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Fig.1 Relationship between damper transmissibility and frequency

2 ERTEBEXMNBARSHEEBRIRFIES
e

21 HEERFEENBABER

ML R RATH AL SN R 3h 55 4%
FRATANEE N R TR, BR IR AR A9 A A A ml
G 5L L5 O L £ RIAR X A A2 AR AR
B BELJE I AR Ao B AR, 7 R B 5 AN A2 A% 5 A
F o TS G 15 AR A AL RS X 5 MERE Y 52
Wi 2 LA W A 22, I, 18 SO A A R RDE R
V3 LA B TR 5 1932 SlRe i, s AR LR A
ot TF G 5 8RR A MDA AL I, HLe RS o
O IFAE R, PRk, 27 A 2 5 O B o B e L P
B RS BRSBTS ST AN A3 B8 A A
e 2 Bis .

P 2 ATEEIERE PG O BIlERE M EE SRS IS 2R
Fig.2 Relationship between displacement and angle across rotating

center O

B O WAT B AR by, Py Py AOGHLF- B E
BV L A B R T ) I [ B 3 G 5 R S, 0 R
BAXTRLRE KN, r 5 0 43 Fm i 8 Py 9N 5
BEmOI RN ST e RAERT, Py Py 431 LA TiE
B RE R R, ¥i3h, H P\ P iEREE P PR,
JUAAT 3R mT i, H w7 B v 5 8 1) 1 8% 6 0 Bl
?ﬁﬁ/@

r=R,siné 2)

0 0
0= rtanE =R, sinGtanE 3)

H1 T BELJE AR i BR 7 1 A7 75, (BOE MR IR 4%
AR LR, W r<2L mm. BRI SEAFBREIT,

{0.<l+r<2M,'O<l<2M,O<r<2M @

sin@=r/R,, sinf=1I[/R,, R, +R, =2R

N @), B ERRIE R ATE Ri=R=R 4, A
HL P 65 DL 31 T T Hh o0 e e i, LR A Gk B K
{Ho o (5) hE:

6 = arcsin(2r/R) (5)

2.2 FEERIREFEIR R FiEEh kR

R, JGHLP 15 2R F U TR 2 A 222 B2 i
a7 G B, R, 22 %e iyt 8 R A g
UESF- 65 B S0 38 3 DU D8R A5 T 1 - T A v 2k L
—J7 1T A R AR AR e R BRAR, 53— T T AT ke B
A TR e 1 B 32 TG . R 5 LU R T
ol O Mg b KA R RN, L R Gtis
SR A AR R GE Opeyz WAL 3 FIE7R o AR bR S A
T 2B T 0 O, x BlKSF 1R 47, p il S8 B 1)
Bz x. y BOE G TR R G, BB B
N Oy, ky 5 by AR AN, ¢ 5 ¢ 2 I
PRAsbIE R 1 5 L iR as S R B EE RS, L P

20230432-2



s Gk A2

%14 www.irla.cn % 53 %
3 Y L S :mlos4+[(cl +c2)10+m(cllf+czl§)] s+
I:m(kll%‘}‘kzl%)'i‘(k] +k2)10+C1C2(ll +lz)2]' (12)
0,
z 0 X S2+(k1C2+k2C1)(l1 +l2)2S+k1k2(ll +lz)2
. . AR, WIRAELLE RGEAE x My J5 ) L 4% 13 R 3
1 c L > € SHe Ay
‘ o HE, L kili=hol,, cili=cyly 1 L=0; LAY, i T
Cs:sfr °, Cg;rsfr BILIRS) w, 5 A IR E A TR w, 73508
EO pod k k 2
le\/ 1t 2_(Cl+62‘2) (13)
m 4m
&l 3 e e iR 45z sh s AL ]
2
Fig.3 Motion model of damping damper in EO pod _ ky l% + kZl% _ (c1 l% + 6215) 14
W= I AL (14)
0 0

B ARPR R IR O BEEE], 0 Ot F 5 5 8L

e 18] Y AR F 27
) 22 3% BHLJE I IR 4 I 1) Ol L £ 32 Bl T A ]
FRN:

m)'C'+(Cl +02)x+(C212_C111)9+(k1 +k2)
x+(koly = ki 1) 0 = (¢ +¢2) X + (ky + ko) x; 6)
Ioé‘i‘(Czlz —Clll)x+(C2l§+C1li)0+
(oly = kil x+ (K} + al2) 6 =
(e2ly — 1) &+ (koly — ki 1) x; + myL 7
W BT A IR R A5 1343 R 0 B, F LR
B8 B2 E T R TR R AR e, R S 15 5
[ms2 +(ci+cy)s+(k + kz)]X(s)+
[(caly —c1ly) s+ (kaly — Ky 1)1 6(s) =
[(c1 +¢2) s+ (ki + k)] Xi(s) ®)
[(c2ly —c1ly) s+ (kaly — Ky 1] X () +
105> + (K} +heals?) + (eal} + 2y’ s
0(s) = [(c2, — c11y) s + (kal, — Ky 1)]
X;(i) + mY(s)Ls* )

LA A (8). (9) HHREN G T, (105 X, AT
5 x 5y )71 RGBT, 5 T, 43R N

_ ms’ (el — ¢, 1) + ms® (kyl, — ky 1)
ax — S

(10)

T, = Ls* [ms?+ (¢, +Scz)s+ (ki + k)] an

FRAL (10), (1), SICEIL SR A R IES)
o1, kX h.

S AR v AR A B 2 e NI & A
IKEJE/Z%%& C J—L—TJZ%%_'E&O JH:, %,l klzkzzk\ C1=Cry=c¢C
1y =0=1 K5 G- 6 3 AL SF R0 o 242 73 A1 Y 2

HERIARETS, 2428 (13). (14) AT faifE R
W = 2km2—c2 (15)
m
S5k [4k—5S5mc?
Y= i 5m (16)

M (15). (16) FTLLE ), e FE ksl 5
RELJE Bl 41 #5% (4 W B2 | BHJE RECCT- 6 H B i A O,
55 BH @ DR #% 22 B o 1 TE 0% G R M IR Bl 5 OF
B BHJE REC BEJE D8R 2 W 2 R0 BE 2 Bl i 45 14
RN EYIMIC . — 71, AT DAAED R fe b Re it 1
AT G FRARBCR s 73 4 —J5 1, ek T B 4R
a e, AT DAE i A R L e DA AR TG
-5 B bR IRTERE

3 MESXBER

1) {5 .45

DAL AU BH e i di o Ay £61), L1 05 1) A A T AR
20 mm. KEF MATHEN 0.4 mm, 4GHSE G RN
P33k 2 BELJE D8 IR 25 A HUB R (2 B, St P 5 5 bl
Te] (A i 2 RS #E 1 0.05 rad (3°), HOGHSEA % 113
B FEED TR E W L, KI5 g )i
T B G & LA B AR AR S AR A
PR HIERE 242 R 435124 200 mm ., 250 mm £ 300 mm,
55N 2(8) FIATBIAR XS 678 5 B R R 7E 5
FOAKSF-J5 1) b AT RE XTI G 22 W &T 4 Ji, [ A 414k

20230432-3



ISk A2

%14 www.irla.cn % 53 %
20 0.5
-@- R=200 mm -~ R=200 mm
15 | -m- R=250 mm g —&- R=250 mm
g —¢- R=300 mm g 0.4 —¢- R=300 mm
g 10 £
E S
= 5F =1
E % 03 +
£ 0
s | s 02t
210y E
715 L
-20 0

-0.06 —0.04 -0.02 0 0.02 0.04 0.06
Relative translation/rad

() FEO AR LR SRR A 55 T I8 Sl B R

(a) Relationship between vertical placement of damper and

relative angular movement

-0.06 -0.04 -0.02 0 0.02 0.04 0.06
Relative translation/rad
(b) ARXT A ALAS S IR AR /K 0138 Bl (1 5
(b) Relationship between horizontal placement of damper and
relative angular movement

P 4 e P SRR SR A Bz s i SC R

Fig.4 Relationship between placement of damper and relative angular movement of EO pod

TR X AR T IR RS A AT RE X e, 2T (B T 2k
AN 35 43 py B S A7 7 S B fi FH B O S AT i 2k
), PLE K7 ] 207 RS AN B T ) 1Y 2%
2) SR IE
HFHLEOEHT & B s RIR AR, 5550 =
A AT AT 4R 3h 15 00035 A S v 5P 75 B2
P anPERE, MAHIR AR AR £ 546388 T 22 R ROR
PLA ML s pis . nTLUAE H, 7 30 Hz LA Af 3

2.0
@n

~ &
= 15 - E Y
= / =]
5 A
LN
£ i
g N
ﬁ 0.5 B . o

0 . TEeea

10 10? 10° 10
Frequency f/Hz

L33 T <1, HIUARE 28 %5 30 Hz LA b B3k 30 e B Ak
W di s X TR ) 50 Hz A4 sl Ho e m %34 % 7<0.5, B
Uk IR 28 T LA R A0 RAL & ML 5 A e A R
B, XA IR A s A EL 22, BLERIAEE T %t
VA M RE 52 T Bk BH S A 2 IR B R R, LU
2 B 0 3 A B St A el A #5167 FH T B 2 ML 2R B ik 3
A,

0.7

0.6 | (b)
- 05 ¢t
04 |
03 | +4 dB/x ~6 dB/x

02 | travel travel

PSD/g>Hz

0.1

10 10? 10° 10*
Frequency f/Hz

Kl 5 SERDF IR IE SR G B 5 | DA ] Pl 1 2R

Fig.5 Test results of transmissibility and power spectral density on different disturbance frequency of a certain damper
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Test and analysis of vibration characters of damper in EO platform of UAV

Wang Zichen', Wang Donghe?, Zhu Wei'

(1. Shanghai Institute of Quality Inspection and Technical Research, Shanghai 200031, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract:

Objective  Absorber is a very commonly used component in UAV OE platform, because it can effectively
absorb the vibration caused by the UAV, thereby enabling the photoelectric platform to obtain more stable and
clear image or video. In the recent years, many scholars focus their attention on many kinds of damper in order to
further improve the imaging quality of the OE platform. Non-angular displacement damper is designed for
optimizing the performance of platform payload, but its practicality is limited by large volume and heavy weight.
So traditional damping absorber is still the most widely used damper in OE platform at present. A lot of research
have been conducted about the characters of damping absorber, but quantitative analysis to address the impact of
vibration on optoelectronic platforms and how to optimize the installation layout of OE platform with damping

absorber has not been carried out.

Methods According to the characters of airborne OE payload, this paper analyzes and tests the angular
characteristics of damping absorber that is related to the performance of airborne payload. First, the self-character
of damper of EO payload is introduced. Second, the overall performance model of EO payload are established.
Meanwhile, the modeling of motion characteristics is established and the factors that may affect the ability of
airborne payload are analyzed during the installation layout of damping absorber. Many factors, such as stiffness,
damping coefficient, installment-center-distance and the mass of payload, are promoted which determine the

results of angular and linear displacement.

Results and Discussions The results of simulation analysis show that the displacement of damper mainly
occurs in the vertical direction instead of horizontal direction, and the displacement in horizontal direction is only
2% in the vertical direction within the effective stroke of damper when the distance of rotation center R is set as
200 mm, 250 mm and 300 mm. The portable test system is mounted using a vibration table, an UAV OE platform
with four damping absorbers and an auto-collimator. All the dampers, with the same stiffness and damping
coefficient, are fixed between vibration table and UAV OE platform, and auto-collimator with target is used for
testing the impact of vibration on payload imaging quality. Four images are captured by OE payload when the
installment-center-distance is set as 350 mm, 300 mm, 200 mm and 100 mm respectively, and the vibration table
is under 5 Hz low-frequency disturbances. It is not difficult to find that with the increase of installment-center-
distance, the image quality decreases significantly. So, we should increase installation spacing of diagonal

dampers as much as possible in application.
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Conclusions According to the characters of OE payload, we researched the characteristics, motion modeling,
and testing applications of UAV OE platform and its related damping absorber deeply. On the basis of introducing
the working principles of damping absorber and OE platform, a motion characteristic model of the platform with
damping absorber is established. At the same time, not only the theoretical model is simulated, but also the test
results are conducted in laboratory. All the results indicate that the model can reflect the impact of damping
absorber on the overall performance of UAV optoelectronic platform basically, and the results of our research in
this paper are very helpful in optimizing the design, installation, and practical engineering applications of UAV
platform.

Key words: UAV; EOpayload;, damper; motion model; performance test
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