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ABSTRACT

Purpose: This paper is to study the methodology of the development stage of the submarine vessel through
the QMST/QCG system.

Methods: In order to study the methodology for supporting the development stage of the submarine vessel
system, the mission and role for QVMIST were defined, and the timing and detailed plans of the QCG review
were established.

Results: Through the analysis of the development stage of the ship's weapon system, QMST was formed,
and roles were divided for each subdivision, and methods to effectively support the DAPA IPT were specified.
In addition, QCG review timing and plans for submarine safety control lists were established.
Conclusion: It is expected that the methodology in the development stage discussed in this study will be
useful as a reference when supporting the general weapon system development stage in addition to similar
equipment.
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Operation Method

* Team formation: design, purchasing. manufacturing, service, quality, partner
* Role establishment: internal and external customer requirements identification.
design/performance and feasibility assessment for manufacturing suitability

* Establish detailed action plan according to customer's product development schedule
+ Step/Requirement: details of activity, schedule. person in charge. etc

= Establishment and implementation of APQP education / training programs
* APQP requirements punishment
* APQP Design Quality Tool for Each Stage (Tool)

Operation Stage

* Promote linkage with customer's product development schedule plan and
contractor's detailed execution plan

+ Technical design /Development verification (by requirement)
* Morphological design / Development verification (by stage)

Figure 1. Action Plan of APQP by Operation Stage

APQP %585 3t Zt B A4E s "o dE <Figure 2>¢F Zt}h 1A% APQP Toold 1SO
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Figure 4. The QMST Mission and Role for General Weapons Systems
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Table 1. Output and Review contents for each stage of system development

System Development
Stage

Review Contents

Critical Design
Review

- Analysis of design contents of detailed component units of system / subsystem

- Check if the system function requirements are completely assigned to the shipbuilding
technical specification, construction specification, and shape identification for
detailed design

Design Decision
Review

- Review and confirm the tentative shape to see if the final shape meets the military
requirements as a result of detailed design

- Confirmation of the possibility of entering into the system integration stage by building
the leading and subsequent boxes by checking the integrity of the shape identification

Production Readiness
Review

- Review the production schedule and delivery schedule
— Check the preparation status of the leading ship and the adequacy of the production
plan

Software Output
Review

- Review the implementation status of software requirements
- Review whether the integrated software has been tested to meet software
requirements

Test Readiness

—Verification and verification possibility analysis of user requirements through test
evaluation results
—-Confirmation of test evaluation readiness such as prototype integrity and facilities

Review .
according to the test plan
-Examine the possibility of entering the test evaluation stage
. - Review whether the test evaluation results meet the functional / performance
Functional

Configuration Audit

requirements of the shape items
- Consistency and traceability between defense standard linkage table and shape output

Physical
Configuration Audit

- Analyze whether there is a match by comparing the actual shape and the design
document

- Confirm that the type of product is correctly manufactured in accordance with the
product standard of the defense standard.

- Check the consistency and traceability of the output

Examination
evaluation
technology review

- Examination management / operation procedure review

- TEMP confirmation technology review

- Technical review of items that do not meet the current test evaluation
requirements and requirements

- DT / OT result confirmation / analysis technical support

- DT / OT result follow-up Action item identification / direction setting

- Observe test evaluation and identify issues

Defense stand-
ardization technical
data review

- Technical support and review of defense standards (draft) using the TAP Defense
Standards link

- Consistency and appropriateness review of system development data

- Whether the item is missing or added to the requirements such as the Basic Guidelines
for Trap Drying and Technical Specification for Trap Drying

- Appropriateness of technical requirements and verification methods

- Review of defense standards (draft)

- Whether to reflect the supplementary requirements of the test evaluation results

- Conformity of leading ship shape standards

- Compliance with production and quality assurance requirements
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Table 2. List of Safety Control Activities

Field Main Equipment / System

Institutional Fuel oil seawater system, low pressure / high pressure cooling seawater system, fuel cell
field seawater system, depth measurement system, etc.

Electric field Hydraulic supply / ride control / propulsion control electric system

Armed field Horizontal Launcher, Horizontal Launcher, Signal Launcher, etc.

Hull field Pressure hull, main ballast tank, pressure compensation tank, dirt discharger, etc.

Table 3. Safety Control Activities Plan and QCG Review

Stage . QCG
o Major Content Related Data .
(Safety Control Activities) ! Review
Desian - Documentation including safety control Related drawings /
Critical £ items, drawing specifications, etc. reports
Design . - Documentation of purchasing equipment / e QCG 1
Stage Purchasing / . Purchase specifications,
g system evaluation results, contracts, etc.
Contract . . related contracts
that meet technical requirements
- Maintaining the quality inspection results
according to the purchase specifications
Receiving / and contracts Receipt / Storage re-
Storage - Maintaining records for inspection of ports
damage, corrosion and destruction of QCG 2
Drying stored dry materials (equipment, etc.)
Stage . - Check the safety control products at the Construction /
Construction
/ nstallation construction / installation stage and keep a | Installation Inspection
record of the results Report
Test - Maintain a record of requirements
. evaluation results for safety products Test evaluation reports | QCG 3
evaluation
during the test evaluation phase
a3 AANE 2 GAE AEE AE A3k <Figure 9>0] BRI glom A AEE 2 AR el

O34l <Table 1>0lA] HoF=a1 it}
o ARA L Aglok shek o WE & A
+ &% <Figure 4>°ﬂ/ﬂ el 7)1 B S wpgkon] k3= & Al 24 PDR o];ﬂoﬂ 3
QEE HPHE o L5 23 =Ao] Q-
_E,l__

!
71AAI Z‘??&S o] dubEr| ARG B3tek, 3 noh ¥ obdS atskn, o] ¢
&
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Table 4. Check Sheet of Safety Control Activities by QCG Review

. . L CG
Item Risk Review Criteria Q .
Review
To » Select safety products and complete design requirements and
P contracts with less than 70% documentation
Safety Control Middle » Select safety products and complete design requirements and QcG 1
Items contracts with 70% -90% documentation
« Select safety products and complete design requirements and
Bottom
contracts by more than 90%
To « Identification of system core quality characteristics is in
P progress
Safety Control Items . « Completion of process capability index setting for major
. Middle .
Quality Goals processes (not completed with partners)
« Completion of process capability index setting for major
Bottom . . .
processes including suppliers
Top - Identification of core quality characteristics is in progress
Key Quality Middle « Core quality characteristics are identified, but reorganization is
Characteristics in progress
Identification Bottom | ° Identification and reorganization of key characteristics is
completed.
QCG 2
Top . Preparing testinspection plan and points (less than 70 in total)
Safety Control Items - — - - - -
Quality Assurance Middle - Writing testinspection plan plans and points (over 70 in total)
Plan Bottom | ° Completion of testinspection plan and point establishment for
entire process
To « Select the stored dry materials, Record and maintain the quality
P inspection result for the safety control items
Safety Control . .
.. Y . . « Select the safety control items, complete the design
Activation (Equipment | Middle .
. requirements and contract documents 70-90%
and Installation Step)
Bottom | ° Select the safety control items, design requirements and
documented more than 90% of contracts
Top « Some items are not satisfied and difficult to supplement
Safety Control Items . « Results in the test evaluation. In some items, the design needs
o Middle
Verification Results to be supplemented
(Test Evaluation Step) Bottom | ° ‘Test evaluation results satisfy all the development
requirements
« -During the confirmation of the shape, the items that differ from QCG 3
Top . .
the final shape are being arranged
Safety Control Item ; ;
Y . . . « ‘The result of the shape check is managed different from the
Configuration Middle final shape
Confirmation Results P
Bottom | ° ‘The result of the shape check is consistent with the technical

data




532 J Korean Soc Qual Manag Vol. 48, No. 3: 521-534, September 2020

AETIFTETEH ST 52 T XM T T o T T W W XX
DR W M gy TN P ROy T ©F F 5 F O
= T I T R P CRN vl TRk £ ™ o AF
To ) ~ o X wo T Sy ~ o] 2 — =)
FZyTasgshidsgsfp=oe] == $TFEE 228
R R A~ o T & o <T Yo QMO s g Z = O
o TN X 2T RS B R W g o SE TWw®
u@mxmqﬁammammm%m%%wMr.ﬁﬂ&ww@w pEg s &S
w B B g W AR s I i SR U R T ohoge 2% T
H%waﬂwMWWﬂ%ﬂlbE_...u%muqxwmﬂ?memw% Mmﬁmﬂw@ W%uoj
R A - T RN i Sl I - -
ﬂﬁiJaéﬂncurw@ﬁmu@ﬂ%%@mﬁﬂ.%%wwg Pow s mT
G — o o — Mo W = No 2T R o He Hr & = ~ 7w M
%W%Emﬂﬂﬂ%wemlawﬁ%mﬂﬁu%mﬁﬂmurmmﬁ% N S
3 3 oo E R o oS H X o = X 9 N = o duﬁ]
o B e T o~ _ o ® oo Jlo B o o m X @ = o We B OB ogo X B K X
_.lmﬂ Ot 1) ,m_ﬁ = HA_I 0 — Eo ,ul ‘:L IM.D O ETU e = .A;:l f..All _ ,ﬂul ,WE OT._ frolat o m
w9 s R o B ! Bl o X = Mo o= =n N < T A oo = - o BK
_auﬂ\mﬂh;u%ﬂriﬁﬁlﬂlﬂxﬁrﬂ Ay n AN = %5,
e mrT Ny S W_. X & T o = - @ o To! o W = s = 7 o N Mﬁ mﬁ W T
mtwvnﬂm%4?%@%?@%@&%%%%%MW = oo T @ = ol
o o Pwlu“ M ooy oo ML._ wj Mo - N o T HF E T D @) X = ﬁJAH Mo 71 Is Jjo WAT o
%mﬁm%%gﬁwﬂ@ﬂnmwﬂﬂwm iﬂmmw% . %;ﬂwﬁm T oD
=) &+ © 53 IS T Eom) M o
S N azi,mﬂ B o= N O . o o 0o N s ) il ol O plo . =2
Sy FisZErLgusHcEIsRurgr N Eo-T S PEE
o) X e S - R K N Ar — & ™ ™ . H w9 ° ™~
MEE SR L ETER N g s p et g * Egmot ®HA
GRS - N vV ® T 2 = i B o O 0 > £ 2y g, o X
SHERDTETau=Eg0g Y ¢d " 2% T s E g 8
R Bl S R R B B %2y
) = = =]
S @ X% T oo gy v L S M REg & N w =
(@) ,Dr ) 1_,_AI © ‘._,_AIL T = o ﬂor X mo = T A = o AT o B
i L — . W X 4 I N gy K = - ApTF
SEPp g ¥=oc R doT s R LR ~TPhErlw g
. R S e NS~ o X oar o ik £ o T
M&%ﬂﬁ?MWﬁQu@%Wﬂ?ﬁﬂﬂ@ﬁ% %%% %bwwurﬂﬂ@
~ on o~ T . RT o) o 3 of oy ® 2
< NJo R v SR N ol m T N K oy B = © wn Wo o
o By 2 T e NE e e o W ° S o W b
- o oS W X ~o W\ T N ﬁ o N - oH < g — B W
TSRS AT RN R by B SERT R
) —_— v = . e g
(ol wuwgmmﬂﬁr; T W R o W o o— P o %R T RTINS = o
s o — T oy @D 0N il =0 % = B
W R g S T ® o 2o N w ) MU s .S L
SN T R i B M = AT B A
.Q.E ;oﬁ‘l\lo‘l JH‘mﬂ:A ﬂ_/c si T .A/.\E;L.tuo
2w T BITIT T b B m oy g R -
IR I Ko oN S ™ Honp X el i o e B L2 ® B ° = L
Bo & T M & o S - E O = I G MR (. U = = o R
R R G L - H o= ® T Y L
= X _ on = oom of W _- N M m e R @ N o= X~ o
< o & = O i o o = Ot,Dr]‘:L 3 ~
< = ©° = E..ﬁ i.o H.t ) (G i.ﬂ o 5 T) _Z..# = ey = Lo~ i 5 X
Mo & o N R N TR o B S T S 5 Ol o @ Mo T o
FE g ARIZPE L RT TN T el o R T <= E e ¥
S E T e G gt o S Now R g Bow WM
Eodewm o ® N M T T AT AR WU Y 3 & = A T "R GG

229} T2 4 DDR(Design Decision Review) o]z}

hva

R4 A

T+

H
gul

[e])]
=

571 A A=

ArdAlo] QMST w9 % QCG AE
<



Seo et al : A Methodology Research on Development Stage of Submarine Vessel through QMST/QCG System 533

A7E A7) witell ANEEA el of @A) FARE) vl Fasith Y BR o]H3 Ae Aetste]
QMSTS dste] 2 £ e 75 Fofstar 2 @A E HEAY] 2 T3 ARkl tajr] Albskie.

£3H QCG AHE Weks #A8tke] 11431 o] QCG 1, QCG 2, QCG 3 HE A3 B 7IFel thaiA 24 at3l=
v, B2 A=t T di7IAAA AEdoR agetA e A tdSASEl e tdeAEE £

4% QUG A=AV the A A8 L g A A3l da el

Al A W ) moﬂ A =9 &
Lstol A4
Hi-7] A A 7
o

A,

T oM
o2
Ry
Y
_& i
>
2,
k1
')
(@]
)
ox
frt
>
k)
p =y
N
SN
tjo
k1
A
ol
0
N
k]
>
it
frtl
Ho
oo
QL
X
m&%
oo —r—‘
1 o
4
%0,
o
=Y
o
frtl

)

REFERENCES

AS9145. 2016. Requirements for Advanced Product Quality Planning and Production Part Approval Process.
Aerospace Standard.

DAPA. 2019. Basic Plan for Quality Control of Military Supplies, 19~23.

Jang, B. K. 2014. A Study on the Development Quality Control by Application of QFD and Stage—gate in Defense
System. Journal of Korea Society for Quality Management 42(3):279-290.

Jung, I. H., Seo, S. W., and Jang, B. K. 2017. A Case Study on the Quality Control Strengthening in Development
Phase of Weapon Systems. Journal of Korea Society for Quality Management 45(3):349-346.

Lee, C. H., Park. D. I, Kim, K. R. and Kim, S. B. 2015. "A Study on Reliability Program of the Armed Vehicles.
Journal of Korea Society for Quality Management 43(3):221-238.

Seo, S. W., Roh, T. J., and Byun, J. H. 2017. Improving Government Quality Assurance Efficiency by Analyzing
Related Instruction of Advanced Countries. Journal of Korea Society for Quality Management 45(3):335-348.

Shin, J. H. 2017. Developed a Domestic Independent 3,000-ton Jangbogo—submarine Combat System First Operation
Test Evaluation. Defense & Technology 466:54-59.

U.S. NAVAL Institute. 2018. Declassify the Thresher Data. Proceedings(U.S.A).

APPENDIX

oFof

APQP(Advanced Products Quality Planning): AFIAIE 2 A €A
» CDR(Critical Design Review): “FHAAAE

 CTE(Critical Technic Element): 3A7]&24

» DDR(Design Decision Review): A &AAA

e DT(Development Test): 7EA &7}

o FCA(Functional Configuration Audit): 7]% 28438kl
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e LQM(Level of Management): #&#g]4F

e OT(Operation Test): &A1 &H7}

o PCA(Physical Configuration Audit): Eg] 4348kl

+ PDR(Preliminary Design Review): 7| Z24AAE

¢ QCG(Quality Control Gate): ¥Z5AH

* QMST(Quality Management Support Team): %4 ZHe2] x|
* SE(System Engineering): #4138

+ SFR(System Functional Review): A7 HE

* SRR(System Requirement Review): AA7Z2H AE

+ SUBSAFE(SUBmarine SAFEty program): ¢Hd%54 8%

» TRA(Technology Readiness Assessment): 7|&/d< X237}
¢ TRL(Technology Readiness Level): 7|45

¢ TRR(Test Readiness Review): A|gTH| A EIAE
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