F61G5 1M
202141 H

X #% ® L K ¥ % R
Journal of Dalian University of Technology

Vol. 61,
Jan. 2 0 2 1

No. 1

2 TR W S PR S T T R R 2 A 7

XEHRES: 1000-8608(2021)01-0046-06

2 F., BREERY. B 482, AE A A

(1L A#EEIAF IMIAEFR, 17 K#E 116024;
EZ—ARERENMAERANE RENHARE, #HE KPP 410600 )

WE: AERENECREBERNERELZNE NG LN ERREEEY W E R EN
M. WA R BMAH T AAERENE GHRTTMAERRIT. A HL XA
MAEEWARTHEA FH AN CEFTA IR TON N A HTREH. B THE G WNT
A M ZARAB RRBRARERRAFEATAERRITRE. AR LR M EREMA TR
fRR T EAZMETEMREHNAT A KT A, B E AT A% 6 %0 REF
B R Gt ARG M ARTHR TN RIE AT ER BN EEMEREELET RS *
PE G B L, R B WE 12% U | R RN 55. 6%, K& B 30.2%. R LW AT A K&

T LKA BRI B R XA B R R B R R R KR
REHE: RENH T ERB R EMMH ;R EM

hE 4SS . TH213.6

ERFRIRAD . A

doi:10. 7511/dllgxb202101007

0 3 w

N BT RE AR LR B AL B R B
TR E ALl S 8 v 0 — 005G B A T 5T R AL
WSRO RE LR B AL 7 ik Mk A A Y b
THAE ARl A2 P AR . © IR LA
W e 12—

R LS B 25 R R AR E AR
AR AL B SR L 2R AL LR
THHLRS B -1 B B 3 1255 0] 5 SOR LR F ARl Y
[T 32 Bl CRLAE S T, 722 M A (] e 25 ) 41 2058 o
K TE B X B E T HE B S5 32 R DL 5 L A
IR (AR N R/ INIPS 34 ik Y L ANy
HIRGE TG TR RS REREY . [HNAMR 2
X B (R A BIF 5T A T AR SR AR T
A BIEARM AL T % 5 19 43 A2 BT RIF 5T
B B 2 A A A BT IT & T R ALER S
B G P38 S PSSR 5 A= B AR 5 P AIE 5 B ) []
JRCHE DR 45 0. 3l I AT AR B T R 2
Al SCAARE IR AT 1 A S e Y ] I 0
AR R B s A AR R R R Ak

KR EHE. 2020-05-27; fEEIEHHE. 2020-11-27.
HEE&WMAB.: FERAARFEESETETH (51475068).

T RUEHLEE A KR S /N LAY, 32 T T 38 2h
PERES . M T it F B HA CAD BRI H
WOH BT BRI AR JLAR BT R U SR — A SR PR
B A7 A 2B T B T LA B A A v Y A
DU B AT LA 2 N2 R 7 S8 AN 25 A8 B 1 45 b 1%
N T KN 87 2 B N WA PN S s
TFHR A B A WL 29 3. VR — P TR R AR, L
REMEAR I i B2 1 e W02 0 60 B L i o 4% 1 AN e
d PR BB BER (s B L A L MORFSE) R A 3TN
TR RS 2 AR i 2 R T AT I R e 5 %Lk
TR U R AT M 1R T A i B KR R T
R AR SCH 3T = 1) CAD/CAM/CAE # 1
Fusion 360 1 fiT Az 203 TH A B, X6 15 42 e EE L

BT A BT AR MR RE R R T,
TR GG G A 25T 20, 6 AT R AR
IR AR H Y.

1 RERER 5 A5 BLC 5 B

1.1 AFROCEE
* M Ansys Workbench #4743 #1158, 4R ¥5

EEBAN . L225(1997-) , B 1 4, E-mail : 13241294899 @ 163. com; B ffi & * (1973-), B, 1 1, 8l # %, Wl 1+ 4= % Il , E-mail .

tengrumin@163. com.



51

FTEFE: ETTAEARUTNAFTRENE B EMEMN 47

e RoSE st st JUAn RS RL. Se % & I R AR 4 4 L g
PEANER 1 fros. ocZE AR SHELL181 #oT,
| FHAE 72 45 (remote point) Wi P #5 & £ 4 4 FH LA
o 2R M . ] 43 0 XA 32 B DU SR E N RS DT &R
A, R R = A0 g JT &R (Quad/ Tri) 5 AR 4
A% JUSE R LG 43 B B8 K/ E LR 35 mm, 7]
LI SR PR R )i 3

k1 MHEM

Tab.1 Material property
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Fig. 1 Turntable loading method
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Fig. 2 Overall stress cloud of original structure

working condition 1
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Fig. 3 Total deformation and lateral deformation cloud

of original structure working condition 1
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Fig. 4 Retain geometry and obstacle geometry
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Fig. 5 Turntable force diagram
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Tab. 2 Working condition load kN
TH  Fa F., Fia Fiu Fia Fi. Fiy Fiez Fe Foy Fa. Fay F.
1.1 116.6 —1803.2 —294.9 1044.2 19. 2 178. 3 —106.6 19.2 —20.5 57.7 —20.5 57.7 196.0
1.2 116.6 —1 803.2 178.3 —106.6 —19.2 —294.9 1044.2 —19.2 —20.5 57.7 —20.5 57.7 196.0
2.1 617.4 —1834.3 —566.1 955.9 13.1 —51.3 248.3 13.1 —24.3 33.8 —24.3 33.8 196.0
2.2 617.4 —1834.3 —51.3 248.3 —13.1 —566.1 955.9 —13.1 —24.3 33.8 —24.3 33.8 196.0
3 116.6 —1803.3 —468.8 58.3 0 —468. 8 58.3 0 —21.8 73.4 —21.8 73.4 196.0
4 617.4 —1834.7 —308.7 602. 1 0 —308.7 602. 1 0 —28.1 43.8 —28.1 43.8 196.0
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Fig. 7 TIteration process
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Fig. 8 Turntable structure obtained by generative

design method
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Fig. 9 Overall stress cloud of generative structure

working condition 1
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Fig. 10 Total deformation and lateral deformation cloud

of generative structure working condition 1
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Tab.3 Comparison of strength of old and new schemes

i KB 41/ MPa
45t
T8 1 T8 2 T8 3 T8 4
JRE5 503 503 358 424
higaskacy 1| 319 424 287 285
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Tab. 4 Comparison of stiffness of old and new schemes
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Fig. 11 The fifth order mode of generative turntable
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Tab.5 Critical load factor
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4 —9.776 —8.618
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Fig. 12 Buckling mode of generative structure

working condition 1
PERAT A4 e A AR B R R A
3 85 ®

(K A A BT B B8 & 45 e B3t
XL 5 A L 47 A7 R T (5 B, i 3 1 B A5 SR
Xf He Bk 1A A BT 45 A A B O RO

(OARWH AT E BT AE S T 02 2L &
X A6 0 45 ¥ o R Al Ak B9 B0 BEAT Y L i DR T
1 e i 5 B M 1o W2 AN A2 14 1)

(3 fir Az QBT 45 2 Dy FLAR AL R {HL A5
% ST AR B R B E Y DL T B £ AR Y A
oA S 5 7 R de A AR 3 RS AT R B A
BIFe G B — E B4R T S AR A .

2% 30k

(1] £ B, 4 #, % E RENHEEHMEEN

it [J]. FMAA, 2016(4): 72-78.
WANG Yong, HAO Xin, CAI Zheng. Lightweight
optimization design of the rotation platform on
crane [ J]. Baosteel Technology, 2016 (4). 72-78.
(in Chinese)

(2] & B, TR AFRENBEALZANEAS
waiffh [J] BB s ™k, 2017(12): 103-
104, 107.

ZHUO Xun, YU Keqing. Application and safety
evaluation of vehicle crane lightweight
technology [J]. Technology and Industry Across the

Straits, 2017(12): 103-104, 107. (in Chinese)

[3] WHEW, FHF, KAF. AFRENZGWHAR



Ny

f 1 FTEFE: ETTAEARUTNAFTRENE B EMEMN 51

TN FoAE ikt [T F&RHl T A, section [ J ]. Journal of Dalian University of
2016(7): 40-46. Technology, 2009, 49(3): 374-379. (in Chinese)
DENG  Saibang, TANG Huaping, ZHANG (7] ERIT. MBR“HERR"EAHEAL[T] &
Guanyong. Finite element analysis and topology it # 1 . 2017(12): 51-52.

optimization design of truck crane turntable [ J]. WANG Zhenjiang. Autodesk "make the future smarter”
Modern Manufacturing Engineering, 2016 (7): 40- helps upgrade manufacturing [ J ]. Intelligent
46. (in Chinese) Manufacturing, 2017(12): 51-52. (in Chinese)

[4] FEI Ye, WANG Xingkun, LIU Wenmin. Topology (8] B#W. £ATMARRUTHUXENBEATHRENE
optimization of QY70G truck crane turntable EEIAERFRE (D] LM #HT k¥, 2019,
structure [ J]. Applied Mechanics and Materials, GE Haibo. Lightweight design and experimental
2014, 532. 466-469. study of lower limb structure of biped robot based

[5] % M, % # B, 4 &, %. # F Ansys on generative design [ D]. Hangzhou: Zhejiang
Workbench t — fr B #k Bk R EHN B &R BELH University, 2019. (in Chinese)

B[], R EZHIA, 2014(6): 66-70. (9] % M. fra&XN%kit: AkgitHBmb Rz
DI Yang, ZHANG Zhongpeng, JIN Qian, et al. i [J]. #EEEAM, 201609 71-73.

Ansys Workbench-based lightweight analysis for ZHANG Yue. Derivative design: an intermediate
new-type turntable of railway crane [J]. Hoisting attempt in future design and manufacturing [J].
and Conveying Machinery, 2014 (6):. 66-70. C(in China Informatization, 2016 (9). 71-73. C(in
Chinese) Chinese)

6] £ Jf, # #. % #%, % RENHLEERT [10] 8 xX. " ATHGEHHRERITLE [J].
AR [J]. K # T R 2 %4, 2009, 49(3): A% 5B, 2018(14); 47,

374-379. HUI Wen. Autodesk: artificial intelligence helps
WANG Xin, HUANG Lin, GAO Yuan, et al. auto design change [ J]. Automobile & Parts,
Topological optimization of crane telescopic boom- 2018(14): 47, (in Chinese)

Lightweight analysis of turntable for truck crane based on generative design

WANG Hongyu's TENG Rumin®', YANG Juan’, REN Liyou’

( 1. School of Mechanical Engineering. Dalian University of Technology. Dalian 116024, China;
2. Crane Research Institute, Sany Automobile Lifting Machinery Co. , Ltd. . Changsha 410600, China )

Abstract: The truck crane turntable is the core component connecting the boom and the chassis
frame, and its rigidity and strength directly affect the performance of the crane. In order to realize the
lightweight and innovative design of the turntable, the generative design is made for the truck crane
turntable. Firstly a finite element model of a typical turntable is established, then the stress
distribution and deformation of the turntable under different working conditions are calculated.
Generative design settings are made according to the load, material, safety factor, installation hinge
point and assembly restrictions of the example turntable. The problem of generative design of
structurally symmetrical parts under the side load is solved by repeatedly setting the side load in the
reverse direction, and the problem of insufficient lateral rigidity of the traditional turntable design is
indirectly solved. Finite element analysis and verification are performed on the generated turntable
model. The generative design of the turntable structure reduces the mass by 12% ., the lateral
deformation by 55. 6%, and the maximum deformation by 30. 2% while meeting the mechanical
properties of each working condition. The results show that the generative design can realize the
lightweight and innovative design of the turntable, and at the same time play a guiding and reference

role in the design of the existing turntable.

Key words: crane turntable; generative design; lightweight; side load; symmetrical structure





