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ABSTRACT

Ultrasonic shot peening technology is by a large number of high-speed projectiles or the impact
needle shot to the workpiece surface, metal extension exceeds the yield limit of the material, plastic
deformation, forming crater. However, the extension of the surface material is restricted by the internal
material, which produces internal stress in the workpiece. Ultrasonic shot peening technology uses
high-frequency vibration needle, uniform shot peening on the surface of the material, after the shot
peening material grain refinement, residual stress elimination, defect reduction. In this paper, ultrasonic
shot peening was simulated on nickel base superalloy to analyze the action and law of ultrasonic shot
peening.

In this paper, Abaqus modeling is used to simulate ultrasonic strengthening equipment to carry out
shot peening on the material, and the material is strengthened by changing the load form, velocity load
and displacement load respectively. Comparing the feasibility of the experiment, the velocity load was
used to simulate the mechanics of the specimen. After releasing the residual stress, the tensile,
compressive, torsion and bending tests were carried out on the simulated specimens. Software was
used to simulate the mechanical properties of materials at different ambient temperatures of 20°C and
760°C. Finally, fe-Safe software was used to analyze the fatigue life before and after ultrasonic shot
peening. Under the same residual stress of shot peening simulated by tensile and compression, the
stress relaxation amplitude increased at high temperature, and the shear stress decreased by 184.8mpa
with the increase of temperature. At 20°C, a large internal stress is produced by ultrasonic shot peening
for microscopic atoms. When the external tensile stress is loaded, the internal stress offsets part of the
tensile stress. At 760°C, the residual compressive stress inside the material relaxes due to the energy
gained by the atoms at high temperature. By bending and torsional simulation at 760°C, the atomic
absorption energy becomes active, the residual stress caused by shot peening impact decreases, and the
strengthening effect weakens. The fatigue life after ultrasonic strengthening was 3.83x10°, which was
higher than that of the non-shot peening specimen (2.32x10°) and 65.09% higher than that of the
non-shot peening specimen. Due to the large number of tiny cracks on the machined surface of the
unshot peening specimen, the compressive stress layer exists on the surface of the unshot peening
specimen through ultrasonic shot peening, and the grain refinement improves the fatigue life of the

unshot peening specimen, which verifies the strengthening theory of ultrasonic shot peening again.

Key words: Ultrasonic impact,;high temperature nickel base alloy; residual stress;
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Mrige b BB 4« i AE 2t M) 8. ABAQUS A A] LLE S E M BRI E, {1
Ha)E. Zamkl BIR. &0 T EEE. ABAQUS/CAE, KH CAD J7 AU
MR R Gt, HA R AN BARHE.

TERRSE RIS E 2K, G PR IC M 22 7 b MBI 21 B A8 77 1 I — AN e AN AT D
AT, CAE FESUE ™ mh it FEARA ™ A . $em A5 an s 7 #1227 A
e EEIEM . EREGRTH T H AT R TR K4 G R
A, TR R IE [ 5 8 R PR v )i B o AR SR E T AR AR BR TN
Rz, HRMKREEFAE B RKZERE.

THI0T A2 2% BB AU UK TE M T-, B @ i R sl T faf B, A R I HH
PR 0] R B R AR, BE I TR, R K ERS AN B [R]VR 9% AE AN EH ()
075 b, RIMfERERE AT 20 Hr s R, o AR AN S5 2 5 IR A, #EmREA 2 5.
I AT B R LA T R, AFRE MR R D, R S AR, BRI NG
L HAR N E IR T RBRFE . H 0 e R ESE SN &R, 8 A
BT — AN B 0 RFEAT IR, P32 12 52 77 S R RN B 8] o (A L vy T
Ho, BT FRTTFEYNR, AT R TR EE v 1R A5 AL R A A 7R 2R FH 30 ) o
(RSR AR TT 125

2.4 REING

AL P ALK AR R AR SR A R, TR T A LR A, SR DL
REFHBUIR, S5 &8RS G AR 2605, Ay AR ENERESHL, N
Ja SR I A PR AL 6 1 B IR LA



DR N R R 2022 Ja AR Rl BT

FZE BEBRLIREMHER

3.1 MRIBHBIENX

GH4169 I 5 G ) — LI ARG 2B, BRI A 4k 7E W7 AL B 5 B (1
TR, VAMALE, BURAAIRE YRS, R D AN KA R TR B s e L A A
M

GH4169 #3541 ¥ 1% 2 2K Johnson-Cook 157 :

T

&

0g = [A+ B(]"[1+CIn(H)][1 - T*] (3-1)

Hotto, WML, Av Be CHUm AMEVESL n RINTHLRS, N
BRI 0 RO R A, T Sy

d _rmeit_rr (3_2>
Tmai!rj'gigzﬁ’ ij'g:l'zzyﬂ?ly T,1:298K
AL A=1241Mpa, B=622Mpa, m=1.05, n=0.6522
# 3-1 GH4169 HIEA5 &S K
Z B Mo R HPEEE  SRARH AR MK R A
# i
tt

K 824g/em’ 0.3 707.4J/(Kg°C) 199.9GPa 171W/m'K h=2W/(m?-°C) 1.87x10%/°C

S22 LR 8.24g/em3, VHFALL 0.3, SHEMLE 199.9Gpa, AR
Ja, BERCI R E, b i G B D /MRS S, AR e L, AT
PABCRR 1, a7 A o TR LSRRI B 1) 52 3 B 52 IR N, 6 1) 19 1 B A%
5B i) 1 S AR B EE AR - A IR AT B B e R B0 8] 0 R A 7 T SR AR
JEo FARISEAETS, WAl ol gn S oF SRS R, RN TSR seAs A i B
FEFEI 5 JETH S AS AR E i, AN SR Ry #sn s s ) 0 oA, BV ) S DX 4190
IR BN . A IRIT o Hris B/ 2] 70 PR, RRS 3K/N AR I8 AT R
JE, BT AR I 73 R AR A S 0 IS T B, THER A K v
3. 2 (U B Efar AR BY 32 37

(1) DLAS BT E A WAL S A, B ALK mme 25— MRS Bf
0.0lmm, &M R ~F N 80mmx40mmx18mm, X F# KB HE X S8, &E

8.24x10°/mm?, KA E 199900Mpa, JAFALL 0.3, HM:-fEAL 8T & [ [F)
6
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JE RS 7 550Mpa, FEPERNAR 0. SEFCINEDLS T 7B L. 3 b T AL,
KM IRoR, BHE 1A, JUMTARZESTIT, b ORI SR &, ki
BZ% G5 EHNIERE . BA7E X A2 80mm, Y J7 1A 0.01lmm i@ iE{E
~ KB EPRIEN, MIE 400, @i EXCEL B4 M. % 80mmx40mmx>18mm
MRS, T A R A 2 30mmx20mmxSmm [ 77 BLdd g, SR =4k B
W T ) o3 O s R S 9 B Y i T WA S5 A i AN % AR T IE B o BRI, 7
FABAR AR SR MR RIS LA B, TN SR IR EEAR A, N ) 2 i 78 A7 AE
AENE, PN Rl s S HUN I R KR . 1 TARE 2 RS T Y =
faddr, PrRURRN ) SR A B RER T G, B AR TR 2 W) 1
4mm FIIXIR, FEFE T SRR 73 WU RS b DX 7 A%, e S SR A Ok, BEPR
UEEE:per” £5 N

B 3-1 A% s i A

(2) JwEArRHE I, I AT R ARG 2] GHA169 BREE G E i) LRI A N
KISHCE . SRR R W SO B MR G i, I
Johnson-Cook 15 113 448 56 ¥ #4 kg 1 .

(3) QI , D KRR UK B J1 8 os ir i, e — R Ry
SE PR V12 SN 18] o S H 3 SRS B X IR 3 A 2 T LI B A0 4% LUK AR
BERCE I, i R A R SRR B R  SEA RUAL RS N T

5 ¥ HiTEEES X

E=1d B2 TLEERY mhia
& Initial (#05) N/A N/A

i 5 5
. [ ®m8. || == == B | @ | %3
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K32 b iRl

(4) X FHIEAF RS, & SafeE B ph B T~ 2Rt AT RH B3R, AH
HAF SR ek i 5 2R T Rl

R,  FESEEHER (Explicit)
S Initial

f&=E msufl

f s— =M s surf1 [y

nEEELT | EEE

ERL: @ sREE OJEE
HEE

HE RRESE R,

pf

£ BErmsEs X
E Initial Step-1
v Int-1 o2
EREAEE  IntProp-1 M B s
WEN @ ERsFHAME OEE| T
i | BRl o BEfEA SR SHSTEES Explict
EESiTE RS R i BEMS TR
= = o= (=8 sex. BiRS... b

K 3-3 HHEAEHIE

(5) MIRERIRIGy, RIS TIB8E M 2, SR 5 2 ks il 40
Tk, HouRM RT TR R T2 C3D8R H e,

B 3-4 RS Rl 7 (1 BT e 3 S AR TR DX 3 1 e 20 AT

(6) Xt F#ar k), R BB E AR AR N R e 2 e,
Py e B KT S A e B g ol R o — B R AL B A (KR O
15-40KHZ.
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¥ mEEE X
EFR: Amp-2
=

B | HimEE |
Fil: @ EEREBNIAE

OEE
EEfE =T
A/ S iEE -
1 0 0
2 0.0025 -0.01
3 0.005 0
4 0.0075 -0.01
5 0.01 0
= BT TR, W

Kl 3-5  As i &l

{Ell: Job-1 B Emml

HiFE B85 SR CPUNE #ifEmE BENEISE
1 16666432 0.997022 0997022 6.1785e-08 152999 113.45
16690100  0.998432 0998432 6.179¢-08 151244 113.911
16713797  0.999845 0.999845 6.17948e-08 151416 114.365
16716401 1 1 6.17956e-08 153809 114377 »

< 3

BE #E8 =5 S ZEE Message™f§  Status 3

P e e

Fre input iEEhERE

Eseak: input SRR

Frt&: Abaqus/Explicit Packager
E5eAk: Abaqus/Explicit Packager
Fi&:  Abagus/Explicit

BEseal: Abaqus/Explicit

Eseak: Sat Apr 30 18:38:55 2022

=i>ae

K3-6 fRlEEAEK
(8) FALLAE
T Xl Pl B PR S B AN IE S . T H TR Y J7 &R
JERi ) - 548.1Mpa, FEHEARNT Y T 1) 7341 B 82 536 AR 4 X3 -

68.58Mpa~ - 548.1Mpa. FRAR NIRRT, J5 S BN 7 2 FIALFS
WAL 3



TN PR K% 2022 e ABHE HAb B TE

S, $22
(F: 75%)
+4.110e+02
+3.310e-+02
4 +2.511e+02
+1.712e+02
+9.127e+01
+1.134e+01
-6.858e-+01
-1.485e+02
< -2.284e+02
-3.084e+02
-3.883e+02
-4.682¢

K 3-7 Y Jria N Ao A

S, 822
(FH: 75%)

K 3-8 frFEA 0.15mm0.029S BFZI Y 77 ) 3 11 &

K 3-9 IR 0.15mmY 77 A 5 KN

MIE 3-8 #13-9 AT LLE H, UALBE AT ETE - 0.15mm B, BEEZE R4
¥z, PRFURZ RIS EE S, 78 0.029S B, R fFRT UG B EE
77 a4 o 725.1Mpa BRI ), Tt e BA BB RG, B E N Jy 50 A
TESE A X3, - 244.2Mpa~ - 521.4Mpa, 2 AMREBAIFE AT 0.15mm, FEAZHE
RAZ, Y J5 LA IEAE - R AR N EXCEL A2 i) 1000 R IE -

B & AL R B (IR, MARER T RS I BEE R, PIRSEER A B R 3

10
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-0.0lmm, Y JHHKERN ] - 548.1Mpa, FHREEARIS Y J7 [ 404 () B 778
FIfE 4% (5 [X 15, - 68.58Mpa~ - 548.1Mpa. M A2 H W ELE - 0.15mm I, &k
JEN I3 A RS IX 8, - 244.2Mpa~ - 548.1Mpa.

3. 3 IREHAVERIEN

B Z B TR A F R, AR KR
140mmx35mmx3.6mm, 9 fE41 #5578, ¥ 14 Johnson-cook, A=450Mpa, B=1700Mpa,
n=0.65, m=1.3, AT E=0, LI Z=0, HiGEEL d1=-0.09, d2=0.27, d3=0.48,
d4=0.014, d5=3.87, ZH#NAZZE 1. V=20000mm/s, /KFiEE V=0.14mm/s, 3]
7782 7R G I TE] 80 AP . 20°C (1) JE R 9 BE Rer=725Mpa, 760°C ) JiE ik 58 FE
Rer=376.3Mpa. [RI fiEdiiib, 4382k 2h /120, A 80 #2, v=20000mm/s.
3v Y55 ol N ) A s

s, $33

(Ft: 75%)
+2.4166+09
+2.036e+09
+1.656e+09
+1.275¢+09
+8.952¢+08
+5.149¢+08
+1.346e+08
2.457e+08
-6.260e+08
-1.0066+09
-1.387e+09
-1.767e+09
-2.147e+09 +

K 3-10  S33 M 140 A

MBI E A E N G L - 245.7Mpa~ - 626Mpa.
3. 4 1RBVHTE

HIHA 0.01mm B L1 B IR/, R R X e H AT 6 KR A AE, (R
MRS E AT N E] 0.15mm B, R 2B K RN 17, TR R E S
S SLB SR 250um, RURAIRE TSR, 32 700 o SO UAE SIS R, 18
0.0029S It} ZI a4 5 AN _E 2 N 52 3 725.1Mpa FE N 17, A8 8 a7 2K
B AELE G HE V(R R 75 B K & MR S50, 3 T A0 (8 75 i humi Sk 2
—ANKTT AR, B FE A I T T A ST I G o o) S R AR A (1) S B A
LN FIVE ] - 245.7Mpa~ - 626Mpa, KUE T W1V IS 750 A R T
SR BT AR LT, R A 1R 70 A B Tk R %) 4 o) R AR A A5 31 36 1T 3 &) 5k
RIS ATEL, AE 3-10 e R It AR AR b e, v 5 R T
ARV, AL BRI, N T SO A s, SR8 T1%
ISR TR G OB R SCRF, 33 5 T BARADL g 2 i 0 A B SR P 3l R A8 A U7
%o

11
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FUE  HEFELIGER
4.1 JIZF M RERRTL

HI S0 0 P R AT ARSI, 2R 5 7 W ik A — S SR B i, R P P T

Jrid, RESEA BObAE A R WAL AR FT, FENA RSN A 1 e e e i FE
2R, R E R, SRR R R IR A2 L e 1 AR
AR, AU A A2 R B 52 7 o

s, 812

(F19: 75%)
+2.172¢+08
+1.810e+08
+1.448e+08
+1.086+08
+7.243e+07
+3.624e+07

K 4-1 760°CrHiE N4

T 77 SRS IR A B T BT, 760°CH JE IR 58 B2 4 376.3Mpa, 45 T 8L
0.1 JNEEHH o FoRL bR T b 5 b o Jm R R I L 7 1 3% e B AR 0 A -

180.9Mpa ~ - 217.1Mpa (B i /7, # BT 32 [0 B & 5> A + 180.9Mpa~ +
217.1Mpa BTN 77

s, S13

(F15: 75%)
+2.112e+08
+1.764e+08
+1:416e+08
+1.068¢+08
+7.204e+07
+3.727e+07
+2.488e+06

(a) 760°C 100Mpa $7 7 /1

12



TN PR K% 2022 e ABHE HAb B TE

3, 813

(1. 75%)
+3.952e+08
+3.297e+08
+2.641e+08
+1.986e+08
+1.331e+08
+6.759%e+07
+2.077e+06
-6.344e+07
-1.290e+08
-1.945e+08
-2.600e+08
-3.255e+08
-3.910e+08

(b) 20°C 100Mpa F 3% /]
B 4-2  20°CHI 760°CIELE T S13 B /)

WL PIRAEAFNR LTS, BT R AT LA, 760°CIRAF BT R /536
- 32.29Mpa~ - 206.2Mpa, ] 20°CF BN /57 I E - 63.44Mpa~ - 391.0Mpa,
I K TR LA TR 20°CIEGL T, ROWLE T B T A AL AR B
KGN RE ST, ANERInE L SN I, AR R — 86 R B Jg . TAE 760°CHT 5
AR, MORLARARIER I T &R, R RISReE, (RN A .
FHIF R FUERAR )T, JFER, BTRASHIREESG n, BEE IR BBy )R
F% 184.8Mpa.

s, s13

(F19: 75%)
+2.112+08
+1.764e+08
+1.416e+08
+1.068e+08
+7.206e+07
+3.728e+07
+2.500e+06
-37328e+07
-6.7066+07

-1.018e+08
-1.366e+08
-1.714e+08
-2.062e+08

(a) 760°C3H 100Mpa

13
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s, 813

(F1: 75%)
+3.952¢+08
+3.297e+08
+2.641e+08
+1.986e+08

(b) 20°C3ZJ& 100Mpa
Kl 4-3  760°C(a)fl 20°CILE T S13 J7 1 /)

WP AFIRE T, AT SZ AT BUE 760 Cib i BT B /770
- 32.28Mpa~ - 206.2Mpa, 1] 20°CH BN JJ7u FE £ - 63.47Mpa~ - 391.1Mpa.
B TEAS IR B N 32 R #fnr TR, TR RN TR 25 FRERER, F
PEAFAAF AT HIPE R o RO A g N a s JE AL R, HAUR B AMELAET, &TE
LA, RS 3Z R BN B LA E]

s, S13

(F1: 75%)
+2.112e+08
+1.767e+08
+1.421e+08
+1.076e+08
+7.303e+07
+3.848e-+07
+3.929e+06
-3.062e+07
-6.518e+07
-9.973e+07
-1.343e+08
-1.688e+08
-2.034e+08

Kl 4-4  760°C%5 il SL4% 200Mpa JE M /)

I P 4-4 A5 M0 52 220N B2 )R 2R 200Mpa [R5, AT DU HA R S G N H
BB K B B W X 38 - 203.4Mpa. AR B A GG E KN R -
30.62Mpa~ - 203.4Mpa. & 87+ U-displacement-{/ %, S-mises—[ /7.

20°CHI 760°CHREUA M BAThe A, 20k, Zih, LR, HiE 20°C T
B JE AR 7328 725Mpas 760°CHS JiE AR 35 376.3Mpa, 760 C 4 18 5 773
- 32.29Mpa~ - 206.2Mpa, 1] 20°C I+ BI 3 /36 HI{E - 63.44Mpa~ - 391.0Mpa, 32
JERFURT LB Y, 760°Ci AR BY 3 /735 - 32.28Mpa~ - 206.2Mpa, 1fi 20°CH}
BTN FVEHITE - 63.47Mpa~ - 391.1Mpa. /72t REUn B R A I B FRA%. & iR
NP R, T AR PR SRR S AL, AR BT R I R A f AR
SIRIG IR, BRI AR B TR 1 — 3 B 2 S ), (B R iR T

14
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PO IR A E B AR A B, WAL oy 7 A BB R N T BRAEG, s A ICR 55 - T
AL A R AL AT AR B R e Ja 1 F R T 2 i 2 BRI GRS,
FHLE RS AS By AT RISk, B Sk R A rp, AR 1 N R 8 T
R 7 I AU SR REEAT OS5 Aokt JRRETE BT [, PR 2R iz ,
PRARRLT TN, BT AR SEM BPRGS . BRI, WL mitL R i gt
e F AL AT AR S AZ FUAR ELAE R 7728, AR A B2 40, SOUs 1 LA B iz sl v 3,
BB IRBNAEE P U RRSE, AN FTIBHTIE R, ARIR AL .

42 I FHE

i Abaqus 1217 Job 15 2] ODB U4, fRAF LA 4T Abaqus HH ) fe-safe
B, L RARAT AR, JR)G Create. WP 4-1(b) X 38 58 b5 45 7 Open Finite Element
Model...” 32 {1421 ODB X{H-4T 7T

a

A Welcome to fe-safezvzr
Please visit owr website to find out details
| —
http:/fwww. 3ds. com/products—services/simulis
1€°90)¢

Rew Project

Specify & directory to create a new fesafe project.

iproject_U2| D

_J' Create

watihils
817 5=Pa, e=strain, t=degC, =N, d=mm

,Hj Datasets (Empty)

F @ Groups (Empty)

|3 Assembly (Empty)

(a) BIEIE 7/ H 3% (b)#TJF odb
K 4-5 fe-safe f#

15
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- I
< _ Select Datasets to Read L
1 a I
frailable positions: || |Elenental - R i
s A W gtresses b
¥ Bead geonetry fron first nodel I Straizs - Selest SubType =
[ Detect smrface I” Tempersturss
I Forces
I Flugd L
I Others I
[¥ Last increment enly
Apply to Datazet List
Description 2
£ (33 File [C:\Users\PC\Deskiop! 158 Job- 1.odb]
=& 0] Step 1: Step-1
=2-0 @ Increment 0 (Time 0)
0T (10)S: Stress (derived)
0 € (1.0) E: (PE) Strain (derived)
O € (1.0) E: (LE) Strain (derived)
= [ 4% Increment 1 (Time 2.944126-07)
O 0 (1138 Stress (derived)
O € (1.1) E: (PE) Strain (derived)
ME anr. afveiodd L]
Nots: Bequastad data is not svailable st the salected position end will be derived Cacel | F
< Loaded FEA Models Properties h
I~ Do not ask me each time a new model is loaded 3
Stress Units
[pa |
Strain Units
[strain | I
-Temperature Units
|dest |
Force Units ;
[# |
-Distance Units
fm |
C\Users\PC\Desktop\158, Job-1.0db
Cancel

Kd4-6 SRR

RNy e — RPN IR, M TR ER, BT rrRAR
B2 Pa, T DUA I ) AL 8 T IR FFER LB AT . #£ Material Database H1i%
A GHA169 HEG & MIAHE, 72T EMEEENAALL, G
EHNFE 4-7, ¥ 3R E=130000 204 199900, ¥1F4 H Poissons Ratio £ 0.33
MM 0.3, 7E Analysis Settings ¥4 5 A\ Material .

& gen : Const Amp Endurance Limit (2nf) 1E15
& gen : Default Knock-down Curve d
*D:/abjwin_b64/Durability resources/database/greyiron.msc*

130000
033
n-type
en : Temperature List (degC) o

& gen : UCS (MPa)

B 4-7 45 5E PR SRIEARR B K JE ke b

7t Loading settings W', WEH AT REL, XFEIA R=- 1, A 100HZ,
ke 4-4.

16
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Analysiz Settings Loading Settings |

=] |

- [} Using user profile loading file D:\DirectoryMame\jobs\job_01\current.ldf
= o Settings
o Loading is equivalent to 1 Repeats
Il Transitions On
=[] Elastic Black
[*] Length per repeat in seconds = 1
= (@, Stress Dataset 1
i R} Frequency = 100
gt

K 4-8 i R2EL

7E N B Probability FH B B G IKECA 107, 1E Output File HF 5 B 45 #7485
A%, S NG I M iR HLTE Exports W E M AN E, NS5 Ha. fa A
Analyse. JE571HEH, FRESERE, B3] Abaqus BAF, FTH GRS EB R
FF o

<" Factor of Strength Calculations ot
¥ Perform Factor of Strength (FOS) calculations? 2
@ Vzer—defined dezign life |le? Repeats

(" Infinite design 1life (use material s Endurance Limit)

0K | Cancel

< Exports and Outputs

+ O Traffic lights
NASALife life without MDMC
[ FRF
[ [] Stress/Strain ﬂ

Cancel igrly

=TT wT T

LOGLife-Repeats

(F1: 75%)
+6.827e+00
+6.705e+00
+6.584e+00
+6.462e+00
+6.340e+00
+6.218e+00
+6.097e+00 C
+5.975e+00
+5.853e+00
+5.731e+00
+5.609e+00
+5.488e+00
+5.366e+00

Z;

L *
K49 (a)(b)JE 57 iR AU 2 Pl i Y () R I AL AT i 2

HMGEALIE 57 FF P 4-9 (o), T HFamik RPN NE A, BB BAE
WX, +5.366e+00, SEHRIETFIREL 232273, 214 2.32x105 k. HTHE& |
—3, FrUAGU WS I R B M Al , T B A R R T 1) B S 45020,

17
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A DR 0 — BRI O He At 7 VA ke s N AR b Rl BT R AL B
Hlo HABAIRIE SRl i A R AR RS B RIT /N FL, SN 5, 5
MR RE X AT 2

LOGLife-Repeats

(F19: 75%)
+1.470e+01
+1.394e+01

+1.318e+01
+1.242e+01
+1.166e+01
+1.090e+01
+1.014e+01
+9.381e+00

-

K 4-10 HE A IR o B

X BT ARt N 100Mpa 1RG5, I fe-safe B, 9% 557 4 dr H ILTE G £
[X 35 J9+5.583e+00, SZPRi sy k¥ 382824, 414 3.83x105 ¥R, M TWi AL L HIAEA(E
TR, AHRARRLIIE, FMoaA, IR T A, & a1 i s R i
FHIAA =BG, WRIAAERENER ST, diidith, NJi3gRetHiE—
AL T, S A P AR AL S I 5 A 3.83%10% IR, T T AR AL 55 75 i
2.32x10% IR, 9 55 F5 am BRI AR 2 5 T H 702 65.09% o 8 5 W FUAT A 3R T
RAEIBVEASTY , TR )5 BE 5 ) (P A K 2 254 o 2 i 4 8 e s AL 5 N 1) v 6
B, (AR LAEEAT, RIRP I3 m, M55 %4 ar i 248 Ml L)
BRI S S H T RIMAAEM/NRL, P57 BN 2 MRSy e, dEmg,
WAL RIS, BRI, FRRG T G & . 8P AL IR SE o st 2 AR R T
PRSI, O R AR RS, R R IE B AR A AR T I S VT T K
ARIRAEARTY, NIAIEEN I, PUEIEARTERE AT, 95T AR A I
4.3 Bk

I[R3= =]

(1) HFLES, 760°CiAf: R #4741 - 180.9Mpa~ - 217.1Mpa 18]
J1, AAE R R AR A + 180.9Mpa~ + 217.1Mpa BTN /7. 20°CAHT 760°C
Pl B2 R R0 52 100Mpa (RN S1ER . 760°CIR A (1B 8 F3 ] - 32.29Mpa~
- 206.2Mpa, 1fj 20°CI BTN /375 HI{E - 63.44Mpa~ - 391.0Mpa. H1T fbkife 8 /s
WAL FH S dtiAk, DR R B R AR B DRV T — i B 2 e S 77 o A R
W R RN AT, RS, N KA st RGN, BE A TR B TR N )R B
184.8Mpa. JEAEHAUNS, 760°CiR AR B B /75 - 32.28Mpa~ - 206.2Mpa, T
20°CH BT B /75 HITE - 63.47Mpa~ - 391.1Mpa. 32 B 0] LUIE H 760°CHL R
TR RE B AR ARV ER, WAL 7 AR AR AR L AT B, SR AR S5 o 25 Hh A,

18



DR N R R 2022 Ja AR Rl BT

I 32 17 200Mpa $i 577, w] LAFE ] 7 i 8 77 H B K . 774 B €2, [X 45
- 203.4Mpa. HR DL FIGETERIK/NA - 30.62Mpa~ - 203.4Mpa.

(2) XM AR AT AL P AR BT 98 57 1540, 75 oA JS 195 57 77 A 3.83%10°
U, T AR FARPR IR 55 F5 iy 2.32% 105 IR, 9% 57 75 R B AR T T 65.09%,
A5 HH 7R P R S 9 5 v A e IR R A T T
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BFRE R4

ASCKTERFE A 45 GHA169 #4715, GH4169 /2 i 25 R ML 3 Bk H A KL,
BT AR NS R N, B SRR T B RE R 77, Feth 1R A sk
RIMLE o X2 R BIL T B A R GHA169 BEAT T /087, WI7T T &)@ £ i
I AL B BRAY, TR, BRI TR B AT Sy R I, EARAS 3 L
T4
(1) 2w J5 B A 2 T RRELRS B2 BT 3 Tt iR TR s iR A — R X 3
I BT J7 M AN X 38, A BT SR RE, I8R5 R T DX IR Bk
1, FELEFRARIL T, Sk P AT (10 23 Ar, 3802 mr o LU B AT T R 8L 71 )2
A, R A AL R, MBI TR R AR A, A B RLRE A AL
3R Ak A AL R R
(2) HIFERRE, 760 °C 5 WAL G F R 4F 0.1 IR, R THI AR A -
180.9Mpa ~ - 217.1Mpa K] B B 73, #4 KL T 2 0 % 4K 73 4 + 180.9Mpa ~ +
217.1Mpa BTN 7. LR E 20°CHT 760°C H Rl HEAT J122 80, R0
%% 100Mpa [hr B J1EH, 760°CIt A4 (18T B /76l - 32.29Mpa~ - 206.2Mpa,
1M 20°CH} BT 5 /175 HEIFE - 63.44Mpa~ - 391.0Mpa. 1T fbkL 7 8 A s AL1E 5
YAk, BRI R I R AE R B b 20 55 K A, TR A B FR AR R TR T —
AR P2 RN 7o AHEI I RIRAR BTN, TR s, S IRA SRS,
BE 5L 1) _EFFBY N /7 R BE 184.8Mpa. JEAERLIRT, 760°CiR {18 B f17u | -
32.28Mpa~ - 206.2Mpa, 1fii 20°CIs} BY N 773 FEl 7F - 63.47Mpa~ - 391.1Mpa. /&
BEFU AT LA H 760°CHloM i 7R I B R AR AV R, W8 hL b 72 2E I Bk R N 77 B
G, SRS . 25 MBI R 32 17 200Mpa FE8 77, AT LU HA [E E i
7 I R R N 4B I € X8 - 203.4Mpa. H A S G TE FE RN K -
30.62Mpa~ - 203.4Mpa.
(3) XM AL ARG AL AN AT I 57 B4, T ALR AR R ST, A
FRARNAIZE, TSR, FREAEE R TFARAE P HE, % m MR AR AL A — 2
oL, WAERMAFERBERIER T, Akidfh, 7585wk )5 19 57 %4
3.83x105 %, T ARWEFARER 57 5 2.32x10° 7, 9% 557 77 A R WAL IR 3R T
T 65.09%, 15t 7 A WA SN 5 5 A IR R BE A BT ER . 0 T S
1, AR AL R T A AE R E/NZREL, T 0 1% 55 8 R el e i Ja %
RS, TR A LR, R RN IR, SRkigi, BRI RS
FE 58 fa BT HG N 1 2R R U R I 15, R I IR SO AR, AR W
SERARIE T A iR, FRRIGUE T S WL R iR
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AT SRAE FIM AT T R 58, UM AT BT IRk /¢ X3, #EAT %
X, AERRTER 45 T A KR S A R AT A R AR =, kR
PR FA) RS RT3 28 ) RS 73 52, Ul J T SR ADLRE VR ) AT RE , Lk See /DB 75 e
A 5E I SCHIBES .

[ PY4E, BUAG 728 VF ST, AT T PROR AT 15 o B2 T DY SRR 1 4
BRI B SRR E o BB R KA DR s RR A, R IRER
AR SEPRAAEA, B LT, IERIRFINE S T 2T R, F5SE T
Fehith FEREAERBYIE], IS, JEERVESSR, Aol it BRI E R
AL RAERE NS, B RK T ETE 0 kA%, HSERMTEIEN T 1+1>2.
LR TAR A2 — MRGF B 51T o BRI 75 Bl 0 5 AT R e 2H B 573 AT T35 A
B T

TR R, BATF BRSNS Ry, AN TEEh AR, B
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IR & o A ATV E BRI SR KRS » B A RE 78 AR B I RHIHE 55
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