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the mass and power consumption of onboard payloads, and optimize onboard resource allocation, a light-
weight design for a two-dimensional turntable is developed to improve its payload ratio. This paper pres-
ents an optimization method for selecting FEA parameter response surfaces tailored to two-dimensional
turntables, enhancing mechanical simulation accuracy through the integration of FEA simulations and
mechanical tests. First, an FE mechanical mesh model of the structure is established. Significant simu-
lation parameters are identified as matching targets through significance analysis. The quadratic re-
sponse surface coefficient matrix is then derived using the least square method, and the response sur-
face's effectiveness is evaluated. Finally, the optimized model parameters are determined using an opti-
mization algorithm. Utilizing the matched FE model, mechanical analysis of the two-dimensional turnta-
ble is conducted, and results for three structural responses below 100 Hz-modal frequency, low-frequen-
cy sinusoidal vibration acceleration response at characteristic nodes, and random vibration stress re-
sponse at characteristic nodes-are obtained. Compared to dynamic tests, the maximum error in results
decreased from 8% to 3%, 17% to4.9%, and 8.5% to 2. 2%, respectively. This approach significant-
ly improves mechanical simulation accuracy, fulfilling engineering application requirements. It has been
successfully applied to the development of a two-dimensional turntable, increasing its payload ratio from
0. 6 in the previous generation to 1. 6.
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Fig.1 Schematic diagram of two-dimensional space turn-

table

LI S s e I oY A S SN 1 N < T, R
A B A2 N . B T el H AL e 4 AR U A
A0 3 S I D IR S U R Al R B 3
L (7 iz 2 AR S R A RN T A B 4 1) AN
PR

A0 05 55 1 A P R R 2 A R A e
B R BE 5 5 7 B e R T BRI U R R R A A
T 0 e e 16 B PR BE ok G A kAo B T AR AR A
KA O R B W AR . kR
5K U B R S S50, 40 12k mr 2 128 Aaf
SHEABRYG L By Ak 25 Y
G A A s B R O
U IR 4, U B0 B B 2 0 S ML 7 DA
14 22 6 THT 3% 2, % Gt B Bl L A IR KL 4
WML 5 g i 2, il B S B A, 0N b R OK
o T E MBIk 868 118 30 kg, EL AT BB
AR 5 A A 14 o gt D 9 e R 3 LG

T T AT S R O O e A R A5 R
AT . 2 A6 B RGP RE, —4e 8% &
(5 2 ) AN JE A 45 R SF 29 3R 510 mm X 240
mm X 460 mm, fx £ Fr 15 1 )R 5 R 505 mm X
230 mm X 449 mm, U RIS AGE & 254 (1) £
BT Z — SR H AR B Koot R A (Y FE il 22 3¢
-G R R R R A RGN K,
L, il TR A X URBTIT . LG
RN T A5 R ) e AR R L T T
RO T A, U RV FE MR R F 7075
FERR A 4, 8 T MU T E G B R T RS B K I

o MR P T AT B A BR TR R A
o BEA i A7 00 037 B R BE IS JEE SR AR 4 o A
3. 5~8 mm, 7K J1 & op Chl 7R B Q4L F ) 22 3 it
FLRE R 5 mm s SR ET 2 e LA BEAT — 2 JE I Y
B PRIEIRET B9 37 5 K S J B I R AT AL
Y2 B A 22 R D/ N R BT PR 2k A X U Y 2R R
gL .

3 AR

P v A3 ] YRS 5 ) e R 0 5
K R E 207 i 18 T B g B R AR A T
H B ] 0 1993 T 3 T 45 A e 1 DL AR U 6
(9 7 27 R g B Al L SR A ok 22 1 = e iy T i 6
A PRI SR T R AL
3.1 ZE_ZHFENFER

WEE B R R IT If , R B N R AL
T E R A A O BRI Ty
(A ENN R VAT 82 B I ORI TR N iy K e
AP D5 e A L — A% s B S IR A A R
MEY & RBY G LR 3G . N TLREZE
RKHB G R A2 RAAE—ERER
A S a2 FroR  AUFE IR A 22 Bl R A% g it
7 LA 20 RAFA, B, 7 R B A B gy
% 18] Ak 0 2 7 BB A I o 1 S MRG0 B ) 2
TR

Ry T ST AT BROT g A AR B S PR 25 A8 2 ]
BYIR ZR , XF 7 il e 25 2R 5 A FR oo o0t 45 R kA7
A AT o i 5 09 1 2 B Oy AR

‘ZEZ‘&‘EEEE;?:%

L L 4
MR IR

P2 ARFA A A% TR AR AR A
Fig.2 Explosive view of components of pitching shaft

system



%5 23 ]

ik R, S 28 ) YR EE SRR S B0 B T Ok R A Ak 3449

I A5 A A 3 B, A5 BR T 43 Hr 5 71 2 3R 56
S E R RS 4 R . Hob A ~A R
N B AL SR A I 45, S~ S A% 3 N AR AL SR A
Mo A T YERE G A5 R EEOCELE 100 Hz LY
o [ A A S A R R o e R, A
g W Bl AL RN % 08N B N T e R o 5 I R
P AT S 0 BT Y RASE SR FH 45 ) A2 1) i
S ARRAR S, o, f TR TR SO T 0 T JE e R ) 7
ANFRAE 5 AL A ORERE AL AL BENLIR 5 148 F 45
T4 149 L 3 0 97 P T A R AE A5 AL (S, S ) 1R
Shy AL WA 70 5 3 0 4 O 1 1) SR AR AR
IR 5 7 FL A DG M R BT LASRAR R
fi—fi

AP, F R AT BT 205 2% 6 B W 45 5L AR
IR 25 T AN LSRR A BROT B R A0 E
AR MR S5 S MEHE BB = 20% 1
7 M G S A M SRR 5T < 20%
L U IA 5 M e P 3

AR 2 i R R R T S 9 9 R A IR 5
R WG AR ) A 0 2R B 1 e B

X 100% , (1)

r, =

b

s

S,Mises

(F45:75%)
1.6

T
N B IO OOND s

CO~I—0000NDINOCONI~I I
[ X eTeTeReXeReXeleXeXeXe R e
PIITIIITIIIIIT

=)
s}

COC0000O0000D

RS S SN SN

OO NI
G RO E 0000560900

P13 g2 a0l o3 o s 52 00 e R 7 A8 0 o3 A1
Fig. 3 Distribution of acceleration measuring nodes and

strain measuring nodes in mechanical test
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Fig.4 Cloud diagram of mechanical analysis and corresponding acceleration, stress measuring nodes position and measured

frequency response curves of mechanical test of two-dimensional turntable
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Tab.1 Adjustment parameters of initial analysis model

ST E R, Nz, W&z, HHEa
1 ks ky 0.02 0.034
2 by ky 0.04  0.068
3 1/10k,  1/104, 0.04  0.068
4 10 £, 10 £, 0.04  0.068
5 100 £, 100 £, 0.04  0.068
6 100 £, 100 £, 0.04  0.068
7 ks ky 0.04  0.068
8 ks ky 0.04  0.068
9 b, ky 0.04  0.068
10 oo oo 0.04  0.068
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Tab.2 Modal frequency response results of initial analysis

(Hz)
SEER —B B =B By BB N
1 38.4 56.5 60.1 74.3 81.8 96.9
2 38.4 56.5 60.2 74.3 81.8 96.9
3 33.7 54.4 58.2 68.8 78.8 95.3
4 39.5 57.3 60.6 75.2 82.9 97. 4
5 39.6 57.4 60.7 75.3 83.1 97.5
6 38.6 56.6 60.3 74.4 81.8 97.0
7 38.1 50.4 56.0 70.3 80.3 94.1
8 36.7 56.3 59.9 74.2 79.1 92.7
9 36.5 50.0 55.5 69.7 75.9 89.9
10 30.1 48.7 54.2 60.6 75.7 90.8
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Tab. 3 Significance analysis of modal frequency
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Tab.4 Significance analysis of sinusoidal vibration accel-
eration response and random vibration stress re-

sponse at characteristic points
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Tab.5 Parameters after model parameter adjustment

i W3 W4 HWHRS  KHER6

P X, Xy X5 L
13 E, E, 0.04 0.068
14 1/10E, 1/10E, 0.04 0.068
15 1/100E 1/100E, 0.04 0.068
16 1/200E, 1/200E, 0.04 0.068
17 1/500E, 1/500E, 0.04 0.068
18 1/500E, 1/500E, 0.08 0.136
19 1/1000E,  1/1000E, 0.04 0.068
20 1/1000E,  1/1000E, 0.08 0.136
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Tab.6 Significance analysis of sinusoidal response, ac-
celeration response and random vibration stress re-

sponse of characteristic points
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32.4 53.9 59.3 70.3 80.3
38.4 56.5 60.2 74.2 79.1
1038.6 54.3 57.1 69.7 75.9
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Tab.7 Coefficient matrix of quadratic polynomial response surface

BiNE| a b b b ¢ ¢ ¢
M, 36.4 1.3 —5.2 2.3 1.9 2.7 —6.5
M, 56.1 —12.4 5.1 7 11.9 —7.9 —8.5
M, 62.1 —18.8 7.9 4.2 15.6 —10.8 —4
M, 76.7 —6.4 —1.7 6.5 2.9 —1.9 —8.1
M; 82.9 —3 3.8 2.3 —1.1 —6.3 —1.7
M, 97.1 1.3 3.4 2.3 —6.4 —5 —1.4
S, 131.1 —39.3 22.3 —0.3 46.7 —31.3 4.7
S, 123.7 6.3 —11 20. 3 —2 —2 —14
A, 28.2 5.3 1 18.7 1.3 —0.7 —18.7
A, 24.8 —12.3 4.3 —13.3 8.7 —7.3 18.7
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Tab.8 RMS error of structural response value

gE| W iiR%/ %
M, 0.14
M, 0.32
M, 0. 80
M. 0.28
M, 0. 60
M, 0.56
S, 0.7
S, 0.5
A, 0.4
A, 0.4
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Tab.9 Modified values of model parameters after optimization

TRIA BRAIR T B2 M JE A
(SRR PR/ MPa)

ARFACD #8142 ik 35 Bl R 32 422 P E e,
(FERR PR/ MPa)

ZERFHJE ¢,

59. 32

73.2 0.053
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Fig.7 Comparison between calculation results of some measuring nodes and mechanical test results
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Tab.10 Comparison of response results before and after

correction of response surface method

5 PIES BIEH BEE BIERTR BT AR
Liogap S 2%/ 2%/%
M, 339 312 32.8 8.0 3.0
M, 55.2  51.8 54.3 6.0 1.6
M, 59.9  55.3 58.6 7.7 2.2
S, 1412 127.1 135.6 10 4.0
S, 132.4 110.2 125.8 17 4.9
A, 3.4 28,9 310 8.0 1.3
A, 224 243 22.9 8.5 2.2

A7 1 B F B 5 2 A H B SRS LI %
LB IE R 7 BG5S A g g R 2 s
e 526 LLPY GET 1 3% 07 1% 30 P o B e o
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Fig. 8 Schematic diagram of U-frame area division
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Tab.11 Thickness changes in different areas of U-frame

XS AR R /mm PEAL AT /mm
1,2 3.5 4
3 3.5 5
4,5 3 3.5
6 3 4
7,8 3.5 4
9 3.5 5

I U BE A AR RS O EE o U SR B AR R B
10. 3 kg, Ak I M 5. 3 kg; 5% & B HLAL 1L Al o &
k45 kg AR R 20 kg, Wl FL ik B 55% , 3
Fik 81 1. 6, % & R 38 i 1 SAL M B S 0 2
J12ER K, By BT S R G0 RS B R R g
Te AR Ak S5 A BT T SRR R AT
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