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Research on the Strengthen Quality Management of the Analysis of
the Causes of Software Engineering Change by System Company

Q%2+, Jinwoo Oh { 257, Jongkyo Kim : 2%, Jaehyeong Yun
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Senior Researcher, Defense Reliability Researcher, Defense Reliability Research Researcher, Defense Reliability Research
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Technology and Quality i and Quality i and Quality

Abstract

This study identifies the pattern of software defects for each system company based on the defect DB
in the operation and maintenance stage built by DTaQ, and derives factors to support customized quality
management. Through the analysis of the cause of software engineering change in the land weapon system
sector conducted in 2021, it is expected that defects that may occur in the future can be identified at an
early stage as the quality control elements suitable for the characteristics of each system maker are returned

to the development stage.

keywords : Software Quality, Defect DB, System Company, Software Engineering Change
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2018~2021
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Table 3. Classification of analysis contents by system company

Devglc;gr:ent Category(Step 1) Category(Step 2) “
. ) Design Insufficiency 1
Design Design Defect
9 9 Design Error 1
Insufficient Data Processing 38
Implementation Implementation Defect Simple Typo 4
Non-Implementation of Common Functions 3
A Documentation Typo 13
L Standardization Data Insufficient KDSIS Registration 3
Standardization .
Defect Missing Contents 3
Insufficient Linkage with Other Documents 1
uality Improvement 4
Operation  Performance Improvement : Quaity Imp . .
. Function Improvement According to Aging 2
Maintenance : -
Replacement Replacement by Discontinued 1
Design Design Defect Design Insufficiency 4
. . Insufficient Data Processing 2
Implementation | Implementation Defect .
B Simple Typo 1
Operation Performance Improvement Quality Improvement 10
Maintenance P Function Improvement According to Aging 2
Design Insufficienc 1
Design Design Defect g. o Y
Design Missing 1
Insufficient Data Processing 7
. . Non-Implementation of Common Functions 3
C Implementation | Implementation Defect ;
Simple Typo 2
Unnecessary Code 1
Operation | Performance Improvement,  Function Improvement According to Aging 1
Maintenance Replacement Replacement by Discontinued 2
Reqwrement Requirement Defect Requirement Missing 1
Analysis
. . Insufficient Data Processing 7
Implementation | Implementation Defect .
D Simple Typo 1
Standardization |Standardization Data Defect Documentation Typo 1
) Performance Improvement Quality Improvement 2
Operation . .
; Replacement by Discontinued 2
Maintenance Replacement
Replacement of Parts 1
Design Insufficienc 1
Design Design Defect g . Y
Design Error 1
. . Insufficient Data Processing 1
Implementation | Implementation Defect .
E Simple Typo 1
uality Improvement 2
Operation  Performance Improvement : Quality Imp . .
! Function Improvement According to Aging 1
Maintenance . -
Replacement Replacement by Discontinued 1
F Implementation | Implementation Defect Simple Typo 3
G Implementation | Implementation Defect Insufficient Data Processing 2
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A Discussion on Airwothiness Certification Criteria and Case of Ice
Protection for Military Rotorcraft

g4, Yeongnam Kim 423, Moonkook Kim { =T, Sangsoo Park
SRS FAY AWHIHESE A | IWanIseiTA S EHeInS ey | USRS ZEISATME G
Engineer, Rotary-wing Flight Performance Researcher, Technology Policy Research Researcher, Airworthiness Certification
team, Korea Aerospace Industries, LTD. i Division, Korea Research Institute for i Research Center, Defense Agency for
i defense Technology planning and i Technology and Quality
advancement i
Abstract

The rotorcraft is a representative high-tech aggregate with high technical difficulty and added value, and
the development of civil-military helicopters continues because it has superior technology compatibility
between civil and military compared to other aircraft. Airworthiness certification is a process of verifying
that aircraft development and modification have the safety and reliability suitable for flying, such as
structure, strength, and performance, and is a gateway that must be experienced when developing an
aircraft. During the airworthiness certification stage, proof of key technology fields are made to determine
whether flight safety is secured during the design stage, and strict verification of freezing is required.
Accordingly, it is very important to set standards for airworthiness certification related to freezing, but
related research is insufficient. In this study, the criteria for airworthiness certification and demonstration
cases of Surion aircraft, a representative military rotorcraft, were considered. The results of this study can
be used as a guideline for identifying and proving freezing airworthiness certification standards for future
rotorcraft development projects, and it is expected to contribute to the development of rotorcraft with flight

safety in terms of ice protection.

keywords : Rotorcraft, Airworthiness, Ice protection
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Table 1. Airworthiness certification criteria for KUH-1
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Table 2. Ice protection criteria in KUH-1 TACC

Category

1301(a)~(d), 1309(a),(g)

System
Engineering 14 141 9($)58é‘(3a)3 (1(:?83(0)
System
Safety 6 863(a)~(d), 1309(b),(d)
Crew System 1 1583(d)
603(a)~(c), 605(a),(b)
Structures
and Rotor 16 607(a),(b), 609(a),(b)

613(a)~(e), 685(a)

45(c)~(e), 901(c),
939(a)~(c), 951(c), 975(a),
1013(d), 1041(a)~(c)
1093(a), 1189(a), 1199(b),
1583(b), 1585(b),(e),(f)

Propulsion 20

Subsystem 773(b)(1)(ii)
Avionics 3 1305(a)(14), 1309(c), 1525
Electrical

1309(e), (), 1351(a)~(d)

SVStErE”Ea”d 10 1353(a)~(c), 1309(h)

45(a),(b), 49(@a).(b),
Flight 20 51(a)~(c), 64, 75(a).(b)
Technology 87(a), 141(a)~(c), 1323(),
1325(b), 1583(F)~(i)
Maintenance 7 611(2)~(c), 1529,

1683(a),(e), 1585(d)
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2.2.2. MAH! QIH(System Safety)
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= a1

- 9= & AF 37ARIR! DEF. STAN 00-970
Leaflet 711/2 (Requirements for the Design
and Airworthiness of Composite Aircraft
Structure)®] QFEE Z831%ct. Table 3
DEF. STAN 00-970°l =5 3= Az
sl HojEeH7]. 8+ 5 AHEAo] sigst
= 487 Z|(Horizontal Extent)Es A2lst7] Yai
DEF. STAN 00-970, DEF. STAN 00-35
(Environmental Handbook for Defence Material)
[8], AC 29-2C(Certification of Transport Category
Aircraft)[9], AC 20-73AE #3151 0, Table 4]
A W8-S APtk 24 459Y 9 =SAIRE
o] HojuH I Fet ¥ AWHT 59 FSS
{8l st AJHE =3yt S A, g7 o
THE A B9 o] FARFER] MIL-T-58425
TEoht AedE ARoA Run-back IeeZt &
Aot A2 RIS B718UTF IFe= 11
sto] 71 WA E vhedste] AAE 78k
N = BFRCE A4 E HIPAIAS 35k
o}, oA 9 AR Ak Higo ' Ay oA

[¢]

Foz wosiylt:

Table 4. Definition of icing exposure time

DEF. STAN General flight time of aircraft or
00-970 to the state of equilibrium
DEF. STAN 30 min under required icing
00-35 condition
AC 29-2C 30 min under continuous
AC 20-73A maximum icing
2.3.2. AAH! QIH(System Safety)

2 g7l AeH W/AYAESY 13o] 5
{7153t SRS gHs=Aol titt 45 3
SIoith Y= A2 B9l B AR Y 1
o= QIgh AR A= 0072 AlEE|loH, 7]
O] Qbdet HgF} 2Eg e WHCatastrophic
Hazard)e] 2RSS S 3HK<1.0x 1073}
o, F37] 284 T2 55 &8 58S A
7]+ 1K Critical Hazard) 007 =2 24 &5
< IHH(<1.0x107) FEo= 9¥E BF7PIE
=} 71% $5ES DS Figure 2= $d=

Table 3. Definition of design icing conditions in DEF. STAN 00-970

Ambient

Droplet median

Condition temperature il e O volume diameter | Altitude range (km)
i (g/m?) (km) .
(c) (micron)
0.9
. 0 0.8
1. Continuous -10 06 Continuous 20 0~3
maximum icing
-20 0.3
-30 0.2
5 1.36
o 0 12
2.. Penodp 10 0.9 6 km every '100 km 20 0~ 3
maximum icing of Condition 1
-20 0.45
-30 0,3
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Figure 2. Hazard analysis of KUH-1
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Figure 3. Result of 1st flight test
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Figure 4. Result of 2nd flight test

2.3.6. &37| MEAS(Subsystem)
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Figure 5. Pilot's view during test under icing
condition
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Figure 6. Ground test result of de-icing devices
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Abstract

Rotorcraft is a high-value system, in which a variety of cutting-edge technologies is incorporated, and
its civil-military technology compatibility is superior to the other aircraft. In this regard, the development
of civil-military helicopters has been carried out continuously. All aircraft operated by the civilian and
military require airworthiness certification, a certificate issued by Government ensuring the flight safety.
For airworthiness certification, various core technologies are verified, and among them, a thorough
verification of bird strikes is required. Accordingly, it is necessary to secure flight safety based on accurate
understanding of standards and sufficient review of evidences, however, the relevant researches are not
sufficient. In this study, the airworthiness certification standards related to bird strikes of military rotorcraft
and actual bird strike cases are analyzed. The results of this study can be used as a guideline for establishing
the standards for bird strikes for rotorcraft development projects in the future, and it is expected to

contribute to securing the flight safety in the rotorcraft development.
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Figure 1. Number of reported bird strike
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Table 1. Airworthiness certification criteria for
rotorcraft
MTOW
DAPA .
SACC (South Korea) ALL(No Limit)
FAR FAA .
part 29 (United States) TA MTOW > 20,000 Ib
and more than 10
EASA
CS-29 (Europe) Passanger
P B : Rotorcraft except TA
KAS KIAST Condition

part 29 (South Korea)
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Table 2. Airworthiness certification criteria for bird strike

e

.5'1'3 . Verify that loads used in the design of the air frame include loads due to
(Foreign Object ) . . .
FOD from birds, hail, runway, taxiway, and ramp debris
SACC Damage)
9.6.2 Verify that the transparency systems (windshields, canopies, windows and
(Transparency system | enclosures for flight critical remote camera systems and sensors) meet
survivability) survivability requirements for bird-strike impact.
The rotorcraft must be designed to ensure a continued safe flight and
FAR landing (for Category A) or a safe landing (for Category B) after a strike with
part 29 20,631 a 1.0-kg (2.2-Ib) bird when the velocity of the rotorcraft relative to the bird
(Bir d.strike) along the flight path of the rotorcraft is equal to VNE or VH ‘True Airspeed’
(TAS), whichever is less, at altitudes up to 2 438 m (8 000 ft). The applicant
CS-29 must demonstrate compliance through tests, or analysis based on tests that
are carried out on sufficiently representative structures of similar design.
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Table 3. Reference document for 5.1.3 criteria in SACC
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) Normal aircraft
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2 7,000 ft o]} A=t 7} At FAlO WAV VIREe R FEWE i

A B3 22404 & 7HesE Hof 28 A oh= AFAUS 7Rbote] FAH o2 F8E= FAR
& 5 32 S04 4 b 2/ 52 A9 Part 295 A&3t Ao2 AlzHr}

of 3},

-

2.2.2. $2|2(KUH-1) Zsl

Sl A Agde 2

Sele FYAFIIE | 2REE BA
29.631(F&F5=)°lH, Table 4= HHH AF<
IIE 7128 7148 Agolet. o714 VNEE F8717
Az zIE dEls HsEE osh,

S OIN FlO

859 ¥otd 71sd VHe HHNAESES AJHOIA 8RR Al Hdise

7] diAlE sl = AR ARjle s it o] & Uittt Table 291 BAIE 29.631 AE9 Wi

FEo= ik

FARLH, FEFFAAEKAD, = &2 4 AT, w2 5719 B AL

Table 4. Airworthiness Certification Criteria for Bird Strike

=

KUH-1
tailoring
airworthiness
certification
criteria

29.631
(Bird strike)

The rotorcraft must be designed to ensure a continued safe flight and landing
after a strike with a 1.0 kg (2.2 Ib) bird when the velocity of the rotorcraft
relative to the bird along the flight path of the rotorcraft is equal to VNE or VH,
whichever is less, at altitudes up to 2 438 m (8 000 ft). The applicant must
demonstrate compliance through tests, or analysis based on tests that are
carried out on sufficiently representative structures of similar design.
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Figure 3. Prototype for windshield bird strike test
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Table 5. Numerical analysis condition of bird strike

- Weight : 2.2 b (ref. 29.631)

- Diameter : 3.5 in, Height : 7.0
in(ref. Bird Strike Analysis of
S-92 Using Dytran(1998))

- Density : 930 kg/m?

- Bulk modulus = 2.2 ¢’
(ref. Dytran training manual)

Radius and RPM | - Radius : 0.0 m
of rotor blade |- Q : 000 rpm

Bird
characteristic

Impact velocity | — Speed : 000 m/s

Shape of rotor

blade - Multi spar composite blade

Figure 5. Numerical analysis result of rotor blade
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A Study on the Solid Propellant Electrostatic Sensitivity Tendency
through Accelerated Aging

AEXl, Hyojin Kimt ZX|8, Jiwoong Jang Z|Z=H, Junbeom Choi

LIGHIA R, PCMaMIIEY, UG LIGHIAR, PGMMLT IS, o LIGHIAY, PGMEAY &Y, MAATLH
Research Engineer, Mechanical Research Engineer, Mechanical Research Engineer, Mechanical
Engineering(PGM), LIGNex1 Engineering(PGM), LIGNex1 Engineering(PGM), LIGNex1

0|57, Seungjae Lee Z4dZ, Seonghoon Kim ™2, Jeongeun Kim

LIGHAR, PGMMMT|E, AT LIGHAR, PGMALHA, DL LIGHIAH, PGM7 AR A, MAUHTH
Chief Research Engineer, Mechanical Manager, Precision Guided Munition & Research Engineer, Mechanical R&D(PGM)
Engineering(PGM), LIGNex1 Propulsion Production(PGM), LIGNex1 Solid Rocket Propulsion, LIGNex1
Abstract

This study analyzed the electrostatic sensitivity energy tendency, ignition cause and minimum ignition
energy of solid propellant according to accelerated aging. After a certain period, the internal charging
potential of both propellants A and B increased, but no further change occurred. Although the mechanical
properties of B are better, other factors should be considered because the ignition probability is higher
than A. In the case of B, the temperature influence due to external factors is relatively small because the
arrhenius constant is lower than A and the activation energy value is large. also, it was confirmed that
the mechanical property value according to aging did not significantly decrease due to high elasticity.
Furthermore, since the number of ignitions increased as the internal charging potential increased,

calculating this was considered as a method that can confirm the minimum ignition energy.
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Table 1. Composition and mechanical properties
of each solid propellant

||| Contontsiwi%] | SBR L cn | G

HTPB Balance
A 6.5 bbb 277
AP 68~69
Al 18~19
HTPB Balance
B
AP 84~85
33 332 445
Al 4
Butacene 4

(1) SBR(Strand Burning Rate, mm/s)
(2) F-g8 HIE(Strain at Max. stress, €m)
(3) 9E(Young's Modulus, Co)
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Figure 1. Electrostatic Discharge Sensitivity Tester
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Figure 2. Center alignment assembly of anode
pin 3D configuration(Left), Actual image(Right)
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Figure 4. Distribution graph of electrostatic sensitivity energy tendency of propellant A over time
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Figure 5. Distribution graph of electrostatic sensitivity energy tendency of propellant B over time
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Figure 6. Comparison of graph behavior between calculated aging property prediction and curve—fitted
layton equation graph through average oscilloscope energy data

Table 2. Calculation of aging constants by curve—fitting through layton equation

- CalJ/mol] Aging ratio prediction equation

60C -0.9965

40°C ~1.0436 94.769 ¢

—_p _ * _ * b

A 20T 1029 | -1.08611 | oazeg L= Fo—1.0561 exp[— =" log ()
-20C -1.0014
60C -0.6137

40°C -0.4656 1292.6 ¢

- p — * _ * R

B 20C 04071 | -03158 | —12006 L= T~ 03158 exp[— =71 log ()
-20°C -0.6367
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Table 3. MIE level of propellant B

|| PropelamB |
L Min | Max |

Oscilloscope energy [J] 0.83 ‘ 1.48
Discharging energy [J] 17.6
Internal charging potential [J] | 16.12 ‘ 16.77

Table 4. Classification of MIE level of explosives

o CLC/TR

Very Sensitive [mJ] (1 {1
sensitive [mJ] 1~156 1~450
Rather Sensitive [mJ] > 156 » 450
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Figure 7. Correlation of energy-ignition(left graph), modified energy-Ignition(right graph)

(Segment :

Non-ignition(Left) / Ignition(Right))
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A Study of Development for High—Pressure Ammunition Firing Test
and Evaluation for 5-Inch Naval Gun Slide Assembly
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Abstract

Among KMK45 components, the slide body is a welding structure in which firing system components
such as gun barrel, gun barrel housing, and recoil-counterrecoil assembly are assembled and was introduced
by BAE Systems, but Hyundai Wia, which produces KMK45 in Korea, has been developing localization
through a localization development project for general parts since November 2016 to improve the

localization rate and shorten the production schedule.

Previously, the main components mentioned above were assembled on the slide body to form a slide
assembly, and then a general ammunition firing test was conducted at Anheung test site of the Agency for
Defense Development, and a high-pressure firing test was completed at the U.S. Navy firing test site before
being put into the assembly process. It is proposed to develop a test and evaluation for high-pressure

ammunition firing test so that it can be carried out in a domestic test environment.

keywords : 5”/62 Cal. KMK45, Slide Assembly, High-Pressure Ammunition Firing Test, Chamber Pressure
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Figure 1. Naval vessel in training
(Main gun : KMK45)
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Figure 2. Shape, specification and firing test standard of slide body
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Table 1. Ammunition specification and firing test
requirements

General
ammunition

* Spec. : General ammunition operated
by the Republic of Korea Navy

* Spec. : Chamber pressure min.
74,190psi(NAVSEAINST 8300.44)

High—pressure
ammunition

* The main components of gun barrel
and slide assembly(gun barrel
housing,  counterrecoil,  breech)
shall be subjected to fire test in
accordance with Table 13 of KDS
1020-3001-5, paragraph 4.4. The
recoil and counterrecoil assembly
shall operate smoothly within a
recoll length 152.4~762mm and
shall be free from damage or
leakage

Firing test
requirements

Aul AhEA T Ve A VIeAteE A

3,

MK45 Naval Gun

Major Specification of Ammunition

Chamber Fressure Standard

Ammunition Specification |

W US Navy Specification (NAVSEAINST 8300.44) @ Pressure = 74,190 psi

W Ferformance Imp for the of extended range
arnmunition in esporse to thwe request of the US Havy to extend the
range of S-Inch naval gun

Item ‘ Ammunition

Primrar lgrrition Type Elgcliic Typw (DC 20V)

Projectile Waeight ‘ 31.4 kg

Itam MKA4S (Mod 2) MKAS (Mod 4)
Muzzle Enesgy | = OO0 M) =00 M) Chamber Pressura Mex. 55,000 psi
Max, R. = OO km = 000 ki .
o e m Muzzle Velocity 000 mfs
Caliber w127 man (5000 = 127 mmn (500
Barrel Lengih | = 54-Caliber { 6,858 mm) | = §2-Caliber (2,874 mm) n Gonilll
Ami
General . . real
Ammunition Mae, 55,000 psi Macc, 65,000 psi (Ko i
High-Prassura |, pin. 63,250 psi11sw) | = Min. 74,150 psi (114%) Contiguration
Recoil Distance | = Max. §09.6 mm (24 in} | = Max. 762 mm (30 in}
ors P,
; . Projectile Weight 00 kg
High= |
! e+ Chambar Pressura Min. 74,190 psi
| i (US Navy) r
e — - ™| Muzsie velocity 000 m/s

Figure 3. Chamber pressure standard of high—pressure ammunition and major specification of ammunition
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Table 2. Equipment inspection procedure before
general ammunition firing test

Check * Check that the nuts and
assembly split pins connecting each | Good
status part are properly assembled.

Check

. * Check initial counterrecoil
counterrecoil ) Good
Nitrogen pressure.

pressure
* Check breech block
Check open/close
breech and : 3 ~ 5 times (up/down) | Good

firing system | « Check firing system when
breeck block closed.

* Check elevation adjustment
of test mount is well

* Check manual/remote fire is
well

Check test

. Good
equipments
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Table 3. General ammunition firing test conditions
and projectile/propellant preparation

Class— Projectile/Propellant

Preparation

ification

Warmer

5° | *Projectile . Practice or HE

- Projectile, 127MM, Practice,
K311(KDS 1320-4009)

- Projectile, 127MM, HE,
K300(KDS 1320-4004)

* Propellant charge : Buster,
Projectile, K304 (KDS 1320-
4006)

g5° | Temp. : 32°C+2°C (Min. 24hr)

Proof 25

~ o o s w N o

2.5. OYUEH AH AlRdER}
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Table 4. High—-Pressure ammunition firing test
conditions and projectile/propellant

preparation
Elev. o
Class- De Projectile/Propellant
ification ( +zg;) Preparationnote)

* Projectile : dummy projectile
for high—pressure
* Propellant charge : Buster,

1 Proof 25~ Projectile, K304 (KDS 1320-
4006)
X Propellant adjustment

* Temp : 32°C+2°C (Min. 24hr)

A A2 A Fhesk Ad7sse, g

A UL AFINE TIBE A A FFL

2A3N] NBINE 32 A AANFES 5
i},
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S{I Table 5. Measuring item
. AlEEr
Measuring
3.1, AFASEE © ASYY .
Class— Measuring
ification Device method
At B IiR AFATE ASTE 5 E A Al name
‘é‘%}]ﬂ% Table Sq] 1’]'51'1’]' 9}\]—4' ?ﬂl‘xj_]'L A}EA]@ Recoil Grease recoil
o) A%, FEA R} TS AZsgom, 1 o length o Imm o guide before
B ALAS o ° g o smo Recail while line unit Tape  firing and
cF AFHAIE O] 749 Table 50 Uehd BE &S firing line | measure recol
=319t} (mm) marks after firing.
Muzzle SL ve’\lfl)?;?tiluﬂgi%g
= Velocity | velocity = MVRS | 520PE
OIHIE ZiAlad A
method.
~ B B Insert the gauge
7h2et 133 AJEer ool tigh AFEATE At into the charge
£ Table 691 Urehfgion, A7t 7124 ol Vo e
U2 AFEAIYTE FEER] 9] FEEHZo] Yost pressure c calculate the
- _ in breech ' Crusher pressure using
A A5EHE & 5 Ut B3 AFE & A 9 B Pressure C(hamber gage M1 the pressure
o] &A mkto] glojor 0 ul 77} 9o 100psi conversion table
o) ol mheol glglon], w4 1t g1 00 Pl
£ ST FEARE 24 daA] WS deformation
QIelel] o) VA 7 oA WAL WS (Gegp Tam.
Yol Sl ) B Y EP FOR O o hen fig, ke
oFd FEBAL FHBAT wf SPOR Aok P fight | speed VEOSID M T 30
| o]3AYE Qusit. EX= FE & YA = tion | Phenome ?ﬁggg (22672) | so0ond and read
— o status non the video.
2345k 2L UErcHs).

Table 6. General ammunition firing test result (Tmil = 0.05625°)

. o Recaoil
Elevation o Projectile
Projectile : Propellant | Pressure (mm)
degrees weight . Notes
(mil/*) type (ko) type (psi) (Max.
762mm)
1 . 830 460 Warmer
| 89mil Practice
2 o Ammunition 840 460
— G kany
3 840 460
1 ’20.7.9
4 (Thuradey) | 444 | 314 K14 N/A 840 470 oot
5 (25%) High 840 470
— —— Explosive
6 1,185mil  (K300) 840 490
7 (65°) 840 490

% Test equipment : Slide assembly(made by H-WIA)
X% Test site : ADD Anheung test site 6-5(Same site for high—pressure ammunition firing test/the rest is omitted)

w
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Firing Test for Proof of High-Pressure Ammunition Performance : No. 1 f Firing Edevation : Tmil (0.4° )

aofetel] digk 51 ’5‘2 Astol oFA AT

Ald 7:14__ Table 7 4 Figure 59 L‘rlﬂ-lﬂ

o, 8% & 21| FHYY V&S S Ur
WA O] e, FAYY 7|EAEH 47 2
Ugton, ol=gt g HA Y I dAE=
FAA 2= At ZA UE oFd 9 AR i

Figure 4. Result of checking for rotating band - .
'gure & Hesu OSe%a?;’ﬂ'c’,‘r? or rotating ban A, o5 Ao e ZAN &5 FE HA

Table 7. Hight-pressure ammunition performance verification firing test result (Gun barrel S/N : 17607,
Total rounds : 1,161)

: _— Propellant Pressure Recoil
El P I g .
Dg\;ggg Wﬁgﬂte Weight (p§|) Velocity (mm) Notes
(mil/o) (k ) Type (Ie(lg) (Mln. (m/S) (MaX.
g 9) 74,190 psi) 762mm)
N/A Ref

u.s 142mil
Navy 8°) 49.9 Special | 10.21 74,300 832.71 687.3
1 9.00 74,000 730 550 Satisfied
2 9.20 78,000 740 570
3 15 9.00 73,000 730 550
4 1'21.1.15 7mil 9.00 73,000 730 550
— . (Dummy | K14
5 | (Friday) 0.4°) Projectile) 9.00 72,000 730 550 Unsatisfied
6 9.05 72,000 730 550
7 9.10 73,000 740 560
8 9.15 72,000 740 560
% Test equipment : slide assembly(own by Poongsan Corp.) / %Setting fire safety zone : 0 ~ 12 km
Result of Firing Test
800 :
+Muzzle Velodty(misec)
290 :ChaTber Pressure(X100psi)
'@ ¢
780 .-
770
750 ._® 4l_| ¥
PP e e e e - o E { Proof Pressure = 74,190 | |
3 : 3 % @ [OR 3 B3 ®
730
-
720 1] ®
710
700
8.95 9.00 9.05 9.10 9.15 9.20 9.25
Propellant Charge Weight (kg)

Figure 5. Hight-pressure ammunition performance verification firing test result
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Table 8. Slide prototype hight-pressure ammunition firing test result (Gun barrel S/N : 17607, Total
rounds : 1,166)

. o Propellant Pressure i
Elevation | Projectile ) Velocity
Date Degrees | Weight Weight (Min. 74,190 | (m/s) Notes
mi/) | (ko) (ka) s '

1 7mil 8.60 60,000 700 530 Warmer
2 0.4 46 9.10 71,000 730 560 Failed
BER e QUMY K4 920 75000 70 50|
4 g | rolectie) 915 76000 740 580

5 915 | 72000 | 740 | 580 | Unsatisfied

% Test equipment : Slide assembly(Made by H-WIA)
X Setting fire safety zone : 0~12 km(Elevation 7mil) / 0~20 km(Elevation 142mil)

Result of Firing Test
800 T
[+ Muzzle Velocity(m/sec)
| ® Chamber Pressure(X100psi)

790
780
770

i .
760 @ |

[ [P

- 1
R
750 @4
74Q [ TTTmemimebim s e OF 3 [ | Proof Pressure = 74,190 psi
[ 3

730

[GX ]
720

@e
710
700
8.95 9.00 9.05 9.10 9.15 9.20 9.25
Propellant Charge Weight (kg)

Figure 6. Slide prototype hight—pressure ammunition firing test result
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9, opuglel JlEA|Rr YR W Ugom, ol W SURH3.44 Table 8 ¥ 43 9 59,
338004 g aglo] ojgt Aow kAT A4 9.15kg)el Tis) YHATE Hef 3,800 psi
wpgstggont, of8l Aol 344 9.15 kg
3.5. TYE H5US AHAY WIHEN & A Hef g WA 2,000 psiE BARS L
% 9lck. 53], 1~5IEk ohAIre HAK 600 psiz

YT A5 UF A A SR WA st ol Eat S Pglom, o) AF A FA)
of Bkl Al YABAE 5] Pstol L& MskE H2SP] 98 AH Aol gk
ZES SYBIT F G0l TSt AAAE A S ReolN] BEsie] AAS At Gug
312 Table 9 % Figure 791 Jehiglon], 6 3 9 %<, deuArt 2 Mol 7| ABasuris
suo] oulE V12 FEAGh 7I1E IYT A TS T S Uek

Table 9. High—pressure ammunition performance verification firing test result(Additional test)(Gun barrel

S/N : 17607, Total rounds : 1,180)
Elevation | Projectile Propellant Pr?;:il;re e
Degrees | Weight Weight (Min. 74190 | (m/s) Notes
i) | (ko) k@ | g

1 75,000 740 540
2 75,000 740 570
3 21128 1421 (Du“r:my s | a1s 75,000 740 570 Satisfied
4 (Thursday) 8°) orojectile) 76,000 740 570
5 76,000 740 570

6 74,000 730 560 Unsatisfied

%Test equipment : Slide assembly(Own by Poongsan Corp.) / %Setting fire safety zone : 0~18 km

Result of Firing Test

765

« Muzzle Velocity (misec)
® Chamber Pressure(X100psi)

51
4

@ e
Do

760 1

S
755 T<r

|31 S P R P

750

745

t @
R e B R e o I e ] -+ DE = { Proof Pressure = 74,190 psi
3

740

735
8.95 9.00 9.05 9.10 9.15 9.20 9.25

Propellant Charge Weight (kg)

Figure 7. High—-pressure ammunition performance verification firing test result(Additional test)
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A Study on the Quality Improvement and Verification
of Aircraft Nose Wheel System
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Abstract

In this study, quality improvement is performed by applying a dual-mode steering system to alleviate
direction control sensitivity at high speeds during takeoff and landing of aircraft. In the dual-mode steering
system, a normal (low gain) mode with a steering range of 12 degrees and a low speed (high gain) mode
with an existing steering range of 40 degrees can be selected as needed. For applying the dual steering
mode, the aircraft configuration is changed by adding electrical resistance and relay, light, and wire harness,
and electrical circuits and steering schematics are improved. This quality improvement has been verified
by confirming the normal operation through analysis of aircraft system, weight, safety, parts, structural
integrity, mode identification, and electromagnetic compatibility. In addition, the operation tests consisted
of ground test, ground taxiing and flight test are conducted for further verification. As a result, the normal
operation has been confirmed through the ground test, and the pilot's qualitative evaluation is rated 'level
3 or higher' based on the ground taxiing and flight test. Thus, in this study, the quality of aircraft is improved
by implementing the dual-mode steering system, and the validity of this implementation and aircraft safety

are verified accordingly.
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Bending Stress : fb =

6x M)/ ((b—Dx2)xt*) = 24899 psi

244, 2t A4S
ZPA 28 OFRE APES Siet U 42 914
o THe A= A 254} Alok /1202 Figure 9

@} Zro] Primary Field of View ¥ Maximum

Field of Views 1Esto] 2Ho]| A8519).

Figure 9. Field of view in cockpit
2.4.5. HA7| Xk

24715784, Ramp Taxi, Low Speed Taxi,
Medium Speed Taxi, High Speed Taxi, & H]3J
AlE &9l 214" FA7 A gt A7 g
Fhol 2= skt AFEHES oF HY &
FU= ARgShe AIE 2404 23X 2AE 7153
AL Al 2PANAE 75 FHEA] IF
d &1 =39 23 A A2 skt T
A8 Engine Run 8 & A4 &= 9 o]/

AEE Bl AAP7] FF/d0°] fi2= Figure
lO-L]- Zro] &Ik}, Ramp Taxi ¥ Low Speed
Taxi AlY &% 23 AL B4 252 ERIsHA

—1To= =

48

ot &% AZRS 2ARE 1/2 A Medium Speed
Taxi @ High Speed Taxi 7oA ZXFAIAH
& 25 S NWS Engage AHiollA o5 5 B
QFA/g ERlsk= HIgAIRoA AR F =
(B vAE) 9 RS RISk

150
& LR T
140 15
10 “ WHEEL SPEED(LH) .
+ WHEEL SPEED{RH)
100 ~ NWS CUATION - H
g “ 3
8 2
I .
50 # NWS Caution Light 20| 09! §
E HE ojAg ojo| e
g
&0 z
. Taxi .
o L 1M ! i I
00 SO0 1400 1500 2400 oo 3400 2900 4300
20 ‘1 ] vl

Figure 10. NWS caution during aircraft test

2.4.6. HIHAH

2 AN et BSEZ sl AVIAI™E, A4
%7‘ , HISPA] %4*% 4\—633}91‘:} Table 29} % PO] A
5 4 Mode X% AIFoA 7
S GRAsIelon, A&, T, 1& XY
9 o]2k5 H|PAHoA 2FALS] A4 BT 7%
(CHR : Cooper-Harper Rating) 23} 355 ol
A= RISk} Figure 112 2FAF B7F 718
(Handling Qualities Rating Scale)& Hoj&tt.

Table 2. Total of test assesment

Criteria Ground Ground Flight
Test Taxing Test

* Steering * Ramp
Command Taxi
* Steering Angle  * Medium | Take
* Chennel Speed
Contents . . Off
* Caution Lamp | Taxi  Landin
-+ Switch  High g
* Mode Speed
Exchange Taxi
General CHR Over CHR
Result . Over
Operation Level 3
Level 3




Figure 11. Handling qualities rating scale
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Comparative Study on Estimated Resistance at Design Stage and
Full Scale Resistance for Surface Ship
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Abstract

A naval ship’s speed is a key required performance for a given operational mission. Since the prototype
is put into operation as the leading ship, strict quality control is required for the estimated horsepower
required in the design stage to realize the required speed. In the private sector, research is underway on
statistical analysis methods that reflect model tests and ship operational data to increase the accuracy of
estimating horsepower required, In the case of naval ship, however, there are data on horsepower
measurement through sea trial, but research to utilize them is insufficient. In this study, four surface ships
were selected to secure data for quality control in the ship design phase, and a study was conducted to
compare and analyze the resistance estimated through the model test and the resistance derived from the
measurement data of the full scale surface ship. As a result of the analysis, the estimated resistance in the
section above Froude number 0.15 tends to coincide with the resistance of the full scale ship, but the
prediction accuracy tends to be low in the section below Froude number 0.15. The low-speed operation
ratio of the Republic of Korea Navy's main battleship is about 80% of the total operating time, and when
selecting a propulsion system considering this, it can be expected to reduce operation and maintenance
costs. Therefore, the resistance at low speed must be accurately estimated at the design phase. Based on
the results of this study, a follow-up study is in progress to derive results that can be used for quality control

in the basic design stage by converting the resistance measurement values of surface ships into a database.

keywords : Surface ship, Resistance, Estimating horsepower, Comparative analysis
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A Study on the Damage Prevention and Life Extension of
Power Transmission Belt of Ground Control Vehicle for
Unmanned Aerial Vehicle
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Abstract

An unmanned aerial vehicle (UAV) is an aircraft without a pilot which performs a mission by being
remotely controlled via ground control system. Since military UAVs require rapid deployment depending
on the operational area, the ground control system is mounted on the ground control vehicle for mobility.
In addition, a ground relay station is installed in the vehicle to secure the data-link communication as well.
In this study, the damaged power transmission belt of the power generator for ground relay station is
analyzed to establish a countermeasure for extending the life of the transmission belt and confirm the result
of applying the improvement solution. As a result of the analysis, the causes of damage are identified as
belt alignment, excessive tension of the belt, and contact between belts in the engine room. As solutions
to such problems, applying the belt alignment measurement procedure and adding a spacer for alignment
adjustment are proposed. In addition, the engine room interface is improved by optimizing the position
of belt auto-tensioner for strain relief and reduction of contact between the belts. Thus, it is expected that

the study can contribute to securing the safety of UAV operation and improving performance efficiency.
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Table 1. Belt breakage occurrence status

Period of Failure Period of Failure
use(Month) use(Month)
19

1 5 0 1 0
2 31 0 20 1 0
3 10 0 21 12 0
4 3 o 2 1 0
5 9 o 23 9 0
6 5 0 2 5 0
7 2 0 25 3 0
8 4 0 2 4 0
9 6 o 27 3 0
10 3 o 28 3 0
11 8 0 29 5 0
12 1 0 30 3 0
13 1 o 31 3 0
14 2 0o 2 3 0
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Table 2. Impact analysis of belt damage causes

Cuso | Domis | impoct

Inspection Belt damage due to

procedure alignment deviation High
Damage due to friction
Power between belts

generator High
interface Damage due to excess
allowable tension
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Table 3. Belt tension analysis result

Belt tension analysis result

Belt allowable tension 1,803.36 N
8,2560.48 N

Belt tension during operation
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Table 4. Belt tension analysis result
(after improvement)

2 2 Al EZY o] JHio] E4Fe el /A Belt tension analysis result (after improvement)
A=A Belt allowable tension 1,803.36 N
Belt tension during operation 208.36 N
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Table 5. Verification test

Operating Defects Cumulative
hours time(hour)

10.5 None 10.5
2 7.5 None 18
3 14 None 32
4 28 None 60
5 23 None 83
6 17 None 100

Figure 15. Internal condition of Vehicle engine
room after the test
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A Study on the Estimation of Power Required for Water Jet
Propulsion Naval Vessel
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Abstract

As naval vessel speed up, a new propulsion system is needed to overcome the problems of propeller
propulsion system. Therefore, the water jet propulsion system, which can solve these problems, was adopted
as a new propulsion system for a high-speed naval vessel. In the case of naval vessel with water jet
propulsion system, the test method is not unified, such as requiring a self propulsion test according to ITTC
1987, 1996, or ITTC's latest report, including resistance test. In addition, the water jet performance
estimation method published after ITTC 1996 directly measures the performance parameters of the water
jet, and has problems in cost as well as difficulty in measuring and interpreting the results. Therefore, the
accuracy of the ITTC 1987 method should be evaluated and reflected when designing a naval vessel. In
this paper, when designing a naval vessel with a water jet propulsion system, the water jet performance
estimation method proposed by ITTC 1987 is applied and the required power is estimated to compare

whether the design method is appropriate or not with an real naval vessel.
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The Analysis of Noise Characteristics by the Chamber Pressure and
Nozzle Type of the Solid Propulsion System
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Abstract

This paper analyzes the characteristics of chamber pressure and noise measured during the ground firing
tests of missile propulsion system. The propulsion system is a key component which allows the guided
missile to reach the target, and ground firing tests are essential for the analysis of ballistic resistance
performance. It is necessary to measure the chamber pressure of the combustion tube to analyze abnormal
combustion during the test, and strong impact noise is generated when the propellant is ignited for firing
of the propellant. In this test, pressure and noise are measured four times during the ground firing tests
of two types of propulsion systems. As a result of checking the noise change with respect to the change
of chamber pressure inside the combustion tube of the same propulsion system, it is determined that the
maximum sound pressure level is decided by the maximum pressure at the beginning of combustion. By
analyzing the tendency between the maximum pressure and maximum sound pressure at the beginning of
combustion through linear fitting, it has been confirmed that the Pearson's R value is close to 1. In addition,
through a comparative analysis of the sound pressure measured at the same distance as the maximum
pressure inside the combustion tubes of different propulsion systems, it is found that the maximum sound
pressure is relatively high depending on the diameter of the nozzle and the combustion gas diffusion angle,

despite the low initial combustion pressure.

keywords : Impulse Noise, Ground-Firing Test, Solid Rocket Propulsion, chamber Pressure, Nozzle of
Propulsion
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Table 1. Test set up

Catego Temperature | Measurement
gory process (°) | Distance (m)

- Test 1 -32 30
PrOpj\'S'O” Test 2 20 20 & 30
Test 3 60 30
Pro";'SiO” Test 1 20 20 & 30
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@ : Noise Measurement Point
*: Noise source (propulsion nozzle)

-: Combustion gas ejection direction

Figure 1. Experimental set-up.(Top view)
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Table 2. Maximum sound pressure and Internal
pressure at beginning combustion

Catedo Maximum Sound| Maximum
gory pressure (dBA) |Intemal pressure

- Test 1 128.3 a
PrOpX'S'O” Test 2 133.6 1.07a
Test 3 135.9 1.12a

Max_Sound Pressure (dBA)

Pressure

Figure 5. Linear curve fitting line of Linear fit
(Maximum sound pressure & Maximum Internal
pressure

Table 3. Result of linear—fit

Equation y = a + b*x

Adj.Pearson’s r 0.99143
Intercept Value 62.36833
(a) Standard Error 4.61276
Value 0.04976

Slope (b)
Standard Error 0.00326

y = 62.36833 4+ 0.04976x 1)

Txy = \/Zin(Xi— =

(2)& &3f AWk ot A gk 0.99786
old, Z+ AH(Intercept)@} 71-27](Slope)olAe] ¥
FAE ALY 2F9 Hoj& AeAs ik
0.99786°2 BRIt g 3F2 19 7hes
5 o] Ay A, 02 A% A gl -1
ol 7WhESE 29 A3 JEHAE ulstegE A
FAG £ A A4 7] A4AT Y7 4t F
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Figure 6. Sound pressure at beginning combustion
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Figure 7. Pressure at beginning combustion
(Propulsion A_Test 2 & Propulsion B_Test 1)
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Table 4. Comparison of propulsion A & B

Noise Test Result

Category |measurement| Max.Sound
Distance (m) |Pressure (dBA)

Propulsion 20 141.0 .
A 30 133.6
i 20 143.5
Propulsion 0.83a
B 30 138.4

Aol weh Ag FAET FAHEE ZF 5.25%,
3.55%2 AAE

Table 404 32713 B A4 x7] A4 Wi
A= AS ghol Aol Hlsl oF 0.834) Fgol= B+
Skl 20, 30 moflA 9] i34 7+ 2.5, 4.8 dBA
B2 AE ERIT 4= At o= A BY 7]
ol digh 24 Aol vid=E 27E B

olg]gh Y9l 7 Fx17|#utcte] o] FE7t
TEo= QIgh Ao njotHn), & 37|89 =&
BH= Table 59+ o] :x1713% B7l 40713 AR
o == & F70] oF 2.06H) A1 =& A 4
A 2713 B7}F OF 2.444) 2 A-E ERI3F 4:9]
). o33t YQlo g LZHof|A 27Jo] o]FojA &
T2 U= AavkA Fg) Xjo|7t WAsHA =L
E3E Ad 77 EEEOIAE FAF 4Tt gEkxl
tf. 2 AoAe A2 71E 45° JEoAg &
2 S7goto] Aarta9] vl bt Ak 2t
250 FFE FUS Z0F metHh

Table 5. Comparison of nozzle(Propulsion A and B)

Nozzle Exit Divergence angle

Propulsion A a b
Propulsion B 2.06a 2.44b
3.8=
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DOP based UAV assisted positioning technique for supporting
military operations in urban environments
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Abstract

With the advent of the NCW, the modern warfare has undergone various changes, such as local
provocation, assassination, and terrorism in urban areas rather than all-out war. At the same time, achieving
information superiority and real-time awareness of the situation act as a very important factor in
determining the victory or defeat of the battlefield. Most weapon systems are equipped with GPS receivers
to acquire location information, which is the core of battlefield information. However, there are moments
when GNSS including GPS cannot provide the required level of performance due to environmental
characteristics in urban environments and weak satellite signals. It is a very important issue to improve
the vulnerability of GNSS in order to achieve information superiority, which is the core of NCW operations.
In this paper, we propose a DOP(Dilution of Precision)-based UAV assisted positioning technique that
maintains positioning performance in real time to support military operations in urban areas. Through
simulation, it was shown that location accuracy was improved and reliable military operation support was
possible. Also, based on the proposed technique, a UAV model that can be operated in a real environment

is presented.
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A Study on the Improvement of Corrosion Resistance of Opening
Device for Emergency Escape Hatch of Wheeled Armored Vehicle
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Abstract

In this study, an experimental study was conducted to improve the corrosion resistance of the opening
device of the emergency escape hatch of a wheeled armored vehicle. Although the surface of the opening
device made of alloy steel is treated with zinc electroplating to secure corrosion resistance, the emergency
escape hatch is less frequently used and is exposed to external environments such as rain and moisture,
so if the user's operation and maintenance is insufficient, the hatch may not be opened due to rusting
and sticking inside the opening device. This may lead to a safety accident, so further improvement in
corrosion resistance is required. Therefore, five cases of corrosion-resistant design methods were selected
according to the specifications of zinc electroplated coating and grease application, which are factors that
can improve the corrosion resistance of the opening device, and salt water spray tests were performed based
on the military test standards. By comparing the corrosion occurrence time of the five specimens, a
improvement effect was confirmed and a design method was selected. In addition, a structural design was
proposed to fundamentally prevent rust and sticking phenomena by blocking moisture from entering the

opening device.

keywords : Corrosion resistance, Zinc electroplated coating, Salt spray test, Escape hatch, Armored vehicle

T Corresponding Author : Seongmin Mun
Tel © +82-31-596-9544, Fax : +81-596-9746, email : seongmin.mun@hyundai-rotem.co.kr
Hyundai Rotem, 16082, 37, Cheoldobangmulgwan-ro, Uiwang-si, Gyeonggi—do, Korea
Received Octorber 13th. 2022 Revised November 16th. 2022 Accepted November 18th. 2022 Published December 30th. 2022

85



Q0 ABFIWA I F§ HEAF 5o
A5 So] W] Aol BT 579

7] 913k RS St 2 gEol v,

de 43 258 5 9 Jae dusp
= At ASECHI-2). o

ol 3] §:30) A5 B A2

A7t FAER] 9, YA FjAE B3t He
EUE AP sl vl Adete 722 H
of3t.

ot SF-Yo] FAo s A gEo] E71
T 55T A9l AgFog oRoAL
7Wgo] 7hsstes she 7]l 85Il Q1AL oo
o2t AE F7E ARk B RolA Aol
7FeslES sh= 7150l A-&= o] Stk
oj2igt R/ 75og Qlsf a7t AEY
A 7E o] =2E=A e, o 9 R
59 Yo = Qlgh FAS HA[sH7| sl /WA
9] B0l WA Folol= BoudbAe] 59 A4
2 o] Q=1l glom, ofof we} A K
Eol A7] ot ZFzinc electroplating) 22 I
HE A5t =3} H&(Cathodlc protection)
AE E5] YAIAS dHsty Qoh3]. 18U
oj# gt A thHox= *}%X}-f] A4 2 fAES
0| HlESHAY Aol skt & 7SS €73
oA 2&E= e FAlo] AL 7Aool Sl
o] A% /MFFA7F 12tE o] HFEE 27} A
W 7162 AT & Uk HdESE SiFY N
7152 S5 O}ﬂﬁr AHE F8% 7|sol2

2, o 7kEst 2ANHE Y 75e U5 %
L uelol] g S71291 A7t Baster e,
B Aol B4 HEE NG A 3
Eo WAS AMe) 8, 28 Kol Aurd
Q1 T A et AR AR BEo] 28
A7) ofel it bl TR MBS B3 AN
EE5, GHER AL B et A

Hrlete] AMHaIE Selsks ARH AT
Hog APYA o] S8

2. HIAEHS SHRIS THARX| S

Figure 12 AE340A9] SFUA AFo &
2k vEE i ol RN 715
2 s /PR 5ol kg B4 UEaL
At

Figure 1. Emergency escape hatch of military
vehicles

Figure 2+ 774219 9HS Ul 2024
MPFA S49 S AFAA vdEE 1A
MY T Hafoks 20tk 9] shiole &%
o] 9 A7} AZ=o] qlof, HRIA 7 &
22l AdHe] 14 7FsstHA gtk 59 ARole
AEET7F A== 7 &0l Qo 77N 7]
5= 7FssHl gt Foll= WA 7HE o] Slof
SR ol A o] E UAle] 2P E0] I
Az}

i



Section A-A

Plate of hatch

Handle

Figure 2. Section of opening device for
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Table 1. General corrosion-resistant designs for
military vehicles

Case m Surface treatment

1 Stainless steel Passivation treatment
(STS 304, ect.) (KS W 1115)
. Chemical conversion
2 Aluminium alloy coating
(A 6061 P, ect.) (KS W 1120)
Carbon steel or Zinc phosphate
3 Chromium coating
molybdenum steel (KDS-0115-0017,
(SS275, SCM440, ect.) Type 1)
Carbon steel or Zinc electroplated
4 Chromium coating with
molybdenum steel phosphate
(85275, SCM440, ect.)| (KS D 8304, Type 3)
Carbon steel or Zinc electroplated
5 Chromium coating with a colored
molybdenum steel chromate
(S5275, SCM440, ect.)| (KS D 8304, Type 2)
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Table 2. Types and grades of zinc electroplated

coating
Type of coating M'"'T:To;::g"ess
Grade 1 2 um
2
Type 1A Grade 5 um
(coated and Grade 3 8 um
immersed in nitric | Grade 4 13 umm
acid) Grade 5 20 m
Grade 6 25 1m
Grade 1 2 um
Grade 2 5 um
Type 18 Grade 3 8 m
(treated with
chromate) Grade 4 13 um
Grade 5 20 um
Grade 6 25 1m
Grade 1 2 um
Grade 2 5 um
Type 2 Grade 3 8 um
(treated with a
colored chromate) |~ Grade 4 13 um
Grade 5 20 um
Grade 6 25 1m
Grade 1 2 um
Grade 2 5 um
Type 3. Grade 3 8 um
(treated with
phosphate) Grade 4 13 um
Grade 5 20 um
Grade 6 25 um
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Table 3. Corrosion-resistant design methods

(0:1:) Surface treatment Gr.eas'e
application

1 St:;r;l:lss Passivation treatment X
(STS 304) (KS W 1115)
Chromium Zinc el_ectrop_lated
molybdenu coating (with

2 m steel phosphate) X
(SCM440) (KS D 8304, Type 3,

Grade 2)
Chromium Zinc gleotroplated
molybdenu coating (with a

3 m steel colored chromate) X

(SCM440) (KS D 8304, Type 2,
Grade 4)

Chromium Zinc el-ectrop.lated

molybdenu coating (with

4 M steel phosphate) 0
(SCM440) (KS D 8304, Type 3,

Grade 2)
Chromium Zinc glectro_plated
molybdenu coating (with a

5 m steel colored chromate) 0

(SCM440) (KS D 8304, Type 2,
Grade 4)

‘casea| [cases|

Figure 3. Configuration of simplified test
specimens
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Table 4. Test conditions of salt spray test

Test standard: MIL-STD-810H Method 509.7 Salt Fog

Category Unit Test details
pH - 6.5~ 72
Salt
solution Salt . % 5+1
concentration

Temperature T 36+2
Fallout rate mL/80cm2/hr 1~3

Air pressure kPa 83 ~ 124

Atomizing salt solutions
for 24 hours
— Drying the test specimens

Test procedure for 24 hours ( 2 Cycle )

Measuring the fallout rate
and pH at least at 24-hour
intervals
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Figure 4. Configuration of test chamber for salt
spray test
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Table 5. Result of salt spray test
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part) part)
3 Good Good Good Good
Good Good
(White (White Red rust | Red rust
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the part part
smalll smalll
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(Enables rotation
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Figure 7. Effect of preventing the ingress of
moisture and salt of the protective cover
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Abstract

This study is conducted on the smoke pot (KM5), which are used to conceal troops and
military supplies for protection of the Army. During the operation, the smoke screen of smoke
pot is closely related to survival of combatants. Since the smoke pot cannot be used once the
smoke screen is released, the performance of the smoke pot cannot be confirmed until it is
tested. Considering such a characteristic, Ammunition Stockpile Reliability Program (ASRP) is
performed during the storage period to confirm the reliability of the smoke pot. In this study,
using the test data of ASRP conducted from 2007 to 2021, the reliability and shelf-life of smoke
pot are estimated based on the analysis results of misfire, ignition delay time and smoke
emission time. For this, reliability is analyzed according to different classes of defects, and the
changes in smoke emission time and ignition delay time are examined. Finally, the reliability
and shelf-life of the smoke pot are estimated by synthesizing the results of each analysis. It is
expected that the study can be used for ASRP of similar items in the future.
keywords : Ammunition, ASRP, Smoke pot, KM5
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Figure 1. Figuration of white smoke pot

Table 1. Specification of white smoke pot

Category

Weight(kg) | Approx. 15.8 / 13.6(smoke agent)
Diameter(mm) 215

Length(mm) 250

Smoke agent | Hydro chloro ethane zinc mixture
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Table 2. Defect of white smoke pot

Catogory

Critical Smoke pot explosion
defect

Ignition delay time < 3 seconds

Electrical resistance ¢ 0.01 Q
Electrical resistance > 1.256 Q
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Table 3. Reliability for defect by storage period

Period | Sample N“’;}be’ Reliabil lj’g;i
(years) defect ~ity(%) CL(%)
6 20 - 891 1000  100.0
11 20 - 891 1000 100.0

12 20 2 755 900 | 973
13 80 47 33.8 | 413 | 490
15 100 19 750 | 81.0 | 86.0
16 80 18 704 | 775 | 835
17 60 24 509 @ 60.0 686

Major defect Misfire

21 20 15 127 250 @ 415

Stop smoke emission
Smoke emission time ¢ 720 seconds

Minor Ignition delay time > 30 seconds
defect

Smoke emission time ) 1,320 seconds

4.1.1. QS Z™TA) AT 24

A AFsigRe] 20079 ~ 202197H] AlE
3t AEkEC] ASRP AlREIOlEIE &Esto], 2

96

22 20 13 20.7 = 350 | b1.8
24 140 82 359 414 472
25 300 161 425 463 | 50.2
26 40 26 249 | 350 @ 463
27 20 16 9.0 20.0 | 36.1
29 40 16 486  60.0 @ 70.6
30 20 1 293 450 @ 615
31 40 24 294 400 514
Total | 1,020 474 515 | 635 | 556
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Figure 2. Reliability for defect by storage period
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Table 4. Reliability for Major defect by storage period

Number| 90%

Period |Sample

(years) | size o beitls
defect | CL(%)
6 20 - 89.1 100.0 | 100.0
11 20 - 89.1 100.0 | 100.0
12 20 - 89.1 100.0 | 100.0

(years) | size

80

100
16 80
17 60
21 20
22 20
24 140

25 300 124 54.8 58.7 62.4
26 40 19 41.2 525 63.6
27 20 6 B33 70.0 83.4
29 40 16 48.6 60.0 70.6
30 20 11 293 @ 450 61.5
31 40 12 58.8 70.0 79.5
Total | 1,020 277 71.0 | 7238 74.6
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Figure 3. Reliability for Major defect by storage
period
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Table 5. Reliability for Minor defect by storage period

Period | Sample Number QOA R liabil QOA
0y
WEZE) | R defect CL(%) fty(%) CL(°/

89.1 | 100.0 | 100.0
M 20 - 89.1 | 100.0 | 100.0
12 20 2 755 | 90.0 | 97.3
13 80 42 39.8 475 | 553
15 100 19 750 @ 81.0 | 86.0
16 80 15 745 | 813 | 86.8
17 60 19 594 683 | 76.3
21 20 4 639 | 80.0 # 910
22 20 7 482 | 650 | 793
24 140 23 788 | 836 | 87.6
25 300 37 849 | 87.7 | 90.1

26 40 7 72.1 82.5 | 90.0
27 20 10 33.8 |« 50.0 662
29 40 - 94.4 | 100.0 | 100.0
30 20 - 89.1 | 100.0 | 100.0

31 40 12 588 700 795
Total | 1,020 197 79.0 | 80.7 | 823
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Figure 4. Reliability for Minor defect by storage
periodd

98

424 TR AvES o AA A=Ees
80.7%°] 1L, 90% AlZ|Gol| 4] AFE oz
79.0%, AeHgre 82.3%0|th. ARt & H32A
AR =7F AA Al 32 A2 134 o]lF
ot} T3t EHAFE 80% 7|FCE AlmEH
90% AlZ|5FeRE 119714, 3483 ek 124
7HA] FSofct. ot oHol= #A7|7t 13¢o] A
114_- ﬁ‘l}%%lZ]E}E /U—]q]ﬂ. ok;ﬁ]- 7:105 Hl—Aﬂ%]—
o} ol AE, ©e #AH 5 €884t

o) 53t 4 Aol FFL 713 A0 37
¥ % ek
4.2. HBIXIH Y ATPYENZ Bt 20|

ASRPOIAE SlEHEe] galA| Nzt 2 dupg
SA7hS WA o AR 7S olgst Aro)
42 dlote] TSR, B ATo|AE s} Fol2
4317 S8 2 Al BE 3he 4RIzl o
2} wix|sto] EAstelch. 24 A A AR do]
B2 g e A9 delHs gemen,
201180] A HlojElE Bito] FtksiA WAy
slo] HEHY P ATABAT BA A A2 AR
7} S AA7IHS UERE ojRo] WA 4 9L

o Aejstsict.

421, HMBIX|GIAZt B3} 0]

WA A AN

wia Fo

_—

£ UEt
Figure 5°]t}. FsR|AAZEe] o 71291
Zistd FAgolH, 3% w|gtold X|¥2
Figure 5014 A471zt 1595 ¥ 3450]
A, AR7I17E 1149 ~ 209744 Sidsh= B2
EEO] A AAZE 3AREIG(T75%) 7} 50_:_(7]
A E WA e AL & 5 vk wEkA HE

A AT A717E0] AojAH e 7 olF
sH %= Zow FHr

i)

il

0

o]

(o8

2
B o,
i

o
T

e

=]
T

lrl i



' Upperspec. Limit @ QOutlier

“| Lower spec. Limit @ —® T5%
H Median
25%

lgnition delay time (s)

Storage period (years)
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The Study on the Improvement of Function Time Measurement
Method for Mechanical Time Fuzes
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O|F8it, Junhyuk Lee
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Researcher, Defense Firing Test Center, Defense Agency for Technology and Quality

Abstract

Mechanical time (MT) fuzes activate the flare or smoke grenade at a desired point by setting the
predetermined length of time before firing. The performance of the MT fuze is evaluated by determining
whether it operates at an appropriate location, hence, it is highly required to measure the function time
of the fuze accurately. Seohwa area, where the firing test takes place, is a mountainous terrain, and the
conventional measurement of function time of MT fuzes has relatively low level of test reliability due to
human error. In this study, the reliability of such a measurement method is improved by applying the image
analysis. The firing test data have been acquired using the improved measurement method, and these data
are analyzed and compared with the conventional method. As a result, function time difference of more

than 0.3 seconds in average has been confirmed, which can increase the reliability of test and evaluation.
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fuze and MT(Mechanical Time) fuze
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N248 MT Mb565 63 ~ '78
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N285 MTSQ Mb577 '80 ~ 89
KN285 MTSQ KM577A1 89 ~ 16
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Table 2. Section of ballastic test for MT fuze in KDS(Korean Defense Specification)

Target impact nonfunction distance

) 20 3 sec UL 3.47 LL 2.88
Time—to—burst
20 60 sec UL 59.60 LL 57.70
59.60)
45 b
1 K]
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1 A (RS
5 £
i s
i Premature burst B
g 347
E =W fe
i 2.88 I
1.9 |- (L)
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Fuze Set Time (sec) Fuze Set Time (sec)
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Figure 1. Premature burst range and Function Time range for MT Fuze
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Table 3. Results of ASRP

Fuze Set 18 sec
Fuze

Type

USA-1| '64 17.83 | 0.16 | 17.91  0.12
USA-2 | '65 17.84 0.24 | 1805 0.36
USA-3| '68 17.84 | 0.14 18.02 0.14

Tt Az=E

'22W% ASRP 715AIE % 1551]9] dutet A4

of] ARgaR= M5659F KM565 24 571 2E 4 & 10

N REQ] A ZAsAE SAS EE G 3

7h= AgHE7 208k2 Al AlEF 18%, 27% 7F

Z} 10840]qlom S7H Holel= 7122 ZAA
£ &% 5 AS AT BluE AASHITh

23.2. NEEY EH

A3 Ay} Z7|Z8Fe. whalsiA] olgkow A
s Ad(ERo] USA-4 REE 2722 24519
S v 2SI USA-1 REES 1822 A3
< 1 2AA F4 272 17) tlolH= Aot

Table 32 (KIM565 107] ZEO] gt 2AA 2}
FFEA Aol Aol RAARIOIA FHEA
23S W Froloh. B9] Zpoli= 9F 0.071%00A
0.29627H] ZAAR &7 ﬂﬂr 2-5AZe] 3

o] A SAEUAH. of= thEE TSANA Y] Al

Fuze Set 27 sec

AVG. |STDEV| AVG. |STDEV| AVG. |STDEV

USA-4 | 74 1 17.68 0.18 | 17.80 = 0.21

USA-5 | '64 17.69 | 0.18 ' 17.79 0.7

KOR-1| '88 | 17.60 0.09 | 17.67 @ 0.06

KOR-2 | '89 ' 17.82 0.17 | 17.99 @ 0.14

KOR-3 | '90 1 17.70 | 0.10 | 17.87 0.10

KOR-4 | '91 17.80 | 0.17 | 17.90  0.17

KOR-5| '92 17.68 | 0.29 17.83 027

Note. * No. of Data : 9
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Heat Dissipation Design of Energy Storage Unit with
Ultra—Capacitor to improve Durability for Electric Gun/Turret Driving

System
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Abstract

Recently, It's common to adopt electric power source rather than hydraulic power source for gun/turret
driving system since solid state is developed and more and more advantages of electric system are
recognized. One of the important components for electric power source is energy storage unit which is
used to compensate for peak power and store regenerative power. The ultracapacitor is an electrochemical
capacitor having energy density much greater than that of standard electrolytic capacitors. The
ultracapacitor is one of the good solutions for energy storage unit. However, durability affected by heating
is one of the key issues concerning ultracapacitor applications. For electric gun/turret driving system,
ultracapacitors are charged and discharged at high current which causes ultracapacitors heating. This paper
describes heat dissipation design of energy storage unit with ultracapacitor and verify a temperature

characteristic improvement with conducting a thermal analysis.
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Figure 1. Electric gun/turret driving system block diagram
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Table 1. Specification of energy storage component
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Figure 2. Energy storage unit with electrolytic
capacitor
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Electrolytic Capacitor Ni-Cd Battery Ultra Capacitor(EDLC)

Operation Temperature -b5T ~ +126T -20C ~ +60C -25T ~ +70C
Material Aluminium (# :Ni, (+) : Cd Carbon
Pollutiion - Potassium hydroxide -

Rechargeablr Cycle Over 100,000 500 Over 100,000
Capacitance 1/1000 100 1
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Figure 3. Energy storage unit with ultra capacitor
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Table 2. Specification of energy storage unit

Electrolytic .

Capacitance 05 F 275 F
ESR 3.2 mQ 180.8 mQ

Rated Voltage 260 V 260 V
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Table 3. M&S configuration

DC/DC . . )
Converter Continous/Maximum : 5 kW/ 7 kW
Input Power Ideal Power(No Impedence)

Motor Peak Power/Torque : 25 kW
Motor Load | Motor Continuous Power/Torque : 4 kW
Motor regenerative Power/Torque : 14 kW
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Figure 4. Motor velocity of GTDS
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Table 4. Energy storage unit heat transfer coefficient

Heat Transfer Coefficient
Category IW/m-k]

Housing 202.4

Ultra capacitor 100

Bus Plate 0.3

Heat Conductor : Mpdified 15
BPA epoxy resin.
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Figure 10. Energy storage unit analysis model
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Abstract

The propeller cavitation inception speed (CIS) is very important to the stealth performance of a naval
vessel. Propeller cavitation is heavily influenced by the hull and its appendages. Most warships have struts
(I-shaped or V-shaped) to support the propeller inclined shaft. Because these appendages are installed in
front of the propeller, they have a great influence on propeller cavitation inception. However, since the
strut has been designed in terms of the propulsion performance of the ship, it is necessary to study how

it affects propeller cavitation.

In this study, the effect of the flow according to the alignment of the struts was investigated. Based on
the numerical analysis results, the optimal alignment angle of the strut was derived. Wake distribution

measurement and propeller CIS test were performed in a large cavitation tunnel to verify the design method.

Model tests showed propeller CIS performance improvement of up to 2.6 knots by adjusting only the
strut angle. The proposed method will be usefully utilized as a ship strut design technique for improving

the propeller CIS performance in the future.
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T Corresponding Author : Hanshin Seol
Tel : +82-42-866-3468, Fax : +82-42-866-3479, email : seol@kriso.re.kr
Korea Research Institute of Ships and Ocean Engineerng, 34103, 32, Yuseong—daero, 1312 beon-gil, Yuseong—gu, Daejeon, Korea
Received October 13th. 2022 Revised November 7th. 2022 Accepted November 18th. 2022 Published December 30th. 2022

116



) FIPBS Yol s 2y

01—7(4 _,] A 7;" /

7t A el Aok
A s 22171014 Aulglol o] WAyt ol
AEREE F45) 50| S7H5Hs E4e]
oIk B3] 2371 AR o] kFEo] 289
A b5 dEel R F47]0] AR
AVRE 23807} T elojof gheH1-2].
g 247) 2L Aol 24 olFo] 3
SEAago] F71817 dmo] Y S17] A
old 2% HheE AeAAAok 5]
7] ARelElold 24144 A2 B 9]
T2 A, RGN SACNHRE o]

ju s ol

il,

r>~l

% ol oX,
o N X
o o I
flo flo

2

__}:I_:‘

=

1o

)

2

:‘é

ﬁl‘

ol

1o
;l'%

-0,

o

-
Q.

>
=

¢

2 8
o
~
i
_}l_‘ jus)
D)
r[r
o Ho
A,

felol 2 Z01e] et o] M
A, AAeo] B2
230717k o] SHsheA el
rec, w2 2 &2 A0 5
RS gislo] 247] Ago] VAY
BolEe AR Gl AAlA ol
ubALko A ke 93 E B7F 91X %
3 B VAY 2B 3l AN ek
AERE A Ao HE3T AEE FHlo]
A FulElol o] st vEo]
slo] AAstolo} st el 24 B
2707] 9k Zo AXE] Y] 247] 99 95
olE e 2ok

Sy =72

rit
A
g5
rTr

N,
™
)
o
(o]
;jm

> 12
=2
HE

il
o

|

A $5L A AA
gug 1wEE ANET ANEE XS] I I
AEH} V-AERO| Gake ] H of 347]
Aulelold E4ol 2 QJare F golow et
A %EHS]

MZO0| 2 ZXI7| HHIE0IH R

HHE(CIS) M A7

5
N
=
I
£
)
2

AEste] A0} grort ol
24 BRIAE He) AR T S e

Figure 1. V-strut and barrel erosion

T3 Figure 13} o] AEZS f-50] A
AAISHA] 23t B A2ES AR oA Sk 7iH]
glo]do]l ofsf X]4lo] HA¥ste] Y] FAES &
HolA oj#zo] = 4= Utk

2 AFoME g olgste] 2ER 5 A
A Frhe Ao O AARIRERE 54 Wil
2171 FElHold 271HHY A< (CIS, Cavitation
Inception Speed)S TFAAIZ|T AESH HH 7fH]
glo]d W8S ALAIA AEF A4S Aok W
kS AAIgH.

AR d ‘3]-%'— V-strut &9 HIEH 7 245}
FX17] CIS 4% F =5 tF7iHIE 0|
/\] A< Bofl & AT+ETE A

ﬂl_r'l.. O-u

of %
A H

e
i
=2,
m (]
oo
ot
L
5
ook
ox,
tlo
|
o
ol
ol
f
e
rU.‘.
2



Figure 2. V-strut installed on the model ship
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Figure 3. Wake distribution at propeller plane
with original V-strut (a) LDV measurement,
(b) CFD
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Table 1. Modification of angle of attack of V-strut

section
‘
Upstream original 3.0 -1.5
strut New 0.0 3.0
Downstream | original -0.5 3.0
strut New -2.5 -0.5

Figure 5. Modification of angle of attack of
V-strut section (a) Upstream V-strut
(b) Downstream V-strut

(a) (b)

Figure. 6 Pressure distribution on the surface of
upstream V-strut (a) original, (b) newly aligned
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Figure. 7 Pressure distribution on the surface of
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Table 2. Improvement of propeller CIS performance
after V-strut alignment

Type of Original |New aligned CIS
Cavitation V-strut V-strut HNssA

A-0.9 A+1.7 +2.6 knot
PSTV A+4.4 A+4.8 +0.4 knot
SSLE A+10.6 A+13.1 +2.5 knot
PSLE A+13.3 A+13.7 +0.4 knot
SSR A+10.9 A+11.4 +0.5 knot
PSR A+13.3 A+13.7 +0.4 knot
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A study on the correlation of bulletproof performance and mechanical
properties of homogeneously rolled armored steel welds

QUIEt, Minchul Oh ! 8, Yong Kim | UMY, Jaesung Kim
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Abstract

Vehicles, self-propelled guns, wheeled armored vehicles, etc. are manufactured by welding using
homogeneous rolled armored steel (MIL-STD-12560) and high hardness armored steel (MIL-STD-46100). In
order to verify the performance of the welded part, 'H' -shaped specimens are produced and then bulletproof
tests are conducted, and the testing institutes are limited to some overseas testing institutes including the
United States. In addition, it is an expensive test that requires at least 55,000 $/time including production

cost.

In addition, as only corporations in the United States can apply for and proceed with the bulletproof

test, there is a problem that, in reality, domestic research institutes and corporations cannot test.

In particular, when the low-temperature impact test, which is a general industry standard, is applied
to evaluate the bulletproof performance of homogeneous rolled armored steel plates, the possibility of

replacing the domestic H plate bulletproof test is expected to increase.

Therefore, in this study, a basic study was conducted on the correlation between low-temperature impact
toughness and hardness analysis results and bulletproof performance as a way to reduce cost/time and

facilitate product supply and demand by replacing the existing H-plate bulletproof test.

keywords : Armored Steel, Bulletproof test, H-Plate, Alternative test standardization, Low temperature impact

toughness
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Table 1. Chemical composition of RHA W%

| C .S Mn | PG N Mo

032 04 12 001 10 18 07

a "E){ b
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L "
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Figure 1. H-plate bulletproof test drawing and
actual production specimen (4 type)
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Table 2. Chemical composition of welding metal
wt. %

-IEHIIMIE

K-10018M 0.07 | 0.46 1.35 0.02 1.630.25
KD-100 10.06 0.29 1.4 002 - 170 0.35
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Figure 2. Residual stress removal process with
ultrasonic peening equipment and Radiographic
examination report
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Figure 3. Macrostructure of H-plate welding part
and hardness analysis standard point

Table 3. Material and welding process conditions of bulletproof specimens

Armor steel Welding material Welding process
e Thickness Y.S. [T Heat input
toughness (mm) Type (MPa) toughness (U/cm)
(J,-40C) (J,-40C)
1 K-10018M 60 SMAW 25,920
] 25.4
~———— RHA C1 1,000 62
3 31.8 KD-100 670 70 SAW 33,600
4 38.1

Table 4. H-plate bulletproof test specimen thickness range and test standard (source TACOM Drawing)

H-plate specimen
thickness (mm)

Armor steel
thickness (mm)

Type of projectile

Projectile speed
+ 7.6 (m/s)

Maximum allowable
crack length (mm)

34.925 ( t 38.1 75mm PP M1002 365.7 381
28575t (34.925 31.75 75mm PP M1002 329.2 381
19.05 { t € 28.575 254 57mm PP M1001 320.0 228
3.175 (1 ( 19.05 12.7 37mm HE M54 or 37mm PP M1000 769.9 381
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Table 5. Result of bulletproof and low-temperature impact test of H-Plate armored steel

Bulletproof test

Low temp. impact test

Set | Material Obtained | Weld Cracking
No. T iecti
57-mm
1 RHA C1 1001 1061 4.0 Pass 62.6 67.9 108.7
57-mm
2 RHA C1 1001 1056 2.75 Pass 6b.7 98.0 137.7
75-mm
3 RHA C1 V1002 1082 0 Pass 108.4 119.1 143.8
75-mm
4 RHA C1 M1002 1211 2.5 Pass 140.0 150.3 159.0
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. _ _ o Fusion Fusion 1 Fusion 2
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Figure 4, Hardening behavior of H-Plate
bulletproof specimens
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