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Optimal Design of Wide Area Array Sweeping Camera
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Abstract:In order to realize the lightening of aerial camera, a wide-area array sweep camera installed on the
front web mounting board of an unmanned aerial vehicle (UAV) is designed and its main frame is optimized.
Firstly, the overall design of the swing mechanism is carried out according to the structural limitation of the
UAV mounting plate. Then, the size of the main frame of the swing mechanism is optimized by using
OptiStruct software. After, the modal analysis, static analysis and random vibration analysis of the main
frame and the whole swing mechanism of the swing mechanism under different working conditions are carried
out respectively by using finite element analysis method. Finally, the sinusoidal sweep test in Y direction is
carried out for the sweep mechanism. After optimization, the mass of the main frame is 1.2 kg, the natural
frequency of the swing mechanism avoids the excitation frequency of the vibration source, the maximum
stress and deformation of the swing mechanism are 62.35 MPa and 1.03 mm, respectively, and the frequency

value at the resonance frequency of the shock absorber is 27 Hz. Wide area array swing camera basically meets
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the requirements of lightening and miniaturization. The natural frequency, stress and deformation of the swing

mechanism meet the design requirements.

Key words: sweeping camera; main support frame; finite element analysis; structural optimization
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Fig.1 Overall layout of swinging mechanism
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Table 1 Design variables and optimization results

g W/ AR veitas R/

ER Ji Al /mm mm mm mm

ZJJH [60,85] 80 68.2 68
ZKIJLH [5,20] 15 16.1 16
ZKIRH [3,15] 10 5.8 6

ZKIW [200,250] 240 215.8 216
ZKIJTH [36,50] 42 40.2 40
ZKITD  [80,90] 85 82.3 82

AR SC BT I EAE B R R D RS &
(2A12), 53 RO Ak Bt , EHEZR B o 1.2 kg

3 BANMHAZEREST

XHEF UG FE AT A BR T 05 B8, S UE Ak 45
SRR DI
3.1 wEESW
3.1.1 Bl EERES,N

PR HUAL EHE LT = B RS Ay AT 4 SR AR 2
g 2 i .

A:0711
Total Deformation
Type: Total Deformation
Frequency: 168.85 Hz
Unit: mm
2017/8/23 9:37

27.038 Max
24.034
21.029
18.025
15.021
12.017
9.0126
6.0084
3.0042
0 Min

(a) The first mode 168.85 Hz

A:0711

Total Deformation 2
Type: Total Deformation
Frequency: 175.26 Hz
Unit: mm

2017/8/23 937

24,053 Max

(b) The second mode 175.26 Hz

ATl
Total Deformation 3
Type: Total Deformation
Frequency: 223.32 Hz
Unit: mm
2017/8/23 9:38
32.961 Max
29.298
25.636
21974
18.311
14.649
10.987
7.3246
3.6623
0 Min

(c) The third mode 223.32 Hz
2 AN AR QLT = B A B 45 2R
Fig.2 The first three-order mode analysis results of main

frame of swinging mechanism

F2 BAVNMIERN=ZMESHTER
Table 2 Analysis results of the first three-order modes

of main frame of swinging mechanism

S B 5 1 2 3
i 2% /Hz 168.85 175.26 223.32
T3 [ A1 X% Y ¥ ) Z -5

MEL 2 F0 2 2 ) 0, A2 LAY 3 HE B S 43 B
(AT = B RS [ 18 X sl Y BBl L Z 8- MR
43 58 168.85, 175.26 11 223.32 Hz., i J& A HLIK
F B B3 555 — B S PR AR Ry 92.5 Hz, 55 — B Bk A
2Rk 185 Hz, #8249 ML AL [ A5 430 3 36k T 1 9 U5 B
AR DR TG R A R G AR bR I LR
3.1.2 AZHMAMEARE S 5T

FEAT IR 28 RS T L AT R AL 3R AR 2 o)
RS S0 BT, B0 = B B2 4 B 45 SR i 1Bl 3 & 3
Fis

B: Modal

Total Deformation

Type: Total Deformation

Frequency: 40,653 Hz

Unit: mm

2017/9/7 2018
17.632 Max
15673
13714
11.755
9.7957
7.8366
58774
39183
19591
0 Min

(a) The first mode 49.6 Hz

B: Modal
Total Deformation 2
Type: Total Deformation
Frequency: 51.545 Hz
Init: mm
2017/9/7 20:1]
16.74 Max
14.88
13.02
1116
9.3001
7A401
5.5801
372
186
0 Min

(b) The second mode 51.5 Hz
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B: Modal
Total Deformation 3
Type: Total Deformation
Frequency: 52 Hz
Unit: mm
2017/9/8 14:26
1571 Max
14.037
12.282
10528
8.773
7.0184
5.2638
3.5092
17546
0 Min

(c) The third mode 52 Hz
3 SR HLR B AT = B B 25 20 7 45 2
Fig.3 Analysis results of the first three-order mode of

whole swinging mechanism

x3 BRAVMEBEEIT=ZMESSITER
Table 3 Analysis results of the first three-order mode of

whole swinging mechanism

LS B H 1 2 3
4 2R /Hz 49.6 51.5 52
L5 B A Y S5 XT3 25

B3 F 2 3 0T, 45 4 AL 8 A A2 43 BT 1Y)
B = B S MR Y V-3 (X P B A Z 8- 3h, R
4351k 49.6, 51.5 152 Hz, 1 Jo ALK T By BE S
— B S AR A 5 92.5 Haz, 8 39 WL [ A7 45 % ke T
T MR TR PR R, LR R R T A A R
(V2 4% o

S T Ik SR AR [ A 4R ik iR R R A
FIf H AR BARCR AN A B AT RIREOCR G B 19, 45 1
VOl 1 10 B2 TR AR R

(1) BRI % G5 [ 47 3 %/ F 50 Hz;

(2) F i M50 % A 1 TR ABH N T 35

(3) PR 22 92.5 Hz b I Fg PR B KT 60% o
3.2 BAhESW
3.2.1 #EMHMENH I FZ oM

MR YR UL (4 52 PR TAEBREE 200, X2 AL
S AE SR AT S5 A8 W 24 53 AT, S0 5 3 S A B
T 8g By 7K - ok 48 07 A A [ T 5 % 4
TE 5 <= 3 R 3 RS T R 3. 5 L 4R, A T 4 SR AN 1] 4
M 4T

B: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm
Time: 1
2017/8/23 9:55

0.095903 Max
0.085247
0.074591
0.063936
0.05328
0.042624
0.031968
0.021312
0.010656

0 Min

(a) 8¢ horizontal overload, maximum deformation 0.09 mm

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1
2017/8/23 9:56

12.958 Max
11.519

10.079

8.6402

7.2009

5.7616

4.3224

2.8831

14438
00045651 Min

(b) 8g horizontal overload, maximum stress 12.9 MPa

C: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
2017/8/23 10:01

0041261 Max
0.036676
0.032002
0.027507
0.022923
0.018338
0.013754
0.0091691
0.0045846

0 Min

(c) 5g vertical overload, maximum deformation 0.04 mm

C: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
2017/8/23 10:01

8.349 Max
74222
64953
5.5685
4.6417
3.7149
2.7881
1.8613
0.93447
0.007654 Mii

O

(d) 5¢g vertical overload, maximum deformation 8.3 MPa

D: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
2017/8/23 10:03

0024757 Max
0.022006
0.019255
0.016504
0.013754
0.011003
0.0082522
0.0055015
0.0027507
0 Min

(e) 3g vertical overload, maximum deformation 0.02 mm

D: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
2017/8/23 10:04

5.0094 Max
44533
3.8972
3.3411
2.785
2.2289
16729
11168
0.56068
00045924 Min

(f) 3g vertical overload, maximum deformation 5.01 MPa
K4 REPLM EHESR ) 2 o el 2R
Fig.4 Static analysis results of the main frame of swinging

mechanism
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Table 4 Static analysis results of main frame of swinging

mechanism
SN PN
TM b B E
I H/mm W /1 /MPa
LS K- 8g 0.09 12.90
N G A B X 5g 0.04 8.30
IEH AR R WK 3g 0.02 5.01

ML 4 Fi g 4 a] B, K SF- 8g ik it 1 A8 TE B
o, Hf K AR T 0.09 mm, A4 K A kK A ST 5 K
- 8g ik A ;A (4 B g Fee K, Hede KNy A
VAl 4 25 RO IR 4 A R R B b R 12.9 MPa, /N TR
44 (2A12) P HL s B 390 MPa.

3.2.2 BEMMERS N FZ SN

T AT VAR 7% BSR4 SR AL B R gt A
W 125 50 BT, o3 A 4 SR A PR T 8g 1 K
PO NIV N1 0 DR Vel - NP A= A B 1 1
W R 3g W EH S, R WA 5 M &S
i

MBS FiL g 5 0] S, K S 8g ik B Y AR TE
Fo L Hof KARTE 9 1.03 mm, A4 R A K AR 5 K

C: Static Structu ﬂl
Total Deformatio
Type: Total D
Unit: mm

Time:1

2017/9/7 20:37
10303 Max
091585
0.80137
0.68689
057241
045793
034344
0.2289
011448
0 Min

(a) 8¢ horizontal overload, maximum deformation 1.03 mm

C: Static Rr‘lﬂ\lrll
Equivale
Type: Equivelent (von-Mises) Stre
le

2017/9/7 207

17.69 Max
15.725
13759
11794
9.8203
7.8643
5.8992
39341
1.969
00039712 Min

(b) 8g horizontal overload, maximum stress 17.69 MPa

F: Static Structural

Total Deformation

Type: Total Deformation

Unit: mm

Time: 1

2017/9/7 20:38
011535 Max
010253
0089714
0076897
0.064081
0051265
0038449
0025632
0012816
0 Min

(c) 5g vertical overload, maximum deformation 0.11 mm

F: Static Structural

(d) 5¢g vertical overload, maximum stress 12.90 MPa

E: Static smdural
Total Deformation
: Total

ime:
2017/9/7 20:38

0.069208 Max
0.061518
0053828
0.046138
0.038449
0.030759
0.023069
0015379
0.0076897

0 Min

(e) 3g vertical overload, maximum deformation 0.06 mm

E: Static Structural
Equiv

i
ZOUN/? 20:38

7.7456 Max
6.8852
6.0248
5.1643
43039
34434
2583
17226
0.86213
0.0016889 Min

(f) 3g vertical overload, maximum stress 7.74 MPa
55 BN S ) 2 o B 25 R

Fig.5 Static analysis results of whole swinging mechanism

R5 BANKMEGBNZSWER

Table 5 Statics analysis results of the whole swinging

mechanism
Tk 7k
TM it
- HRE oy /mm 0 /MPa
L5 K- 8g 1.03 17.69
Jof E A X 5g 0.11 12.90
1E# A
X 3g 0.66 7.74
Y 7 8
- 8g b A A B N ) B K, H R KON ) R AR AE

VAR i Rk 1R 4 2 2 Ml Ak o 17.69 MPa, /N F 48
G4 (2A12) B HTHism BE 390 MPa.
3.3 FEHLIREh ST
3.3.1 FEHWM EAE R EHIK S 5T

HRAE R TC AL S bRl s S FICHB 5830.15—
1996 #L#k 1% 7% 1 5% 45 18 SR 56 7 vk A WA 3 ) A
P T B T 2 i1 7 3 TC ML AT SR E |, i 2 22 AL
4 1 9% 20 2% 1 0 ik 3h 3 56 i A 2% 1 an I’ 6 Rl 7
FIi7R o
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Fig.6 Input power spectral density of vertical random vibra-

tion
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Fig.7 Input power spectral density of horizontal random vi-

bration

AR A L 3 Bl AL IR 3 A S A3 R 23 ) K
PRBhJ7 B E 21 MY ) AR HL AR B R
LR Y AR TR S5 LR R ) 25 3 n 8
IR

E: Random Vibration
Directional Deformation
Type: Directional Deformation(X Axis)
Scale Factor Value: 3 Sigma

99.73 %

Solution Coordinate System

Time: 0

2017/8/23 10:20

0.23139 Max
0.20568
0.17997
0.15426
0.12855
0.10284
0.077129
0.051419
0.02571

0 Min

(a) Maximum deformation 0.23 mm (30)

E: Random Vibration
Equivalent Stress

Type: Equivalent Stress
Scale Factor Value: 3 Sigma
Probability: 99.73 %

Unit: MPa

Time: 0
2017/8/23 10:19

30.07 Max
26.751
23432
20112
16.793
13474
10155
6.8358
3.5166
0.19747 Min

(b) Maximum stress 30.07 MPa (30)
B8 EFIHLM HE S BEHLAR 3 23 B 25 24
Fig.8 Random vibration analysis of main frame of sweeping

mechanism

M 8 AT AT, B ALK (1 Fe K AR TE 4 0.23 mm
(30) , 5% K /14 30.07 MPa(30) , 1 /& A4 44 45 b5
Xt A5 T N T 1 ZER
3.3.2 FBITHUMEARBE LI B o AT

FEAT IR 25 RS AR L A Bl LR 2h iy A
Ty 2% % B 4y R AR B 5 10 R B Z 1 Y )
ARAG BB sh PR 5L (42 4 HUAG 14 A28 1 45 5L F0 R
T AE R 9 PR o

ation(X Axis)

Coordinate System
ime: 0

2017/9/7 2046
0.24843 Max
022172
0104
016629
0.13857
011086
0083143
0055429
0027714
o Min

(a) Maximum deformation 0.25 mm (30)

ess
r Velue: 3 Sigma
Probability: 99.73 %

Unit: MPa

Time: 0

2017/9/7 2045
62.347 Max
55431
48515
41598
34.662
27.766
20.849
13.933
7.0168
0.1005 Min

(b) Maximum stress 62.35 MPa (30)
K9 ZHHLA AR ML IR 523 B 45 21
Fig.9 Analysis results of global random vibration of swing-

ing mechanism

ME 9 AT J0, AN A B KA K R 0.25 mm
(30) , KW 71K 62.35 MPa(30) , i J& k35 b5
Xof S FE R F7 R K

4 K 5E MK

SR 56 F 42 45 BIL A A R AR T P B LA
TR AT 32 75 BT T IR R A BRI R S R LA
ESZARE . AR S 65tk &,
5 IR S 15~25 °C, 4R 2 M % 4 [ Ol 15~
300 Hz, ¥ h 1 R /& F 25 Hz i, % 2 K @
2%, % T E AR T 25 Hz B iR 22 A #ad 0.5
Hz, W&AE M 1g, FABFE N 1 oct/min, M T 18R Y
o BT R 3l 6 4R 3h i g il o B LA 38 4 B
TR s g H M BL L 2% 5 sh A 1R B PG 5 4 1
e AL IR . R R 250 n & 10
JIE 7R o T BE A% R g IR AR A0 R B 45 11
iR

U AR 1 AL 4R AR A 1 B R (E R 27 Hz, B A
BIL I AL B B 55 — B 38 B A6 Ry 92.5 Hz, #2 H Bl
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Fig.10 Vibration test of swinging mechanism
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Fig.11 Acceleration sensor data
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