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Parameter optimization on aero-engine blade rolling process based on
finite element simulation
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2. School of Mechanical Engineering Automation, Northeastern University, Shenyang 110000, China)

Abstract: Precision rolling is an important processing method for aero-engine blades, and it is difficult to determine its process parame-
ters, resulting in controlling the blade forming effect difficultly. Therefore, it was proposed to use finite element simulation software
ABAQUS to simulate the rolling process, and by changing rolling reduction amount and friction factor, the coupling influence of the rolling
reduction amount and the friction factor on the forming result for blade was studied. Furthermore, the process parameters were optimized
and the optimal parameter settings were obtained. The research results show that with the increasing of the friction factor, the overall blade
width of the rolling model increases, and the rolling force is linear positive correlation with the friction factor. With the increasing of the
reduction amount in port, the rolling force on the blade and the blade width increase, but when the reduction amount exceeds 0. 06 mm,
the rolling force and the blade width increase suddenly, and the blade deformation is concentrated in the local area of edge, which is not
conducive to the precise control of the forming result.
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Fig. 3 Schematic diagram of assembly and coordinate axis establishment
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Fig. 6 Schematic diagram of rolling process
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Fig. 8 Blade widths under different friction factors and port reduction amounts

(a) Three-dimensional cloud diagram  (b) Plane cloud diagram
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P 11 g 1 He T 40 0. 05 mm B AN [A] 2 42 PR 6
R R TERE . m A 1L AT IR ] HEE R N

2.3 ETFIHANSEMAEL

P 12 S AN ) B 2 DR ORI i 11 TR T 5 F A L)
AL A R N R IEARDS, i U R H 0. 06 mm
HEmEE 0.07 mm B, LI L&A T M, MumHET

HL8 1N

L3N
3180
160
140
120
100

0.3

0.2

PEBR I

0.1

0.00 0.03 0.06 0.09
it OV 2/mm
(b)
[ 12 AN[R] B DR BOR s 1 8 F %L ) 0 A

(a) =4l (b)) FHIzE
Fig. 12 Rolling force distributions under different friction factors and
port reduction amounts

(a) Three-dimensional cloud diagram  (b) Plane cloud diagram



114 B OE HOAR

5415

A 0.07 mm fiF, FLA SR 150 kN, AL g ad
R, R T— BRI, 7552 PR iy 2R 7 rp iz 2
K.

oAU IR, FL A A AR

- B+B
P=p-———JRAR (3)

X POELHI ), Ny p A3 RJ), Pa; R
NALARPAR, mmy Ah DR A, mm,
TESEREIDTTEH, 7E3m 1 AR 32 0. 07 mm

. B+B' . .
mf, SERSEH, Bt (3) Ry, Wi,

2

FLA 13 o

Pl 13 Dy 115 R 4 0. 05 mm IR, AN [ BE 45
PUECT B-FE 5000 Ty, al LB S B RS FL I
JIBAE FeBAH G
2.4 RESHHIML

TEZ AT 3 1R T B2, #2 T
Ui AR RS /NT 0,06 mm, 7R ELE Y A
BN 0. 1~0.3, X F i OB 2 m A/, B
PR RN 2 SRR FL I AR5 1 A
R PR B A A RE A R AR AL R, 7 o
HARMEA, BEH 5 R 2 ] f) B 5 ) R e A

ERIPYE AR
+9.000e-01
+8.250e-01
+7.500e-01
+6.750e-01
+6.000e-01
+5.250e-01
+4.500e-01
+3.750e-01
+3.000e-01
+2250e-01
+1.500e-01
+7.500e-02
+0.000e+00

(@

(a) HH ARy 0.05 mm, BEEENECH 0.1

(a) Port reduction amount of 0. 05 mm, friction factor of 0. 1

FLA I AN

0.1 0.2 0.3
JEE HE TN 2

P13 3 0 R D 0. 05 mm B AS [ EESE BT -2 5L 1
Fig. 13 Average rolling forces with different friction

factors at port reduction amount of 0. 05 mm

277, it B TR AL AT R
PEEINEL . /N A A F T LB AR, I,
e 0.3 EES IN B 3 BB M. 23 b, et
F R 2 0.05 mm MEEFENECN 0.3,

K 14 &S HEAGBSHCT R S0
AR 25 R LG o TR DR RO I e U B3CR 1932 i AR
AN, BERERIECH 0.1 F10.3 BF, I 5 i OB R5CR 3
AR—F, 3K RN 0. 08 mm i 5 2E 32
G TR, TR BN,

) ©

B 14 RFERALSECT iy i SR AL &
(b) HH A2y 0.05 mm, FEEEENHCY 0.3

Fig. 14 Cloud diagrams of equivalent plastic strain for blade with different rolling parameters

(c) ¥Ry 0.08 mm, EEHENECN 0.3

(b) Port reduction amount of 0. 05 mm, friction factor of 0. 3

(¢) Port reduction amount of 0. 08 mm, friction factor of 0.3

3 4

(1) ZESEE T f#H 0. 06 mm #/11%E 0. 07 mm
WF, SRELEL®I . MR sy, ARTH AL,
TESE B 0 Tod i 24 3E /N T 0.06 mm (1) 3 1H
Tt

(2) BEEPEERBOGR, MR 58 R AR AL 5L
J1g .

(3) PEREAEOS M IE ORI RZ /N, i

L NTR IR DR i o I W 51 W S U E- D)5
FEXELAAT B2 ]

S 3k

(1] XZeff, skaEfe, sembml, 5. s R pLsE 7R o 5
FEMTEARBESE [J]. HUAAL 5 H0R, 2004, 23 (3):
329-331.

Liu W W, Zhang D H, Shi Y Y, et al. Research on precision cnc
machining technology of thin-walled aeroengine blades [J]. Me-
chanical Science and Technology for Aerospace Engineering,

2004, 23 (3): 329-331.



434

F RS HTA RTINS LSt i RELSOE S B2 B ik 115

(2]

(3]

(4]

(5]

(6]

(7]

(8]

BUSE, TPRE, ZHW . A RSP B E TR AL
IMTTY [J]. fisshlsssA, 2018, 61 (15): 40-47.

Li S L, Qiao S J, Jiang S X. Processing technology of stator rolling
blade for aeroengine blade segment [ J]. Aeronautical Manufactur-
ing Technology, 2018, 61 (15) . 40-47.

TH, &, B, & s ksl AL SR AL R
Mot 5o [1]. ST 2, 2013, 42 (13): 84-
86, 91.

Mao J, Meng H, Chen H Y, et al. Comparative analysis and re-
search on hot rolling and cold rolling process of aeroengine blade
[J]. Hot Working Technology, 2013, 42 (13). 84-86, 91.
BRI %, AR, PMLRE, S5 A RSB IB B B0
FISRE [J]. fisshsEsA, 2014, 451 (7): 34-39.

Tai Q A, Li Z H, Sun L Q, et al. Application and prospect of
aeroengine plastic forming technology [ J]. Aeronautical Manufac-
turing Technology, 2014, 451 (7). 34-39.

FEmE. S iRA A i R R L BOR BB AR R 30 TR B A Y
[D]. PEFA: FRAER=:, 2015.

Huo X P. Numerical Simulation and Edge Damage Research of Su-
peralloy Blade Roll Forming [ D]. Shenyang: Northeast Universi-
ty, 2015.

TR, skiaR, ZEE. AR T ZE8EEUMR [J].
PAET S 244k, 2006, 26 (1) . 833-835.

Yu J M, Zhang Z M, Li G J. Numerical simulation of blade rolling
process [ J]. Journal of Projectiles, Rockets, Missiles and Guid-
ance, 2006, 26 (1) . 833-835.

BH, W6, ERIE. RS RPEIEAEEE R [J].
Bl SR, 2014, 32 (7). 56-61.

Mao J, Cao Z, Dong X T. Influencing factors of blade deformation
during rolling [ J]. Science & Technology Review, 2014, 32
(7):56-61.

Wbl TSR, WA, S AW AL E A A
BB (1], PR, 2017, 53 (16): 148-155.

Jin Q C, Wang W H, Jiang R S, et al. Research on springback
compensation method of compressor blade rolling die cavity [J].

Journal of Mechanical Engineering, 2017, 53 (16) . 148-155.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

U, TESUR, BAE, S ol s R iR AL
BTG W AR [T]. = % R, 2016, 37 (10):
3178-3185.

Jin Q C, Wang W H, Jiang R S, et al. An improved forward slip
calculation model for compressor blade roll forming [ J]. Acta
Aeronautica et Astronautica Sinica, 2016, 37 (10): 3178-3185.
FINME, TESOR, TR, SF TR AR ALEL A T ek
AR (1], fiZs4R, 2014, 35 (11): 3190-3198.
Wang Y B, Wang W H, Zhang Y, et al. Rapid modeling technol-
ogy of compressor blade rolling die cavity [ J]. Acta Aeronautica et
Astronautica Sinica, 2014, 35 (11): 3190-3198.

FH, BOCH, fLEEH. AUaS RSP R SREL I R A A
B O[J]. HURBCT S, 2018, 328 (6): 5-8.

Wang W, Geng W R, Kong X W. Constitutive model of aeroengine
blade cold rolling process [ J]. Machinery Design & Manufacture,
2018, 328 (6): 5-8.

GNEF, . GHAL69 MR8 4 4L Y i B B 8 43 #r
[J]. HUbiiS5H3s, 2019, 338 (4): 204-206.

Jin J Q, Zhou D. Numerical simulation analysis of GH4169 blade
cold roll forming process [ J]. Machinery Design & Manufacture,
2019, 338 (4): 204-206.

Kong X W, Li J, Li B. Finite element analysis of rolling process
for variable cross-section blade [J]. Journal of Central South Uni-
versity, 2013, 20 (12). 3431-3436.

Jiang Z Y, Du X Z, Du Y B, et al. Strip shape analysis of asym-
metrical cold rolling of thin strip [ J]. Advanced Materials Re-
search, 2010, 97-101. 81-84.

Ye NY, Cheng M, Zhang S H. Effect of cold rolling parameters
on the longitudinal residual stress distribution of GH4169 alloy
sheet [ J]. Acta Metallurgica Sinica: English Letters, 2015, 28
(12). 1510-1517.

Kong X W, Wang H Y, Jiang L, et al. Research on rolling force
and stress during rolling process of blade with complex surface
based on multi-plane slab method []J]. Journal of the Brazilian
Society of Mechanical Sciences and Engineering, 2020, 42 (8):
1-12.

(E#% 95 1)

(9]

[10]

[11]

X, ARG, i, A AR ER I I BT O I KR Ak
SREHERRRYRZIA [J]. #UNLTZ:, 2009, 38 (21): 8-12.

Liu J, Lin G Y, Feng D, et al. Effects of die leg on welding abili-
ty of longitudinal welds during porthole die extrusion of aluminum
profile [J]. Hot Working Technology, 2009, 38 (21); 8-12.
KRR T RV AR B R R S5 TSE (D]
B AR, 2021

Zhu J R. Structure Research for the Porthole Bridge of the Alumi-
num Profile Extrusion Porthole Die [ D]. Yantai: Yantai Univer-
sity, 2021.

K ARak. R T B R B AL B [ D] AR
AT R, 2015,

Zhang Y J. Simulation for Aluminium Profile Extrusion Process and

[12]

[13]

[14]

Optimum Design of Porthole Die [ D]. Hefei : Hefei University of
Technology.

BKH. Bea e R BAESLImpY [D]. Kb WK
%, 2007.

Luo Y X. Simulation and Experiment Research on the Extrusion
Process of Magnesium Alloy [ D]. Changsha: Hunan University,
2007.

Liu Z W, Li L X, Yi]J. Influence of extrusion speed on the seam
weld qualityin the porthole die extrusion of AZ31 magnesium alloy
tube [J]. The International Journal of Advanced Manufacturing
Technology, 2017, 92: 1039-1052.

Dang L., Yang H, Guo L G, et al. Study on exit temperature evo-
lution during extrusion for large-scale thick-walled Inconel 625 pipe
by FE simulation [ J].
Manufacturing Technology, 2014, 76. 1421-1435.

The International Journal of Advanced





