254 6 b B X @ L B Vol. 25 No. 6
2012 4 12 A CHINA SURFACE ENGINEERING December 2012
doi: 10.3969/j. issn. 1007 -9289. 2012. 06. 001

ERMHEREARALRERE

ol 1L HL I8 4514

FIoHE
b s MR R B &R EMRE ., Jbat 100095)

O ORI R R TR SR 2 Sh L A AE S A —Fh < 44

335 — R L B0 77 22 R FH T XRD W LB A

SERBRALHLE . S T UEB

W3\ SRR R LA B g 57 S 4% AR U vk L X BUIL S A R R

R B PR 9 1 A AT O AT TR . A SRR WL T A LB 09 5% A T DL 7 e — R0 R 57 BT

EAS WA NI RAI L o1 {HH*E‘ﬁEﬂ&%E&ﬁF”ﬁ%TWﬁA

U)W B ASE S FR) 8 57 I 2R T S e AR A
DAL IR PR SR AL

KERIA] : mEALTRALHLIE ;4G PR MR ARG
FEDES: TC66S XHERFRIRAD: A

AR AR L R A

B T ok e U 2 A S 9 57 W R T . Xk
P AE & I . BEILSR AL LB p =

NI sEACBLE] 5 2H 245+ 5 AL L
XEHRS:

1007-9289(2012)06-0001-09

Overview on the Shot Peening Principle and Its Strengshening

Mechanisms for Metallic Materials

WANG Ren-zhi
(Metal Physics Laboratory, Beijing Institute of Aeronautical Materials, Beijing 100095)

Abstract .

ning mechanism(MSM)” except the

“

stress strengthening mechanism(SSM)”.

In the shot peening strengthening mechanism(SM), there exisits a new “microstructure strengthe-

To prove the MSM, the me-

chanical behavior of microstructure modification in the target surface layer were studied by XRD, residual

stresses introduced by shot peening(SP),

microhardness, and fatigue tests.

The results show that the com-

pressive residual stress introduced by SP is one of the SSM, which can only improve the resistance to fatigue

fracture with normal tensile fracture mode(NTFM) ;

ture with shear fracture mode(SFM).

SFM is merely the microstructure strengthening mechanism(MSM).

however, it cannot improve the resistance to fatigue frac-

The decisive role for improving the resistance to fatigue fracture with

In author’s opinion, there exist at least

two types of SM stated above for improving the resistance to fatigue fracture.
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microstructure strengthing mechanism
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Fig. 1 Schemaitic diagram illustrating the changes of both
HV-Z and B-Z profiles for cyclic hardening behavior
(CH) (a) and cyclic softening behavior (CS) (b) accord-

ing to reference 6 and 7
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Fig. 2 B—Z profile in the fatigue fracture surface layer for an-

nraling treatment (a) and quenching and tempering at low

tempreture (b) of high strength steel (30CrMnSiNi2A)
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surface layer introduced by shot peening

PATE 09 1 22 WAL RLTE L b v ST A s 304 15
HUFIA T 5 A L 1 25 50 38 82 55 L I 0 T et
W 24T g o i — SR AR LR AR A
— WAL A T A s A AL

2 MEEEMBNFITHRIBABLIIE

G IEARE F 0 S A 1 2R T 5] K R
et T 2R 2 B M A% i P e A B R B L G
A e K R 55 W AR S BT A S L 57 Wi
L0 T BT BUIL SR 1h 40 BEAE B0 5% 5 W 2EHT )
A SR AL HILEE

2.1 MR EWALEE B TR B 7 B AL AL
Fie B ORE A Y 9 5 B BB X (Fatigue
fracture mode - FFM), 8( 3 J& i 1E W J1 (6) 8
S YNy Coo 51 R 1 9% 55 B 248k IX 43, Al 73 i =
BN T (o) 5 A Y 1E Wy Y W7 24 45 2 (Normal
tensile fracture mode — NTFM) ; PJ i 77 (o) 5]

FA 2N i) 1) B 780 by 24485 30 (Longitudinal shear frac-
ture mode — LSFM) 5 #4 [a] 1] Wy 7 Wy 24 85 =
(Transverse shear fracture mode—TSFM) ,

Xt L - $r CRL - F) 225 iy e % 25 il 45
By U F 7 R 45° RHECE B 5E T A
T B B 57 248085 A2 22 S o 2o 0 30 58 11 B B 57
LY e H 2R A W R FE B TR A i Y 528 IE
BRI T 58 BURY o 3 om0 07 2B 2 WK 97
Wr 3 HA — R, BE NTEM W 17, e 1a B A
5 AN E R ) Oy ) 2 B H O K 32 2SS LR
J7 3 B A4 ORE /24 Cln il 26 | T8 A 2 i i 3 5D, G
7 W% 57 W 24 00 ] RE 8 B = Ah T 24 AR L RIBR T
NTEM Z b, &l g i 3 LSFM 5 TSFM i 11,
I TE A T W 5 008y A 207 X AE T
XS IR 52 0 43 B AR R I AL | A BR A N ) A
U 57 W 24450 0 v B s A L
2. 1.1 At IE IV ) 5 WEALER A 1V AR T

[ A%: K P B M e T 1 52 g g3 T A
Tl 58 A% 1E B 3 (o) 5 W5 L B A% TE DL S (o) B[] A
T BOCHAT ARV dF, g S B

WZH bR 2 0 5 ¢ Rl ) S R o S
FAT .

WU ) P B9 6 7. SP,—0 .SP.—0

HHEA.

= (6, —0)cos’a
" | W
7, = 1/2(o, —a)sinZa(

MN-dF

AM=dF-cosa
AN=dF-sina

&5 it A2 A2 TE R T o S WEALER AR IE R J) o /E T 88
JCIRAT B AR B

Fig. 5 Force diagram on the any diagonal section of cylin-
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and residual stress (g,) introduced by shot peening
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der under the action of applied cyclic shear stress (¢) and

residual stress (g,) introduced by shot peening
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Table 3 Testing datum 6,, HV and B of specimens

IRSF and four characteristic parameters

Microhardness at surface(25g)

(211) Half breadth of diffraction lines,B(")

NO. 6/ G/  Zu/ Zo/ IRSF/ AHV/HV. Zuv/ \ o OB/Bm Za/
HV, Bs/ (D Bm/ ()

MPa MPa mm mm  (MPa e+ mm) %) mm %) mm

Al -638.2 -828.1 0. 05 0. 33 152.6 750 42 0.23 4.70 3.87 21 0. 25

A2 -686.7 -846.5 0. 05 0.33 156. 8 797 51 0.23 5.08 3. 87 31 0.25
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Table 4 Testing datum of 7, 3 at surface and its relative changes with matrix

NO. HV o /MPa 0.2/ MPa 0.5/ MPa Atos/t0.5/ (90)
Al 750 3 000 2 700 1620 67
A2 797 3 400 3 060 1 836 89
Martix 527 1 800 1620 972

% ¢": obtained from HV-¢" table
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Fig. 13 Schematic diagram illustrating the change of 7z, ; »
fracture mode and fracture life under the action of applied
cyclic normal/shear stress and compressive residual

stress for the coil spring before and after shot peening

i bk I 13 B R MR R T WAL AR ¥ 2
AT BB AR T N ) S AR A AL 5 K T
2 PR AE A Bk A T AL B A AL B
w1y s A AL 7 A5 AL 2 R SR A LR P
Foft 5 AL S5

ERTHEC SRR T TR R A R AD
TR A R e A S B S AR TR A A T L
FUSE AL B 2 A7 P A i AL BIL A L 7 TR
G N RITIG N N AU (o N g (T DS

T < WAL 5R A 2 ) FH s el 3 gl AL e o B b 3 T
i1 G 3% 2 4B AR AR B B8 1 A2 B (Cycelic plastic
deformation—CPD) 13t &, t I & Je 5] & B il
HEgE Ry KA S 24T et (Modification of
mechanical behavior—MMB) , H ¥k Ak #) 57 ¥ 14 75
B RBORAR A LN NTERIZE PTG W
SRAGAL " 5 20 2L 5 My s AL L7 — 3 R 2
P 57 N 7 T ot MG S5 W 24T ) LA B ol o T 4
13 (0 P R i AL B

3 & it

(1) WEAUSR AL AL BRG] A $E A4 )2 e 2R 1) 28 1k
AR S J 4 PR IR PR AR T i I A B S R A TP Y
P

(2) N 34k 5 20 245 4 5 A 7 b i Ak L
] o 0 s AR 7 L IV T I ek L UM S B T 2B
58 AL P

(3) W75 A AL L RE M3 1 W B A X
55 W0 g . T2 225 R 5 AL HL T B T 0
D)W AR A% 57 W 00 07 - A e AT B Tk
e 1F Wy B 52 55 W R )

2% Uk

[1] SAE ] 808a. 1952. Sae manual on shotpeening [ S].

[2] MIL-S-13165C. 1966. Military specification shot peening
of metal parts [S].

[3] SAE-AMS-S-13165. 1997. Shot pening of metal parts [ S].

[4] HB/Z26-92. 1992. fji % Z WAL b T 208 3L Wl

[5] Wang Renzhi. Investigation on the microstructure in shot—
peening surface straining layer of materials [C]. A. Niku
Lari. Proceedings of 1st International Conference on Shot
Peening, Paris: Pergamon Press, 1981. 185-192.

(6] EAZH, 2480, BT IR HE 33 1Y L7/ U1 W B 07 8 0 5
P 07 W AR BT O nk AR (1], hE R W LA, 2010, 23
(6): 7-14.

(7] B, 2. 1R R IS 0 57 W 24 5 A 1 1 46 BF
58 [J]. MEH A2, 2012, 33(6): 127-135.

[8] HuZ,Mal, CaoS. A study of shear fatigue crack mecha-
nisms [ J]. Fatigue Fract Engng Mater Stract, 1992, 15
(6): 563-570.

[9] Yamada Y. Materials for springs [ M ]. Berlin:
Springer, 2007.
fEE ok . LTl 81 544 67 4348 100095

Tel: (010) 6245 3469

E-mail: rz_wang@ yahoo. com. cn



