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Optimization design of strengthening components for linear motion

system of the novel optical testing target
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Abstract: A novel type of optical testing target indoor can be used to simulate the outfield target with
complex trajectory, profited from the linear motion system in the structural components. But, the problem
of the large span and low stiffness linear motion system of novel optical testing target reduced the testing
accuracy of the novel optical testing target. So, firstly, based on the Euler-Bernoulli beam theory, a
solution to strengthen the structure in a limited space was proposed. Then, combined with the dynamic
characteristics of the linear module structure, the layout of the strengthened beam and the reinforcing
plate around it was arranged and the dimensions of the strengthening components were determined by an
integrated optimization technique. Finally, modal analysis and vibration test for linear motion system after

the installation of the department were implemented. Results show that the first order natural frequency
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and the second order natural frequency of integral structure of linear motion system are 36 and 55 Hz

respectively, and the experimental data are in good agreement with the simulation design date that are 32

and 54 Hz respectively and increases by 1.86 time comparing with the initial structure that first order

natural frequency is 14 Hz. These results verify the rationality and reliability of the design of reinforced

assembly, at the same time, the structural performance of the strengthened linear motion system meets the

requirements of the novel photoelectric testing target, such as light weight, high rigidity, strong anti-

interference ability and so on.

Key words: optical testing target;

0 3]

PO PR R R R B B A IR 1 G B AR 45 A
iy ZEAE FLATE A L3 L O A AT RN BE A A
I i R i) T o e Ah g AR . Sk
MR AESE S o /P S 9 SE B R AT H AR R AT
BB R RE AL AR EAS QR EBA—E R AT,
WA 7 o AR EE TS0 S R, 3 AR T ey B 5, U 2
PRGN B A A2 OB UL FL AR, A8 AT L 58 BRSOl L B B2
)2 R P BE OOR LA, — Bl B BT
RO I 7 2 Wiz 8 T

M 2 A 0 A gl i — o T A P A ' R R
)i 15 RO KB AR A T B A T BB B Y
EEA LR LTI ' v B R I i 35 19 B2 X
SR R AR BEAT B ST, o I B A B K RO A R AL
S5 BRI ST T L b B A B G 2 Ol R o I BRC
FE 043 51 F 20 H 22 50,60 A AR T R AR
HRRBE KOG BT T 20 28 80 AEARHIE I T Ot 2 3 A e
FRRLAR s AR m) R AL T 20 T2 90 A AWl
T YRS S AR o R LA HE 2 Bl A A
BRATE SR A by 2 oA A 00 O e 00 i 5 R B R B Y R
K T A

P JLAE, A EFEN b1 W0 4R ) 3l 2558 5% 0 AR 18
A PF i 't F 0 5 A BRI T RE I A AR R B, A
) 25 e e WA AR SR AR UL H AR AT AE A8 Bl R S S PR
BRER H bR A — B AL, B B H AR B 3
BEAG I 3L 78 57 (57 0 AREATD 7 A~ 5 1) L 49 38 3 2 BT e
L R UG, 15 R B 2 e B R AR T4
A B A BRLER VR BE R A AT T e BRI L
WF5E N 52 X e e SR AR 32 A AN R 22 4L, B $E AR

strengthening components;

structural design; integrated optimization

AR A R B AU H Br iz s BB A BR - D RE L — S5 A
AR o I BT — R T IR A G A A DN R I
(8T 7 i T B RS X AT R T — = H R
Yy iy EC 2 Dy RE BT B A DN AL A, S SCHRT AR 22 Zh BEHE AR o
FT T R A BRSO AR 2 ) RESRAR I L ks
) R G — KB A ) A Al BEAT R AN IR A

1 ZIMEEIRE N

1.1 STt BIREMREEEHIERE T

WA 1) B , 2 S REHE AR 32 2 il SR 5
b & H Loz g R GERR AN Gl R AR, SCHE AR B
PR B R T O (A R R AE SRR L IS E
LIz RGN ML, BB o L 2k8 3 & 48 A
A0 Al 8 A 7 52 7 1) 80T 82 s @=[0,360°1xn fiig §% 12
gy H4kis 3l A G s 5 05 00 B AR WP B Al
St 308 3o AR R R T K P B U Sl AR A0 A
s UM R BE H bR AR AR AT O T RE
AT OUA A AR UL AR U 28 AR A I B A 1
AT G AE SR S ASUREA 13 6=[30°, 60° ] ie ¢
iz Z I, R B BT B S B LB g, Xk
IR J7 18032 3 5 B BU05 1 i as sl oA T Rk
P, R S IR B 4 ] T 2P AT OB A K S AT
JEIEH B3 D AT 0=£5"; TARM AL E M R4
— A5 B s g 5 AT ) B RS s 8l
= A 1B B B AT 6 e RE 8 1 = ) AR R R
A8 S B H AR, HZOR YR H AR U057
BB, T e KA L Wi AN T 90(°) /s
R AMIE L e AT 30 (0)/s?, ALAEAR 1132 3h
S A b e e KA W AN T 50(°)/s i
KA B e A/ T 80N/, A JiE 5 J7 10 E /Y

0617003-2



Gk TR

% 6 4

www.irla.cn

5415

RN & MR X 45w, k1 haih £
T REREFR BT Y 4 0 2E S48 A .

x1 ZHEBEHEZRIEHIER
Tab.1 Main movement index of the multifunctional

target

Motion parameters Parameter index

@ [0,360°]

(G} [30°,60°]

& +5'
Wimax =90(°)/s (Equal radius circular motion)
Ay =30(°)/s* (Equal radius circular motion)
Wonax =50(°)/s (Equal radius circular motion)
Ao =38(°)/s* (Equal radius circular motion)

10%*w (0.1°<Sw<2°)

% 5%%w (2°<w<30°)
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Fig.1 Structure of three—DOF, indoor simulation multifunctional
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Fig.2 Assembly diagram of reinforced beam and linear unite
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Fig.4 Control variables of the surface of the reinforcement plate
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Tab.2 Design variables and optimization results(Unit: mm)

Optimized Original Optimized Target Optimized
Variable Original value pimize Variable rigina PHITIZE a.rge phmuze Worst value
value value value variable value
B, 12 20 H, 135 167 fi/Hz 31.71 23.67
T 12 16 h 40 66 f/Hz 54.47 34.07
Ty 12 10 H, 135 125 mass/kg 152.05 181.10
Ty 12 5 hy 45 48
Ty 12 5 H, 110 84
Va 12 20 hy 40 14
Vs 12 15 H, 110 84
Vi 12 9 h, 40 14
A 12 9
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() 084 24 W ) — B e Noresult ’
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1.033E+00 Fig.6 First two mode shapes of the initial structure and the
Noresult optimized reinforced structure
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Tab.3 Results of simulation
Order  Frequency/Hz Vibration form

1 14.38 Swing along X-—axis
Original

2 14.47 Swing along Y—axis

1 31.71 Swing along Y-axis
Optimized

2 54.29 Swing along X-axis
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Fig.7 Laser pickup point distribution on the horizontal motion

system
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Fig.8 Amplitude-frequency characteristic curve of vibration test
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