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ABSTRACT

Purpose: This study aims to built the manual for quality assurance at development stages based on the system
engineering to prevent the lack of mass product capability in advance.

Methods: This study have proposed quality baseline and review guidelines of outputs in system development
stages for R&D quality assurance of Domestic weapons systems

Results: We apply the this method to 21 projects of military area in 2016, and we present 1,291 supplementary
requirements such as adding the missing test items.

Conclusion: This method contribute to minimize the gap between the quality of development and production

and reduce the configuration management effort during the initial production.
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Table 1. Common Quality Elements

Common Quality

ASQ ASME NQA DoE Eurachem CITAC
Elements
—Administrative and
1. Administrative “Responsibilit —Oreanization Technical Planning Work
Plan p Y & -Quality Management,
Corporate and Local
. o —Quality Assurance _ -Preparation and Planning
2. Project Plan Project Plans Program Program Before Starting Work
—Technical Capability of
Laboratory
3. R&D Plan -Software -Design Control -Design -Methodology
-While the Work is in
Progress
4. Process ~Control of Special -Work Process | —Unit Operations
Management Processes

5. Documents &
Records
Management

-Change Control
-Drawing
-Reports
-Project Records

—Instructions,
Procedures, and
Drawing
-Document Control
—Quality Assurance
Records

-Documents
and Records

-Record Keeping and
Document Control

6. Use of Statistics

—Statistical DoE

-Use of Statistics

—Calculation
7. Nonconformance —-Control of . .
. -Quality -When the Work is
and Corrective —-Nonconformance Nonconformance Items
. . . Improvement Complete
Action —-Corrective Action
. -Identification and
. —Material
8. Material ldentification and Control of Item -Reagents, Reference
Managaement -Handling, Storage, and Material and Calibrations
Control T
Shipping
—-Procurement
9. Procurement -Procurement Document Control -Procurement | —-Subcontractin
Management —-Control of Purchased &
Items and Services
.. —-Personnel -Staff Qualifications,
10. Training and . . . .
L —-Training Training and Training and Supervision
Qualification e
Qualification of Staff

11. Equipment
Management

-Instrumentation

—-Control of Measuring
and Test Equipment

-Instrument Performance
—Calibration of
Traceability

-Equipment and Computer
Controlled Equipment

-Test Control

-Inspection and

12. Testing and —-Testin .
g 8 -Inspection, Test and Acceptance
Inspection -Inspection . .
Operating Status Tesing
. . -Management . .
-Design Reviews & -Monitoring the Quality

. . Assessment

13. Assessment -Peer Reviews —Audits System
-Independent

—-Audit

Assessment

-External Verification
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Table 3. Comparison of SE Process and R&D Life-Cycle (Fig. 1)

System Engineering Process

Stage for Quality Elements Definition of Quality
Perspective

Drawing of System Engineering Plan (SEP)

N/A (Drawing Stage of System Development
Preliminary Plan)

Requirement of System Engineering Management Plan
(SEMP)

N/A (Drawing Stage of Request for Proposal)

Drawing of System Engineering Management Plan
(SEMP)

- Writing System Development Execution Plan
(SDEP)

Quality Allocation for System Development Execution
Plan (SDEP)
- QMS / Counterfeit Management Planning, e.g.

System Requirements Review (SRR)
- Compatibility between System Requirements based
on Performance and System Specifications

Quality Allocation for System Requirements Review
(SRR)
- Reliability, Availability, Maintainability, e.g.

System Functional Review (SFR)
- Function Definition / Analysis of System
Requirements and Major Components

Quality Allocation for System Functional Review (SFR)
- Quality Assurance Method Adequacy (Testing and
Certifying Requirements e.g.)

Preliminary Design Review (PDR)
- Allocating of Requirements in each Applicable
Configuration Items

Quality Allocation for Preliminary Design Review
(PDR)
- Configuration Management Planning e.g.

Critical Design Review (CDR)
- Writing Design Documentation for Prototype
Making

Quality Allocation for Critical Design Review (CDR)
- Setting Initial Product Baseline and FMECA
Planning e.g.

Pilot Implementation and Verification
- Testing Purpose / Method / Procedure / Range e.g.

Quality Allocation for Test Readiness Review (TRR)
- Definition and Description of Major Manufacturing
Process e.g.

Functional Configuration Audit (FCA)
- Performance Guarantee Possibility of Configuration
Items

Quality Allocation for Functional Configuration Audit
(FCA)

- Maturity Level Assessment about Mass Production
of System Development Prototype

Physical Configuration Audit (PCA)
- Correspondence between Configuration Items and
Real Configuration

Quality Allocation for Physical Configuration Audit
(PCA)

- Correspondence between Drawing and
Manufacturing Instruction

Integrated Management of the System Engineering
Material

Quality Allocation for Standardization
- Standardization of Outputs according to
Manufacturing Process and Flowchart
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Design Process Process
Development Management
ROC = Spec. Spec. = Implementation Implementation = Stability

Figure 2. Formation Process of Development Stages Quality

o) g o o}

4} ol AAEA, FAHIA, A5 OR S0l 217ke] B4 uel e
ofof 3 T AF H FHL4AE AT F Uk
Table 4. Works Related to Validity, Fitness and Stability
Desien Do the developed specifications and test method agree with ROC?
. g - Associated Quality Elements : Design Review, Configuration
Validity .
Management, Test Evaluation
. Are the developed specifications feasible with performance?
Implementation . . . .
. - Associated Quality Elements : Process Development/Manufacturing
Fitness .
Management, Test Equipment
Are the performance of products repeatable?
Performance - Associated Quality Elements : Parts/Components/Imported Goods
Stability Management, Cooperative Firm Management, Quality Management
System
MAGAA FAS AAgshes 78 84FE 479 3 72 AHE = dedl, AAY gdAddd ek vA
v AARAE, 343, AFH7E old sldEY, FEATAES gls] Ag SAaRE SN/ AT, AY
207} FEnt B3 Aot FES nXE QARE BE/FAE/SYE A, FEgARY, FAH I~
95 & T AUt olgfs & 8le #Hd F-E NEEA HolE A FA8ARE AEEGIT A FH8AE
4815 e E 59 Ak & 5ol T 1910 QRS TAS At el HEd FAasE
al9] Azl FEELLAV BF X3ES & F AtHKim et al 2016).
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Table 5. Proposed Quality Elements for Military Industry and a correlation with Common Quality Elements (table 1)

. . Applicable Items of Common Quality Elements
Required Quality
(Table 1)
Design Review # 13 Assessment
Configuration Management 3 R&D Plan
Design & & # 5 Documents & Records Management
Validity
# 3 R&D Plan
Test Evaluation # 12 Testing and Inspection
# 13 Assessment
Process Development/ Manufacturing
. # 4 Process Management
Implementati Management
on Fitness
Test Equipment # 11 Equipment Management
Parts/Components/Imported Goods .
/ P /lmp # 8 Material Managaement
Management
Cooperative Firm Management # 9 Procurement Management
Peg{otr)r.rll.a‘l[nce # 1  Administrative Plan
abiity # 2 Project Plan
Quality Management System # 5  Documents & Records Management
Y g Y # 6  Use of Statistics
# 7  Nonconformance and Corrective Action
# 10  Training and Qualification
ot 22 FALAE vfg o MU FAVEA 2 AFY2EE A 424 AAYAE Y
5o} 3 Akl AAND A o gr5o] ARty TR0l o] Hof 9lom, v FH 84 AT
2EZF FH ARURE 1EaAYa, ol9) Ve Az PIYS FIAY F e FES Tk ATa
W EFHQ A AAYRE AL A AR oldllE w7 9% B AEEH Y FAA, Z2A 2 E1iol dig
47 ARE TFHUE. ohLd 24 WA AYHE T HEE 55 23 Bdsn ok FAa AT A
guaue Fagsel £a wAS TR Adl AYSGor, A7 FLe WANYY PT, Y1EF A9
A 54, A 545 aElste] sl A A8 7hsdt 34 &8-S Alstar, gdydsie] 483 4 9l
£% vjirele] AHHAT AHH ALY AES ABUA, FALA GBS AR E 6% 23 1 F 743
@Ae] FHA8h AFYAE 5 dRe= 7 79 Pk
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Table 6. Quality Elements Checklist for Standardization Stage

R&D Stage
i
SDEP | SRR | SFR | PDR | CDR | TRR | FCA | PCA |Standardization
Design Review 1 9 5 15 10 5 3 4 2
Configuration 5 1 3 9 9 3 3 7 6
Management
Test Evaluation 0 1 1 3 5 21 4 1 1
Process Development/
g Manufacturing 2 4 3 3 7 4 2 4 2
= Management
<
§ Test Equipment 1 1 1 3 1 4 2 2 1
[©)
2 Parts/Components/
Imported Goods 2 1 3 2 2 1 1 1 2
Management
Cooperative Firm 1 1 1 1 3 9 1 1 0
Management
Quality Management 1 A 9 9 7 4 9 0 0
System
Sum 218 13 22 19 31 37 44 18 20 14
Table 7. Quality Elements Checklist for Standardization Stages
Level Checklist
A Design Review
1 Architectural views for the selected System, System of Systems, and Family of Systems design concept
are clearly traceable to derived KPPs, e.g.
B Configuration Management
1 The system, segment, and subsystem functional requirements (i.e., internal and external) are under
configuration management and are sufficiently mature to allow to proceed with preliminary design.
C Test Evaluation
1 Overall Development, Test, and Evaluation (DT&E) elements are defined for each conceptual solution
with rationale for their selection.
9 Preliminary OT&E requirements analyses completed and test criteria defined traceable to operational
T&E trade results on specifications documents
D Process Development/Manufacturing Management
1

Verification that current manufacturing test methods and controls are producing repeatable products

S S W S S SV NV W S W S
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» Quality Element Checklist of SDEP
Level Check Items
B Configuration Management
1 Definition of Implermnentation Base by each Stage and
Establishment of Confirmation Plan '\
2 Traceability Management Planning of Requirements \

* Quality Element Checklist at SRR Stage
Level Check Items
B Configuration Management /

Documentation (DB Approved by Acquisition Agency or
Material Storage System) of Traceablity of Systemn
Architecture(s) and Design Concept(s) for Critical

Performance Elements! _\
* Quality Element Checklist at PDR Stage

Level Check Items
E Process Development / Manufacturing Management
Concreteness of Manufacturing Process Maturity
2 Documentation about initial Manufacturing 4
Assessment and Management about Manufacturing N
Possibility of Critical Technology

Figure 3. Traceability of the Checklists within the Proposed Manual
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Table 8. Applicable Items between MRA and each Event of Development Stages

MRA Quality Elements Items by each Event of Development Stages
MRL 8 L
SDEP SRR SFR PDR CDR TRR FCA PCA | Standardization
Assessment Items
1. Techn_ology and A 6 7 3 3 3 3 1 0
Industrial Base
2. Design 10 10 9 13 16 13 13 9 7
3. Cost and Funding 0 0 0 0 0 0 0 0 0
4. Materials 6 4 8 4 5 2 1 2 0
5. Process
Capability and 1 2 2 3 5 3 2 3 2
Control
& Bl 1 0 1 1 6 3 2 1 2
Management
7. Manufacturing 0 0 0 0 0 0 0 0 0
Personnel
8. Facilities 0 0 0 0 0 0 0 0 0
9. Manufacturing 1 0 9 9 3 1 1 3 1
Management
Sum 23 22 29 31 43 25 22 19 12

| A *}%oﬂ rﬂéﬂ TME oMEZ} 9l&
Qreh= v el ek 48 glo] AA/NEEA
o] Aol wheh F4 o A9 A/ HEe]

g 7R o' ekl gelsutof 3 el

gk 2 AEE wiyrde] ©RaL o] & 27HA SHAA %"%SHEOLE}(Kim Kim, and Chin 2016).

AR, FAAL ] 2 ANBAN FAFERNAAE ABeGS 9 2 =E)A Aok PPOZ FCA % PCA
g ste] LS UL A9 /1B WA FCA % PCE FIHAL A5E vlwsisieh. A
WS HE ARIE FARIIAA ] B bl S8 Wl wek 43He AR} ol TS Bl
@5 Qe o) B A 3P B AFR7L 710 Fo HAF oItk 1 FCA, PCAT A @371
A olF FHFES HigAT FETT) A B, AGH T A7} ol g P97 el ng
FElo] E7Fsatth. FCA/PCA 343 FARZAT4] 748 dal 1,8609971, =¥ 2,626% 3,678ul o
S 13,224709) $4A1S BEG9o A% A9 K 99 2rh o] A3t AN FEA AEHAL
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B9, AR ARINE FAREE Ao FF TYURS TR A3 A2 BH20F DA 29k Y
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Table 9. Comparison Results between the Exisitng Manual and Proposed Manual (Cho 2016)
Comparison | Project Name Period Reviewed Document Results Partlc.lpat.mg
Organizations
. 11 7.6~'11. 7.7 TDP of Major Modification ADD,
A Project © Days) Equipment 455 cases Prototype
Y (16 kinds) Company
Existing
Manuel '15.10.28~"15.10. Modification DA’IPZ%
B Project 31 Drawing (1,052 kinds) '
(4 Days) 25 cases Prototype
Company
"15. 9. 9~'16. Specification (3 kinds) e ADD, DTaqQ,
Proposed . . Modification Prototype
Manual C Project 3.29 QAR (74 kinds) 15084 cases Compan
(7 Months) Drawing (2,629 kinds) | pany,
Mass Producer
7 dS 2aste] 20161 F=AAxHEoRe] 00 A 5 F 2171 ARdell tisk sddA o] Az

et A9 R ), A A8 Bolsl Sl WAk 7 5 A FAEA 5 120100 o o0
ANSAL, ol% FAa4E, Fold AueA B4 Avks ® 10~ 113 2ok

Table 10. Results by Development Stages

Sum SDEP SRR CDR TRR Standardization etc.
1,291 5 13 12 158 1,083 20
Table 11. Results by Quality Elements
Sum Configuration Test Equipment Test Evaluation etc.
Management

1,291 824 65 370 32

A A3 g B AIFEHAE(TRR) 2 4 st F2434 o4 71K A 771 FdA o2 JF5o] 2
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