTHS vdve 
spring wire which has better nitriding characteristics than 
SOWN wire, valve springs were made. Fatigue test: 
result of the nitridsled, conventionally shot-peened and 
SS-treated SOTHS valve springs is described briefly. 
Finally, an applicaaon of nitrided, canventionaliy shot- 
peened and SS-treated S0THS helm! springs, which 
are 57% lighter than non-nitrided chromium-sificon oil- 
tempered wire springs, used as car. transmission 
acctsmuiakr springs, is repcsfied in brief. 



WIRE AND SPRINGS USED FOR Ur,PERIMENTS -- 
The 3.19mm diameter high-strength valve spring wire 
(SOTHN) used for this experiment is the same as that 
used in the previous paper [I] The wire's chemical 
composition is shown in Table 7 .  The tensb strength of 
as-oil-tempered SOTHN wire specimens was 2091 MPa 
and its tensile fracture area reduction was 51.5%. The 
helical springs used for the experiment were processed 
from the high-strength valve spring wire mentioned 
above as follows; cold coiling, stress-relief tempering at 
708K for 2Omin, spring seat grinding, descaling, nitriding 
at 703K for 180rnia, first-stage shot-peening and low 
temperature annealing at 493K for 2Qmin. As the first- 
stage shot-peening, an impellar type machine was used 
and cut steef wires with a diameter OF 61.6rnrn and a 
hardness of HV550 were bombarded on spring surface 
at 73mlsec for 40min. This is referred to as conventional 
shot-peening in this paper. The spring dimensions are 
described in Table 2. 

- *- Beads with 20011 m 

-2500 
0 0.1 0.2 .3 

Depth from surface mm 
Fig. 4 Effect of second-stage shot-peening bead size on 
residuai stress distsjbution 

RESIDUAL STRESS AND HARDNESS 
DISTRIBBlTlQNS - Residual stress distributior~s of the 
prepared springs were measured by X-ray didfraction 
(25?)a peaks using chromium K a  X-rays. Hardness 
distributions of these springs below the surface were 
also measured. Figure 1 shows the effect of the steer 
bead size on the residual stress distribution near the 
silPPace. As the figure indicates, steel beads with a 
norninat diameter of 50pm yielded the highest 
compressive residual stress at the spring surface. The 
micro-hardness distributions measored are plotted in Fig. 
2, The highest hardness nearest the spring surface was 
achieved M e n  stmi  beads with a nominal diameter of 
5Qpm were used for second-stage shot-peening. 

Tabte 1. Chemiimf cornpasition of high-strength SOTMN 
wise, 

Tabk 2. Dimensions of helim! springs tested 

Active number of coils 4.5 turns i 7 1  

FINE STEEL BEADS AND APPARATUS FOR 
SECOND-STAGE SWOT-PEENING - The nitrided high- 
strength springs described above were shot- 
(second-stage) with steel beads with a nominal diameter 
of 50pm or 2061 pm and a hardness of around HV850 for 
20min. The apparatus used for second-stage peening 
experiments was art air-blast type machine that uses 
compressed air to propet the sho";beds. The air 
pressure in the nozzle was controlied at 0.4MPa or 0.5 
MPa. The apparatus was a SGK-L type machine 
manufadured by Fuji Seisakusho, Tokyo. Test wrings 
placed into a rotaiy basket in the machine were rotated 
automatieaDly while shot beads were bombarded on the 
spring surface. 

Free height Q 0.1 0.2 0.3 
Depth from surface mm 

Fig. 2 Effect of sewnd-stage shot-peening bead size on 
hardness distribdion (HV, bad: 2.WN) 

50mm1 
SURFACE LAYER 

SPECIMEN PREPARATlON AND METHOD QF X-RAY 
- To measure X-ray digraction peak half 

value widths from the surface layer of as-nitdderli wires 
and as-shot-peened wires, straight SOWN wire 
specimens were prepared. The wire specimens cut into 
applraximately 60cm length were each dipped in a 
hydrochloric acid solution to remove surface scales. As 
a result of this treatment, the wire diameter was reduced 
to mound 3.17rnm from 3.19mrn. Desmled spedmens 



were then nitrided at 7QBM for 180min. Some of the 
nrtrided specimens were then dipped in a hydrochloric 
acid solution to remove campound layen (surface layers 
composed of iron nitride) on the surface, reducing the 
wire diameter to 3.16mm from the initial 3.17mm. 
Consequently, the wire was compkPe$y stripped of 
surface mmpound layers, leaving only the nitrogen 
enriched hyer (nitrogen diffusion layer). As-nitrided 
specimens and the compound layer removed n~trided 
specimens were then conventionally shot-peened as 
described previously. Some of the conventionaIb shot- 
peened wire specimens were further SS-treated using 
50pm nominal diameter steel beads for 20min. The air 
pressure in the nozzle was controlled at 0.4MPa. Copper 
Ka X-ray was used at this stage to determine the 
characteristics and properties of the thinnest wire 
surface layers (less than 1Qpn thickness). 

EFFECT- OF MITRiDING AND SWQT-PEENING ON 
THE MICROSTRUCTURE OF THE WIRE SURFACE 
LAYER - The X-ray diffraction spectrtra from the surface 
of the as-nitridad wire specimens (A), as-conventiotlafly- 
shobpeened (nitrided and then conventionally shot- 
peened) wire specimens (Bf and as-SS-treated (nitrided, 
conventionalty shot-peened and SS-trested) wire 
specimens (C), are shown in Fig. 3. At! diflmction 
spectra indicate the presence of E imn nitride and a iron 

Diffraction angle 20 Degree 

Fig. 3 X-ray (Cu Ka) diffraction spectra of as-nitrided 
wire (A) and nitri ed and shot-peened high-sfwngth 
wires (B) & (C). 

in their surf2ce layerr;. Since s iron nitride is reporfed to 
have saiubllity with carbon [4], there is a possibility ithat 
e iron nitride is actually e iron wsbo-nitride. Hereafter, it 
is referred to just as E iron nitride. According to opticaal 
microscopic observations of the cross sectiians of these 
specimens, the thickness of the compound layer formed 
during nitriding was found to be less than a few microns. 
Moreover, it was also found that a colnp~und layer 
remained on the wire sufface after the mnventional 
shot-peening and even afkr the second-stage fine 
bead-bombardment (Fig. 4). It was also found that the 
generation of deleterious microcracks due to fine steel 
h a d  hmbardment could be avoided and that a 

Fig. 4 Optical phhta-micrograph of the nitrided, 
mnventionaliy shot-peened and then SS-treated 
specimen surface layer (transverse cross sedlon, nital 
etched). 

smoother surface mutd be obtained after conventional 
shot-peening and after SS-Treatment, compared to the 
as-nitrided specimen starface. 

EFFECT OF SHOT-PEENING ON HALF VALUE 
WDTHS - For the three X-r8y spedra shown in Fig. 3, 
each half value width for s iron nitride was measured, 
not including the (1 ll)~ peaks, which were dfiicult to 
measure because of overlapping with (110)a peaks. 
Figure 5 shows that most of the X-ray dgractiow peaks 
from E iron nitride in the SS-treated specimen have 
larger half value widths than as-conventionaily-shol- 

Diffraction plane of epsilon iron nitride 
Fig. 5 Cornparison of half value widths of X-ray 
diffradion peaks from c iron nitride in sampks as- 
nitrided and as-shot-peened diRerently. 

peened specimens. This suggests larger non-uniform 
distortion, finer grain (cell) size or more frequent 
formation of stacking faults [5, GI in the E iron nitride in 
SS-treated specimen surface layers compared to 
conventionally shot-peened specimens. Theoreticafly, it 
is postufated that X-ray peak is broadened nose as the 
diffraction angle 28 increases when caused by grain 
wfinement andlor by laager non-unifom disto~ion [63 
The X-ray spectra from a series of specimens in which 
the surfa- compound layers had been removed in acid 
solution ('3.5 to Spm per side) before the first shot- 
peening are shown in Fig. 6. The X-ray half value widths 
of a iron measured in these specimens are given in Fig. 
7. it was also found that SS-treated specimens had 
iarger X-ray ha!f vaiue widths than conmniionally shot- 
peened ones. Moreover, the results shown in Figure 3 



and Figsures 5 - 7 indicate that the SS Treatment 
distorted the thin surface layers of the nitrided 
specimens more strongly than conventional shot- 
peening using 5.6mm diameter cut steel wires. 
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Fig. 6 X-ray diffraction spectra of specimen (A) with the 
surface compound layer removed after nitriding and the 
shot-peened specimens (B) & (C) after compound layer 
removal. 

Diaction planr: of iron 

Fig. 9 Comparison of half value widths of a iron X-ray 
diffractiori peaks from nitMed diffusion fayew. 

TEM SURFACE YER OBSERVAT!OPB 

Transmission electron microscopic abservations were 
made on the surfam layer of three kinds of wire 
specimens prepared far the X-ray diffraction 
measurements described above:(i) as-nitrided (nitrided 
but not shot-peened), (ii) as-conventionally-shot-peened 
(nitrid& and then conwritionally shot-peened) and (iii) 
as-SS-treated (nitrided, conventionally shot-peened and 
finally SS-treated with 50pm nominal diameter steel 
beads). Thin foil specimens were prepared parallel to 
the transverse cross sectjan of the wires. Selected area 
electron diffraction patterns were also obtained and 
were attached on the TEM micrographs. The depth from 
the surface where each electran diffraction panern was 
obtained coincides with the pattern depth on each TEM Fig. 8 TEM micrograph and electron diffraction patterns 
image. The selecied area electron diffractions were in the as-ni&ided high-strength SOTHN wire surface 
taken from within a 0.4pm iayer 

AS-NITRIDED SPECIMEN - Figure 8 shows a - 1.5pm at the outermost silrface regian, is composed 
TEMmicragraph of the surface iayer of the as-nitsided sf polycrystalline solids with a grain size of 
specimen. As indicated in the dark fieid image (Fig. 91, approximately 29 - 100nm. Also, its main chemicai 
the compound layer with a thickness of approximately 1 c~mpositicrn was found to Se iron and nitrogen according 



?Opm below the outer spring surface) when compared 
with the as-nitrided specimens. f his conclusion was 

Fig. 9 Bright field image (upper photo) and the 
corresponding dark fieid irnage (lower photo) of the as- 
nitrided compound layer 

to an EDX anaiysia. The selected area electron 
diffraction pattern obtained En the vicinity just below the 
surface (upper digraction pattern in Fig. 8) indicates that 
the surface layer is composed mainly of hexagonal close 
packed E iron nitride grains. Adding this to the X-ray 
diffraction analyses shown in Figure 3, the compound 
layer was coneluded to be &iron nitride. Tha TEM 
mrcrostmcture of the as nitrided specimen at a depth of 
approximately 7.5pm below the surface, as shown in 
Figure 8, indicates Mat the grain sire was ar~und 0.5pr-n 
when measured across a tempered martensite lath. The 
electron diffraction pattern from this area shown in 
Figure 8 (lower pattern) shows the a iron paltern. 

AS-CBNVENTBONALCY-SHOT-PEENED SPEClMENS - 
After conven"tonal shot-peening, TEM microgmhps were 
taken. Figure 1Q, which shows one of these micrographs, 
reveals an approximately 1 - 2pm thick surface layer that 
was also determined to be poly~stalline E iron nitside 
byes, based on the corresponding electron diffradian 
pattern (upper pattern in the figuse) and the X-ray 
diffraction analysis in Fig. 3. fn the nitrogen enriched 
steel matrix shown in the TEM micrograph below the 
&iron nitride layer, strong plastic defomation by 
shearing, elangation, cornpressian or kinking was not 
obsewed apparengy. The seiected area electron 
difiaction patterns obtained at a depth cf 0.1 - Q.5pm 
and 7.5ym in Fig. 'rO suggest the same mncluaian that 
the distclrtisn by eanventiona! shot-peening is not large 
enough in the specimen surfas iayer (the layer up to 

obtained because the development QF continuous Debye 
rings espseialily in the matrix steel was not enough in the 
electron divraction patterns in Fig. 10, compared to 
those in Fig. 8. Comparatively low hardness level of 
conventional shat-particles (XV550) mmpared with the 



Fig. 11 TEM micrograph and electao~diffractian patGrns 
in the surface layer of nitwed, conventionatly shot- 
peened and SS-treakd high-strength SQTHN wire. 

hardness of the nitrided wiw surface is considered to be 
one reason why surface layer large plastic deformation 
did not m u r .  M~wevea, as shown in the Figures 3 and 5, 
larger half value widths for most of the diffraction peaks 
obtained from as-conventionatly-shot-peened specimens, 
as compared with the as-nitrided specimens, indicate 
the occurrence sf larger distort~on, finer grain size and/or 
more frequent stacking fault fornation [S, 61. At the 
subsurface layer below the nitrogen enriched layer, 

where the hardness Is below around HV550 - HV600, 
significant plastic deformation is considered to have 
taken place by the conventional shot-peening and 
contributed to the compressive residual stress forming to 
about O.Emrn below the surface. 

AS-SS-TREATED SPECiMEN - In the as-SS-treated 
specimen, comparatiely large plastic deformation was 
observed in the steel below the compound layer to depth 
of approximately IOpm below the surface (see TEM 
image in Figure 17). The diffraction spots obtained by 
selected area e!ec!ron beam diffPaclion from this thin foil 
specimen a3 depths of 0.1 - 0.5 pm and approxhately 
8pm formed Debye rings camposed of more continuous 
lines than those found in other specimens. These results 
indicate that SS Treatment generates a larger number of 
diffractian spots and/or more diffused and elongated 
diffraction spots along Debye rings, compared with non- 
SS-treated processes. It can be mnclude,d from these 
observations that the larger deformation caused by SS 
Treatment also caused larger non-uniform distortion, 
finer grain (cell) size or more frequent formation of 
stacking faults 15, 61 in the compound layer and in the 
steel than similar deformations caused by conventional 
shatpeening. Xn fact, the grain (cell) size sf the SS- 
treated specimen eppmximately 7 to 8pm belaw the 
surface, as shown in Fig. 11, was determined to be 
approximately 0.2pm - 3Qnm across. These grain sizes 
are far smaller than those found in the TEM micrograph 
of as-nitrided specimen shown in Fig. 8. Moreover, in the 
TEM micrograph of the as-Sskreafed E iron nitride 

layer, many fringe patterns were obsewed as 
shown in Figure 12. These fringe patterns seem to be 
either contour' lines caused by inclined grain boundaries 
or stacking faults. It might be possible that some al 
these are st8cklng faults generated by deformation by 
the SS Treatment. 

Fig. 12 TEM micrwraph of as-SS-treate 
layer. 

The temperature rise mused by the collision of each 
shot particle at and near the shot collided spring surface 
area is considered to be increasingly significant as the 
shot particle sine is decreased, since the contad time 
between the two bodies is shortened as the palaicie size 
is decreased, resultin in more adiabatic deformation, 
according to F.P. Bowden and D. Tabor f7]. 



Consequently, as a result of fine shot particle collision, 
the spring surface tayer temperature rises to warm 
temperature and the yield point decreases, resulting in 
the promotion of plastic deformation. 

3 TEST SPRINGS - The test springs prepared for fatigue 
tests with the same dimensions as the springs detailed 
in Table 2 were made fiom high strength SBTHN wife. 
With the exception of timing differences, the test spring 
preparation processes were basicaliy the same as those 
described in the section entitled EFFECT OF SECOND- 
STAGE SHOT-PEENiMG PARTICLE SIZE ON 
RESIDUAL STRESS ANT) HARDNESS on page 2. The 
air pressure in the nozzle of an air-blast type machine 
used for the second-stage shot-peening was controlled 
at 0.4MPa. Prior to fatigue tests, second-sfage-shot- 
peened test springs were further cold pre-set. Since the 
SS-treated springs had the highest compressive residua! 
stress in the spring sufface layer as shown in Figure 1, 
fatigue tests were undertaken on SS-treated springs 
only (as a result of preliminary fatigue test conducted on 
200 prn steel bead bombarded springs as second-stage, 
a fatigue fracture took place ~ndei' a repeated stress z, 
of 588MPa and a mean stress r, of 686MPa at 2.21 X 
l o7  cycles, starting from the surface). Fatigue tests were 

umber of repetition cyctes 
Fig. 13 Fatigue test results for nitrided, conventionalb 
shot-peened and then SS-treated SOTHN springs. 

conducted at 20 cycles per second at room temperature. 
Six springs were fatigue tested under a same stress 
condition for each fatigue testing machine. 

FATIGUE TEST RESULTS - Fatigue tests of the 
aforementioned prepared springs were made at different 
amplitude stresses z, under a constant mean stress r, 
of 688MPa. This r, value was used because in similar 
fatigue tests conducted for nitrided and two or three- 
stage shot-peened helical springs, 68BMPa [2] or 
700MPa [3] had been selected as the mean stress. The 
fatigue test results are shown in Fig. 13. Since there was 

o fatigue fracture which occurred at N = 4.20 X '10' 
cycles under a stress repetition of 686 + 608MPa, the 
fatigue strength of these tested springs at the stress 
repetition of 5 X cycles was determined to be 686 9 
588MPa. The fatigue strength of nErided, conventionally 
shot-peened but non-SIttreatd high-strength valve 
springs made af SOTHN wire was reported to be z, 588 
& r, 529MPa at a stress repetition of 5x20~ cycles by the 
Probit rnethod[8]. When determined from the S-N 
diagram (Fig. 8 in [a]), the fatigue strength is found to be 
z, 588 f 2,549MPa. Phis fatigue strength is considered 
to be equivalent. to 686 c 529MPa since the rise of mean 
stress by AT, is equivalent to a stress amplitude levei 
drop of 115 AT, when the fatigue strength of valve 
springs at a canstant cyctes of stress repetition is 
considered Based on these results, the fat~gue strength 
improvement resultant fiom the appkiation of the SS 
Treatment to nitrided and conventionaliy shot-peened 
high strength springs was found to be significant. This 
improved fatigue strength is mainly attributable to the 
very large compressive residual stress caused by large 
deformations in the spring surface layer without inducing 
deleterious surface qualities such as harmful surface 
micro-fissuring or excessive surface roughness. 
According to the fractographic investigation of the only 
one fatigue fracture which occurred at N = 4.20 X 10 
cyc!es under a stress repetition of 686 rt: 608MPa, the 
fracture was found to have started from a non-metallic 
inclusion located at 0.25rnrn depah below the surface. 
The residual stress in the suhface layer of this faiigue 
fractured spring was -2033MPa, indimting no signifiant 
drop of compressive residua! stress during fatigue 
testing. In contrast, high strength SOTHN valve springs 
nitrided and conventionally shot-peened were always 
fatigue fractured from surlface [10]. These facts suggest 
that the SS Treatment can quite edfectkely prevent 
fatigue fracture from surface. Moreover, very high 
compressive residual stress in SS-treated surface dayer 
can stop ar delay the propagation of a fatigue crack 
initiated at a subsurface inclusion [I ,  111, resulting if1 
reduced fracture susceptibility to inclusions. 

VALVE SPRINGS - When applying the SS Treatment to 
nitrided valve springs, fatigue strength is improved 
significantly and as the result, several advantages ace 
obtained for internal combustion engines. First, since the 
required installation height can be decreased, lower 
engine height is possible. Second, since the spring 
weight is decreased as a result of its much smaller cross 
sectional diameter, the spring load a n  be reduced. 
Consequently, Iower moving valve train friction is 
realized, leading to improved fuel economy. Maximum 
engine rotation speed is also enhanced by increased 
resonance frequency and Iower inertial mass. One way 
of making use of SS Treatment is to shorten the nitriding 
time, resulting in a reduction in total cask, without 
changing the fatigue strength of the finished springs. 
Besides, nitrided, conventionally shot-peened and SS- 
treated high strength coil springs can be used as c!utch 
springs and other applications where repeated 



compressive stress is applied and reduced mass and/or 
compactness a rek  required. 

DEVELOPMENT OF NEW HIGH STRENGTH STEEL 
SOTHS WIRE AND ITS APPLICATION TO 
ACCUMULATOR SPRiNGS - In order to meet the 
demand for better fatigue strength, newly devebped 
high strength valve spring steel SOTMS wire was applied 

I to high strength valve springs. This steel wire has a 
chemical composition characterized by a hrgheh silicon, 
manganese and vanadium content than conventional 
high strength valve spring SOTMN wire. One typical 
chemical composition in the steel is 0.60 C - 2.00Si - 
0.88Mn - 0.24Ni - 1.00Cr - 0 . l W  (mass%). The higher 
silicon, manganese, chromium and vanadium in the 
SOTHS wire (see Table 1) allows for spring nitriding at 
hlgher temperature than the conventional high strength 
SOTHN wire springs 191. As a result, higher compressive 
residual stress and higher hardness are obtained in the 
surface zone of nitrided SOTHS wire springs, resulting in 
a much higher fatigue strength. SOTHS wire with a 
diameter of 3.2mrn was cold-wound to form helical 
springs with the same dimensions as given in Table 2 
Then both ends of the cold wound springs were graund 
down to make seats. The resultant springs were then 
nitrided, shot-peened with cut steel wires with a diameter 
of 0.6mrn, SS-treated, tempered and finally cold set 
Fatigue test results for these springs are shown in 
Figure 14. 
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Fig. 44 Fatigue strength of newly developed nitsided, 
shot-peened and SS-treated SQTHS wire springs. 

The results shown in Figure 14 indicate that the fatigue 
strength obtained was more than 686 a 677MPa at a 
stress repetition of 5x10~ cycles, although the number of 
tested springs per each amplitude strew level was 
limited to 6 pieces (it was impossibke to conduct fatigue 
tests at higher amplitude stress since the repeated 
contacts between neighboring wire turns in a spring 
during fatigue tests were unavoidable). This fatigue 
strength level seems to be superior to those repofled in 
previous papers for nitrided high strength helical springs 
12, 31. The nitrided, conventionally shot-peened and SS- 
treated SOTHS springs used as an accumulator springs 
in automobile automatic transmissions instead of the 
conventional non-nitrided, conventionally shot-peened 
chromium siiieon steel oil-tempered wire (415 SWOSC-V, 
SAE 9254) springs could reduce the spring mass by 
57%. Table 3 shows the material grades and 
dimensions of these two types of springs. Figure 15 

shows photographs of both kinds of springs. A detailed 
quality analysis (residual stress distribution etcf for the 
newiy developed SOTHS springs will be repol-eed on in a 
rater paper. 

Table 3 Comparison of two accumulator spring types. 

Conventional 
(non-nitrided 
and non-SS- I treated) 

Materiai grade JIS SWQSC-\~ 
(0-3 or SAE 
9254) T 

Wire diameter 3.2mm 
I 

Free height 82.7mrn 

Mass 7 

Newly developed 
(nitrided and 
SS-treated) 

SOWS (newly 
eveloged) 

8.75 turns 

Conventional Newly Deveioped 

Fig. 15 Automatic transmission accumulator springs 

Using gas-nitrided high strength valve springs made of 
high strength valve s ring SOTHN wire, SS Treatment 
effects on spring properties were investigated and the 
following conclusions were obtained. 

1. A compressive surface residual stress in the matrix 
steel as high as 2,000MdlPa could be obtained 
through the appfication sf SS Treatment. 

2. The hardness at the surface layer tended to increase 
as a result of SS Treatment. 

3, Comparatively large plastic dehrmation in the 
surface layer matrix steel of a nitrided, conventionally 
shot-peened and SS-treated springs was confirmed 



by both TEM obsewation and X-ray diftmcfion peak 
broadening. 

The high compressive residual stress and the high 
hardness in !he SS-treated surface !ayer were 
considered to be caused by large deformations in the 
layer. 

The fatigue strength obtained for the nitrided, 
conventionally shot-peened and SS-treated high- 
strength SOWN mlve springs was 686 & 588MPa at 
a stress repetition of 5X107 cycles, as compared to 
686 + 529MPa for non-SS-treated springs [Q]. 

The compound layer formed on the surface of the 
SOTHM wire by nitriding with a thickness less than a 
few microns, was found to be poly-crystalline s iron 
nitride composed of individual crystal grains ranging 
from 20 to IOOram across. 

brief introduction of the new high strength oil- 
tempered SOTHS wire and the fatigue strength of the 
gas-nitrided, conventionally shot-peened and then SS- 
treated coii springs made from this new grade of wire 
was made and the following results were reported. 

7,  A fatigue strength of more than 686 f 677MPa was 
obtained at a stress repetition of 5x10' when fatigue 
testing nitrided, shot-peened and SS-treated SOTHS 
coil springs, although the number of tested springs 
was limited to 6 pieces for each test stress level. 

8. As an application of the nitrided, shot-peened and 
SS-treated SCtTMS springs, an accumu/ator spring 
application example was briefly introduced in which 
the mass of each individual spring was reduced by 
57% as compared with convenlionafly shotpeened 
chromium sikon steel oil-tempered wire springs. 
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