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A Study on Improvement of Operating Force of Hatch of Military
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Abstract In this study, we reduce the force needed to operate the crew hatch in a military tracked
vehicle after soldiers had to use excessive force to open it. From the actual condition of the tracked
vehicle, we confirmed that over-assembled parts generated a friction load on the hatch that increased
the force needed to operate it. In order to solve this problem, the friction load was reduced by changing
a washer to eliminate the over-assembly, and torsional restoring force was increased through shape
optimization of the leaf spring. After modifying the vehicle, we confirmed that the operating force of
the hatch improved such that the strength of a normal adult male was required to open it. In addition,
the improvement and user satisfaction were confirmed through a field verification test. The effect of this

study is expected to improve equipment operability and prevent accidents.

Keywords : Hatch, Leaf Spring, Military Vehicle, Operating Force, Equipment Operability.
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Fig. 1. Water inflow of the crew hatch
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Fig. 2. A failure of the leaf
spring caused by corrosion

8 AHAZAGIN el 152 SRl 2
e 2T AU AN U A ARE P A
olc}. BRI AR FEATE s xSt 2ol F
FEe TR ER A% 4RlAE Aol 1
Hole W 4 whg2 B9 Ho] $AL TS A &
QU= Whg Aol Batwlo] 857 HEo] s £
A 000 kgol =S AASgch

000 kgol @& F719] 312 282 #ste] Fig. 3 7
Zol 37| A WiFof] ARG HATFO RN Ay
Ed8S B oA Aes BXT & A=E A=A

o

b
Leafspring __.---""

4 Force of restoration

Fig. 3. Installation shape of leaf springs
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Table 1. Average strength of adult[2]

Left(kef)
28.5
18.4

Right(kgf)
29.5
19.6

Both(kgf)
37.4
24.6

Part

Male

Female

Hl—Aﬂo}h_ XH:]] _4
Pkl 2§ A
ZaNg 5 9
3“;(]9,] 7\%] ol :L;H
BRI TS 5S4
A 8 A AT A
HEY U AR 6 4

284 st oHA%
wxjeFe] @ Alef Bl

£ A7 AR e 8 AIA=ATY] S8
39 8 Nt Asd 7H*4-4 Z/goll diste] A
=91 en E2oMAE & AVIHA=ATS @ dH o
7hAd wRtell disted /\150}93\‘:}. pAEte 2 EEoM=
M axt @ AR 2897 29E B9 A e

5 a0l thslel BR1gh 8t 7| Astct.



28 ANAEAZY B A5 AAel B A7

828

2.1 o ey

28 AYAEAGS AN2YA ALHL Fig. 4
o} go] xg 728 Qo] Ysle] BARY £YA,
A, o4 Boz 240l k. WAL A F Sw

>

1=

o ZzElo]l WARFY YRS TR TS sl
L FA 9t LRE 31X]9) 7S 9x] FEL F1
At

ek WAER EYA Fig 59F 20| UA| ol
2=} 37 tx] FHo= sk v
o UEY 2UGS WA o A5AE
AR Sk

B wa_i A B4
29l 42 74 714 akole weh oA Sol
or AFS aeHoT 2U 5 U B A 7
220 9T 4 5 W WRo] FeAEAe At
A2 9o AGE T IEH3]. TALL T S5 3
dolg chopsiA MetAZoRN BEET & Hol
Qo AT oY 5o ME £80] B FAY 4
A 39 sne S0z A el

523

AFHA=AZFY sfAoll= @7PgA]] Bagt A
5 Aol 9 7Y Brh= 4] 25 Al SIS vEE
Sh5ol tigt &5o] FZo|gl7] fiEe] o] FAol
g AnYO BAE =D 5 AUe TAE o] AHYsitt
mEHA Yoon et al.9] ATtoxs wATY 9 18
AA AAE B8 oF 0,00038] AHFS o, oEEHGIH
TAEHO Y44S F 00,0008 o4 ytdez
FIAIFT.

SRR AAE iR E 28 de oHs] T 8
o] E7b5st5i7lel 2°1 17128 &-Z o]Fo] A E
8312 Sk, o] AT ST +& AGHEAFC] I
oA ZRFoR NAEHEA ASHHARA 59 71eH
P Bl 71& ] tfH] 8ol 2R SFHo] 13
ZAE o iz ZHo] 2 a3t QIFo] JrlotHA 7Y
el 9] oS ARR] Eohar 25| AH|9] -84
= AsHA712L Qs Aot kA AsES AAAT]
7] 95t siX|9] ZHE Y=E BT WAl AT
ol Z-gotal A= & Fig. 67 o] AR,

o
o

L

g

Fig. 6. Free body Diagram

Where, F), denotes operating force, R, denotes
length between handle and center of hinge, 7,
denotes spring torque, R, length between center

of gravity and center of hinge, W denotes

self-load, 6 denotes angle of operation of hatch

ol Hhgoz 7o) HEWHAE ol8ste] ool 4
2 fmshoct
F,R,+T,=R,W- cosf )
T,=T,-1, @)
- T,=FKR, T,=R,W- cosf

Where, 7, denotes torque according to operation of

hatch, 7;, denotes torque according to self-load
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Where, K, denotes torsional spring constant, ¢

denotes torsional angle[5].
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Where, [ denotes length, G denotes modulus of

rigidity, n denotes the number of leaf springs, k;

denotes shape modification factor, b denotes
width of leaf springs, ¢ denotes thickness of leaf
springs[5].
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