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Investigation on Normalized Characterization of Pre-Stress State for Shot Peen Forming
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[ABSTRACT] A normalized model is proposed for the characterization of pre-stress state in shot peen forming process,
in which the pre-stress of plates undergoing bending shot-peening deformation state is characterized by a pre-stress
parameter. Quantitative relations are established between the curvature of shot peened plates and shot peening parameters
with the inclusion of the influence of pre-stress state. Pre-stressing shot peen forming experiments were designed and
carried out to verify the validity of the normalized model. Results show that quantitative formulations can be established on
a normalized pre-stress parameter interval [0,1] for the description of the bending deformation behavior of pre-stress shot
peened plates. When certain shot peening parameters are given, the curvature of the shot peened plate in the pre-bending
direction is linearly related to the pre-stress parameter, proportional to shot peening pressure, quasi-inversely proportional
to peening speed, and inversely proportional to the 3/2 power of the plates of thickness, while all the proportionality
coefficients are determined by the pre-stress parameter.
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Fig.1 Common pre-stress application methods
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Fig.3 Influence of pre-stress parameter on the deformation
curvature of shot peened plates

20 m E=02 W IRH — =02 HIAME
o (=041RIfH - ¢=04 G H

18 F A =06 IRABMH - E=0.6 SUGTH
v =08 BINfH - £=0.8 WA(H

- E=1.0 WAHE

6 o 210 i

WA #h 2R 1/ (1074 mm)

3 4 5 6 7 8
WAL E Y/ (m + min™!)

B 4 AR 5155 T ALE EX$2024-T351 #2572 i R A0 8200

Fig.4 Influence of shot peening speed on the deformation curvature

8
6
4
2

of 2024-T351 plates under different pre-stress parameters

100 ALz HIE A - 202545586845 55 419]

JUBERE v S TR/, (HX S AR AL Fa 3 32 TN 115
s, vl (13) H i sREOE R TRl

%=A/J17+Bexp(—0.5v) (13)
Kb, el H 20 A B ¥k & pREL A

A=5.616+8.3655+14.864&°

B=8.934-3.307¢-9.320&° (14)

2 (13) 20, BOLRER 1/ 5BOAUEEE v 2 ]
AR R R X — 25185 S0k (18] X e i
I I ALY R A8 T E R — B, AR SO R AU B G
o Y EWARRE 1r 5 v Z BT e R T
ALK b W 4 R HE v MIREBTEGL T, &
B, 1 R

AR S5 A P BRI, AR SR FH A AL A PR T
TRRE FPEE N 356 R A1 MPPF20000/2500 5 4%
WEALHL, 24 v<<2 m/min B}, 3 AL50 A6 84 TR, i =X
(13) B4 AR 508 OC Z0R AN BRI ST, 1717 2 107 >R HH A A
WEALARNE T BRI R Y A SR AR R — R
3.3 BIASEXNTRHZERZ

& 5 ML RAE 12 keg/min BB R AEAN ] 13
N SIZBBCR SRR 8 mm (1) 7055-T7751 AT
LAEESA A T . 01 WA A 1%
Fl—E TR ISR, SZ BRI TS Ty i) 1r 5
p ZIRIE R B

Loy (15)

A, HBIRE M i S

=0 R — E=0 WA

o £=02 I MH E=02 WAEMH
a =04 X3 E=0.4 A1H
v E=0.6 IKIMA  — &=0.6 UAME
o E=08AINH - c=0.8 WATH

=09 A MH
—EELOAM

10 - « ¢=0.9 XU E
> E=1.0 IRI(E

PP %r (10 mm )

8.15 0.I20 0.I25 0.I30 0.I35
WAL H/MPa
5 REBEASHTBASEN 7055-T7751 54
WS SHLZE T i 22 Y RSN
Fig.5 Influence of shot peening air pressure on the deformation
curvature of 7055-T7751 plates under different pre-stress parameters



PN
RESEARCH Hltﬁbtei

M=20.01+6.89, CE€[0,1] (16)

IR R, YRR LAY BRI R
M AL T8 S AL S B 4 e B, R ALy 1 5 p
Z AN L R B MO BN, ) S8 P . Y & BRI,
M ABAHR M MESE A TR, 33X — LA 56 R A2 3 it
MLE B FRE R, T BALILIBE &R 52 A
TEAR SCHIIRHE Rl 2 .
3.4 EEXNBATRASME

&l 6 AN IRl T 1 280 IR BE X 2024-T351 i 4
IR 2, I S HO B ILEE 4.0 m/min, §
AL E 12 kg/min BEHILSE 0.2 MPa,

TE—E RN ST ZHCR , 2 WAL 1r AT
RS HLEE R ¢ 1Y 3/2 YRR L, B

% _ Qt-m ( 17)
K, O H 5 &AL LB £, B
0=129.97£+18.30 (18)

X (17) G MARFaD i e U b 2250 [
BF 1 oo 7 MO RN FEAR SCBEILAME R, S WL S
B, BV iU IEAE H O AN S B AR 1/r 5
HJE Rt Z [\ KRR Ur oo 177, 3% — A A SO
590 53R [18] #23l, O J& & MEMERZEL, XY & BRI,
O NEHIR
3.5 W ASEHIIEP—L

ANFIRS I ER A 4 0 i R P FE AR A 25 R K, T3k
AR RS B BR A 4 22 (8] LA SIE B g ) FRAE 0 USRS AN
BT e, K7 ISR 8 mm (1) 2024-T351 F1 7055—
T7751 86 S AEEE AR R TR J1 K o RV BV 7 1)
FIBEALASTE iR, AN i L BN ) i X 2)
B Bk HPABIILSEC AL E 12 kg/min WAL
KJE 0.2 MPa WAL E 4 m/min,

20 -

18 % =02 ‘Lﬁg{ﬂ\{ﬁ
T e K o =04 R4
g \ A £=0.8iRIMH
S o14E N v E=1.0 i RE
2 b — =02 A
< Ly -o- E=0.4 WATH
g 10 R £=0.8 ATH
= 8¢ Sy —o- =10 A E
S 6
=
£ 4
e

2

0

1
4 6 8 10 12 14 16
HRAFIRE L t/mm
B 6 ANEMEANSH TEEST 2024-T351 WA dh ZAE M
Fig.6 Influence of thickness on the deformation curvature of 2024—

T351 plates under different pre-stress parameters

Bl 7 R, YA SRR A AR, Bl AR AR
TR F oo R, R ER A SR B0 O )
M i e BRI SR, X T R Rl CAS [ A 45
G 4, AR IR T80 g K S T 7 A= s ALAR T i 9T AN
[F), SR 2 7 A R [R) 1) 25 it AR OB 5, 7055-T7751 SR A&
G BT i B TN, ) KT, AR i R AR A 4 7055
T7751 kb 2024-T351 1 Jim Ao B o vy (% 1) . RLIF
ANBEARYEE 7 P i B A5 B X TN ) A AL S
BAEH T ARG &0 AL AE FHRCRIE T H A
I 24 5% T, 7 7K 4 7 I —FR AR FRLS , D) AT LA 3kt 6 et Al
R 22 S S EU )L

8 J LAHUN 71 24k & A A% 2 4 iR 19 2024
T351 1 7055-T7751 PIRNER A 4 Al A4 W25 5 1) L)
Il e 5 & Z IR . PRI TN g 438 1 1
—Ab &R AR E EREARAY [0, 1] a2, A [FAE
BHETIL 5 1) B ARTE YR S (10) B 1r 5
& Z I P RALIL PREOE 2R o

T 2024-T351 5864

1
= -1.88 +5.18¢ (19)
r
7
s = 2024-T351 ]
TE 61 ©7055-T7751 u
E o
é Sr - °
—L 4 F
H = ¢
= 4|
= -
! °
< af *
= .
‘l 1 1 1 1 1 J
0 100 200 300 400 500

W F17KF-o*/MPa

B 7 WK A% 2024-T351 F1 7055-T7751 B AL A5 # ZR A9 540
Fig.7 Influence of pre-stress on the deformation curvature of shot
peened 2024-T351 and 7055-T7751 plates

- m 2024-T351 iXIG1E
o 7055-T7751 ki {H

T —— 2024-T351 LA

| - 7055-T7751 #4451

[V e NN |

N
T

[\ w
T
]

AT K1/ (1074 mm)

1 1
0 0.2 0.4 0.6 0.8 1.0

[

T 1250
8 F—LTRR ST 2024-T351 F0 7055-T7751 BiH,
i B0

Fig.8 Influence of unitized pre-stress parameter on the defermation
curvature of shot peened 2024-T351 and 7055-T7751 plates

20254F 5568 S 4] - D EEEA 101



‘_‘i.‘ »
Hl:%lﬁx RESEARCH

T 7055-T7751 §546 4

17=1.35+4.24§ (20)

B 2024-T351 H1 7055-T7751 Wi 4 L 3T 5 19 «
{73500 1.88 M1 1.35, pAE T8 5.18 Fl 4.24, R4k
X (10) X o F1 B P BRAE S a2 3,28 (19) F1 (20)
A —Ab BT R B, 76 AH ] 1 M AL S ORI [R) 9 R
kSR, LE TC TN 7 2024-T351 3844 b 7055-T7751
TR 25 LR TR i 2R S T g B, i
X} 2024-T351 (425 i ms ALAR T fih 63 i R s T
X 7055-T7751 ARG IERCR; 2 =1, BPTiN J)ik 3]
FH ALY IR BE B, 2024-T35 1 {45 K TN 7 25
i M LAY 1/ L AE B K T 7055-T7751 il k. H i,
FERE TR, 1R A — R B TN, 1 S48 & AT R AE G , AN
[RIRA AR (4 7 3 W5 ALAS T AT Ry AT AR Ak 31— B0 i
W SIBBUX ] [0,1] FHEAT AT

4 g

(1) DA B A4 2 11 5 3 -5 04 Ak o I B 14 1 1
Ve R TS 1550k 2 AE RS WAL AS T B TS, SRS, Wl
LASEIRAS TR, JIBEALAE AT R AE [0, 1] T S S50 ]
ARIOIER IR P

(2) BRI TUAS 77 1 (9 WAL T i 2% 45 o g 2
B RN R, Y BOILSES e wl, BN 1 S50
B K T B TS 5 6 BRI HL S T T R P

(3) BAFS TS 77 1o f W ALAS T i 2% 5 WAL
Z AT e 2, YA I, LA 22 5 75
N SIS ERRE

(4) BPFIS TS 77 17 B AL T i 2% 5 AL
Z I BE L, Lo 2R B0 TR 1 S8 2 e ST
IDWAE > e DN NSRS S ki

(5) BPFIS TS 77 1o I AL I it 256 5 40 4 6 g
9 3/2 YRR L, LBl MR 00 T3 S50 4k v pR
RS INWIE ¢ PN A% A N,

5 % X #t

[1] B2z, sRBEA, = [, 45, RIS R (R BE A RS IBTIL
WA, a3 2448, 2019, 40(2): 522635.

ZHAO An’an, ZHANG Xianjie, GAO Guogiang, et al. A systematic
method of shot peen forming of large integral wing skin panels[J]. Acta
Aeronautica et Astronautica Sinica, 2019, 40(2): 522635.

[2] WOTHR, B KB RRE AR OB HORI]. =S # 4l 2008,
29(3): 721-727.

ZENG Yuansong, HUANG Xia. Forming technologies of large
integral panel[J]. Acta Aeronautica et Astronautica Sinica, 2008, 29(3):
721-727.

[3] WICHA, B, AR, SEHEUL AR HOAR KO 5 K

102 HizHE BA - 202545586845 55 419]

[J]. BPE TR, 2006, 13(3): 23-29, 39.

ZENG Yuansong, HUANG Xia, LI Zhiqiang. The application and
development of advanced shot peen forming technologies[J]. Journal of
Plasticity Engineering, 2006, 13(3): 23-29, 39.

[4] AR = T NP, ST A LI R REAR (1
WEALBIE ], fizs filE R, 1976, 19(8): 5-13.

625 Research Institute 73284 Project Team. Shot peening forming of
integral panel of fighter wing[J]. Aeronautical Manufacturing Technology,
1976, 19(8): 5-13.

[5] SKEL BN IBHLIC R AT AR, 1984, 27(4): 18-21.

ZHANG Qin. Prestressed shot peening fixture[J]. Aeronautical
Manufacturing Technology, 1984, 27(4): 18-21.

[6] 2 H A = AL SR LSO )], Mz fi &
AR, 1984, 27(6): 13-15.

PENG Yueyou. Shot peening forming of trident No.8 rib stiffener[J].
Aeronautical Manufacturing Technology, 1984, 27(6): 13-15.

[71 WANG M T, ZENG Y S, BAI X P, et al. Deformation rule
of 7150 aluminum alloy thick plate by pre-stress shot peen forming[J].
Advanced Materials Research, 2014, 1052: 477-481.

(8] JEIN. VAl T 17 3 7 IR WAL U S B 5 5 (L 53 #
[D]. R at: ML AR K%, 2017,

ZHOU Zhen. Experimental and numerical research of stressing
ultrasonic peening forming on thin plate[D]. Nanjing: Nanjing University
of Aeronautics and Astronautics, 2017.

[91 JAN, L, sk, 45, 5 G s T00N, i P WAL I 1
B [I]. P E e TR, 2017, 30(3): 31-39.

ZHOU Zhen, LU Shihong, ZHANG Tao, et al. Experimental study
of elastic prestressed ultrasonic peen forming on aluminum alloy[J].
China Surface Engineering, 2017, 30(3): 31-39.

[10]  E{Al. I AR P 1B 75 AL T ZHT5E[D). 1 At
AU ZE R, 2018,

WANG Zhiye. Research of stressing ultrasonic peening forming
technology in stiffened plate[D]. Nanjing: Nanjing University of Aeronautics
and Astronautics, 2018.

(1] e, TR BEALIR (2R [0, BB IR AR, 2000, 25(1):
42-43.

SHANG lJianqin. Effect of pre-stress on peen-forming[J]. Forging &
Stamping Technology, 2000, 25(1): 42-43.

[12] MIAO H Y, DEMERS D, LAROSE S, et al. Experimental
study of shot peening and stress peen forming[J]. Journal of Materials
Processing Technology, 2010, 210(15): 2089-2102.

[13] MIAO H Y, LAROSE S, PERRON C, et al. Numerical
simulation of the stress peen forming process and experimental validation[J].
Advances in Engineering Software, 2011, 42(11): 963-975.

[14] XIAO X D, WANG Y J, ZHANG W, et al. Numerical
research on stress peen forming with prestressed regular model[J]. Journal
of Materials Processing Technology, 2016, 229: 501-513.

[15] TIMOSHENKO S, WOINOWSKY-KRIEGER S. Theory of
Plates and Shells[M]. 2nd ed. New York: McGraw-Hill Book Company,
1959.

[16] BRI drC, o AR R ES IL R 2. 4
Ja S35 K T AR AR HEIL i — E[M]. 5540 dbat: dhrEdrRiE
i, 2014,

(F#% 111 1)



PN
RESEARCH Hltﬁbtei

5 #ig

AR SCER X KRR R Z R T B o it 25 0%
R B4 170 AL, B8 17— ol i ] KR AR Y A 2 A A
LB AL AN A ST H R . SR T 3 — Bk - 34
TT RIS, TESEBEHIRSCR TR T, 385 T K Bkt
T A AT BE T . KRR SEL T 3 FllAR &
PR FT S BB R HE 2 P, 3T 88 98 FE AR A #E 27 mm + 1
mm, TR R AE T 0.02 mm, 53] T SZBRN T35 kR
TR, BALERRI, ZHASN H TR AR UE 3L
HEA—Em M, sebed: =4t Tl g fbis iz .

& & X

(1] FBIMS, ECHR, £, 55 i 8k #i AR IR A ST BT i g
A B ARBFFET]. BRI EH AR, 2023(2): 21-26.

ZHENG Xuepeng, WANG Wengiang, WANG Fei, et al. Research
on digital radiography test technology for weld of launch vehicle tank[J].
Aerospace Manufacturing Technology, 2023(2): 21-26.

(2] ARELJU. T JCFFIEAS AR R LE AN THARBFE[D].
W IR W IR IR Tl K2, 2021,

BAI Kunpeng. Research on robot machining technology for groove
of rocket tank parts[D]. Harbin: Harbin Institute of Technology, 2021.

B] Rz F, UL WA ERIZAT NS ARG BGH]. RiET
FRE AR K244, 2017, 31(1): 1-4.

ZHU Yunping, ZHANG Fan. Design of grinding robot system for
tank insulating layer[J]. Journal of Shanghai University of Engineering
Science, 2017, 31(1): 1-4.

[4] CHENY H, DONG F H. Robot machining: Recent development
and future research issues[J]. The International Journal of Advanced
Manufacturing Technology, 2013, 66(9): 1489-1497.

[5] A=W, Bz, BRSO, &5, Al R bLnt ol F o Bty
SRR T TISE), A R, 2018, 61(15): 16-24

LAN Renhao, HUANG Yun, CHEN Guilin, et al. Self-adaptive belt
grinding technology and its experimental research on aero-engine blade[J].
Aeronautical Manufacturing Technology, 2018, 61(15): 16-24.

[6] T7 4. BATEMRAMBIFATIENE L ALAR ABFSE[D]. W5 /K 35
MR Tk K4, 2017.

GUO Wanjin. Research on grinding robot for complex shape parts[D].
Harbin: Harbin Institute of Technology, 2017.

[71 LIZIJ,GES S, MING A G. Adaptive robust motion/force control
of holonomic-constrained nonholonomic mobile manipulators[J]. IEEE
Transactions on Systems, Man, and Cybernetics, Part B(Cybernetics), 2007,
37(3): 607-616.

[8] WANG Q L, WANG W, ZHENG LYY, et al. Force control-based
vibration suppression in robotic grinding of large thin-wall shells[J]. Robotics
and Computer-Integrated Manufacturing, 2021, 67: 102031.

[91 6. KTLHERE i A L BOL I I 5 & NN Ty
HEBEFEID). B RIBECE AR, 2020.

ZENG Chuang. Research on in-situ linear laser measurement and
adaptive machining method for large thin-walled curved parts[D]. Shanghai:
Shanghai Jiao Tong University, 2020.

[10] ‘RZABE BT AR LS L U ARBEFE[D]. HLil:

WHTKE, 2015.

ZHU Lingsheng. Research on trimming technology of aircraft skin
based on robot[D]. Hangzhou: Zhejiang University, 2015.

[11]  HRS, g, 298, PLE A A S TSRS 5 5 9230 0T
[0]. HAEPURS [ 3k TH AR, 2022(4): 139-142.

TIAN Fengjie, HAN Xiao, LI Lun. Experiment analysis on robot
automatic grinding of welding seam[J]. Modular Machine Tool & Automatic
Manufacturing Technique, 2022(4): 139-142.

[12] sRBEER, V552, B Pl AR REHIHTIE R0 h i
R S5HIR, 2023, 58(3): 10-12.

ZHANG Xiaojing, XU Zhanhu, TIAN Chao. Robot intelligent casting
polishing system[J]. China Foundry Machinery & Technology, 2023, 58(3):
10-12.

[13]  ZEFIR. LS I e e B a0 T 3ok T MR 5 v f) 1o FH
[7]. LRSS %, 2023, 51(5): 82-88.

LIANG Qilang. Application of vision measurement in hand eye
calibration of robot machining process[J]. Machine Tool & Hydraulics, 2023,
51(5): 82-88.

[14]  HSARJE, FEIESE, =20k Tl WLAR A S Bk AR AR AT, il 3
Ak A 34k, 2015, 37(18): 34-36.

ZHENG Xiangzhou, DONG Wangyuan. Three-step method of
coordinates transformation of Industtrial robot[J]. Manufacturing Automation,
2015, 37(18): 34-36.

[15]  RBIE, e, fi S I AR LR D). AH LRGN H,
2020, 29(1): 22-28.

ZHU Sicong, ZHOU Delong. Review on image corner detection[J].
Computer Systems & Applications, 2020, 29(1): 22-28.

SEAEEE Pk, BUAESR  WL BFGET T T LR A R4
R
(TG X x)

(EE% 102 7)

National Analysis Center for Iron and Steel, The Fifth Editorial
Office Standards Press of China . Standard compilation of test methods
for mechanical and technological properties of metals— Part I[M]. 4th ed.
Beijing: Standards Press of China, 2014.

[17] CHAMPAIGNE J. Almen strip specifications[J]. The Shot
Peener, 1997, 11(3): 6-13.

[18] ZHANG X J, WANG T, WANG J B, et al. Analytical
modeling of shot peen forming process using cross-sectional linear
indentation coverage method[J]. International Journal of Mechanical
Sciences, 2017, 133: 838-845.

[19] MARCINIAK Z, DUNCANJ L, HU S J. Mechanics of Sheet
Metal Forming[M]. 2nd ed. Oxford: Butterworth-Heinemann, 2002:
86-87.

BISVES: RIS, WIS T WF9E 5 1] s 4 il T 25 5 9k
Ji%,
(vid ® 1)

20254E 55688 54 M0) - iarilEEA 111



