50 % 25 4
Vol. 50 No. 4

L

FORGING & STAMPING TECHNOLOGY

2025 4 4 H
Apr. 2025

& £

ETFENHUEEIHRFRITIZSHMAL
® @, BIAL, R W

(1. ZPHT2AEE MUBR TR, WRS ZFH 4550005 2.

LT TR MU TR B, 107 KT 123000)

W FOU P ALE T ZH NG BRI AR AR WSO AR A, RN R SR 5 L BT AR R T R o BESE DI A AL
HUE v S5 T AZHON M AR IPERERE R AL, SR IE S SE 06y 1 e S ik 1 A 3R TRDRLRE 32 B8 DA B B AR 17 ) LI AR Y | JF:
BET Design-Expert 1656012 B0 UE BN A ) 825 1k DARTEDRLRE B fie /) | EBEFNGR AR I Sy B o 22 F AR i B, R 22 70 ik A 57

EM AL T 23647 T, St A ALl T LS80 =13% . 1=0.04, v=6 mm -

s7h, XTI A RE EEE R 329. 8 HV

FEHREE S 0.317 wm , FRARN 14 -738. 5 MPa, iZWFFE 255 gt A i Ll TH& 0L 7T Hcdla 4%

KER. " BIELTE,
DOI: 10. 13330/j. issn. 1000-3940. 2025. 04. 017
FE4ES: TG337.1 XEARER: A

ZEOYIEASE  RTHLBERE ; RN

NXEHS: 1000-3940 (2025) 04-0141-07

Optimization on blade rolling process parameters based on differential

evolution algorithm
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(1. College of Mechanical Engineering, Anyang Institute of Technology, Anyang 455000, China;

2. College of Mechanical Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: For the problem of reducing the surface quality of blade due to unreasonable rolling process arrangement, the influences of dif-

ferent process parameters such as reduction rate &, friction coefficient u and rolling speed v on the surface performance of blade were ana-

lyzed by single factor experiment method. Then, the surface roughness, hardness and residual stress prediction model of blade were estab-

lished by orthogonal experiment method, and the significance of the prediction model was verified based on Design-Expert test method.

Furthermore, taking minimum surface roughness, maximum hardness and maximum residual stress as the multi-objective function, the dif-

ferent rolling processes were optimized by differential evolution algorithm, and the optimization parameters of rolling process for blade were

obtained as £=13%, w=0.04, v=6 mm -

s™'. The corresponding hardness was 329. 8 HV, the surface roughness was 0. 317 wm, and

the residual stress was —738.5 MPa. Thus, the research results provide data support for the rolling processing of blade.
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Table 1 Chemical compositions of superalloy GH4169

( %, mass fraction)

C Cr Ni Co B Mg Mn Si

<0.08 17~21 50~55 =1 =<0.006 <0.01 =0.35 =<0.35

Mo Al Ti Nb P S Cu Fe

2.8~ 0.2~ 0.65~ 4.75~
3.3 0.8 .15 5.5

<0.015 <0.015 <0.3 A&
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Fig. 1 Testing process of blade
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Table 2 Setting of rolling process parameters

28 Hld

LA o/ (mm - s7') 4.6,8, 10, 12
TR /%

JEE BN

10, 12, 14, 16, 18

0.030, 0.040, 0.055, 0.065, 0.088

P2 R R

Fig. 2 Test nodes on back section of blade
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Fig. 3 Effect of process parameters on surface hardness
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Fig. 4 Effect of each process parameter on surface roughness

BRABLF1/MPa
-350
-400
-450
-500
-550
-600

BRANLSI/MPa

10
THL

4 /o
Witg, & 818 16 ggjﬁﬂ’l/
El5 R HRXTERAN 1A

Fig. 5 Effect of reduction rate on residual stress
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Fig. 6 Effect of rolling speed on residual stress
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Fig. 7 Effect of friction coefficient on residual stress
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Table 3 Factors and levels of orthogonal experiment

- KF
-1 0 1
&/ % 10 12 14
" 0. 030 0. 040 0. 055
v/ (mm - s") 4 6 8

x4 THEINEXIBER

Table 4 Orthogonal experiment results for node 3

R BlE, REOEEE AN
FETTT, | HV B /wm  MPa

1 4 0.055 12 320.35  0.37 ~460.3
2 8 0.055 12 32301 0.38 -505. 1
3 4 0.040 10 315.67  0.38 —435.4
4 4 0.040 14 325.47  0.36 —473.5
5 6 0.030 14 326.36  0.31 ~470.7
6 6 0.040 12 31872 0.37 -475.2
76 0.055 10 319.24 042 —468. 4
8 8 0.040 14 322,25 0.35 -503.6
9 8 0.040 10 316,82 0.37 —466. 4
0 6 0.030 10 314.54  0.33 -350.6
T 0.040 14 320.12 0.36 —491.3
2 8 0.040 12 319.45  0.36 ~481.9
13 6 0.055 12 32017 0.40 ~484.8
14 6 0.055 14 324.06  0.39 -510.5
15 4 0.030 12 314,62 0.33 —437.2
6 8 0.030 12 316.85  0.34 —468.5
17 4 0.055 10 31775 0.43 ~450.6

RHHELME [T 32 00 2 4 ThBdE EAT 45, Al
PR TTRLREE | BERE R AR N g 9 [l 0 FR K,
ESMILE] Sty

H=305.6 - 2.9¢ + 360. 7u + 2. 8v — 58. Teu -
0.3ev + 15. Tuv + 0.4 + 4598. 1> (2)
Ra = 0. 1876 — 0.0212¢ + 12. 89 + 0. 084 —
0.2301ew + 0.0007&v — 0. 0806uv + 0. 0008s> —

82. 1774 - 0. 001> (3)
o =560 — 90s — 17950u + 200 + 660su — 170uv +
104450 (4)

K. H WOERE; Ra WRTEREEE; o NERARNITT,

RIS E e E ALY B P SR Design-Expert
B AR (2) ~A (4) WG EH#T T %
B, TErbrid R, MR P BN, BERIRR
MR, W P<0.05 AR E 41 P<0.001
RUBANS B, SitE FEBK, W T 235
SO

W 5~ 3R 7 Al & TS EON N
P<0.05, KU T ENRMRER | B LS TRAR
Do IR AT 2 s A AT AR v A2 T XAl
e Sk, SRTARERETE L SRR A T 5 3520

x5 BERESW

Table 5 Variance analysis of hardness

s SRR AME AN SR MERE
R

SS d; MS F P
Model #5%1  182.47 9 20.27 5.82 <0. 0001
JETHA 0.9941 1 0.9941  20.54 <0. 0001
BERENECB  126.96 1 126.96  36.44 <0. 0001
FLHIEREE ¢ 25.53 1 25.53 7.33 <0. 0001
AB 4.77 1 4.77 1.37 0. 0028
AC 0.0462 1 0.0462  0.013 0. 0031
BC 12.25 1 12.25 3.52 0.0012
A? 3.16 1 3.16 0. 906 <0. 0001
B? 9.18 1 9.18 2.63 <0. 0001
c? 0.0728 1 0.0728  0.0209  0.0148
hk2% 24.39 7 3.48 — —
AU 17.56 3 5.85 3.43 0. 13251
Rz 6.83 4 1.71 — —
BE 206.86 16 — — —

xo6 REMEEFESN

Table 6 Variance analysis of surface roughness

ey SERAT HME AN SR MERE
RZER

SS d; MS F P
Model #%1  0.0088 9 0.0029 5.4 <0. 0001
ETHA 0.0016 1 0.0016  10. 14 <0. 0001
EEPEHEL B 0.001 1 0. 001 18. 66 <0. 0001
FLEIEE ¢ 0.0078 1 0.0078  14.34 0. 0023
Gz 0.0071 13 0.0005 — —
AU 0.0034 9 0.0004  0.401 0.003
R 0.0037 4 0.0009 — —
BA 0.0159 16 — — —
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Table 7 Variance analysis of residual stress F R PEGE B bR R B T 5 S8R B 2e 3 n =
o iﬁ%ﬂ dEEBB% fsﬁm i;jﬁfri ;&IE{E (5) PR
! fi(x) minRa(v, w, &)
Model 5% 263.32 3 87.77 5.13 0.0013 B
JEF#% A 249.54 1 249.54  14.59  <0.0001 fo(x) |= | maxH (v, u, &)
FEGRECB 167 1 .67 18.66  <0.0001 (%) max - o (v, u, &) (s)
HkIEE C 121,04 1 121.04  14.34 0. 0071 Amm s <p<8mm-s
ﬁkff 2227.82 13 1709.83 — — 0.03 < u < 0.055
S 2118.39 1906.47 2.68 0.017
R 3168.35 4 70.59 < — — 10% < & < 14%
B 2249.13 16 — — — A fi(x) L S, (x) . fi(w) Sl s Bn 2 RS FE A
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Fig. 8 Flow of differential evolution algorithm
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Table 8 Parameter optimization results after iteration of

100 times
28 JETE e/ % ELHEFE o/ (mm - s_l) @:?@ﬁl#
BE 13 6 0.04

3 LI

S UE AT A U AR A DL e 220k T RO AL A
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Vet 5 ABATIUE SR, Ho s 2 A BOR I fe
SERPEATRILL, X HERINGR 9 Fis
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Table 9 Comparison of parameter optimization results

- TEBHAE

1 2 3 4 5
JEF 2 &/ % 12 13 11 14 16
SLAIEE o/ (mm - s7') 4 6 5 8 10
JEEA R K 0.03 0.04 0.055 0.065 0.088
i B T/ HV 321.0  329.8 322.2 323.9 320.9
T 3t/ HY 310.7 340.6 332.7 311.5 334.6
R 2% 3.3 3.2 3.1 4.0 4.1
LR BE T/ um 0.354 0.317 0.401 0.356 0.387
HEBE B2 m 0.375 0.329 0.424 0.338 0.366
RE/ % 5.6 3.6 5.4 5.3 5.7
B4 b F1 L/ MPa -667.3 -738.5 -648.7 -753.2 -671.1

FEAIN F1 i/ MPa
TR/ % 3.8 3.5 4.4 3.6 2.9

-642.6 -713.7 -621.3 -781.4 -652.5




146 B

koA

5 50

Oy 9 I, A TSRO I Y DR 25 B 4
HITE 109 LA, 2 WIS Hb s 57 19 JoT00 A5 280wl 5 |
HLA AR fre/MEL . B8 RE AR BR AR IV 7 1) e R A
P 2 4, Bk 7SR A R

4 i

(1) RIVHANZRSE, PRAFE T A FLHEE
DA K JRE A8 DRIBSORT W e 2 ThRELRE 2 . 8 B2 L B B AR I
FIBIRZ MR 3 AT AL

(2) RIVIEA S TT ik sr 1w b 5L IS i B
JE | FTATRLRE RE LA KRR IV AT | 3 i T 2%
OITARAG TR A R O S S X T AL Y
AT T RIE

(3) 2T AR LR T T2 H
PRpAl, R4S H A AL T 2 S O

6mm-s' w=0.04, &=13%, XN )RR AE K
329.8 HV, ML A N 0.317 um, AN A
-738.5 MPa,

S ik

(1]  FEER, ok, BB, 5. TC6 tk& & nt Fip Az #hub #it
T2 [J]. BIEHAR, 2024, 49 (11): 169-174.

LuY L, WuY B, Huang L J, et al . Deformation heat treat-
ment process of TC6 titanium alloy blades [J]. Forging & Stam-
ping Technology, 2024, 49 (11). 169-174.

[2] @R, R, WE/NZE, S | RIS ok
RNIEEE [J]. FEPLAE R I R L, 2021, 27 (8):
2204-2214.

Xian C, Shi Y Y, Lin X J, et al. Residual stress model of polis-

hing aero-engine blades with abrasive cloth wheel [J].

27 (8): 2204-2214.

(3] Wk, s, AoRE, 45 GH4169 i v 3% i HLAE JE Fi
BRAN AR T S BIX RIEEE [J]. PLbiR Y

AR, 2021, 40 (5): 721-726.

Huai W B, Shi Y Y, Du Y Y, et al

Computer

Integrated Manfacturing Systems, 2021,

Optimization of polishing
process parameters for surface roughness and residual stress of

GH4169 blade with abrasive cloth wheel [J]. Mechanical Science

and Technology for Aerospace Engineering, 2021, 40 (5). 721-
726.
(4] X0fE, domdme, /b, S5 o r PR moHDRE B 5 AR b

Sifetear i (1],
1328-1340.
Liu D, Shi Y Y, Lin X J, et al. Optimization analysis of surface

THEHLAE B 3 R Se, 2021, 27 (5):

roughness andresidual stress of polished aero-enginge blade [J].
Computer Integrated Manfacturing Systems, 2021, 27 (5):
1328-1340.

[5] dEdh, WER, w2, 55 Dl O 5K 2 i AL LR 2 0 i

[10]

(1]

[12]

T [J]. k30,
116, 198.
Cui J X, Deng S, Peng Y, et al.

WX 512 W, 2022, 42 (1) 110-

Rolling mill vibration prediction

and process optimization driven by industrial data [ J]. Journal of
Vibration, Measurement & Diagnosis, 2022, 42 (1) 110 -
116, 198.

SRAREE, K&, RATK. TR IS T 1 5L 22 B AR
SRR Y LES 8 Z Hbrftfe [J]. FMEME L
&, 2023, 15 (2). 180-187.

Zhang H W, Wang Y Z, Wu J L. Multi-objective optimization of
process parameters for tailor rolled blank box parts in hydro deep
forming based on grey relation analysis [ J].
Forming Engineering, 2023, 15 (2). 180-187.

I, BB, 2, A FETE A RIE A A AL
LA [J]. W8k, 2023, 58 (7): 99-105

Zhang X, Chen SZ, Li X, et al. Optimization of tandem cold roll-

Journal of Netshape

ing schedule for stainless steel strip based on genetical gorithm

[J]. Iron and Steel, 2023, 58 (7): 99-105.
MeiRik, A, TR, % 7050 H4 4 4 RS EAT i REAR K

LY 5 Ja Mt S a5t [1].
(12) . 52-58.
Chen L L, Hu D Y, Wang Z, et al.

B E AR, 2024, 49

Simulation analysis and
structural optimization on bending forming of 7050 aluminum alloy
non-equal thickness panel with ribs [ J].
Technology, 2024, 49 (12). 52-58.
g, RO, A, FORT SRR R RS
HUBRR MU O 58 (V] K8 BUE T/, 2022, 14 (8):
13-19.

Dai N, Yu X H, Guo J X, et al. Prediction of discharge tempera-

Forging & Stamping

ture for blade extrusion based on support vector regression [ J].
Journal of Netshape Forming Engineering, 2022, 14 (8). 13-
19.

A, B, o,
EPEE A %%#ﬁﬁ*[]
(12): 1387-1397.

Sun J, Chen SZ, Wang Y L, et al. Intelligent optimization control

V& 7 L G I i 4 bR 5 AL R
WA 5T 2 4], 2022, 34

technology for key quality indexes and rolling stability of tandem
cold rolling [ J]. Journal of Iron and Steel Research, 2022, 34
(12). 1387-1397.

TREE, PMAN, BRREGE, AE. WOREBEWI AV AL R B
Pefedehl (1], MBI, 2019, 31 (2): 180-189.
Zhang D H, Sun J, Chen S Z, et al. Intelligent optimization con-
trol of tandem cold rolling process for high precision thins trip
[J]. Journal of Iron and Steel Research, 2019, 31 (2). 180-
189.

Wi, TRk, AR, % FET NSGA I 5k pl s iR
RTS8 [J]. BETRAR, 2022, 29 (7): 19~
25.

Cao LR, Wang X Q, Wang P G, et al. Optimization of ultrason-

ic roll extrusion process parameters based on NSGA Il algorithm

[J]. Journal of Plasticity Engineering, 2022, 29 (7). 19-25.
(TF4:% 200 1)



