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Inﬂuehce of Retained Austenite, Strain Induced Martensite and Pre-Loaded
Stress upon Compressive Residual Stress with Shot Peening Method

Hirohito ETO**, Katsuyuki MATSUT,
Yasuyuki JIN and Kotoji ANDO

*ISUZU MOTORS LTD.,
3-25-1 Tono-machi, kawasakl ku, Kawasaki-shi, Kanagawa, 210-8524 Japan

To introduce a large and deep compressive residual stress with the Shot Peening method, the
authors conducted an experiment using Vacuum Carburized and Shot Peened or Stress Shot Peened
specimens, and investigated the influence of Arc height (A#), Shot radius (R), retained Austenite (7z)
content, Strain Induced Martensite (Mg) content and loaded stress (opr;) upon compressive residual
stress (o) systemically. The major results obtained are: (a) The surface residual stress (ors) and
the maximum compressive residual stress (0rmax) were almost dependent of A2/R. (b) There is a
little influence of 7z content after Shot Peening upon o and 6rmax. (c) There was hardly any
influence of Mq content upon 0rs and Ormax. (d) Approx.50% of opre was introduced as ors and 0r max.
(e) Further, it was found the a linear relation exists between A%/R, 7r & Opre and 0rs(67 max).
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Table 1 Chemical composition of used material

(wt.%]

C Si | Mn| P S Cu| Ni | Cr | Mo

0.22 | 0.25 ]| 0.86 |10.010{0.016| 0.02 | 0.03 | 1.13 | 0.36

Table 2 Vacuum carburizing conditions
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Table 3 Refined surface characteristics of unpeened
test piece

Condition VCl1 VvC2 VCN

a) Heating temp. 1123K 1143K 1143K

Test o O max 7 Rsunp Y Runp I'IVs HVmax

piece (MP::) MPa) | (%) | (%) |@EV0.3)|HV0.3)

b) Carburizing time 1.50ks 1.44ks 1.26ks

VvCl | -98 258 | 74 15.2 738 756

c¢)Carbon potential 0.70% 0.80% 0.95%

vC2 | -79.5 -412 15.5 234 763 785

VCN -47 -407 27.6 47.4 587 787

d) Atmosphere N, N, N,+NH;
1203K
a) Heating temp.
70%C,H, + 30%C,H,
b) Carburizing time ) Atmospher¢
¢) Carbon potential 1.8ks il
quenching

(a) Vacuum carburizing (carbonitriding)

433K

7.2ks
S Natural

cooling

(b) Low temp. tempering

Fig.1 Vacuum carburization

Table 4 Shot peening conditions

(a) Impeller type single shot peening condition

Specification
Shot velocity 73.8m/s
Shot dia. ¢ 6.8mm
Shot hardness | Approx.560HV
Arc height 0.55mm(A)
Coverage 2300%

(b) Double shot peening condition

Primary peening | Secondry peening
Air pressure 392kPa 196kPa
Nozzle dia. ¢ 10mm ¢ 11mm
Shot dia. ¢ 0.7mm ¢ 0.08mm
Shot hardness| Approx.700HV | Approx.700HV
. 0.30mm(C 0.35mm
Arc height | ) .OSm’mEA;] [0.1 17mm((11))]
Coverage 2300% - 2300%

NII-Electronic Library Service



Yay bE—=rTRBYIREL -7 F+4 b, ILHL

SNT YA P BELUTFRABERBERCRIZTRE ' 735

Yay bhE—ov vy rEHL, F—BRY—=7
BEE_RE—=VIBOARZ ZhZh0.30
mm(C) & 0.35mm(N) TH o7z, 7z, opre DfF 5
WIS TR Y, BEBR AL 0T AT —
YOUTHETHRAEFEL 2. BEA—ZAT 54 b
BLERESHEZECE, MM X BHEEELZHY
fo. BIEMEZEBRFHREBLE L, BAORZEOEFES
FICEHME L 72, BEICHE, RBF %274 v Py kT
TAFUTLTHS, IEDOES $ TEMBIEL
Cr-Ko g A XBE—ALEE 62mm, 20;51n2¢ ®
(¢ 20,10, 20, 30 BLU40°) THIEL Tz, &7, ¥ 3
Y M= T RBTIREICN EREA AT+ A

Table 5 Combination of surface refining methods

Test Vacuum carburizing | Shot peening | 0
piece No.| VC1 | VC2 | VCN | ISP | DSP | (MPa)
I @) @) 0
I ®) ®) 0
I ®) o 0
v ®) @) 0
\'A @) ®) 0
Vi ®) ®) 0
VI @) O | 1000
Vil (@) ®) -1000
X O O 1400
X O O | 1400
XI ] O 1400

Do

@ 0 rmar
@) g mess
@ omsss

e o ,(MPa)@

3 ®yrs
~F . ® 7 =os
St @) Drw
>3
> : E ‘rRmax

® | @ yrop
]
]
1
]

-

Depth from surface( ; m)

Fig.2 Schematic representation of o- and ¥ distribu-
tion
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Fig.3 o7 distribution of each test piece
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Fig. 4 Distribution of 7z content with each test pieces
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Table 6 Refined surface characteristics of ISP test

piece
No. O Y Rs T max Y rRD
(MPa) | (%) | (MPa) | (%)
I -819 2.8 -1067 8.7
i -757 6.8 -963 16.1
I -628 22.2 -869 39.1

Table 7 Refined surface characteristics of DSP test
piece

No. O Y Rrs O maxs Y RDs Urmaxp YRDp
(MPa)| (%) |(MPa)| (%) |(MPa)| (%)
-1249 1.7 | -1448 | 2.0 -1388 1.8
-1285 1.5 -1442 | 22 | -1346 | 3.6
-1192 | 10.5 | -1325 | 22.8 | -1232 | 25.6

S|1<i<

Table 8 Refined surface characteristics of SDSP test
piece

O YRs | O rmaxs| ¥V RDs | O maxp| ¥ RDp

o (MPa)| (%) | (MPa)| (%) | (MPa)| (%)
Before*1| -1352 | — | -1539| — |-1437}| —
After*2 | -1819 | 1.2 | -2038 | 1.3 | -1907| 7.4
~Before | -1281| — |-1446| — |-1266| —
After | -576 | 1.5 | -589 | 2.5 | -580 | 7.7
Before | -1188 | — |-1356| — |-1308] —

After |-2049| 1.1 |-2180 ) 0.8 | -2109| 3.0

X After [-2032| 0.8 |-2224| 1.9 |-2071| 5.8

Before | -1223{ — |-1125| — |[-1119} —

X1
After | -20921 14.1 | -2140 | 29.9 | -1871 | 30.4

*1 Before removing from loading jig.
*2 After removing from loading jig.
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Fig.5 o, distribution of each test piece
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Fig.6 Influence of 7z upon 6rmax
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