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A Study on the Breakage of the Hatch Spring of the Submarine
Escape Trunk through Microstructure Analysis
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Defense Agency for Technology and Quality
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Abstract This study examines the damage to the submarine's escape trunk hatch spring through
microstructure analysis. The cause of the escape trunk's damage during the submarine's construction and
its improvement measures were reviewed. To determine the cause of breakage of the escape trunk
spring, samples were taken from the damaged product and analyzed for chemical composition, hardness,
and microstructure. In particular, the breakage part of the spring was analyzed in-depth by using a
scanning electron microscope to determine the cause of corrosion destruction. Finally, a spring shape
design method was proposed through the investigation of the cause of spring breakage. In addition, a
newly improved spring was produced by applying a nylon coating with excellent corrosion resistance and
abrasion resistance. Applying to an actual submarine trunk hatch revealed that the coating peeling
phenomenon due to the contact between the springs is significantly improved when the hatch is opened

or closed compared to the existing products.
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Fig. 2. Bscape trunk hatch spring breakage: (a)
Escape trunk hatch, (b) upper spring, (c)

lower spring
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Fig. 3. The Procedure chart for improving spring
breakage
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Table 1. Chemical Composition

Chemical Fe c Si Mn P S Cr Ni Mo Cu Al \% N
Composition
DIN 1.8159 Bal | 047 ¢ 0.70 ¢ ¢ 0.90 ) ) . ) 0.10 _
(51CrV4) ~0.55 0.40 ~1.10 0.025 0.025 ~1.20 ~0.20
Mil Cert. Bal 0.520 | 0.310 1.040 | 0.009 | 0.008 1.040 - - - - 0.120 -
S$3-1 Bal 0.552 0.306 1.035 0.011 0.007 1.077 0.065 0.011 0.092 | 0.015 0.109 | 0.010
S3-2 Bal 0.555 0.306 1.038 0.011 0.007 1.069 0.064 0.011 0.092 0.015 0.110 0.009
Table 2. Vickers Hardness(Hv10) of Specimens
Specimen Position No 1 2 3 4 5 Average
Damaged Al 491 487 489 489 497 491
(81-1)
s1-1 Un-damaged A2 494 497 408 493 498 496
(81-2)
Middle
(51-3) A3 489 490 486 488 496 490
Damaged
($3-1) B1 504 503 507 506 507 505
B Un-damaged
S3-1 ($3-2) B2 507 515 510 508 508 510
Middle
($3-3) B3 507 507 509 512 509 509
Fig. 42 Akstato] AAH @RS dd & Ak, Fig. 5& AR AASH AREH S44E(S3)NA

A2, o 242 s AlES AR ARE 2o

Z3 3l

SI-1 | s12

Fig. 4. Damaged part (S1) sampling site and
specimen

Fig. 5. Upper surface damaged area (S3) collection
site and specimen
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Fig. 6. Vickers hardness measurement position
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Fig. 7. Surface shape of base material part (S3): (a)
surface damaged part, (b) surface undamaged

Fig. 8. Optical micrograph of the surface damaged
part of S1 (200X)

Fig. 9. SEM fractographs of S1
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[case 1]

[case 2]

Fig. 12. Escape trunk spring: (a) before the end
improvement (powder coating), (b) after
the end improvement (nylon coating)

A F 7 WS 18 & 4 Atk Case 12 AX
S5 Smooth 7F= &9l 294 &A1) HEH
=g} = Zolw, Case 2= upA|e} AX ] ub4S
2A AZste] EdRe} HEo] HA| gEE A
Zoltt. sERIRE F 7HA] H FolAe ARy A
71& AA SHEZ HoluA] g Rk Case 12 A
siet. Fig. 12+ Axy] 98 /443 7445 AL
< Ho] 1 glrh JfojA Bxo] 7|&oe B
297 And FAE R HFo] Hof qlo) Axy T
goll oI5t SfA] oARESAl FHEste] ZHbo] &4 e
o] YA /A Folli= EEEE SmoothsHA 755t
AR HE HRE Eo|1 A ofEZ A] 28 Ay
A AL} FEote] T E4F IUR 2D 5 =
£ A7 stk

ESE BARER] E4 02 3 BA| = (Powder Coating)
oA UL4E =A(Nylon Coating) 2.2 FHA 2% HI<t
= 7jAstSTt 712 BA 2o vl YdE =2 |
/A 9 slehdo] 9<p5b ®Y mhEe] Hom &
5] Sfig(F-A1g)el Aottt Aol qirh & = £
A710IA AMElE BE ERYA oA Amo] ARtEt
AAlR et 5= Qloh

ol

oo

25

‘I‘F

R

R

N
-




X 2 ko] B

a7

e
ue)
gt

2
+
=t

{m
ot
fu
ol

S
i

i
o,
ol _lu;
o
1%
o
ro
o

o |
o
£
) of
N e
o

=1
oR

5
o

Hor
ot fL

1>
flo i)
o

0.
rr
l‘_?li jg_ll,
S—"‘
BN
oXx

EJ
/=)

(¢)
and
i

o2

b s

o, rH
| o

4 AskEgol W =19
SEEKLERERS —o-ﬂ
@ $A08 BAPL Hed

i)
s b
ﬁ,
o ok g o

o
i

)
%)
o

H

> L2 e
>

o,

o

7H*4°}7l Skl “7415— HolM = Ed5E
Smooth A2jste] 2HA AT FAete] H=H
< g 303, A= BAECA ot
EAJ ol LH_FJUAJ ] =G} 1,]-01§ Z]—_E Bﬁ%o].
o] 7WdEe Altstel dA 22 EXA siAdf A
goto] ARgsie W iAS] ENE 2]l &
ATt
SHA] A2l A gt % | Fedoll M BlgA E&
o5 e WS FE EFYA SAE B v y
7he o] glon, s & 9 *844E sk
/\13 AR Holok it o] AFE S F
T 4H 7MEE T 28 AF gHe 7 AR
2 AR o FE, FARY] FAEA HE A
< EJA A A4 ZEE At e 88
I Q& ACE 7didn

B

m°1' il

References

[1] K. S. Moon, Strategic Utilization of Submarines and

311

[10]

[11]

countermeasures Against North Korea Threats, Ph.D
dissertation, Kyonggi University, Kyonggi, Korea,
pp.1-5, 2019.

Naval & Special Ship Design Team, Diving Sys. Design
Report, Design Review Report, Daewoo Shipbuilding
& Marine Engineering Co.LTD, Korea, 2009 (in
Korea), pp.18.

R. B. Na, J. H. Seo and B. H. Kim, “A study for
increasing the safety of gun firing system of patrol
killer guided missile from failure mode analysis”,
Journal of the KIMST, Vol.20, No.2, pp.159-169, 2017.
DOI: https://dx.doi.org/10.9766/KIMST.2017.20.2.159

H. S. Chang, K. W. Lee, Y. H. Choi, D. S. Seo,
“Reliability analysis and its application based on
quality information of submarine installed equipment
during building stage”, Journal of the Korean Society
of Marine Engineering, Vol.41, No.9 pp.934-942, 2017.
DOI: https://dx.doi.org/10.5916/ikosme.2017.41.9.934

S. C. Shin, J. W. Park, J. C. Lee, “An SE-Based System
Architecture Process for Submarine’s Basic Desig’,
Journal of the Korea Academia-Industrial cooperation
Society, Vol.20, No.3 pp.91-99, 2019.

DOI: https://doi.org/10.5762/KAIS.2019.20.3.91

S. U. Jung, H. G. Shim, M. J. Choi, “Measures for
Improvement of RAM Target Value Setting Methods
for Submarine Weapon Systems’, Journal of the Korea
Academia-Industrial cooperation Society, Vol.21, No.4
pp.419-427, 2020.

DOI: https://doi.org/10.5762/KAIS.2020.21.4.419

K. B. Lee and J. H. Kim, “Design of leaf spring with
high fatigue life applied to horizontal linear vibrating
actuator’, Journal of the Korea Academia-Industrial
cooperation Society, Vol.13, No.12 pp.5684-5688,
2012.

DOL: http://dx.doi.org/10.5762/KAIS.2012.13.12.5684

D. J. Lee, G. G. Kim and S. B. Shin, “Behavior of
Global Bending Distortion of Hatch-cover
Container Carrier during Fabrication Process”, Journal
of the Korean Welding and joining Society, Vol.28,
No.4 pp.41-48, 2010.

DOI: http://dx.doi.org/10.5781/KW]S.2010.28.4.041

S. B. Shin, D. J. Lee and J. S. Lee, “A Study on the
Predicting Transverse Residual Stress at the Ultra
Thick FCA Butt Weldment of Hatch Coaming in a
Large Container Vessel’, Jjournal of the Korean
Welding and Joining Society, Vol.28, No.4 pp.33-40,
2010.

DOI: http://dx.doi.org/10.5781/KW]S.2010.28.4.033

in

Y. C. Byun and E. S. Kang, “Study on the Disturbance
Applied to Launcher Hatch by Ship Motions”, Journal
of Institute of control, robotics and systems, Vol.19,
No.12 pp.1111-1118, 2013.

DOI: http://dx.doi.org/10.5302/].ICR0OS.2013.13.1907

S. H. Oh and B. L. Choi, “Prediction of Spring Rate
and Initial Failure Load due to Material Properties of
Composite Leaf Spring”, Transactions of the Korean




SHARSH| &8 =2R] A2238 Al1E, 2021

Society of Mechanical Vol.38, No.12
pp.1345-1350, 2014.

DOL http://dx.doi.org/10.3795/KSME-A.2014.38.12.1345

Engineers,

[12] N. G. Jeong, "A study on the behavior of the piston
with orifice hole in the cylinder of a gas spring",
Journal of the Korea Academia-Industrial cooperation
Society, Vol.20, No.12, pp.125-130, 2019.

DOI: https://doi.org/10.5762/KAI1S.2019.20.12.125

[13] B. H. Kim, Microstructure and Their Properties of

Heat Resistant Mg Alloys by Squeeze Casting, Ph.D
dissertation, Pusan National University, Busan, Korea,
pp 50~54, 2012.

0] & M(Young-Suk Lee) (X312

. 20149 29 : Ealtisky 2415
FF} (FHAD

- 20149 39 ~ 20199 79 : AH4
529 A

+ 20199 8¢ ~ EA : FYEE
Z9(DTaQ) I+¢¥

HAED
A=, =5/ Hst

% @ M(Woo-Suk Choi)

[(Halg]

dl

20079 29 @ RAdsty A=F
St} (FEAh)

20094 2¢¥ @ RSty A=
sk} (FEAAD

200941 3¥ ~ 20134 2¢ : @
Ad A7

20139 3¢ ~ @A : SFTIEE
AADTaQ) AAA+H

0

ol

FAER
7\A A=, =/t

312

21
(=]

0%

&(Byeong-Ho Kim) ("3l

20074 24 : FXAdistn AEF
S (FEAD

20094 249 : FAbfskm
sttt (A

20129 2¢ @ FAasty Q=g
sk} (FEEkah

AN&g

£ 20124 38 ~ 20124 79 : BAljoE ZASFEAE
FRURYATAE DY

< 20124 7€ ~ @4 S|EEdY Ad

ua

A7

FTAEoR
SR, 71A/AR, 8

€ K| #(Ji-Soo Yun) [Halg]

19934 24 : FPANSw &
253t (o]stA})

20159 29 : AUty A=T
3t (A

1996¥ 5¢ ~ 20174 84 : dfi-
st AT

2017¢ 9¥ ~ @A : &R
ALDTaQ) AU+

(AL

Fop)

A7/, /e



