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Abstract This paper describes the cause analysis and improvement of a lack of alignment maintenance
during a shock test of an Electro-Optical Tracking System(EOTS) for the first production of a 30mm
wheel-type air defense system. Structural weakness of the inner gimbal assembly was identified based
on a test result of alignment maintenance after we conducted a shock test. In order to reduce the slip
of the rear side cover of the inner gimbal assembly, the fastener type and assembly method were
changed after structural analysis using the Hyper-Works program. In addition, we changed the optical
axis alignment method of a Laser Range Finder(LRF), which is criterion when measuring the alignment
condition between sensors, and the safety factor of the LRF was improved from 1.27 to 2.22 by
modifying the LRF's mounting structure design. The final test results with the improved EOTS confirm

that the alignment-maintenance performance had an average margin of 40%.
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Fig. 1. Structure of EOTS
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Table 1. Alignment maintenance result of shock test

Test result
Test No.
TV Camera IR
lst 0.42 mrad 0.18 mrad
(Fail) (Pass)
2nd 2.93 mrad 2.58 mrad
(Fail) (Fail)
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Selsi e A9 3ol

A LS B3 B4 BA, TV 7192k} LRFE AlE
7] B SA FBAR F, SAAE F AT B4

R
ol
Q
>
)
L
2
BN
HN

494

LRFE EXAIZ] v G4 AR]9F TV 7Hd|2ke]
A FAS gRlste] Yot Axg =45ty 114
71&X%= 0.25 mrad ©]th.

EOTS H2AAE S3AAE L F 280 44 A%o
2 314 v)E=o] HAEtgoH, Al ARgk Table 1
3 2t

3. EOTS &F 4M

3.1 OIEN W JMCHA

EOTS S34AIE & AER/AE 9ol 93 1A=
840 s & 1071 ol s FESIISH, 150
A 7P 2 9 IAE R g 2EA 2 2
LRF Z2rtzo] sl Al AEE AAIsHch Wi 4
H 24 o] gt i W82 T @ AdRF H
B@AY EE 148) 4 ¥ U HAol, LRF &}
2o tigk A W82 2 A HEE HeE W
735tk 7 LRF e} 43S Bt g T2
2 FEH old gt MATE D AR AMHARR
Table 2°] YeRf ATt

o |

Table 2. Improvement items & details

Contents Improvement Details
Items
Improvement of
Structural structural @ Rear cover fastener high
Inner Gimbal| weakness of inner tensile bolt change &
Ass'y Gimbal Ass'y assembly method change
frame
Char'lge ?f optical @ Adjusting screw —
axis alignment l hi
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structure of
LRF LRF frame @ LRF frame shape
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311 W

82 Y XEN 72X Z4E 3 M
A2 W7 FAE disl x2S

5 AN FHEY Asol FERAE oA &
o] AR AZ & 5 AU Fig. 4= 2
o4 /8 Z7%1 Hyper works 218 0]&35}o]
W& A A0l thet siAs 3t 2ato|n, 4
X&, Y&, 75 2 §28 75g9 7I&EE 7t

P
5

ol
i
X



30mm AEFHTE EOTS FZAE

B B A

Side view of inner gimbal assy’s

759
ACCELERATION
- &

MOVEMENT
OFTVCAVERA * .
Los

LRF/TV CAMERA DEFORMATION

Side view of structural analysis result 3D scanning result(before/after shock test

Fig. 4. Structural analysis & 3D scanning results

IR : 4.42kg

rl
1 Structural
} weakness

Structural reinforcement
with rear cover

Fig. 5. Structure of inner frame

3D 271dE B83tel FAAY H/F T4 A
ASS Bl BT A3t 7RI Fuiel Ak 9y
2 ST 4 Ugie. W 78 ZAALFig. 59} ol
2719 5% Deiste] Al Ao neelst BE
24 TR Holglx, WY eIz 80% 29
e $9 Wl By FER AAwc,
AN3F QT G AN AAE Belstel v
1% Thelet AT Fig, 63 2o, Uy 4 ne

)\

o

2l

495

EE E%l(ﬂlﬂ%]) ks
FHoAM 54 4 *Jﬁ}
‘:47H IS TR
2 Ui A e =24
HERAE 2ape] ALt 7421
ATt
H
011*1

ESTSCE]
=, iﬂéiﬂ

_1
O

5 A 284 2 RS Y8l 75 ¢ TR A
Wi 489 e9d W flRKmrad)o] 7HE
7% "ol tisll Hyper worksE -85t #2304
< Yoot FERAE A WdRlo] W=
9] F2& EAOE Qg BE &Y d40F AZEHY
7] Qo] TS B Y3t FH oAE AT
e o, oA AYt NE A2 EE E AE W
ol vt /%o gt WS Blwge2A o4t A
A gtof digh B4 °l 7Fsdtch. 1 A3} Table 33 &
o] 7|4 A the] HERA = HelFFo] FEof met 32.7
% ~ 76.7 % ﬁ&’“ﬂ% A& FRIT 4 UGk

Slip marks

Fig. 6. Traces of inner gimbal frame slip after shock
test

Change to high-tensile bolt

Add bolt mount

INER GIMBAL ASS'Y

Before REAR COVER

-] After Add bolt mount

Fig. 7. Improvement of structural weakness



Fate7|gtel=g A A23d A%, 2022

Table 3. Structural analysis(alignment displacement)

Table 5. Improvement of alignment bolt type

IR alignment LRF alignment TV, camera
. . alignment
displacement displacement R
displacement
As-is 3.273 mrad 5.033 mrad 0.755 mrad
0.671 mrad 1.768 mrad 0.290 mrad
To-be (76.7 % (76.7 % (32.7 %
reduction) reduction) reduction)
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Table 7. Final test result

Table 4. Result of 3D measurement Displacement TV camera R
Standard | Before shock After Azimuth 0.003° -0.003°
dimension test shock test a))((_ls Total ?niig ?n(r)jg

IR mounting part Elevation -0.006° -0.004°

(parallelism) 0.03 mm 0.004 mm 0.010 mm
0.030 mm v- Azimuth 0.002° 0.049 -0.001° 0.039
LRF mounting (]'3 f . Total ) d ) d
part 0.03 mm | 0.007 mm crorma &3 | Elevation -0.002° | ™ra¢ | o002 | ™ra
(flatness) enetrIZtrilon) - . S
8 - Azimuth 0.001 0.106 0.001 0.106
TV camera axis Total mrad mrad
mounting part 0.03 mm 0.007 mm 0.003 mm Elevation -0.006° -0.006°
(flatness)
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