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Abstract: High temperature alloys were important materials for key components of aircraft engines,
and shot peening was a critical step in the manufacturing process of blade parts. Through the high-speed im~-
pact of the projectile on the surfaces of the workpieces, residual compressive stress might be introduced to
the surfaces, thereby offsetting some working loads and improving the fatigue performance of the compo-
nents. Therefore, studying the shot peening processes of high-temperature alloys was of great significance
for improving the service performance and reliability of key components in aircraft engines. This paper in-
troduced the research status of high-temperature alloy shot peening processes in terms of simulation meth-
ods, surface integrity of high-temperature alloy shot peening, and fatigue performance of high-temperature
alloy shot peening. Finally, the shortcomings of existing research and future research directions were ana-
lyzed.
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Fig.1 Schematic of shot peening strengthening'’
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Fig.2 The influence of shot peening coverage on

surface deformation condition'”’
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Fig.3 Finite element simulation of multiple shot peening"
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Fig.4 Finite element simulation of shot peening with

300 350 400

different coverage rates'™”
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Fig.14 Fatigue fracture morphology of GH4169 high-temperature alloy treated with shot peening and vibration

finishing decoration composite

AMERETC I WA, E RSB X DZ125 % )
B A A B A 2T CFGHI6 B oK & iR A
&R EIR A ST TR T2, Hoh i
Tk 3 FH S [ 55 HL 5 B 6 FGHO6 4 4 #4754k , BF
58 HOH 9 57 M RE IV 77 4 P UM g . 25 R AR
B, 72 650 ‘CIl B0 25148 F il RE g I g 4R vh R 2K
Ko 13 3 1.7 1 . FGHI6 & 4 8 B IR 25 9% 95
B BR /1 583 MPa F [ £ 465 MPa, 28 2 5 9 & 1§
JUJE S K= 1.7 I FE (1 9% 95 # B % & %] 530 MPa,
G 5 3 % L AL X K= 1.7 18 FF 19 5% 95 W% B JC 1
ta ME A WHEL 15 FroR . e 5 B2 M AL S A T B T
T JTIR , 2 THDFRE B2 W A7 3 L 51 AT IR B K 100
um B FE AN S35 . A8 600 MPa T 9% 95 il 4 T
WRE . BB 7 /NI LR Ak TC ik
THBRIN T IR . #£ 600 MPa F 9% 95 IR il /£ TR 2.
2V T AR ST TR R LR R
GHA169 i % 25 il 9 55 1B 119 3 i R RS 2
B T AR A% IV ) R e R 55 i 2 SRR AL
Jri 2% TTRLRE J3E o 2 Tt AL 5 8 A0 4 KT B T 2

750 ™ %ﬁu
70014 A o BEALTZ1
650 o A BATE2
g_f A A
g 600 | EemuEm o A A
S L N [ ]
R 550} ' [ o 4 [} A: 0.,=530 MPa
& sool . . o 4 42 0,=465MPa
[ ° 2 0.,=450 MPa
ssol IBASERTM = e =
ISVIECIES QW) o
400 > ' :
10* 10° 100 107
PRI Rn
15 BEHI/MEHRBZ T FGHIC A & iR HES
B

Fig.15 Fatigue strength of FGH96 alloy notch specimen

in grinding/shot peening state"™"”

- 324 -

[46]

FUBRFEIA ] 0.15 mme A L [, 2 T HURS FF 3
SR WAL I R T AR A N 7 34 0 RN T s GHA4169
B 4 3 T B A% N 77 B8 T AL R B A 1 R IR
GHA4169 & 4x 19 9% 55 75 i B Wi kL 5 B2 9 3 0K iy
Bx.

FHEL T B — S LR Ak, WAL HoA T 201
02 A il 3 O TR BE RS 25 A R TR T2 M A B R
i AR v A A 9 ST Pk e . W BEED AL GH 2787
FEANLM R B 4 4 O - WL E A iRk
T2 M7 5 T WO R AL AR SR AR N ) 2 IR
g P B, L B AL 5 E 3R 2 B 4y I K F
7o AU o] 2 T A o R ) B R AR, DT S B
I H 2 T 5 HEE Y 5 A 0 s X s Ak R I R R
ST B VR SO o7 5 R R IR L 25 SR B L ok -me
LS A s ALK AL B 9% 57 5 5 114 4 v 8 R e
PSRTAE S A a1 A NS RN o
20.6 %0 s Be A G AL RIS 9% 55 9 BE 1 e i — 2D
R 2810, W TR COR A mE L Ak
15.9% Fn gl R H OG8RIk 19 18.3% . B R
SEUN KA169 A 42 e e 45 il 9 57 e FHRAE AT T
WOt vy /8 LA A s Ak Ak B, 2 5 H R R O 1
g 45 R W L 7E 647 CHBE 5 450 MPa Ji 1 K
T EZ G A 5 TR —midL, =2 ARk
J& » 9% 595 L BOR I B T B 5 2480 i A
MNRZHEE B REZ ML RER TR,
XF FGHO5 & 4 #F47 T MU AN A [W] i &2 & 1 (B
F B 1)+ 5 A AL IS AL S )+ P L NS ) 4
B WEH) IR R ) R RECK =17 B9 AT
T 650 'CF Y Jie 25 57 156, W 11 43 BT 2 B, g
JUIN T 0 95 55 R 22l 2 TR O B O PR R



e ML WAL I AR T 6 e M e L % M REAIF S 0t e

INSF BB MR A

U L % 57 75 1y BB 2 5 U5 FEE A BT 180 s 28 5 AN
FUR P & AR AR A S . R 57 77 i ik B R mE
JUIRFER 26.3 %L 1. WU S 1F 58 T GHA4169
1o A A A O - IR L o+ A
S JBE Y AL L 0 5 - v i R RS OAL L 3 O - iR R
H A RS TR B TR 2 e L O
HEAT T8 e 2 9 55 1 45 S I gt L T K i
JIE 8 v R 1 9 95 A5 A L B e nT 3k 36506, 9 95
A B R T S ALY B SR AR N AT 8 AR
AN T RE AL A 2, W% S 28 A7 4% b A fif % 57
ot — R E . KLOTZ &7 % g I 5 1
INT18 & 4 43 i) E A7 MK J 98¢ 55 0 v Jo] 9 95 1 56
S BLAE G 9 55 v, 3 T HELRE A B i 9% 57 A5 A
() 2 B K 2R A 0 SR 57 v, 3R AR TN 0 R i 9 5
F5fi 1 2B R R 5 AEAR SR8 55 v, AL I R A T
FE 55— YN 2R A6 B Hp FOR o0 A L A8 WG 9% 57 #5 A
A E W BR AP F7 . T 1 2 1 i G N8R AR R T
A5 QAT o AR 1] T 7 A 00 235 449 38 555 A 0 A
by B AN 16 TR . b Ah L B X AL AL B
(1 Inconel718 7E 1= J& FK J& 9% 97 50 56 T AS ] 114 24
SRR B FHL LSS K Y L 57 5 A
& T — 4% Navarro #5 5 fil de los Rios & 4§
JEA Y 5 Chen 24 80 A BRI AR 45 & AR,
T 00 W S Ak PRI A W AU AL R Y Inconel 718 i FR 7E
58T v A R A 9% 57 15 v ) B0 BR 07 B A

CHEN %5 X8R5 A9 IN718 & 4 47188 AL
Ab L S BREALAT LA SE 42 T R IN718 I il 5%
8T 7™ AR 08 5% A LI T 9T 51 A R KT B 5% A s
F1 . LIU %573 FGHO6 Btk 32 BE A R AL 4
SEAT T WAL 9 95 A5 A il 0 & BWE LSS R
TE MR 0 SR 9% 55 77 i (14 SF- S5 (B AR 24, (R ARCIR R
(4 9% 55 77 i 00 40 WOHE R R . WAL s AR U R
F 3 G 4y Wi AL RCR 25 MG R AR T
Ab . GHORASHI 27 i 17 Bl % 97 1K 56, A 5%
M AL Ak B I A 98 B TN7 18 R 9 55 1k RE 11
BRE . TEE 55 R K 14 B KN T A I, O g%
) 3 bR Ak 1 535 R 298 40 %% L R AT WAL AL 2R
Jo S PERE MR AL AR IR . ZHAO %7058 T 1t
JUAb HE X GH4169 4 42 7 20, 350, 650 “C4s A
9% 57 VERE AR . I AL Ak B AT LK R FRE g g AL 3
FE 0 95 57 P RE L RE I 2 AE AR A I ) R 56 I
(20 °CH1 350 °C) T . W97 VERERY 3 AT
5 10 G K A AR JE 25 s LA B 38 )22 18 o A2 A 4k
I 456 5% A% N 7. 52 85 0 455 & B AE 0.3~0.6
MPa iy 5% JUHE 77 71 BBl N - GH3535 & 4 9% 97 4 i

RAKA . I
95 5 T /

I

I mm

BB
e 5

VBRI

I mm

-

(d) 6,,=1100 MPa, B A,CW14-8A
16 IN718 %% 55X # i O RAE™"
Fig.16 Fracture characterization of IN718

fatigue specimens

Xof g AL R 7 1 28 A B R U 9 5 A i B A L
7 G K B v, e, L )y 0.6 MPa
B WAL e R 9% 55 A dt i T 4711 %, W
17 Fios . #8340 & BB ALJS » 76 632 °C L 450
MPa % 1 F K4169 A 4 (1 o (B 3% 55 73 fir i oA
FUIRE Y 7.7 10 J8 R B2 e 2 W AL IR 1Y 8.64 X
10°~3.461 X 10° JA Y [, $2 /& 1 10.2~43.91i% ,
BV 58 v 14 Wt AL B8R R AR AR T A v 8 9 7

T B PRSI T AN W) 484 T N [ 2% 1 el v
AR Kb B 5 10705BX Bk 5 5 I A 4 1 45 1 il g

- 325 -



REALA T RE B 37 & 5 23 2026 4F 2 H

9 57 G BT 43 KT T s oA b 3L M AL Ak 3 % M
JU5 CuNiln % )2 & & 4 B 10705BX 2k 58 & i
B 4 ME 25 M R 1 B Bl 9% 55 1 e AT 03K 43 AT
FERL BN 8 55 B B0 1 IS, 6 SR A S LAk B K SR A Ak
B S 1 10705BX 4k 3k /3 A 4 11 2 8w Y 41 L G
F1JE 350 Ko 3 2 1 BE A7 RAE 43 A, 45 SR R WI K b
PR AL A B RE R A A Ak B R R T R B
B 43 9] 4 0.08.3.38,13.65 um ., M LA B )5 2 1
Bl R 4 v T 16 %6 I TR 4K IR B 24 80 pm L BN
9% 55 5 o B R AR PR P o T 7.8 48

SR AIE B L WAL T2 BB S A AU 4R = A E 1Y
9% 55 VEBE 24 AT A9 B 5T R 3k TA A IS L BE 5 Y
SEE 57 PERE R AL 2 LR = A i O # L
1) 48 o7 B 0 S 25 O T Y 2R TEDE B 8 DD i
T A SR 8 LA AR AR R A O T B SINRR
TIE P W% L R 1AL AR SR I Sy SRR, X —
S ) ELAG A TP L > AL B R KR AR G i
2 1T MR AT B BB B BT R AR T 5
FE 5 2 W% AL B R 2o /N B3R T 5 R AN SR I, 3R AT
TG JUAMT IR JC vk 78 55 iR AL B i 59 . @l i
F A7 A IRVE AR I AL R B IR AR SR A A
KA i 55 00 55 4 RE T 55 80§ g 7 A= BB
YEH . OFERZ BTy 1] 51 AFRAR N 7 F 8 A3 A
JEE B0 B2 53 A1 L RE 8 AT R R AR L 80 i [ B 1 i
7758 BE R DT 2 95 9% 57 54

e il 4 e S A R AR B BB AR A A Bl R
T 5 1R Bl BV KO (8 R r 5 MU AR AT . WS L
o A8 T A B B A g ) TE BRALRE A 95 95 ok B rp o]
AEANSORFFRRE . FRAS U AT | 5 5216 4 404
PR R MRSy R4 5| FR A I 7 1 1543 A Al
A, 3 — A 5l 3 G2 A A 128 1) 98¢ 5 14 B8 Ay i I

Fatigue crack sourcefregion,

(d)0.6 MPaJE 17 5 L,

o5 () 728 Ak 1 Sk, B4 S0 R i g N g i B DR A 23 Bl
06 107 Z KA . KHADHRAOUT 25595 T Inco-
ooy nel718 & 4 76 P Flt 15 AL 58 & (6 mm+A, 12 mm-
S 1) A)F 7= 8% 4% 1 B HAE 600 °C R 650 “C AT
Em- . S (10 hF1 100 h) J5 A9 HA 30 . 76 5 55 1
#® 6.68 X 10° B 55— B B, WL B4 46 1 7 (H 2 000N B I Ok
051 3.61x10° ZIF R . SRR R s i R AR AR SR
0 l_‘ | AT » 358 v 040 Utk B 7 A A KA st AT Sy, (R 7 7 4
(()e)uﬁ ;;;hgjﬁ;;:a o0 MPe Bz 53 %‘ﬁ‘i&ﬁﬁ%%ﬁ ) . HOFFMEISTER
H17 FEMAES TREREAESEHS 655G X1 9 25 I 4 R ER 4 WAL Tnconel718
B OR R B A BB AR RTINS RO EAT T WSS AR RS
Fig.17 High cycle fatigue life and fracture o VE R L Bl & D AR 28 10 38 K, 2 1 58 4% R N

morphology of specimens under different shot W, BBV Bk 4P 1.
peening pressures *” TR L 5 A A 7t 2 5 5 s R

© 326 -



e ML WAL I AR T 6 e M e L % M REAIF S 0t e

INSF BB MR A

VE R BT AL 5 | Ak Y s A P K 2 4 A AR
rH R SR S A AR A R R AT S B A B T 1Y
Fsth . WU Sl X G5 A7 S A F 58 T B8 L
Ji T )5 Inconel625 & 4 V1 32 J2 58 A N 71 Al i A4l
SRR AT K. 7E 500,600,700 ‘CHIE R T
29 5% A% I 77 78 B W) 1Y 15 min N I 35 08/ L SR
1M s 76 R 2R BT A A AR K FR R RN J) . %
N 0 2 2 A A S OB B R AR S A D
KT 118 55 2% e 7 ) A At 285 5 S0ORUIE L A 3L 1Y
Inconel625 5 4 FUALAPE REFS LIRS . TELANG
SR RO e AL S A AL R R S 40 0K
2% 10 B0 XF Inconel 718 3 #F E 47 7 2% 1 ol oAb
BB AR S B TR AE 550~650 °C AR E T, LA
I7i) % 10 Ak 3 R 0 FARA Bt AT Ry L 25 SRR —
T A B 7 9 7 A 0 3 T % A R L A 0 B A Bt
Je B R R R R R Y .

JE M DU 2 A 55 AL 2 J2% 19 78 A ) ey 4
28 oy BE AL R - SR [ B (0 0 35 A% IV 7 14 FORT 4
A T AN S 25 05 A I R A R} B4 R 7 - 0 AR B ) AN
i 5t B B2 (et A Ak )90 R AR Ak L 3% 4% I 7 i A
IRUCH 3G i 2242 ) . MEGUID %7 il H
A B IT I AL T LA AR L i e A A 15
AN B BR AR R F7 43 A R B B 5E T 5% 4 g ) %t 2
fink 5 THT Ak 0 I PABIL ARG 8 A7 i) 7 ) AR E L A5 R AR
B HH T R e IR e I A1 R 28 AR O 11 A [ AR
F MU 280T UAE 56 — IR PE A T LT 58 & B
WO AL R 42 1 J . SEDDIK 25 £ % Inconel718
B A EWE LIS 78 F1 IR B8 A AR T 5% 4 R
T30 TR A3 AT RS st B AT T R 5Y L A 45 2R
LW, bt T AR R EE B9 5 (500,650,800 C) L 5%
A% IV 7 i ot R R 8 T 5 Bt 2 1A S 7 AR 8 Jn (450
600,900 MPa) , 5% 4% i g A% sth 2 5 W) 456 185 m 5 24
T Fsf il o0 A% 2% A 55 g 8 Ar B o B 4% 7 7 AR A st AR
JE = AL — Rk A i Bl . FOSS 46 5%
T ALER 3 A 4 RR1000 [R 4 52 58 1% 748 9% 57 51
Y 5% A B IS Bt L & B 700 CHY VR TR /N T
& 4 R BR A N AN TORE AR RN L B K R AT
b T g 0 R RS S EUAL R B S B0 3R TP A
it o (EL N 52 10 85 A% I8 7 A8 sth A7 O B AR 9 95 5 B8k
RN LR A IR 3% ., BUCHAN-
AN FEVORE R L TR 3R AT R 8 AL S Inconel100
B8 4% L 7 s il 1) A TR AR RN A T S Y G A AR
TE AL | T A A 7R R 8 A TR 2 i) R A A %
T 9 M 7 78 4 52 00, JOHIN 2507 ] 2% 468 780 465 41
W% LS5 INTOO i E 25 th g A 1 Aot . R 7

PR T 650 ‘CF 300 hm AR B T & sk 4
L A7 ASCHE 2 A L 43 A 14 400 B o 2 - 1) 2 4 B e
A VAL 2B n ) DA MR 1 RV N N Rl
GPalf N 14 % A AR A I Fy i i . o ELA Bk i Ao
JE B JUART B AR () 141 10 ) v, Bk ) 30 17y 5
i A IS 3 o A 2 T BRF AT U 2 1 BR W AN R AR SR Ay
IV

T T A A WAL 25 M RE T 9T 2 A5 b Tl L
SR (AW U8 B R g L R A ) R R A
(RS AL 25 40) IR A 0 5% IR AR 3 3847 25 )
VI R BEE A T 2% Z W E M @A & 57
P B 5% A% I g 0 st 1) B R AR AT L N S TR A
W5 W8 AL 5 A AL I O 285 4 (L L B AR 5 ) 5
I 55 PE R 22 1) A 28 DG 2R L LA BB A I 7 s b )
THOWLATL A , 7 7 B 5 36 ) B9 A TR AR F93000 5 vk L A2
HERE VRS T 1) 2 B MR AR . 25 S50 M R 4
(EASEARL , F & B o ff 1) 9 57 75 i TR0 A Y, 2% i
A NE T3 A b | TET Gl B L A R SO0 2 ) A Ak 45 A
F B A AR A IR AR R BT T Y AT O A
K-

4 RERERE#HB

1) Y 45 < M AL A 22 ROJEEASE DL RN B0 3K 3l 07
LR . BEE LR R 2 RE
AL, 5 1 (N5 45 A BR IC A B 1T 8RR A 400D #s
WL T Z W5 4R AR B A . TR T RASIA
N TRBE KRB F AR AZBUIL T Z 2551
PEPERE Z 18] A TR IR IR 2R L O oK Ok B9 5t Ak T 25803
e BEECHR B 3l 1Y SCFE

) AEE MR A SO T .
T 22 ol A 1 98¢ 57 1R o o A v T 5 8 B B 95 17
I WESE DA B SRS RS . SRS
i URE A L 52 2% JL AR 1 CIn i =3 % sl L i
Ji TR SE B IR AR rh 7 A2 22 Bk 37 T 0 8 25 38 L ] 2
5 PR — E BT R S T 0T #EAT R fE
5 TR AARVE A R 4544 T 10 w85 T <8 WAL 3% 1
S8 Bk 50 57 1k RE BT B AT B A TR A P BE A L B
AEENHELEL.,

3)E T LA S WUIL T AT TT 1 . AT
B PR A R 55 A Y BT S 4 38 B A L 5 Al AL ERLAE
FEATRA AR Lo A0 Ak B0 e v BE 8 69 70 A
LA b R o AL G B TR SRR AR M R T iR
2y 0K ity 00 A8 28 5 7 T A O R A R i R
SL o MCHLER b 0F 3R W5 Al i AR v iY BE B o) A 1%
3B IV VAR 5 AR FEAT ST TR B A SR A X

< 327 -



REALA T RE B 37 & 5 23 2026 4F 2 H

FEBHBTE Ui s AR A, SRR R AR WL ) o3 A IR S L2
PO 3055 2 2 R AR Y 22 1) B4 STk L B X Ay 1
RO TE (5 W LA, 87 iR AL T 2S8R
JOE F3 53 A 3 1 OW AR T 1) 82 LR it A e B
T

4)TEMTAL T 200 i il A <8 9 55 1 E ) 52 1R AL
i 77 T . B BE ST C 2 AR B 3 SRR PR
WL 2L B ANV T 5 S TRl R ) B R A X 9 57
Vi RE AT T 2 A4 R W) . (AR Al X% 57 1 RE 1Y 52 )
LA PLBL AT E R TR R T 5 . 2 0 1
IR L TR A8 75 W58 R T 58 BEPE BT 57 BL) L i Sr
AR A T P Y 3R T S8 R S % 07 R RE Y
ke S A8 1, R 3 o T R R R T B R T e
PEBRCEAT 0 R R AL RE A 1 i) S B L L JE 5T
4 ME ST 7

5) WAL T 2 SR A 5 kG 2 A 72 ) D i
WG AL 3 T ot R RS AU B A 2 B R T
Fua AL ROR (EH X 2 2 50 1k 2 ROl 4
5o o i L k= RGN R BIS RS T . ARSR BT I
T e ik B A FROCH B BOTRAUBOR L &5 S Pl A8
o7 o SR 3 B TR S B S RO AL A

s M AR A5 149 20 HLAG R B9 5% 4% L 3 43 A1 i B4
R 2

6) e i 1 B A5 2T T A9 5 AR L )RR TR AT
JrH . A R S HLOC R TR IR P 2
i A B0 288 A B XUE A T WAL T 2551 A B kR
IO 3 AT R FR] A st 10 ) 285 28 A R 7 90 A 1 2
W o oA RATE 5N B O WL Bk A% IV ) A A 2% B
85 T A R L JE R W A PR T 9 07 T K
FISE 3 40 st LA o I R DG A WAL T 25 LS 2 A
SR T5 4 o X AR O T A P 1 S B il AR E

7 R ALE A B B S R DT . R SEAL
ARE AL B2 A B AR R (BT 58 AR ORI T 2 R
PE LA P A TE] . ARk AR WO mUL
P AL R T 55 A 55 0T X4 R B9 415 B S F 5
TE Ry it A 4 9 AL A B ARV T ALE 2 — P 5
WS AL T 2 A P R Sy S S RS o A R kY
A SR S

SE Lk

[1] WU Daoxia, ZHANG Dinghua, YAO Changfeng. Effect
of Turning and Surface Polishing Treatments on Surface In-
tegrity and Fatigue Performance of Nickel-based Alloy
GH4169[ J]. Metals. 2018, 8(7): 549.

[2] SUAREZ A, VEIGA F, de LACALLE LN L, etal. Ef-
fects of Ultrasonics-assisted Face Milling on Surface Integ-

328

[3]

[4]

(5]

(6]

[7]

(8]

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

rity and Fatigue Life of Ni-alloy 718[J]. Journal of Materi-
als Engineering and Performance, 2016, 25(11) : 5076-
5086.

MALEKI E, UNAL O. Optimization of Shot Peening Ef-
fective Parameters on Surface Hardness Improvement[J].
Metals and Materials International, 2021, 27 (9) . 3173-
3185.

GALLITELLI D, BOYER V., GELINEAU M, et al.
Simulation of Shot Peening: from Process Parameters to
Residual Stress Fields in a Structure[ J]. Comptes Rendus
Mécanique. 2016, 344(4/5) . 355-374.

GHASEMI A, HASSANI-GANGARAJ S M,
MAHMOUDI A H, et al. Shot Peening Coverage Effect
on Residual Stress Profile by FE Random Impact Analysis
[J]. Surface Engineering, 2016, 32(11): 861-870.
WANG Cheng, HU Jiacheng, GU Zhenbiao, et al. Simu-
lation on Residual Stress of Shot Peening Based on a Sym-
metrical Cell Model[ J]. Chinese Journal of Mechanical En-
gineering, 2017, 30(2): 344-351.

PHAM T Q. KHUN N W, BUTLER D L. New Ap-
proach to Estimate Coverage Parameter in 3D FEM Shot
Peening Simulation [J]. Surface Engineering, 2017, 33
(9): 687-695.

GARIEPY A, MIAO H Y, LEVESQUE M. Simulation
of the Shot Peening Process with Variable Shot Diameters
and Impacting Velocities[ J]. Advances in Engineering Soft-
ware, 2017, 114 121-133.

PUROHIT R, VERMA C S, RANA R S. et al. Simula-
tion of Shot Peening Process [ J]. Materials Today: Pro-
ceedings, 2017, 4(2): 1244-1251.

BN PR BOR . AF L LIRS A IS AR A (1) AT
FROTAEILT]. Bk TR 224, 2020, 27(4) . 153-158.

HE Zhanshu, CHEN Lei, LI Chao, et al. Finite Element
Simulation of Single and Double Shot Peening Model [J].
Journal of Plasticity Engineering, 2020, 27(4): 153-158.
FRIJA M, HASSINE T, FATHALLAH R, et al. Finite
Element Modelling of Shot Peening Process: Prediction of
the Compressive Residual Stresses, the Plastic Deforma-
tions and the Surface Integrity[J]. Materials Science and
Engineering: A, 2006, 426(1/2): 173-180.

WANG Cheng, WANG Long, WANG Xiaogui, et al.
Numerical Study of Grain Refinement Induced by Severe
Shot Peening[J]. International Journal of Mechanical Sci-
ences, 2018, 146/147: 280-294.

HASSANI-GANGARAJ S M, CHO K S, VOIGT H L,
et al. Experimental Assessment and Simulation of Surface
Nanocrystallization by Severe Shot Peening[ J]. Acta Mate-
rialia, 2015, 97: 105-115.

GANGARAJ S M H, GUAGLIANO M, FARRAHI G
H. An Approach to Relate Shot Peening Finite Element
Simulation to the Actual Coverage[J]. Surface and Coat-
ings Technology, 2014, 243: 39-45.

LIN Qinjie, LIU Huaiju, ZHU Caichao, et al. Effects of
Different Shot Peening Parameters on Residual Stress, Sur-
face Roughness and Cell Size [J]. Surface and Coatings
Technology, 2020, 398: 126054.

SHERAFATNIA K, FARRAHI G H. MAHMOUDI A
H. Effect of Initial Surface Treatment on Shot Peening Re-
sidual Stress Field: Analytical Approach with Experimental
Verification [ J]. International Journal of Mechanical Sci-
ences, 2018, 137: 171-181.

SR, AR T A, Mokgg, 4. GHAL69 Wi A 4 58 Lok
RNLIIA BTG HTLT]. JEARMER Toll 2 Bes# 4l » 2024, 34
(4):15-18.



B A W R T 20 2 T 5 e e K HO 57 M RE W5 e

ST BB

R

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

ZHANG Yinglin, HUO Yuxin, YANG Yongliang, et al.
Finite Element Analysis of Residual Stress in Shot Peening
of GH4169 Superalloy[J]. Journal of North China Institute
of Aerospace Engineering, 2024, 34(4): 15-18.

BRE, E RN . 2RI 4F . Abaqus IR I RAEML A 5K
SR PR WAL S AL BT T i BT, AL BY TR
2020, 29(2) : 55-60.

CHEN Fei, WANG Chengyu, LI Weigang. et al. Appli-
cation of Abaqus Secondary Development in Shot Peening
Strengthening of Aerospace Arc-shaped Frame[J]. Com-
puter Aided Engineering, 2020, 29(2) . 55-60.

LIN Qinjie, LIU Huaiju, ZHU Caichao, et al. Investiga-
tion on the Effect of Shot Peening Coverage on the Surface
Integrity[ J]. Applied Surface Science, 2019, 489 66-72.
fERAE . &3 X . FEM-DEM # & #5E ABAQUS H11f)
SELCT/ I J 2 K 23 -2017 B PRt vh [ ) 2 2 4 T
60 JA4F K2 . 4b5t,2017: 378-391

XIONG Tianlun, LU Luyi. Implementation of the FEM-
DEM Coupled Model in ABAQUS[C]//The Chinese Con-
ference on Mechanics 2017 and the 60th Anniversary Cel-
ebration of the Chinese Society of Mechanics.
2017: 378-391.

BHUVARAGHAN B, SRINIVASAN S M, MAFFEO
B, et al. Shot Peening Simulation Using Discrete and Fi-

Beijing

nite Element Methods[J]. Advances in Engineering Soft-
ware, 2010, 41(12): 1266-1276.

TU Fubin, DELBERGUE D, MIAO Hongyan. et al. A
Sequential DEM-FEM Coupling Method for Shot Peening
Simulation [ J]. Surface and Coatings Technology, 2017,
319: 200-212.

MURUGARATNAM K, UTILI S, PETRINIC N. A
Combined DEM - FEM Numerical Method for Shot Peen-
ing Parameter Optimisation[ J]. Advances in Engineering
Software, 2015, 79: 13-26.

HONG T, OOIJ Y, SHAW B. A Numerical Simulation
to Relate the Shot Peening Parameters to the Induced Re-
sidual Stresses[ J]. Engineering Failure Analysis, 2008, 15
(8): 1097-1110.

MARINI M, PIONA F, FONTANARI V, et al. A New
Challenge in the DEM/FEM Simulation of the Shot Peen-
ing Process: The Residual Stress Field at a Sharp Edge
[J]. International Journal of Mechanical Sciences, 2020,
169: 105327.

LIUY G, LIM Q, LIU H J. Nanostructure and Surface
Roughness in the Processed Surface Layer of Ti-6Al1-4V
via Shot Peening [J]. Materials Characterization, 2017,
123 83-90.

KLOTZ T, DELBERGUE D, BOCHER P, et al. Sur-
face Characteristics and Fatigue Behavior of Shot Peened In-
conel 718[J]. International Journal of Fatigue. 2018, 110
10-21.

WU Daoxia, YAO Changfeng, ZHANG Dinghua. Surface
Characterization and Fatigue Evaluation in GH4169 Super-
alloy: Comparing Results after Finish Turning; Shot Peen-
ing and Surface Polishing Treatments [J]. International
Journal of Fatigue, 2018, 113: 222-235.

WU L H, JIANG C H. Effect of Shot Peening on Residual
Stress and Microstructure in the Deformed Layer of Inconel
625[J]. Materials Transactions, 2017, 58(2): 164-166.
PARK J S, YILDIZLI K., DEMIR E. Non-
destructive Characterization of Subsurface Residual Stress

et al.

Fields and Correlation with Microstructural Conditions in a
Shot-peened Inconel Component [J]. Experimental Me-
chanics, 2018, 58(9): 1389-1406.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

TR, TRE, BoER. A BR G 4 FGHIS BUAL SR AL X
ey M e 19 55 MERE A 2 M ). s i R L 2018, 61
(23): 38-45.

WANG Xin, WANG Kechang, LUO Xuekun, et al. Ef-
fect of Shot-Peening on High-temperature Notched Fatigue
Property of FGH95 Powder Metallurgy Superalloy [[J].
Aeronautical Manufacturing Technology, 2018, 61 (23) .
38-45.

SALVATI E. LUNT A J G, HEASON C P, et al. An
Analysis of Fatigue Failure Mechanisms in an Additively
Manufactured and Shot Peened IN 718 Nickel Superalloy
[J]. Materials & Design, 2020, 191: 108605.

WU Lihong, JIANG Chuanhai. Investigation on Surface
Layers Characteristics of Pre-stressed Shot Peening Inconel
625[J]. Materials Transactions, 2019, 60 (12) : 2558-
2561.

BUGAYEV A A, GUPTA M C, ORR J, et al.
Shot Peening of Inconel 600 and Surface Morphology Char-
acterization[[J]. MRS Online Proceedings Library. 2004.
850(1): 78-82.

RAMKUMAR K D, KUMAR P S G, KRISHNA V R,
et al. Influence of Laser Peening on the Tensile Strength

Laser

and Impact Toughness of Dissimilar Welds of Inconel 625
and UNS S32205[J]. Materials Science and Engineering :
A, 2016, 676: 88-99.

MORANCAIS A, FEVRE M., FRANCOIS M. etal. Re-
sidual Stress Determination in a Shot-peened Nickel-based
Single-crystal Superalloy Using X-ray Diffraction[ J]. Jour-
nal of Applied Crystallography, 2015, 48(6): 1761-1776.
CHEN Yanhua, JIANG Chuanhai. Effect of Shot Peening
on Surface Characteristics of Ni-based Single-crystal Super-
alloy [J]. Materials Transactions, 2013, 54 (10) : 1894-
1897.

EH, R, RIS, AF L BOLX DDA12 5 A
AN SE BE VR AR 57 VAR A R [T ], bR TR, 2024, 52
(7): 152-161.

WANG Kun, LUO Xuekun. SONG lJinxia, et al. Effects
of Shot Peening on Surface Integrity and Fatigue Properties
of DD412 Single Crystal Superalloy[ J]. Journal of Materi-
als Engineering, 2024, 52(7) . 152-161.

GILL A S, TELANG A, YE Chang, et al. Localized
Plastic Deformation and Hardening in Laser Shock Peened
Inconel Alloy 718SPF [J].
2018, 142: 15-26.

W, IR B, S GHAL69 w5 BE WL 2 I 4K
R BEFELT ], B ARH T2, 2008(6) : 88-90.

FENG Shuai, ZHAO Xiujuan, CHEN Chunhuan, et al.
Research on Surface Nanocrystallization Induced by High
Energy Shot Peening GH4169 Superalloy[ J]. New Tech-
nology & New Process. 2008(6) : 88-90.

KUMAR N N, YADAV A C. RAJA K., et al. Study on
Effect of Laser Peening on Inconel 718 Produced by DMLS
Technique [J]. SAE Technical Paper 2019-28-0146,
2019.

CHAMANFAR A, MONAJATI H, ROSENBAUM A,
et al. Microstructure and Mechanical Properties of Surface

Materials Characterization ,

and Subsurface Layers in Broached and Shot-peened Inco-
nel-718 Gas Turbine Disc Fir-trees[J]. Materials Charac-
terization, 2017, 132: 53-68.

RALAE WA, SEE AR WL AL X FGH4113A i
A A WO FoE i RAELT ). B &R RS T
. 2023, 52(7): 2415-2423.

ZHU Lihua, XIAO Lei, GUO lJianzheng, et al. Effect of
Shot Peening Intensity on FGH4113A Superalloy Micro-

+ 329 -



REALA T RE B 37 & 5 23 2026 4F 2 H

[44]

[46]

[47]

(48]

[49]

[50]

[51]

[53]

structure and Quantitative Characterization[ J]. Rare Metal
Materials and Engineering, 2023, 52(7): 2415-2423.

SUN Yungi, YAO Changfeng, TAN Liang, et al. Surface
Integrity and Fatigue Failure Behavior of Nickel Based Al-
loy Blades: after Cutting, Vibration Finishing and Shot
Peening [ J]. Engineering Failure Analysis, 2025, 167:
109034.

KT, AEMR, R, F . BT IR 7 RE M Allvac
718PLus #E 1l ¢ HL A0 T2 Bop A L] o 1 TR
2025, 38(3): 350-360.

ZHANG Ning, GOU Ruijie, YAO Jun, et al. Optimiza-
tion of Milling and Shot Peening Parameters for Allvac
718Plus Based on the Fatigue Performance of Specimens
[J]. China Surface Engineering, 2025, 38(3): 350-360.
W XU B, X, SF L WL PR B i A AL BT
GHA169 i i & S B 57 PERE RS2 LT ). T A s At 5
TF2, 2022, 51(8): 2955-2962.

PAN Yifan, LIU Daoxin, LIU Bo, et al. Effect of Shot
Peening Combined Vibration Finishing on Fatigue Behavior
of GH4169 Superalloy[ J]. Rare Metal Materials and Engi-
neering, 2022, 51(8): 2955-2962.

W E RPN 45 BUILER AL X DD6 5 & 15 4
Byt RE R L] G Jm PL B, 2019, 44T D)
634-639.

XU Chunling. WANG Xin, SONG Yinggang. et al. Ef-
fect of Shot Peening on Typical Mechanical Properties of
DD6 Single Crystal Superalloy[ J]. Heat Treatment of Met-
als, 2019, 44(S1): 634-639.

FRR. Wi, T, % . DZ125 5% 6 8[54 4w T2
(7). &)@ #AbFE, 2021, 46(1): 149-153

WANG Xin, YANG Qing, YU Peng, et al. Shot Peening
Process of Directionally Solidified DZ125 Alloy[J]. Heat
Treatment of Metals, 2021, 46(1): 149-153.

Tk, WHRR . XRG, S WL S 4 b e 5
e s AL ], Al 4R, 2020, 63(12): 46-52.
WANG Xin, XU Chunling, LIU Chenguang,
Strengthening Mechanism of Shot-Peening on Medium-

et al.

temperature Fatigue Property of Single-crystal Superalloy
[J]. Aeronautical Manufacturing Technology. 2020. 63
(12): 46-52.

FRR. B 2. ERERE, &5 WL AL FGHO6 ¥ 2R i ikl
B 4 9% 55 T RE Ny SR i UM RS ma L], i A 1
A, 2017, 60(13) : 48-53.

WANG Xin, HU Yunhui, WANG Xiaofeng, et al. Effect
of Shot Peening on Fatigue Performance Stress-concentra-
tion Sensitivity of FGH96 Powder Metallurgy Superalloy
[J]. Aeronautical Manufacturing Technology. 2017, 60
(13): 48-53.

TR, Wi, AP RL, A BOWSRIE X TC17 & GH4169
4 10 52 R e A R ST MR R Y (0], 4 R Rk
F, 2018, 43(1): 67-71.

WANG Xin, HU Yunhui, FU Shuhong, et al. Effect of
Shot Peening Intensity on Surface Integrity and High-tem-
perature Fatigue Performance of TC17 and GH4169 Alloys
[J]. Heat Treatment of Metals, 2018, 43(1): 67-71.
BBCED, EW . AR K, 4. GH2787 [EATHLI Jv i - i
I A AR 57 5 BE B T O ek 0], Mias 3 24, 2025,
40(6) : 20240017.

HU Dianyin. WANG Tao, DU Junliang, et al. Coupled
Laser-shot Peening for Fatigue Strength Enhancement
Method on GH2787 Compressor Blade [J]. Journal of
Aerospace Power, 2025, 40(6): 20240017.

UE SN S IEY S UL VAU P -Eex § )
K4169 # 1 5 4 19 3 1 5¢ B 1k A% 57 P s o sg ma [T 1. A

330 -

[55]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

il AR, 2022, 65(11): 57-62.

LUO Xuekun, ZHANG Wencan, WU Bo. et al. Effect of
Combination of Laser Shock Peening and Shot Peening on
Surface Integrity and Fatigue Property of K4169 Casting Al-
loy[J]. Aeronautical Manufacturing Technology. 2022, 65
(11): 57-62.

PR, RN, ERE L L REEEEN FGHIS & 4
95 T 9% 7 PERE R SR [T, 2 bR 24 4, 2020, 40(2)
53-60.

LUO Xuekun. WU Xiaoyan, WANG Kechang. et al. Ef-
fect of Surface Integrity Evolution on High-temperature Fa-
tigue Property of FGH95 Alloy[ J]. Journal of Aeronautical
Materials, 2020, 40(2): 53-60.

KLOTZ T, MIAO H'Y, BIANCHETTI C, et al. Ana-
lytical Fatigue Life Prediction of Shot Peened Inconel 718
[J]. International Journal of Fatigue, 2018, 113 204-221.
CHEN Z, PENG R L, MOVERARE I, et al. Effect of
Cooling and Shot Peening on Residual Stresses and Fatigue
Performance of Milled Inconel 718[J]. Residual Stresses.
2016 (2017): 13.

LIU Xinling, ZHAO Kai, LIU Chunjiang. Fatigue Behav-
ior and Surface Sensitivity of Board-shaped Sample of Pow-
der Metallurgy FGH 96[ J]. Advanced Materials Research,
2014, 891/892: 1723-1728.

GHORASHI M S, FARRAHI G H, MOVAHHEDY M
R. Effect of Severe Shot Peening on the Fatigue Life of the
Laser-cladded Inconel 718 Specimens [J]. The Interna-
tional Journal of Advanced Manufacturing Technology.
2019, 104(5): 2619-2631.

ZHAO Xiaohui, ZHOU Hongyang. LIU Yu. Effect of
Shot Peening on the Fatigue Properties of Nickel-based Su-
peralloy GH4169 at High Temperature[ J]. Results in Phys-
ics, 2018, 11: 452-460.

SR GRARRE . AR, AF L WEOILE X GH3535 5 4
RMDR A B o5 PERE RO LT ], F 5 & @A RE S TR
2022, 51(12): 4610-4617.

WU Peisong, ZHANG Jixiang, ZHOU Bomou, et al. Ef-
fect of Shot Peening Pressure on the Surface State and Fa-
tigue Properties of GH3535 Alloy[[J]. Rare Metal Materi-
als and Engineering, 2022, 51(12): 4610-4617.

AW, HEL, PR, AF . BRI 58 4 VX K4169 £
4 v il 97 PERE B R (0. AL M REAE I, 2023, 43
(3): 42-48.

ZHAO Xinyu, TIAN Kai, LUO Xuekun, et al. Effect of
Surface Integrity Induced by Shot Peening on High-temper-
ature Fatigue Property of K4169 Alloy[ J]. Journal of Aero-
nautical Materials, 2023, 43(3) . 42-48.

JHETE. B, e, % BUILY CuNiln IR 2 2 A 4
X i A < MR R B Bl R O e RE R S L) ). b [ SR
T, 2023, 36(4): 89-97.

FANG Xiuyang. GONG Jian'en, CAO Xiaoying, et al. Ef-
fect of Shot Peening and CuNiln Coating Composite Treat~
ment on Fretting Fatigue Properties of Superalloy Tenon
Specimens[J]. China Surface Engineering, 2023, 36(4) :
89-97.

KHADHRAOUIM, CAO W, CASTEX L, et al. Experi-
mental Investigations and Modelling of Relaxation Behav-
iour of Shot Peening Residual Stresses at High Tempera-
ture for Nickel Base Superalloys[J]. Materials Science and
Technology, 1997, 13(4): 360-367.

HOFFMEISTER J, SCHULZE V, HESSERT R, et al.
Residual Stresses under Quasi-static and Cyclic Loading in
Shot Peened Inconel 718[ J]. International Journal of Mate-
rials Research, 2012, 103(1): 66-72.



e ML WAL I AR T 6 e M e L % M REAIF S 0t e

ST WeBE IR A

[65] WU Lihong. JIANG Chuanhai. Effect of Thermal Relax-
ation on Residual Stress and Microstructure in the Near-
surface Layers of Dual Shot Peened Inconel 625[J]. Ad-
vances in Mechanical Engineering, 2018. 10 (10)
1687814018800530.

[66] TELANG A, GILL A’ S, MANNAVA SR, et al. Effect
of Temperature on Microstructure and Residual Stresses In-
duced by Surface Treatments in Inconel 718 SPF[J]. Sur-
face and Coatings Technology. 2018, 344. 93-101.

[67] MEGUID S A. MARICIC L. A. Finite Element Modeling
of Shot Peening Residual Stress Relaxation in Turbine Disk
Assemblies[ J]. Journal of Engineering Materials and Tech-
nology, 2015, 137(3): 031003.

[68] SEDDIK R, SEDDIK M, ATIG A, et al. Thermo-
mechanical Relaxation of Compressive Residual Stresses In-
duced by Shot Peening[J]. Procedia Structural Integrity ,
2016, 2. 2182-2189.

[69] FOSS BJ, GRAY S, HARDY M C, et al. Analysis of
Shot-peening and Residual Stress Relaxation in the Nickel-
based Superalloy RR1000[J]. Acta Materialia, 2013, 61
(7). 2548-2559.

[70] BUCHANAN D J. JOHN R, BROCKMAN R A. Relax-

ation of Shot-Peened Residual Stresses under Creep Load-

(E#EE31477)

[15] KIMJK, KIM H E, JUNG J Y, et al. Relation between
Pressure Variations and Noise in Axial Type Oil Piston
Pumps[J]. KSME International Journal. 2004, 18 (6) :
1019-1025.

[16] MANDAL N P, SAHA R, SANYAL D. Effects of Flow
Inertia Modelling and Valve-plate Geometry on Swash-
plate Axial-piston Pump Performance [J]. Proceedings of
the Institution of Mechanical Engineers. Part I: Journal of
Systems and Control Engineering, 2012, 226 (4) . 451-
465.

[17] PETTERSSON M. Design of Fluid Power Piston Pumps:
with  Special Reference to Noise Reduction [D].
Norrképing : Linképings Universitet, 1995.

[18] MANRING N D. Valve-plate Design for an Axial Piston
Pump Operating at Low Displacements[ J]. Journal of Me-
chanical Design, 2003, 125(1): 200-205.

[19] JIN Dingcan, RUAN Jian. LI Sheng. et al. Modelling and
Validation of a Roller-cam Rail Mechanism Used in a 2D
Piston Pump[J]. Journal of Zhejiang University: Science
A, 2019, 20(3): 201-217.

[20] XING Tong, XU Yezhou, RUAN Jian. Two-dimensional
Piston Pump: Principle, Design. and Testing for Aviation
Fuel Pumps[J]. Chinese Journal of Aeronautics, 2020, 33
(4): 1349-1360.

[21] & THl. Bofd. MMzt 5oLl ] s,
2019, 40(5) : 422730.

JIN Dingcan, RUAN Jian. Design and Research of Two-
dimensional Fuel Pump[J]. Acta Aeronautica et Astronau-
tica Sinica, 2019, 40(5) . 422730.

[22] WANG Heyuan. DING Chuan, HUANG Yu. et al. De-
sign and Research of 2D Piston Pumps with a Stacked Cone
Roller Set[J]. Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering Sci-
ence, 2022, 236(5): 2128-2146.

[23] ZHANG C , ZANG Y , WANG H ,et al. Theoretical and
Experimental Investigation on the Efficiency of a Novel
Roller Piston Pump [J]. Journal of Zhejiang University—

ing[[J]. Journal of Engineering Materials and Technology .
2009, 131(3): 031008.

[71] JOHN R, BUCHANAN D J, CATON M J, et al. Stabil-
ity of Shot Peen Residual Stresses in IN100 Subjected to
Creep and Fatigue Loading [J]. Procedia Engineering.,
2010, 2(1): 1887-1893.

(g B &)

EEBN &K, T, 199454 -0 FE A . BT 7 1) R B Ak
W2 TS AN TR 8 B M . E-mail: ygsun@mail.
nwpu. edu. cn, #6484 GEEIEE ). B, 19754 4F , # iz W 0F
FEA I, AIFFE 7 1 S i 2s  Bh WL O e S A % 1 S M A
K A% 95 H 1 . E-mail : chfyao@nwpu. edu. cn,

AL

NS L WRAB B L PR A L A WAL T AR I g B SR
PSS PERERE S LT ). A [EBLAR T 7. 2026.,37(2) : 315-331.
SUN Yungi. YAO Changfeng, SUN Huanfeng, et al. Research
Progresses of Surface Integrity and Fatigue Performance for High-
temperature Alloy Shot Peening Processes[J]. China Mechanical

Engineering,2026,37(2) : 315-331.

Science A, 2023, 24(9):762-781.

[247 k207 . il i) R S5 2 7 I A e 00 R T i o MR 14 5 4 G
LD HUI - HIT R, 2016,

YE Shaogan. Prediction of Vibro-acoustic Characteristics
and Structure Optimization for Noise Reduction of Axial
Piston Pumps[ D]. Hangzhou: Zhejiang University, 2016.

[25] LAUNDER B E, SPALDING D B. The Numerical Com-
putation of Turbulent Flows[ M]//Numerical Prediction of
Flow. Heat Transfer, Turbulence and Combustion. Am-
sterdam: Elsevier, 1983: 96-116.

[26] YAKHOT V., ORSZAG S A. Renormalization Group
Analysis of Turbulence. I. Basic Theory [J]. Journal of
Scientific Computing, 1986, 1(1): 3-51.

[27] EDGE K A, JOHNSTON D N. The ‘Secondary Source’
Method for the Measurement of Pump Pressure Ripple
Characteristics Part 1: Description of Method[ J]. Proceed-
ings of the Institution of Mechanical Engineers, Part A:
Journal of Power and Energy, 1990, 204(1): 33-40.

[28] EDGE K, XIAO S, BURROWS C R, etal. Flow Visuali-
sation of Cavitation in a Reciprocating Plunger Pump Using
High-speed Cinematography[ C]//Fourth Triennial Interna-
tional Symposium on Fluid Control, Fluid Measurement,
Fluid Mechanics. Visualization. 1994: 1101-1106.

(HFiE Bk &)

EEE % A2 GEEIER) . &, 1996 4FA4 PRI+, DF5
Jr R AR AL s 545 . E-mail: zhangchenchen@nbut. edu. cn.

AR5

R R BT A RE TR AR SE AR A i Ik Sl S 1R ) p B
B Dl K S g S el T ], vp E LA T2 2026, 37(2) : 304-314.
ZHANG Chenchen, RUAN Jian, LI Sheng. Numerical Simulation
and Experimental Verification of Flow Pulsation and Outlet Pres-
sure of Roller Piston Pump [J]. China Mechanical Engineering,
2026,37(2) :304-314.

- 331 -



