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Abstract

The demand for international logistics continues to increase owing to changes in the international trade
structure, an increase in multinational corporations, and the growth of the online market. Accordingly,
companies are striving to establish strategies to efficiently operate global supply chains. In particular, Korea
has shown increasing interest in the MRO(Maintenance, Repair, Operations) market, providing logistics
services for exported weapon systems owing to the recent activation of defense industry exports. In this
context, this study proposes a MILP(Mixed-Integer Linear Programming) model to establish an optimal
intermodal transportation plan to economically and efficiently operate a global supply chain. The goal is
to transport large quantities of goods produced in multiple regions to multiple domestic and international
demanders by linking two or more vehicles, such as trucks, railways, ships, and aviation, to meet delivery
dates and transport at the lowest cost. Two numerical experiments were conducted to verify and validate
the MILP model. The analysis and visualization of the experimental results confirmed that all constraints,
such as the conditions for transshipment, aircraft/ship service schedule, and delivery date, were complied

with, and a realistic transportation plan was established.
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Figure 1. TLCC for weapon system [2]
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oA =t ;29 FYPATHOE AYHT) of7]A],
SY/FIA D= $H=71(Cargo plane), S}
E4(Cargo ship)® 9= AHE 2F2AE
w2t Ag" ELAgte] arEEojof Jit). webA
Max(B, t;,) = 38/ =t T2t AITKz )
I FYAAESTY] SEAHB) T =2 Aol 4
SHEE S A (10)2 &55TE0] 24
LASk= Azl Tt Ao, HiE SRS 14y
k&l ARI 77, 77] o] Hio] gkmE|ojof e
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A1 (17)-(18) A2 7 W52 FHie ME

A7otal Ut 4 (17)T_— Zjjks ]’ o|3} ¥<=(Binary
variable, Boolean)¥<, 4 (180 ¢jns, dirs, Lk
T} ¢, 7T F9 A4(Positive real number) U< A
gstal Slck

2 ol 3oIA AE A FAE
139 ZAeet AoRAlEe] it Ekl/A
(V&V, Verification and Validation)2 ¢J3t &
AS(Numerical experiment) A2 275 AA|
Stk SAAEE 27HA] A AIE B o2 S99

ﬁ oN ot

¢

o A WA A2 -9 eASo] HiRt 55
5 AgE, 7 WA A2 39 aAS] tit
5425 A8E dsks Al AdAA oA
5ol Het 49 wetulEE Table 33 22

Fo-o53) 329 AL 1E5t0] Table 49F &
o] Hgatct. AR, 84, TF/FU 5

Table 3. Features of Air and Maritime Transport

Class Air Maritime
. transport transport

Transit time Short-term | Long—term
Timely arrival High Normal
Convenience of use High Low
Carrying capacity Limited Large
Freight charge High Low
Frequency of operation High Low

Table 4. Input Parameters for Vehicles

Vehicles | Capacity | Velocity | Charge |
(%) (@) | (Vel,) Fixed | Variable
(Fk) (V)

Truck#1 150 100 0.025

Truck#2 300 90 1 5 0.027
Cargo plane | 600 916 300 0.010
Ship 48,000 46 400 0.001

EE9 9AE= Google mapsolA Al&EH+=
A-Ar FHe L& 7He AZE o] &SI E
St $A]AHL Windows 10 =FAA|, 2.1GHz
Intel Xeon Silver 4116 CPU, 64GB RAM ¥+
7AolA  FREGlen,  AddAlEe A
(Optimal solution)= IBMAR] ILOG CPLEX
12.8.0.0(Community version) AZEJo]& 53|

A= A

1. ZU-9 =X st S&=2SE

B HoHE -9 FaXE gt EeE
AZS Fshe AddAE oEch AddAle=
Table 59} Zo] A= 1/HAED), 53 2714
A=A, BHARFUAIESY) 181 84
£ Ut 5 AR =G &5EHE ER2 2
Zo= 1Hstal, zF 87 sl E5foF sk=
'd7](Delivery time)7} A%8H A= 75t

AZAA dlojelg 283t 24 B3k A
Table 61} Zo] 9ok BE 4Q2]9] 42QFFo]

1 G717t S5 ERIF 4= Sl Figure 5+
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Table 5. Data of Nodes for Example #1

Production/Demand(kg)| Delivery time
Class. Place .
Latitude | Longitude ltem#1 ltem#2 | Start(7?) | End(Z})

® P [KR] Pohang 36.0937°N | 129.3698° E
@ T [KR] Gimhae Intl Airport ~ 35.1036°N | 129.0413°E - -
® | T [US] Long Beach Municipal Airport| 33.7479°N |118.2144 W - -
@ C [KR] Daegu 35.8675°N | 128.5942°E 50 70 0
® C [KR] Changwon 35.2267°N  1286796°E 100 50 0
® C [KR] Daejeon 36.3504°N | 127.3874°E - 20 0 10
@ C [US] Los Angeles 34.0281°N 1182676 W 70 20 0 30
C [US] San Diego 36.2114°N 1162794 W - 10 0 36
® C [US] Las Vegas 32.8092°N 1171433 W 30 80 0 25
*KR : Republic of Korea, US : United States of America
Table 6. The Results of Example #1 Table 6 AZI3RRE Aot E5FHEY A=
S AuEE, BAR(@, EoAA Truck#1 2thet
Node @ ® | ® Truck#2 197} Ttem#1 250kg, Item#2 300kge
Truck#2  Arival | - 321 515 AAsty FlES AIRRITE Truck#2(A)=
(A)  Loading 100/200 Item#1 100kg¥} Item#2 200kgS ZAN5}L &6t
Unloading 100/180 /20 o] (=4 G)of| 3.21A7t] E&2510] Trem#1
Node © @® ©® @ 100kg™t Ttem#2 180kg 3lojatc}.  oj7]A,
@ Truck#1 |~ Arrival - 3.33 1499 803 Ttem#1 IOOkgil} Ttem#2 SOkg_g_ (484 5)2]
(A Loading  50/70 -/130 Tﬂ%— 2EsH= Ao, Aol ltem#2 130keS
o Tol SRA2 o5 ool olF, R
Truck#!  Amival | - | g03 | Atnode @)oﬂ > 15A]7}°“ FEAKsle] Iemi#) 20kg S Sotl
®) Loading | 100/50 transfer from 2YS =TS} Truck#1(A)L 74584 @)
g truck#2(A)
Unloading 100/50 3.33A1710] =2Fsto] Ttem#1 S0kgT} Item#2 70kg
Node @ ® = 53¢ ¥ 3*HDeadhead) AH= FAF8A
KB Cargo | Arrival | 803 18.45 ®)ll 4.9941710) Z=2kslo] Truck#2(A)7} 3.21A17
us | Plane | Loading 100/180 o slds) & Item#2 130kgS 2R, Z, SHH3c},
Unloading 100/180 oj7]A, 919]9] LTojA FHHo| WAYEt 1), EZS
Node @ ® Stols 25rHo] ARk 5 THE G
Truck#1 | Arrival | 18.45 | 24.15 Toj WA 250k = Aloko] HAlz oz ALy
(©  Loading  30/80 T 9122 BJolat 2= 9Irk. o], Truck#1(A)= J<
s e e (04 §)914] TR lem#2 130 YoHFH
Tty Atval | 1845 27.90 30,00 FFY @l sttt & P TEITE E3L
®  Loading 70/100 Truck#1(B)= AAIR[ONA] ZAfgH Ttem#l 100kg3'—}
Unloading 70/90 ~/10 [tem#2 50kg= HHAZTHEY @)l sttt
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Figure 5. Visualization for table 6

oA Truck#1(A)2F Truck#1(B)ol Q)8 Zsh=A

STHBT @)l otdd EF9] ¥ Item#1 100kg
T frem#2 180keo|®, olgfdt BESS 32y
(Cargo plane)& o83l Ha=AZTHITZ @)ollAl
FHAFUAIESTHET @)L= olsHt:

ETHETT ®)OlA Truck#1(C)<t
Truck#2(B)E o185l ul= WollAle] =fj&50] Al
A=k Truck#1(C)= Item#1 30kgd}t Item#2
80kg= AMH]oflo|a(=8A] @) 5

SRS

0]'J_ —-,—On—

Table 7. Data of Nodes for Example #2

FE3t Truck#2(B)= Ttem#1 70kgT Item#2
100kge AAsto] 2LMEANGFRA] @) Ttem#l
70kg¥} Item#2 90kge SaT ¥, SRAHOIALE
874 @) ol%3| Item#2 10kgS ZFa3Ich

4.2. 29| QX0 e BEtes

2 ol epfetold Aike BEL v}

Node m

® P [KR] Gumi 36.0923°N | 128.4057°E

@ | T |[KR] Incheon Int'l Airport| 37.4651°N | 126.4472°E - - - -
® | T [KR] Pusan Newport | 35.4652°N = 129.0971°E - - - -
@ | T |[AU] Sydney Int'l Airport | 33.9402°S @ 151.1773°E - - - -
® | T [US] Port of Long Beach| 33.7545°N | 118.2215 W - - - -
® C [AU] Newcastle 32.9435°S | 151.7027°E 50 70 0 17
@ C [AU] Central Coast 33.3515°S | 151.4420°E 40 30 0 20
C [AU] Canberra 35.3009°S | 149.1245°E 60 20 0 24
® C [US] Los Angeles 34.0445°N | 118.2547 W 50 60 0 230
C [US] Phoenix 33.4261°N | 112.15619 W 20 40 0 250
(@) C [US] Las Vegas 36.1173°N | 115.0865 W 30 80 0 250

*KR : Republic of Korea, US : United States of America, AU : Australia
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Ad= Sh= @doﬂx]

Table 71—} o] iRl =

NA(FARAR, Q1= Xﬂ%’: ]‘:‘4'——'1";9]%@‘, %H]
A%, 121 =8A= 7ham=, 35 7 37L)

Table 8. The Results of Example #2

Vehicle routlng (Item#1/|tem#2)

Node
Truck#2  Arrival - 3.28
(A Loading 150/120
R Unloading 150/120
Node ® ®
Truck#2 | Arrival - 3.30
B)  Loading 100/180
Unloading 100/180

Node ® @
KR Cargo | Amival | 328 1347
AU plane | Loading |150/120
Unloading 150/120
Node ® @

Truck#1 Arrival | 1347 @ 16.66 | 20.84
(A Loading | 100/50
AU Unloading 40/30 | 60/20
Node ® ®
Truck#2  Armrival | 1347 | 16.67
©  Loading = 50/70
Unloading 50/70
Node ® ®
KR  Arival | 330 211.22
— Ship i
Us Loading |100/180
Unloading 100/180
Node ® ®
Truck#1| Arrival | 211.22 | 213.51 | 219.17
(B)  Loading  20/130
US Unloading -/90 | 20/40
Node ® ® @)
Truck#tl | Arival | 21122 213.84  224.72
(©  Loading  80/50 @ -/30
Unloading 50/- | 30/80

12

2 FE 8T BE2 2507 vEohy,
7k Aol tfsf &sfof sk |77 A" A
o= 7Hgsigit
AYAA HoleE 283 24 B AY>
Table 81} Zo] QoF&|n, HE $=Q]9] 4=Q50]
S GV S5ES g1 4= Ut Figure
62 Table 8= ARt Axtolrt. E54H=9]
ARE A EH, BAX(©, Fu)ollA Item#l 250
kgZt Ttem#2 300kg> =22 At FAIS-S Sl
Truck#2 2th7} o]-&5te] AAFATH@)T} FAE
AFO)ez 259 A WA AT Truck#2(A)=
Item#1 150kg™} Item#2 120kgS ZAstal <A
FATH@)LE, F ¥A AF Truck#2(B)=
Item#1 100kg™} Item#2 180kg= A Afotal FAHAL
FE)LE 52 AR JIHFATHR)O =
23 EEE2 SHE7|(Cargo plane)E o83l 35
of YAE AEYIATHD)LE, FAKIH®)
T2 SEE2 3FEAl(Cargo shipy ©l83f m
=0 A3t SHAKE) LR STt
JATATH@)E Edsto] 359 A=Y=A|
STH®@)ON =23t [tem#1 150kg¥}t Ttem#2 120kg
<2 Truck#1, Truck#2 Z+ 1HHE o8l &F W =
WS AR Truck#1(A= Ttem#1 100kg
T} [tem#2 50kgS AAIStL Ed6to] NEEIAE
(24 @)° Item#1 40kg¥t Item#2 30kg, W
ZH48A] ®)°f Ttem#1 60kgT} Item#2 20kgS &
Ao 2 FF3 Truck#2(C)= Item#1 50kg=
[tem#2 70kg2 e 7, 7h&EE_A @) A

% SFoh= P& TR}
FAL J(@)E Zsto] nl=9] FHARHE)
EZW} Item#1 100kg® Ttem#2 180kg>

Truck#1 2tj& o]&3]
t}. Truck#1(B)=

g Aty F

fl= W Sl AlRRE
Item#1 20kg¥} Item#2 130kg
EARAHA(GLRA] @)
Item#2 90kg= sttt ojuf, ZAMEHA(G=]
A ©)9] Item#20] thet =Q%=2 60kgo|™, b
30kg Truck#1(C)oll F&=o] b =842 F
=4 dAolt}. o]F, Truck#1(B)= THYA(G3A]
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Numerical Study on the Dynamic Scaling Law of
Composite Propellers for Naval Ships
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Abstract

Unlike metallic marine propellers that consider only hydrodynamic scaling, composite propellers must
consider hydroelastic scaling, incorporating blade deformation effects. This study numerically investigated
the hydroelastic scaling of composite propellers using the Mach and Froude number scaling laws. A
composite propeller was designed to replicate the KP458 propeller shape under design load conditions
through FSI(Fluid-Structure Interaction) analysis based on the BEM(Boundary Element Method)-FEM(Finite
Element Method) and CFD(Computational Fluid Dynamic)-FEM methods. To evaluate the performance of
both model-scale and full-scale composite propellers, FSI analyses were performed using both the BEM-FEM
and CFD-FEM approaches. Under open-water conditions, all the propellers exhibited identical deformation
and performance. However, in self-propulsion analyses using CFD-FEM behind wake conditions, local
deformation differences between full-scale and model-scale propellers emerged owing to wake effects,
particularly in Froude number scaling. The Mach number scaling law is the most realistic approach as it
more accurately approximates the full-scale analysis results than the Froude number scaling law, while

allowing the use of the same material and stacking sequence as the full-scale composite propeller.

keywords : composite propeller, fluid-structure interaction, dynamic scaling law, froude number scaling,

mach number scaling
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Gauss-Seidel iteration B'H<2 &-8s19ct.
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Table 1. Design Condition of Composite Propeller

| fem Value

Propeller diameter [m) 9.86
No. of blades 4
Ship speed [knots] 16.73
Power x RPM 23,109 kW x 78.0 RPM
Wake fraction 0.344

44| 5% 2704 BEM-FEM3} CFD-FEM 4
4 A Eol JEAE TSI, skl Tl
AW, KP4589] 34 sYUst=S AAE A3kl
o} XL ERHES] HRl-HIEH(Bend-twist) &
d= Jefste] AAISI7] wiwel, = F44Y
H3k= 1 A|(Pitch) 39} Hlo]H(Rake) H3O g
e, o A 84aE HITE A9 WA¥SHA ¢
=T} Figure 29} 32 27t k5o 716iA|A] &2
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Figure 2. Pitch of KP458 and composite propeller
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Figure 3. Rake of KP458 and composite propeller
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Table 2. Conditions and Properties of FSI Analysis for Full and Mach no. and Fr. no. Scaling

Ful scale
280 280

Diameter [mm] 9,860

Axial velocity [knots] 16.73 16.73 2.82

RPS [1/s] 1.30 45.78 7.72

Reynolds number 5.5x10’ 1.2x10° 2.5x10°

Material density [kg/m?] 1,498 1,498 1,498
Elastic modulus, E; [GPa] 110 110 3.12
Elastic modulus, E;, Es [GPa] 8 8 0.23
Shear modulus Ggs, Gia, G2 [GPa] 4 4 0.
Poisson’s ratio 0.37 0.37 0.37
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Figure 4. Thrust coefficients of full-scaled
composite propeller by BEM-FEM analysis
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Figure 5. Torque coefficients of full-scaled
composite propeller by BEM-FEM analysis
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Figure 6. Thrust and torque coefficients of
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Figure 11. Rake ratio distribution of composite
propellers by CFD-FEM analysis
behind wake condition
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Figure 13. Pitch ratio at 90% radii of composite
propellers behind wake condition by
CFD-FEM analysis
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Abstract

This study proposes a text regression analysis model to enhance the reliability and accuracy of R&D
budget predictions. Using text data from the Defense Force Support System Requirements Document, we
introduce a data-driven approach for budget forecasting. This study combines NLP(Natural Language
Processing) and machine learning techniques to quantitatively analyze and predict budgets required in the
defense R&D sector. This method is expected to strengthen the objectivity of the budget formulation process
and enhance the precision of strategic decision-making. Additionally, the methodology presented in this
study offers a reliable framework for generating dependable results even in data-constrained environments,
providing a critical foundation for the development and practical application of future defense R&D budget

prediction models.
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(Llnear) 0. 622 1 267

(Linear) Rldge 0.511 0.920

(Linear) = LASSO | 0.637 | 0.682

BoW ) .

(Linear) | Elastic Net| 0.614 | 0.738

(Non-Linear) | XGBoost | 0.7356 | 0.751

(Non-Linear) GB 0.722 | 0.777

(Linear) OLS 0.588 @ 1.634

(Linear) Ridge | 0.361 1.458

TF-IDF (L?near) LASSO 0.631  0.772
(Linear) | Elastic Net| 0.638 | 0.824

(Non-Linear) | XGBoost | 0.736 | 0.751

(Non-Linear) GB 0.714 | 0.788

(Linear) OLS 0.616 = 1.032

(Linear) Ridge 0.326 | 1.418

Bi-gram (Linear) LASSO | 0.581 0.827
(Linear) | Elastic Net| 0.615 = 0.732

(Non-Linea) . XGBoost | 0.725 | 0.760
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(Non-Linear) | XGBoost | 0.721 0.753
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Real-time Anomaly Detection for Weapon Systems
using Deep Transformer Networks based on Al
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Abstract

This study explores the applicability of Al(Artificial Intelligence) -based anomaly detection technologies
in the testing and operation of weapon systems by implementing an anomaly detection mechanism for
projectiles using Al technology. Traditional methods, such as LSTM(Long Short-Term Memory)-based
autoencoders commonly used for anomaly detection, often suffer from overfitting to normal data and fail
to adequately capture the complex relationships inherent in multivariate time-series data. To address these
limitations, this study utilizes the TranAD(Transformer-based Anomaly Detection) model that is based on
the transformer architecture widely used in the Al field. TranAD combines transformer structures with
adversarial training to robustly and effectively learn generalized features from normal data, thereby
accommodating both long- and short-term temporal patterns. This study utilizes radar observation data
and predicts the trajectories of projectiles for training and experimentation. By analyzing information such
as attitude, position, and velocity from the observation data, the model detects abnormal states in the
projectile behavior. Additionally, the discrepancy between the predicted and the observed trajectories is
incorporated as an auxiliary input variable to enhance the generalization of the model across various

trajectories.
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Table 1. TranAD Parameters
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st & 2 9k

Table 2. Model Input Features

oot | Desoripon |

Position X
Position Y Radar observed position
Position Z
Velocity X
Velocity Y Radar observed velocity
Velocity Z
Rocket Estimated flight range
range of the rocket
Trajectory Discrepancy between real-time
error estimates and radar measurements
7 542 oo} Wghl A chEag, 54 2

4 ) Ao BE 57 3k 0~1 W9l
Hisfsto] 2t 599 2AY Holh sigsol wlA
%

; i Zi min

x] = ————, Vi € {1,2,,

Limax — %i,min

(feats = 8)

8} (2

x; = feature; ,

AAG o8 o] B4 wtgshr] sl =4 33
o] getold AE=(Sliding Window) 7|H< 4

Bol9itt. A& AI-Y HlolEE shtel Y A1
A8 Fgotal, =S5 g AH(Q20msec)¥ °ls
A7 MES S webA mEe 2T 50
A Aol sidohs dole tes Ba a4 A
9] oA} ofB5 el Sis5olGict Y= 7]
502 1|9 dlolE 9] B33} o) ©A9] Wt 7t

of 9L Tejslo] A4E gLow, Holele] 24
(&7 571 9 wet A 4% 4 sk
W, = {xt—49’ Lp—48 " Tp—1» xt} 3)
Wiy = {‘rt748’ Lp—grr 7 Xp Lpy 1}
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(window size = 50, stride = 1)
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Table 3. Summary of Dataset Partitioning for
Model Training and Evaluation

Normal Abnormal
Types
samples samples

Train 234,595 1,178
Validation 2,970 30
Test 117,778 117,778
2 o t

S PyTorch 7|§to& FHEQ o, 3]
& &4 F8 sy mEh|Eo| gk HF2
Table 49} 7t}

Table 4. Hyper Parameters

Parameters Value

Epoch 150
Batch 64
Features 8
Window size 50
Base learning rate 0.0017
StepLR step 50
StepLR gamma 0.5
Optimizer AdamW
AdamW weight decay le-7
Encoder and deqoder _ 16
layer feed forward dimension
Encoder and decoder 0.1

layer drop—out
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Table 5. System Environment for Training and

Evaluation
CPU Intel i9-13900F
PC RAM DDR4 128GB
hardware
GPU NVIDIA RTX 4070Ti (12GB)
Code Python
Software Framework Pytorch2.5+cu124
Other .
libraries numpy, matplotlib, tgdm
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Figure 4. Kalman filter estimated trajectory
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Figure 6. Normal and abnormal data loss

Table 6. Tested Loss

| Data | Minimum loss | _Maximun loss

Normal 8.66e-06 0.0019995
9.32e-06 325.5

Abnormal

4.4. Ol B HX| 222| 85
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Table 7. Summary of Model Evaluation Result

Total samples 235,556
False positive 1,319
False negative 0
True positive 106,161
True negative 128,076
Accuracy 99.44
Recall 1.0
Precision 0.9877
F1 score 99.38
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Figure 7. Sample test of normal trajectory
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Status and Prospects to Improve Endurance Driving Tests
for Ground Military Systems
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Abstract

This study investigates endurance driving tests for ground military vehicles. An endurance driving test
is a critical test and evaluation process in the development of these vehicles and requires extensive time
and resources. This study defines durability and endurance, analyzes the current test standards and
evaluation criteria, and identifies key issues. It clearly outlines the establishment of standards for endurance
driving tests without ambiguity. Furthermore, it proposes new and diverse methods for conducting

endurance driving tests, such as accelerated lifespan testing, for ground military vehicles.
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Table 1. Endurance Driving Test Distance of Tracked and Wheeled Vehicles

Category Development year Driving test distance

K1 '85. 8.
9,600km

K1series K1A1 '08. 8.

Tank

K1A2 '12. 8. 4,800km
K2 '08. 12. 9,600km

K55 series K55 '85. 1.
6,400km

Artillery K55A1 10. 9.
K9 ’98. 10. 9,600km
K200 '84. 10. 8,000km

Tracked K21 '07. 7.
Armored 9,600km

vehicles ARV "10. 12.
Wheeled K808 '16. 6. 32,000km
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Table 2. Endurance Driving Test Distance and
Proportion of Wheeled Armored Vehicle

| Catogory | Distance | _Proportion _|

Primary 6,400km 20%
Secondary 16,000km 50%
Cross country 9,600km 30%
Total 32,000km 100%
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Table 3. Description of Wheeled Vehicle Categories

type
Wheeled vehicles with a gross vehicle
weight rating (GWAR) up to and including
24,000 pounds (Ib). Vehicles such as the
Wheeled |High Mobility Multipurpose Wheeled
light Vehicle (HMMWV), Joint Light Tactical
Vehicle (JLTV), commercial sport utility
vehicles (SUVs), and pickup trucks
would fall under this category.
Wheeled vehicles with a GVWR of
24,001 b up to and including 60,000
Wheeled Ib. \/ehicles in the.Famin of Medi'um
medium Tactical Wheeled Vehicles (FMTV), Medium
Tactical Vehicle Replacement (MTVR),
or other medium commercial off-road
vehicles would fall under this category.
Wheeled vehicles with a GVWR of
Wheeled 60,001 Ib and greater. Vehicles such
heavy as the HEMTT, F’LS, LVSR, and cher
heavy commercial off-road vehicles
would fall under this category.
Wheeled |Truck-tractors and all compatible
truck—tractor | semitrailers. Vehicles such as the
and trailer, |M1088 and MK31 truck-tractors, and
light and | M871/M872 semitrailers would fall
medium | under this category.

Table 4. Sample Vehicle Mission Profiles, unit @ %

. Trails/
Vte:::e Primary |Secondary| Rough OSLC:]S:
trails Y
Wheeled |55 g9 20 20
light
Whesled 50 15 15
medium
Wheeled | 4 50 10 10
heavy
Wheeled
truck—tractor
and trailer, 50 40 10 -
light and
medium
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Table 6. Example of Distance on Vehicle Type

Category

CAT 1 Tac;fna(')rzgctzr:”d 32,000km

CAT 2 Truck bodies w!th tactical 19.000km
support equipment

CAT 3 L|ghtwe|gt(1:l,JCIE;/v mileage 6.400km
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Design of an Ultra—Capacitor-Based Energy Storage System
to Improve the Power Supply Quality and Driving Performance
of an Electric Gun/Turret Driving System
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Abstract

The power supply device of an electric gun/turret driving system provides power from a DC-DC converter,
whereas the instantaneous peak power exceeding the rated output required by the driving system is supplied
by the energy storage unit. Using an ultra-capacitor as an energy storage unit offers the advantage of a
stable power supply through a high-capacity capacitor. However, the heat generated by the charge and
discharge currents can affect capacitor durability. In this study, we explore design application strategies
to leverage the advantages of an ultra-capacitor-based energy storage unit while improving its durability.
Furthermore, we verify the enhancement of the power supply quality and improvement in the driving
performance of the electric gun/turret driving system. Finally, we describe the quality improvement achieved

by implementing the designed energy storage unit.

keywords : ultra-capacitor, energy storage unit, DC-DC converter, electric gun/turret driving system,

cell balancing circuit
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Abstract

This study proposes a plan to improve the utilization of defense standard documents by linking them
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20254 3¢ 71 A= o] IHE Qs FHE
=Mt AL IIAAE(DAPA, Defense
Acquisition Program Administration) =%H#&
ZIPHHAAEI(KDSIS, Korea Defense Standard
Information System)& 53l Table 13} Zo| %
APEIQlT) RAME AR0] dS HH HA| 71eA
2 % W= H(Defense drawing)©] AFA|5k= H]
Zo| A, olojx FHHZFLTA(QAR, Quality
Assurance Requirement), =% #8A4](Defense

specification document), £2ZE0] 7|&A=w

Table 1. Status of Enactment about Defense Standards

Status of
Category enactment
(Unit, types)

Defense standard document 269
Defense specification 7.307
document
Defense drawing 1,197,044
Defense QAR 34,562
specifications :
Software technical data 3,364
Special technical data Restrict
Parts / BOM list verification

* DAPA KDSIS, As of March 2025
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Table 2. Type of Defense Specifications

Category

Def . . .
e1eNSE " hefine basic design and performance
specification o
standards for munitions
document
Defense Specmcgtlons |||ustra_t|ng the shape
. and size of a particular part or
drawing .
equipment
Quality and performance standards
QAR required for the production of
munitions
Technical information needed to
Software .
. improve software development,
technical . . )
testing, operation, maintenance and
data
performance
. Technical data used for specific or
Special . . )
. limited purposes among information
technical ) . )
essential for the design, production,
data : o
maintenance, etc. of munitions
Parts/BOM Descrlbq each part and component in
; detail during weapon system
list
development and procurement
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Table 3. Differences in the Characteristics
Defense  Standard ~ Document
Defense Specifications

Defense standard Defense

Category document specifications

o i

off

of
and

(KDS-STD-0000) | (KDS-FSC-0000)

Defines general | Provides detailed

technologies, design and

Purpose processes, and performance
procedures for | criteria for speci

military supplies products

Applied to broad

technologies, Applied 1o

fic

. individual prt
Scope testing, and individual products
and components
processes
Includes quality Includes design
assurance, specifications,
testing performance
Contents
procedures, and standards, and
operational material
methods requirements
Codification Impossible Possible
Contract . .
Impossible Possible
document
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Research Design Framework

R h of Def

-

Standard Document

Standard D

Research of Reference Standards in Def
(Defense Specification, Mil-Spec, etc.)

-

Matching #1
(Defense Specification < NATO Stock Number & Information)

-

Matching #2
NATO Stock Number & Information < Manufacturing firms Information

-

NATO Stock Number & Information that Can Be Linked to Defense
Standard document

Figure 1. Framework of research design
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matching), &34 WA (Probability matching),
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Table 4. Matching Target Status of Defense
Standard  Document and Defense
Specifications

Status of data

Defense standards document 269 types
Application standards of defense
standards document 712 types

(KDS, KDC, Mil-Spec)

Defense drawing 888,746 types

Central procurement performance

(2021~20244) 64,108 cases

WA A4 712%, 9= 2 AR =
888,746, 20219RE 2024W71A] 4719 5%
ZAA 27 64,1080 &80l o, Stata
(Stata Corp jit) Z2I3& Zhgofo] 1:1 iy &
1o s miAS XHstith Stata TR
BAREA, doly e} 1Y so] FHojd ==
g0 g tfge] Hloly B, X9t #40] 7hssE
& 32 5A, AA ARl solA 2 g8

= 3l
3.3. ILHEEAML IU+F I 2

THESA 26952 U4 7123 wAS
A} Table 59 o] 237%2] 2&7770] BAHY
o, THAH IYTEHES 102,77050] WA= A
Table 5. Matching Results between Defense

Standard Document and Defense
Specifications

Category Status of data

. Application standards 937E
Matching | (KDS, KDC, Mil-Spec) ©
result )
Defense drawing 102,770

83 viyE S EES 470d9] YRS
Atz9} i Ast A} Table 63+ Zo] 1,362712] A
AP AHEe} FE 2EHAY dAAo] =2 51
N HESAE AMEE IO, Figure 29F 22 At
EA2E ZYT 5

Table 6. Matching Results of Production Firms
Linked to Defense Standard Document

Number of | Defense standard | Manufacturing
matching document firms

Total 51 138

IS oz widd S SEEA | it A
gol &2 A9 10719 =3+ A 1S Hi=R
A& Y3t A3k, Table 7% o] @ STD-0186
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Research of Reference Standards in Defense Standard Document
(Defense Specification, MIL Standards, etc.)
L L

MIL-A-26870 i Eledricsl  Becilms, Prited  Wiring  Cerel

ittt N . erted 3 ]
M-t Vi, Cumpe et ) .
ML-C-45224 Getle ‘fm:‘“‘w‘“ Elackicl Ml Spotacy MILAED Assenble Eectic Salgan rted Weng
g i Covpm vl P Cng Proed Qs wcas | Gnew el i

2 ML Gl s st i st Gl Syl o

ML-PRE-5083 o s haid Dl BtoR. Sl WLEDIT s Bl
ML-PRE-E5110 Priceed Wi .5 Boards, Rigid, Genacal Specification LS ‘o Fa . At
ML-PRF-27 ndmndlm(hﬁq?o-—mdﬂ@?m

Pubse), Cececel Seciication foc ! MR85 Pintd Wing Board R o R e Generd Specfction fr
ey ! ) 53 X sUf MLRES1) Prt Wing Soarcs R Geerdl Specfition fr
et H I 42 MigtE § b o e o e Hh v e e itin b
KDS STO-0225 V|, AT Y L
o EaEEs ".'

Cerecel |, )

i ol Finainauiy i sokuos Mo Defense Specification «+ NATO Stock Number & Information « Manufacturing firms Information

Requirerneats foc Electroric Grade Sclder Alloys sad Nea-Rlu
PC-J-STD-006 wed snd Non-Flused Solid Sclders foc Electronic Soldering Ap

dotios. fo‘;"srz o 5 Brawi Drawing Manufacturing ~ Manufacturing firms o B
ML-STO-750 Test IV for Serni Devices. standal eference Spec rawing name firms firms ID Region jone number
ML-STD-663 Test Method Stenderd Mceociccuits _.document

Protecticn Of Electcicsl And Electcnic Pacts, Asserblies A standard A Spec A Drawing A Drawing name A firm 0000 0000 0000
ANSI/ESD 52020 And Equipment (Excluding Electrically Inkisted Explosive .

Devices) A standard A Spec A Drawing A Drawing name B firm 0000 0000 0000
i R e e B B A standard A Spec 8 Drawin B Drawing C firm 0000 0000 0000
ML-STD-2166(1998) Coanection, Electrical, Cornglisnt Pin(7), t3ke) P 9 name

C Drawing

A standard A Spec C Drawing

D firm 0000 0000 0000
name

Figure 2. Examples of matching information between the application standard of the defense standard
documents and procurement information of defense specifications

Table 7. Frequency Analysis of Production Firms Matching with Defense Standard Document

Defense standard Manu.factunng Ratio(%) Defense standard Manufacturing Ratio(%)
document firms document flrms

STD-0186 356 26.1% STD-0114 0.3%
STD-0087 179 13.1% STD-0119 4 0.3%
STD-0065 176 12.9% STD-0141 4 0.3%
STD-0193 136 10.0% STD-0166 4 0.3%
STD-0154 62 4.6% STD-0048 3 0.2%
STD-0151 60 4.4% STD-0054 3 0.2%
STD-0103 56 4.1% STD-0132 3 0.2%
STD-0182 46 3.4% STD-0138 3 0.2%
STD-0149 45 3.3% STD-0199 3 0.2%
STD-0122 44 3.2% STD-0204 3 0.2%
STD-0187 24 1.8% STD-0046 2 0.1%
STD-0150 21 1.5% STD-0076 2 0.1%
STD-0161 14 1.0% STD-0085 2 0.1%
STD-0196 14 1.0% STD-0188 2 0.1%
STD-0070 [ 0.8% STD-0015 1 0.1%
STD-0081 9 0.7% STD-0018 1 0.1%
STD-0113 9 0.7% STD-0027 1 0.1%
STD-0035 7 0.5% STD-0041 1 0.1%
STD-0094 6 0.4% STD-0073 1 0.1%
STD-0155 6 0.4% STD-0079 1 0.1%
STD-0181 6 0.4% STD-0115 1 0.1%
STD-0068 5 0.4% STD-0128 1 0.1%
STD-0121 5 0.4% STD-0164 1 0.1%
STD-0022 4 0.3% STD-0183 1 0.1%
STD-0052 4 0.3% STD-0192 1 0.1%
STD-0062 4 0.3% Total 1,362 100%

68



710 9ot SEEHO] A B/ AAE, @
STD-0087 Eﬂ%ﬂi% T, SoFREAl AR, @
STD-0065 I 11PE ol&A] &, @ STD-0193
2}3& om]- @ STD-0154 q_x-Q_ 70};<Hq ,qu
XJ;(} @ STD 0151 7(]— ol E]-/\ﬂ- X—]U]_T_E
@ STD-0103 AV/FHApgrlol diet &&4,
STD-0182 #7-& SA4tshe}, @ STD-0149 =
& 9 Bx19] xHAE], © STD-0122 A, J=a7t
HE FE T AEo] MiAE SHHEA 51F
% 85.1%= AL U= ALE FAEHUH. of= gt
2= 2 7] AR =5 4 Qloh

A, A A= o] TEHAL = FHHEAY
B AT Aol W2 otk A
269% 5 515(18%)5to] =3 ++A3 w0 7k

stgict. olefel Avke UEEA AP A B =
YFASTY AAYE Tefst g A=) o

ol &dH @oltal Bt o F ZAs] ¢
3 S REA T AERE B erAET |
T3 AV A= 27T Basith

A, AT A" SRS G F
7IAAl Az57gelA AEEHe a4l Higt A
I A E SYEEA F2 A=A °]
= ZeE 20NN AR, AT SO
A e SEREAE F2 888 7 e Al
AReitt.

RO R FepEo] QIEjHols, AA dAERE
ozt it B FHES GAME RSN &
S Y 7 U AR RSN Y
1A% dAE dF 553 JEE 245
13627191 @Al 7Fs Aol A=A ol
T GE71R Be A7 RRE ofyzEt Akl
M SREEA B8 770l s ARt

o

l‘ll‘

=

a4

B dve SHREALt 894 Y] dAdE
Befslr] gt Hjto g, It BE23) JH xjg
o et uiy 71H& #8sto] wlofe FxoE

r
4>
el
JuaU
El
Ao
2k
).
MN
o
uE
)
p
i
L
i)
&
o [
é
>,

NAHos Ag AT 7SNRE ABHE AV
2 wetsigicks oA 2ot ek

A7 B} PPEEAY BGEE A
T3] 91 E A Sl A7 Aok A

A, = % 19F =342l Bl AAE
Pt AAAL v EAlet " Ee AAISHAH. ©f
= THRSA7E APE 20199 o]F A& oR
A71E0] & YRS E8A £AIE HEs] A
g dicte® &8 4 3len, 53] AT dA
XS] AA7IE FH, Gt dACIM S FARES 7
S 3t 79 AEE 884 4 ok

=4, 24e S FFREAS A T =
g 3 A HEE AESIIeH, olE B
oz F4E0 A, AT, AR, Al
B SolA SHEEAY FF A8 7hsde Al
A o]}___ X]'ﬂi %_g_% 2~ o]q.
T 2ERFY AAC] w2 =EE
%‘ﬁt}_& ], 53] &40 AAE 2 5 Al
A9 A8 okl &8 THAIF w2 =
g = ‘5}9313} ojfe Avkes FF I=x

ZleAtE BEe] A V1 A=
c},
2 g7l FYEEAC B84 AL
8 A Te] AACl S T HIS)
on, g Wiy 7S S AFHos {81t
AEE Aol T2k o 7]ofsklt. 591 &
23 Hlold A &g 7hsAol w2 SRS
AE AATeEA, TTREAS] Hald AlALE 4
3 7122 ulestg)

chel, SEEAC] HEFHQ) FEE TS 99

A P Heo] g 9 B8 SET 4 QA
= QAL O, OISR 2h9) 28 3
B @Y AA 7%, PIEEAY hE s}

Al

Jzii
r

R

BN

=
=
31
[

o,

i
Nl

]

i

)

A
T

Hu ol o
ik
B

o]
i
;9‘ ){rﬂ

&
2=

)

Z_‘OE

m

I

i
19

0

©

éé_

69



! Vol. 7 No. 1 : 62-70, Jun. 2025

W AAH el 48k 5o SR aFE) B
% B QoA AAE ug Fde 24 e v
Fog o2et WSS AR HESHL et
T 4 G FEATE AHs U2 dgol
B3

 Lee, M., & An, H. W., “Improvement to Operation

70

System of Defense Standards: Emphasis on
Operation of U.S. Defense Standardization Program”,
Journal of Defense Quality Society, 6(1), pp. 50-59,
2024,

LNEEEE HM97Es HES YFEE, YUAEH
(DAPA, Defense Acquisition Program Administration),
2025.

Son, H. G, & Kim, J. S., “A Study on the
Development of Defense Standards Suitability
Review through Analysis of Developed Countries
Defense  Standards. Journal of the Korea
Academia-Industrial cooperation Society”, Journal of
Korea Academia-Industrial cooperation Society, 23(8),
pp. 348-356, 2022.

Lee, M., & An, H. W., “The Effect of Suitability
Review on Quality Satisfaction of the Defense
Standards”, Journal of Korea Academia—Industrial
cooperation Society, 25(9), pp. 286-292, 2024.
LeARHE2Y HBETE EEXEeTY, UM
(DAPA, Defense Acquisition Program Administration),
2025.

Lee, V. S., Kim, S. U, An, H. Y., Lim, K. E., & Kim,
H. K., “A Study on the Statistical Matching between
Survey Data and Administrative Data”, Journal of the
Korean Official Statistics, 14(1), pp. 82-98. 2009.

Fellegi, I. P., & Sunter, A. B., "A theory for record
linkage", Journal of the American Statistical
Association, 64(328), pp. 1183-1210, 1969.



ZEEEALE=Z! Vol. 7 No. 1 : 71-81, Jun. 2025 https://doi.org/10.23199/jdgs.2025.7.1.008 <«

HH AEI| Y AMEE 7|S 715k Hal0| M2 5 iesone
X Wl OpE 2SS ohfA]
Friction—Induced Vibration Analysis of Journal Bearings under

Variations in Surface Roughness and Shaft Startup Angular
Acceleration

#&4, Hyucksung Gwon : 0|7k, Gahyang Lee | MEST, Junho Suh

BINTEHD, JAMAARE, MUSEIEEA | 2WIISETE, BUNEMAITME, HTY L BT, JpEEe, s

Integrated Master's-Ph.D. Candidate, Researcher, Defense Reliability Research Associate Professor, School of Mechanical
Mechanical System Design, Pusan i Center, Defense Agency for Technology i Engineering, Pusan National University
National University. i and Quality i

Abstract

This study investigates the friction-induced vibration behavior of journal bearings during startup through
numerical analysis, focusing on the impact of surface roughness and angular acceleration. Journal bearings
are critical components of mechanical systems, and their transient dynamics during startup are particularly
prone to frictional instabilities and vibrations. To model these phenomena, the average Reynolds equation
is employed to describe the lubrication flow, whereas the GW(Greenwood and Williamson) model is used
to account for the surface roughness effects at the contact interface. The numerical model integrates the
average Reynolds equation with the GW model, enabling a detailed analysis of the hydrodynamic and
contact phenomena in the mixed lubrication regime. Variations in the angular acceleration are also
simulated to explore their influence on the dynamic behavior of the system. The results revealed that surface
roughness significantly affected the lubrication regime, altering the vibration amplitudes, whereas angular
acceleration contributed to complex dynamic responses during the startup phase. These findings underscore
the importance of incorporating both hydrodynamic and contact mechanics models to accurately predict
friction-induced vibrations under transient conditions. By providing a comprehensive understanding of the
relationship between the operational parameters and dynamic responses, this study lays the foundation for

optimizing journal bearing performance and reliability under variable startup conditions.

keywords : mechanical friction, mixed lubrication, surface roughness, angular acceleration, torsional

vibration
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Table 1. Bearing Geometry Parameters

Parameters Value

Bearing radius (mm) 12
Bearing length (mm) 8
Clearance (mm) 0.04
Arc angle (°) 60
Angle between pad (°) 12

Table 2. Surface Parameters

Parameters Value

Skewness 0
Kurtosis 3
Rg (#m) 0.1

& F39] vt do] AXH, o= A w4 &
7180 FEOR XA HuES ougith
Kurtosis = 32 3H A7| E3x7} F2xe} &
ARES omjeh, gfo] 3Kt I 27t 4l J
Z=lo] B7150] Hagh TAo 28 s BT
UErdc whg, 3HcH Zhom Ho) ekt BIs
7S 9mgitt.

Table 32 44| sfAdo] L83t Am EGAE Y
Eldth 988 ALE 0.027Pa-s, HojE9] 4
Ale= 73GPa, ZolsHl= 0.37% ABFloH, AF
TEO] A4 210GPa, EosH|= 0.3, T4
HHEE= 0.025kg -m*, HEE 4= 6.2832N-
m-s, HEH 444 39478N -mS ARSI

Table 3. Material Parameters

Parameters Value

Figure 4. Schematic of the target bearing

Lubrication viscosity (Pa-s) 0.027
Bearing Young's modulus (GPa) 73
Bearing Poisson’s ratio 0.37
Shaft Young's modulus (GPa) 210
Shaft Poisson’s ratio 0.3
Moment of inertia (kg -m?) 0.025
Torsional damping (N -m-s) 6.2832
Torsional stiffness (N -m) 39478

75



ZHEEXIE X Vol 7 No. 1 : 71-81, Jun. 2025

Table 4+= #0189 4 27& UEfliH, Hof
B2 A ko g S5kNe oks2 wor, 3d
&L= Figure 59F Z20] 1rpmoflA 301rpmZ7HA] 3%
7t ZANET 10.472rad/$ 2 APH0E Z71%H &
0.5%7F 301rpmo=& FA|Ec}.

Table 4. Analysis Condition

Parameters Value

Load (kN) 5

Maximum rotating speed (rpm) 301

Acceleration time (sec) 3
Angular acceleration (rad/s?) 10.472

Operating speed

iy
o
o

0 0.5 1 1.5 2 2.5 3 3.5
Time(sec)

Figure 5. Journal operating speed
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Table 5. Surface Roughness & Lift off Speed
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Figure 11. Friction coefficient according to angular
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Table 6. Angular Acceleration & Lift off Speed

| Caso 1/Case 2] Caso 3) Caso 4| Coso 5

Angular
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Figure 12. Peak-peak journal torsional vibration
amplitude according to angular acceleration
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 Mean hydrodynamic pressure (Pa)
: Film Thickness(zm)

.Average film thickness considering
“protrusion height (xm)

- Pressure flow factor for x direction
. Pressure flow factor for y direction
: Shear flow factor

: Shear stress factor

: Shear stress factor

: Shear stress factor

: Combined roughness

: Lubrication viscosity (Pa-s)

: Total number of asperities

- Asperities radius (#m)

: Plain—stress modulus (Pa)

" Height of asperities (#m)

- Coefficient of friction

*Mass of Journal (kg)

:Moment of inertia (kg'mz)

: Torsional damping (N-m-s)

: Torsional stiffness (N+-m)

- Journal radius (mm)

: Center of journal

: Center of bearing

. Bearing circumferential angle
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Abstract

Airworthiness certification is a fundamental requirement to ensure that an aircraft meets established
safety standards and complies with technical regulations across multiple domains. As the domestic aviation
industry advances, the localization of foreign components used in existing aircrafts is increasing. These
localized components must undergo an airworthiness review prior to installation, during which applicable
certification criteria are identified and potential impacts on compliance are evaluated. The scope of the
conformity verification must be adapted based on the specific characteristics and intended function of each
component. However, research on the development of tailored certification criteria and verification
methods for localized parts remains limited. This study investigates the airworthiness certification criteria
related to system safety and analyzes the associated review procedures. The findings aim to enhance the

efficiency of airworthiness reviews in future part localization programs.
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+ Analysis of Airworthiness Review Process for Military Aircraft's Parts

+ Analysis of Airworthiness Certification Criteria for system safety

@ + Case analysis of Airworthiness Review

+ Establish a draft of procedure for Airworthiness Review related to system safety

Figure 1. Research process
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Table 1. Procedure of Airworthiness Review

Category

» Composition of airworthiness team
* Participate in engineering review
such as CDR(Critical Design Review)
* Review of airworthiness certification
criteria for tailoring

* Determination of airworthiness plan
including TACC(Tailored Airworthiness
Certification Criteria)

* Airnworthiness assessment for first flight

Compliance of * Organize safety review board
criteria * Airworthiness assessment of the
proposed compliance report

* Risk coordination and decisions

Notification of | related to non—compliance criteria
results * Notification of results to project

management team

Application

Determination
of plan

Table 2. Parts Localization Program for Military Aircraft

. Number of

LAH 15 Check valve
KUH-1 12 DC power converter
T-50 2 Throttle quadrant
ETC. .
(ex. RF-16) 9 Monitor

Table 3. Result of Major Project Airworthiness Review

: Aircraft| Technology field for
Project name . . .
type | airworthiness review

* System safety

* System engineering

KUH-1 '+ Electrical system / E3

* E3 . Electromagnetic
Environment Effect

TRU(Transformer
Rectifier Unit)

Hﬁfger sea_att * System safety
. D -rECe)gclj?L:p RF-16 '+ Structure
sl + Avionics / E3

Check valve for ECS
* ECS : Environmental LAH
Control
System

System safety
* System engineering
Crew system

System engineering
LAH Subsystem / propulsion
system

Electrical system / E3
System engineering
LAH |+ Crew system
Electrical system / E3

DC engine
starter—generator

Interior/exterior
light system
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7 RISV E 7eRRIS7 o 2A S
9] 8|2 7I(KUH-1)2}F 2FF¢A7|(LAH) 4
|EQUTh 1 olf= El2 9 AYERAY] L
Atdo] RIZ& 7] 7NIAtGat AAste] X o]

BEEAIUT7ES A8ste AET fefet 9=
T wiZolth AIAERPI e 7% SACC

Part 18] A% 1440 FE=o| 9o, SACC
Part 2 9 FAR part 299] ¢ &4 &0 oA
-8o] Zglxlo] Qlt.

Table 4. Airworthiness Certification Criteria Using
Development of Military Aircraft

SACC

oo ALL ALL OAPA

150 kg ¢ | .. . (South

SA;Z(; MTOW F|><eL<JjA\évmg Korea)
a { 20,000 kg

FAR MTOW ) o o (UFAtA g

Part 29 = 7,000 b | Qe nite

States)

* MTOW @ Maximum Take-Off Weight

FZ7FIZ7]Z Part 1914 A AEIQEA Hop=
14394 tF2A HoH11]. Table 5% 1489 74
S HojFu, AIAHIRPY AF AJAEREA A4
T, ALEQ] QPAAE BtEZ FLEEHTE AJAH
P AR TEE AAEREH AZo] HAsHA 14
=lo] Ue=A] HSHESE 975l 9loH, AJAHRE

Table 5. Airworthiness Certification Criteria for
System Safety in SACC Part 1

Category

14.1
System safety | * System safety process
program
* Hazard identification/control/
149 resolution process

* Mitigation of mishap risks

* Subsystem protection

* Single point failure assessment
* Environmental conditions

Safety design
requirements

* Approach to software safety

14.3
Software Software safety analyses and
safety assessment
* |dentification of safety designated
proglram

/significant software
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KUH-1 AFdddsyls & 937], APU
(Auxiliary Power Unit) ¥7] ¥ 1% GPU
(Ground Power Unit)ZHE ITF=HE s AL
< A5 AYoz Hesh= Aol 8
AEE $J3F 7|52 FAR Part 29 7|90 2 2HJH
229 TACC 778 I& F 1371 =2 AEst
Fom, 7|& Hok= AARAAY o /AIARIREH,
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Severity Catastrophic Critical Marginal Negligible
Probability 149EA 129EA 421EA 34BEA

Frequent
Probable
QOccasional

Remote

Improbable

Risk level Risk Assessment Criteria

Unacceptable OEA

Undesirable OEA

Acceptable 1045EA

Figure 2. Result of KUH-1 risk assessment
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Table 6. Function Safety Goal of KUH-1 Transformer
Rectifier Unit

<

Loss of power maior <
conversion function ) 10°°
Power A
coversion Deterioration _of _ <
power conversion | major 5
. 10
function
Loss of high <
temperature major 16_5
Temperature = Monitoring function
monitoring | Deterioration of <
high temperature major 16_5
monitoring function
Loss of cooling |Hazardo| <
_ function us 107
Cooling —
Deterioration of maior <
cooling function ) 107°

Table 7. Particular Safety Goal of KUH-1 Transformer
Rectifier Unit

Risk category | Failure condition

Cause of ignition | Qualification of
Fire containing explosive
explosive gas requirement
mixtures (MIL-STD-810G)
Loss of function Qua-llflcat.lon of
Lightning caused by ||ghtn|ng
lightning effect requirement
(DO-160G, Level 3)
Loss of battery Qualification of
High electro | charge function | electromagnetic
magnetic caused by high compatibility
electromagnetic | (KDS 1520-4001)

4.2, LAH &g ojAs d3E=

LAH AZEE % g dozye Fage
1.20] Felsojolg W AXE FEE HEO
2 49U AES 9T 1EL FAR Part 29 7]
Hro 2 2bdE LAHS] TACC 1,180 &= 5 771 &
B2 Ausigon, J1e ok AngA| o}/
AI2ROR, SH-AAATo] Ba=iglt

Figure 3 LAH| A|2gIeb 371 20} ol
o), AU P SERAE APEER] e 20
2 Flsiglon ATEne 120 A} rag
729 B AT 7R o] Itk B mefsiol

#1372 A8l

Severiey | Catastrophic Critical Marginal Negligible
Probabiliey 128 EA S4EA 3E1EA 327EA
Frequent (P= 10E-3) 0
Probable (P<10E-3) [)
Oceasional (P<10E-£) 0
Remate (P<10E-7) 0
Tmprobable (P<10E-9)
Eliminated
Risk level Risk Assessment Criteria
Unazesprble 0Ea
Undearable ! 0Ea
Desirsbls (Taetical Function)
Acceptable 900 EA

Figure 3. Result of LAH risk assessment
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Table 8. Function Safety Goal of LAH Check Valve

Failure_condition

Supply Loss of s

bleed air | supply bleed air Negligible | < 10
Block .

reverse Loss of blocking Negligible | < 10°
flow reverse flow
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Table 9. Function Safety Goal of LAH ECS
Control/Shotoff Valve
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Table 10. Function Safety Goal of LAH Brake Unit

Failure condition

Loss of hydraulic pressure supply Marainal <
for single—side differential brake (I\/Ia?or) 1.0x
(Left or right) I 107

Loss of hydraulic pressure supply . <
for both-side differential brake ,\{I&Egil 1.0x
(Left or right) I 10

Unintended application of <
hydraulic pressure supply for Marginal 1 5><
singie-side differential brake (Major) 1'0_5

(Left or right)

Unintended application of hydraulic <
pressure supply for both-side | Marginal 1 ax
differential brake (Major) 1'0_5

(Left or right)

<

Loss of Parking brake hydraulic | Negligible | , ~
) . 1.0x
pressure supply function (Minor) 102

Unintended application of . <

. Marginal

hydraulic pressure supply for (Major) 1.0x
parking brake ) 107
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Table 11. Analysis for Brake Unit in LAH Subsystem
Hazard Analysis

Fobaiit

Loss of brake unit

< 0.0x107°

(Pressure—reducers & check valve)
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A Study on the Characteristics of Butyl Rubber
with Natural Aging using Correlation Analysis

=24, Wonkyung Moon H{2tXH T, Manjae Bae

U ISEEY, FLNZYATHE, A7 POIUTISEAY IHMATIME], IR

Researcher, Defense Reliability Research Center, Defense Agency i Principal Researcher, Defense Reliability Research Center,
for Technology and Quality i Defense Agency for Technology and Quality

Abstract

Butyl rubber, also known as IIR(Isobutylene-Isoprene Rubber), is a copolymer comprising approximately
98% isobutylene and 2% isoprene. It has excellent basic physical properties, such as gas permeability,
chemical resistance, ozone resistance, and weather resistance, and has high tensile strength owing to the
skeleton structure of carbon bonds. In addition, it has a unique property in that when aged, the chains
are cut, softened for a short period of time, and cured after a specific time. Because of these properties
and excellent durability, the most commercialized reliability test and life prediction method for rubber
involves measuring changes in hardness, tensile strength, and elongation after accelerated aging to high

temperatures.

In this study, samples were produced after the natural aging of military chemical protective gloves
produced from 1988 to 2017, and the trend of changes in the physical properties of butyl rubber over time
was observed using the test method specified in domestic standards. The trend of changes in the physical
properties was confirmed using correlation analysis, and tensile stress and elongation were selected as the

test evaluation parameters for life prediction.

keywords : butyl rubber, isobutylene-isoprene rubber, natural aging, correlation analysis, crosslinking
density
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Table 1. Recommended Shelf Life of Butyl Rubber

Tvoe of rubber Common or ASTM D1418
yp trade name abbereviation

Silicone Silicone Q
Fluorosilicone Silastic LS FVYMQ
Polysulfide Thiokol T
Fluorocarbons Fluorel, Viton FKM

Polyacrylate Acrylic ACM, ANM
Perfluorocarbon KALREZ FFKM
Isobutylene/ Butyl IR

Isoprene
Ethylene
Ethylene/ propylene diene EPDM
Propylene/Diene
terpolymer
Ethylene Ethylene
ropvlene propylene EPM
propy copolymer
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Table 2. Test Sample List

sh AREL 7hasith a8y QA EE 27)0) Storage year Year of
£ Skl ol AJHoA] FhAdhe B3-S Helch n manufacture

AL ARz vkl whet 2 E4olH, 1 2023 1988
L AEst 94 % oy ek Aol 5 2 s 2023 10
7}sko] AR Hjigko] A|3kE]7] wiEoltHa). 3 32 2022 1990
}7}}2 g:j jjo] /\]]oijoligé}z}glh . 4 31 2022 1991
o s ot 5 30 2022 1992

7 & BofEl= SuiE We SR ARSote] WE 6 29 2023 1994
At 9] BA Hol& ZA5to Flory-Rehner 7 27 2022 1995
equatione °|-&sto] F3IH7]. 8 25 2023 1998
9 23 2022 1999

3. A5 10 22 2023 2001
11 19 2022 2003

_ 12 15 2022 2007

3.1. &3 M= 13 12 2022 2010
14 9 2022 2013

Fe 182 A== ess A2 A% 15 3 2023 2015
S| BAL Al1E 4497t o S=rgo] af 16 5 2022 2017

Sk Al A28 B7HE S3l AlRdE oRE
ARl k. Ad Mg 1988EEEE 2017
11,=_] 577]—1] Aﬂ/&]—ﬂq ;qx]— 20 _g].o]—ﬂ]— _Q_Q_ ;g—@- Soh=4
A ot AFCE AIY BA| Bf SR AEE
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@5 g kL Sl Bl Aves == -
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£ A7 1632 AFAEE Table 29} Zo] Hof

REE A7) & AL Isl] stod Fafof el

Table 3. Standards for Test Items

General property | Composition analysis KS M ISO 4650 FT-IR
Tensile strength KS M 6518 UT™m Dumbbell shaped
Physical property | Tensile stress(200%) KS M 6518 UTMm Dumbbell shaped
Elongation rate KS M 6518 UT™m Dumbbell shaped
Chemical property | Crosslinking density ASTM D6814-2 Scale Tem x Tem
Rheology Surface analysis KS B 5601 SEM-EDX -
Thermal property Tg KS M ISO 11357-2 DSC 10 mg
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Abstract

To develop a high-quality naval ship, a design that fulfills the requirements should be developed and
its compliance with the requirements must be verified through tests and evaluations. Furthermore, actively
incorporating the latest trends and identified improvement needs of existing operational naval ships into
the design is the right way to develop high-quality naval ships. However, in the case of the ROK(Republic
of Korea) naval ship projects, even after 10 years since the application of the system engineering process,
the interpretation and verification methods for the requirements are not yet standardized. During the
execution of the naval ship project, frequent instances exist where specific individuals misinterpret the same
requirements or insist on unrealistic and excessive test and evaluation methods, causing confusion in the
progress of the project. This study proposes standardizing the review and decision-making items for each
requirement at each system engineering milestone to prevent confusion during project execution. Owing
to the extensive and wide-range requirements of naval ship projects, this study narrowed its scope to the

basic performance field and intends to expand to other systems in the future.
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Table 1. Common Requirements of ROK Naval Ship
Basic Performance

Catogory

Max. speed : over OO kts
Ship Crusing speed : over OO kts
speed Time to max. Speed
. less than OO minutes
Hydro Endurance Over 0,000 NM
dynamics Heli.operation (sea state O)
RAS/FAS (Sea state O)
Seakeeping Transit (Sea state O)
Survival (Over sea state O)
Roll stabilizer
Weight 0,000 ton = O0%
Hydro . Stable with over 00%
staties Stability damage of ship length

* RAS : Replenishment At Sea
* FAS : Fueling At Sea
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Table 2. SRR Action Item for Basic Performance
Requirement

SRR action item

Max. speed:over OOkts |[JDefine sea state for
design

Crusing speed: over OOkts | L1 Define sea state &
displacement for T&E

Time to max. speed

. less than OO minutes 1) Define max. speed

L] Define operation
condition at crusing
speed

Over 0,000 NM

Heli.operation (Sea state O)
RAS/FAS (Sea state O)

[J Define wave height,

Transit (Sea state O) heading
Survival (Over sea state O)
Roll stabilizer None
0,000 ton £ O0% None
Stable with over 00%

None

damage of ship length
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Table 3. Example of Mission—Function/Performance/Interface Matrix

Requirement

Case
m Function / Performance / Interface | |

) Function | To be defined by SFR
A An\t\'/:; :F:CG SSR Detect up to OO km Performance Mil. requirement
Interface with combat system Interface Mil. requirement
5 Heli. Transverse Function To be defined by SFR
operation Lighting Function To be defined by SFR
C - = Function | To be defined by SFR
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Table 4. SFR Action Item for Basic Performance

Requirement

Max. speed : over OO kts

] Review the result of CFD

Crusing speed: over OOkts

[J Selection of propulsion
method

Time to max. speed
: less than OO minutes

None

Over 0,000 NM

[JReview the estimation
of fuel consumption

Heli.operation (Sea state O)

RAS/FAS (Sea state O)

[IReview the result of

Transit (Sea state O)

SMP(Ship Motion
Prediction)

Survival (Over sea state O)

Roll stabilizer

[]Select the type of rall
stabilizer

0,000 ton = 00%

[JReview the result of 1%
weight estimation

Stable with over O0%
damage of ship length

[J Review the result of 1%
stability calculation

4.3. PDR
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PDR ©]3714] SSDD %9k 34ls}stil, PDRO]
S=EY SSDDE F4lsteto] g3ttt
71835 £oFS] 79 SFR o|F G/A7F FAISHE
3, 78 Al et il R FetEHA
Y29 AR Hrrt AL 43/
2] Hol9] AL A1 Z2HZ(Stock propeller)S
710 ARleRolA HPAFS FsH A,
71 ATE v o & AR Al Xl 8t
g 9 mgdy d=aeZ A4sH "ok
/3 5(Seakeeping) £oF9] B¢- 8= 3
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TAsto] sPAEHE 5 4= ASstaL 99 Wi
o= B7FH ok
718/d5 #ok= PDR @AA] Table 501 A
H AR IR FAskE AA Ay, Z3AE A
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Table 5. PDR Action Item for Basic Performance
Requirement

PDR action item

Max. speed:over OOkts | [l Review the result of
model test
(Resistance&propulsion)

Crusing speed : over OOkts | L) Review the required
power & propeller
open water efficiency

Time to max. speed

less than 00 minutes ] Review the estimation

Over 0,000 NM ] Review the result _of
endurance calculation

Heli.operation (Sea state O)

RAS/FAS (Sea state O)

Transit (Sea state O)

[JReview the result of
SMP or model test

Survival (Over sea state O)

[] Review the required

Roll stabili : o
off stabiizer roll reduction efficiency

[JReview the result of

0,
0,000 ton & 0O% 3 weight estimation

Stable with over O0%
damage of ship length

] Review the result of
3 Stability calculation

4.4. CDR
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71895 Eoke] CDR2 Table 6ol HAIH AR
Yz sk A A, AR AR 52 B
T EIAE 2 52 FRlshke Ao] At

A=,

Table 6. CDR Action Item for Basic Performance
Requirement

CDR action item

Max. speed: over OOkts | [] Review the result of
model test

Crusing speed : over QOkts (Resistance&propulsion)

Time to max. speed

less than 00 minutes [] Review the estimation

1 Review the result of

Over 0,000 NM . .
fuel oil calculation

Heli.operation (Sea state O)
None
RAS/FAS (Sea state O)
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CDR action item

Transit (Sea state O)
Survival (Over sea state O)

[ ] Review the designed

Roll ilizer ili
oll stabilize roll stabilizer

[J Review the result of

0,
0,000 ton + 00% weight estimation

Stable with over 00%
damage of ship length

[J Review the result of
4™ stability calculation
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TRES 7 R7270] o 35 098 Sl
3% AR LRI 55 o]9S sk A
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451. &

=W TEA o 87270l B71E &(Ship
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TA7] HdigElo]l lom AdWr HRRte=
Table 7, 89 W< ARl

Sfelehy Al 2 A ok Ae, ITTC
(International Towing Tank Conference), IMO

J

(International Maritime Organization), ISO
(International Organization for Standardization)
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Table 7. T&E Standard for Ship Speed

T&E item |[1] Max. speed :over OO kts
& Criteria | [2] Crusing speed : over OO kts
[1] Sea state : under 3
Condition | [2] Displacement
. designated displacement + 2%
Test [1] Progressive speed test
procedure | [2] Correction by ITTC method

Table 8. T&E Standard for Time to Max. Speed

T&E item | Time to max. speed

& Criteria | : less than OO minutes
[1] Sea state : under 3

. [2] Displacement

Condition . designated displacement * 2%

[3] Environment : summer (7.1~8.31)
Test [1] Ahead power test
procedure | [2] Correction by IMO method

45.2. g5

F&EAZ(Endurance) A A9 147 H9F

Amiucke AT ¥, Ang 93 F 84S T
oilel A Seled YeiolE 35K 9

< Aot Qirt. oigh 349 A
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22 Table 99+ 0|, &&= 02 FXlok=
o] ofd &) 455l= RPMS &sto] Al
A& Yol Zo] HigAsith

A &S I3t AZRolxA2 A 418004 A&
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Table 9. T&E Standard for Endurance

LE e Over 0,000 NM
[1] Sea state : under 3
[2] Displacement
. designated displacement + 2%
Condition |[3] RPM : RPM corresponding to
crusing speed
[4] Electric load : Condition Il wartime
crusing load
[1] Operate at designated RPM for 1
hours and measure the fuel
Test !
consumption
procedure [2] Analysis corresponding to Fuel tank
capacity

453. Wgds
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Figure 4. Comparison of roll between basic
design and inclined test result
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Figure 5. Comparison of pitch between basic
design and inclined test result
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Table 10. T&E Standard for Roll Stabilizer

T

T&E item .
& Criteria Roll stabilizer
Sea state O
Condition | - If sea state O is not encountered,
activate forced roll
Test Measure roll reduction efficiency
procedure
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Table 11. T&E Standard for Weight

T&E item
-+ 0,
& Criteria 0,000 ton = 00%
Condition Unloaded weight : within 2%
(Adjustable to business characteristics)
Test Inclined test
procedure

455 22Ms

=

E94d5(Stability)2 o A, A¥, SETEE,
BFuR]of 7RIk BT oE, j] &4 4o
T = 2H0IAY £AIX Aol B7HE sfiok
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NAPA(NAPAjit, 2024 version)Zkal sh= A AfA|
Hog FEHOE ARGl AHPEA d siA A
EgolE 83t 594 s dapt g AAAR
71204 ANehe FEE 7IEs TESSHeA] T
gt

A 579 HHFHE A 2EAIFEE7ONA
TEH 0T H83t W2 Table 129} o] V&V
(Verification & Validatio) @A} &80]3ict &)
AEE V&V B2 A&l Tool] Aot
3 Q1g9] ARE gRIsk= Verifications 43
sk, siA] mdo] AA| $ HA AR o]
=3, 27t FERtA] gRlsk= Validations
Foh= Zolck

Table 12. T&E Standard for Ship Stability

T&E item | Stable with over O0% damage of ship
& Criteria | length

Condition | None

Test Review the result of stability
procedure | calculation (V&V)
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A Study on Quality Improvement of Enhancing the Durability
of Skid Assemblies in Military Communication Shelters
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Abstract

This study aims to enhance the durability of skid assemblies in military communication shelters to prevent
rubber failure. To identify the cause of rubber damage, the mechanical properties of the material used
in the skid assembly were analyzed, and the standards relating to rubber were reviewed. Consequently, the
cause of the rubber damage was identified as the degradation of rubber, which is a temperature- and
humidity-sensitive material. To establish design strategies for the improvement of skid assemblies, skid
assemblies applied to similar shelters and research papers on skid assemblies were reviewed. Then, three
types of skid assemblies were designed using the considered design strategies. After designing the three
types of improved models for skid assembly, the most suitable skid assembly was selected by analyzing the
structural and drop impact simulations. Finally, the shape of the selected skid assembly was determined
by adding a complementary material. A prototype of the selected skid assembly was tested according to
the military specifications. Because the prototype met the related test items of the military specifications,

the skid assembly was applied to a military communication shelter.

keywords : communication shelter, skid assembly, rubber aging, impact, quality improvement
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AowRE, 15wk 4o A7|E 2YA9] £
M et A4 a7ARYe] =EE I

1) &% 150 E 7S St R 45 2

EYAE P, FE T e /AR

2) 9] & S 1ot} 1R AHEZ 7

E9] JAHZEA oJEIZEE AN,
3) &5 157F 47 olste] A WY skawt
T2 ¢ AEE A7|E PAE AT

4) 2PHAEAFY] & sk AEste] ZiAd

27| ZHAY] FAE 7Fset o 52A] Y=tk

2.4, A7|E ZEAQ AYHA

&9 dAMRES B E 3719 JidE A7
T XHAE AASHAT. Table 12 AA 85AR}

Table 1. Comparison of the Improved Skid

Basic | Improved | Improved | Improved
model | model 1 | model 2 | model 3

Rubber - 27mm 40mm 27mm
hole

RUbb?r Ester Ether

material

Bracket B U-shaped
shape Flat U-shaped (Side—cut)
Stress B M8 bolt through the bracket
limit (Only compressive)

Weight | 48kg 62kg 61kg 50kg
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Figure 4. Shape of basic model
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Figure 5. Shape of improved model 1
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Figure 6. Shape of improved model 2
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Figure 7. Shape of improved model 3
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Table 2. DFMEA for Failure Mode (S: Severity, O: Occurrence, D: Detection, RPN : Risk Priority Number)

o e S s i a £ B K S S N

Strength Change rubber shape | Rubber
. Skid

Rubber Stress 3 5 10 400 Limit rubber movement brackst 8 1 10 80
breakage T

emperature i

p ! .U Change the material Rubber

Humidity of rubber
< o]-&3sto] Table 29} Zo] AEstquct. 1L A9 Ansys LS-Dyna® $3513itt. 22 4}/st
£ 93 TRsicoly, T GUL ekl Ago] A1 el IR, BE B Hayes
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of Zgoh= B SYolrt. A7 XFAY FA AFoH HEjgle 4RSS, 9% 159 AMe
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4 A3k 712 A7|E 2PAE IR A 285190}, 2 Aol 284 7|A1% 442 Table
Al g TelY] 7Fs3 () Azt Wi 1Fo] Fst 33 Pk
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properties rubber

fr 40 o wll | oF
)

—

Table 3. Mechanical Properties of Materials

A & [exke
wH8-101. 7id 7] EEI AR BHE GV Gke/m) . 2700 7.600 1,255
/\]71—59‘]' @E‘EL— il ] g\——-"} _,—9_9_1-76]01] 1:!]—1— ) Hole 0: 58.17
AW 9@ A7E B WA R QI wRo] wF mogf}i"(wﬂ) 68,900 207,000 Hole 27: 58.43
A5ke BhPEIE7} Lol RPNo| 8008 7hAdh Hole 40: 58.76
A7= Bk Pmss:;nlz ratio]  0.33 0.3 0.4
ie
i ) strength(iifo) 215 370
3. 7H|*_15|_| ﬁ?lE -JEFFI:!x'"—o-I ‘_r"}— 6”*—1 E‘cl Tangent
500 1,450 -
modulus(MPy)
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Ansys Mechanical& °]85l31 01, SEHA & Elo] EEO| 7[AAR] 5 A SHA] it
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Figure 8. Conditions for structural analysis
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Table 4. Result of Structural Analysis of the Skid Bracket

Skid assembl Maximum of | Maximum of
Y deformation(mm) |  stress(\d)

(d) Improved model 3

Figure 9. Result of structural analysis

Table 5. Result of Structural Analysis of the Rubber

Catedo Maximum of | Maximum of
gory deformation(mm) |  stress(\Po)

Basic model 1.51 11.2 Basic model 1.49 2.24
Improved model 1 1.89 26.0 Improved model 1 1.83 2.29
Improved model 2 2.53 30.8 Improved model 2 2.47 3.00
Improved model 3 1.95 17.7 Improved model 3 1.89 2.35
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Table 6. Conditions for Drop Impact Test

Conditions of drop impact test

Gravitational acceleration : 9.81%
Velocity : 3.003%

Flat

Gravitational acceleration : 9.81%

Rotational (Side) Angular velocity : 1.49rad/s

Gravitational acceleration : 9.81%

Rotational (Front) Angular velocity : 0.8rad/s

Gravitational acceleration : 9.81%

Rotational (Rear) Angular velocity : 0.86rad/s

Velocity
3mis

| -

Figure 10. Condition of flat drop impact test

ta— ¥ 1nommI

Figure 11. Condition of rotational drop impact
test (Side)

Figure 12. Condition of rotational drop impact
test (Front)

Figure 13. Condition of rotational drop impact
test (Rear)
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3.3.2. A7|E XX SSaiM 2t Aol A-&sl= S FZgo| 7|&} H|wsto
TATE ERIsko}. o= Figure 149} 2ol 7RA
H A7) YA 3 AlZto] 7|1E A7|E 29

2715 2PA9] =04 Aik= Table 701 3 AHct o 47] giEo g Holth ghH, AjAE md
Z5iiet. HYs} AldoAd= 7 $9) A7E =Y 2= 24 13 v|wsto] 34 Byt 3422 A

Table 7. Result of Drop Impact Analysis of the Skid Assembly

Skid assembl Condition of Impulse Maximum of Average of | Maximum Von-Mises
Y drop impact test (kN-s) impulsive force | impulsive force Stress(iiP)

Flat 15.6 1,557.6 741.3 Bracket: 95.5
Basic model Rotational (Side) 7.9 491.1 247.6 Bracket: 100.0
Rotational (Front) 5.9 352.6 184.6 Bracket: 185.5
Rotation (Rear) 5.5 324.1 167.0 Bracket: 139.1
Bracket: 121.2
Flat 15.5 1,090.6 672.9 Bolt: 304.1
Rotation (Side) 8.1 337.0 1985 Bracket: 219.6
Bolt: 360.2
Improved model 1 Bracket: 222 1
Rotation (Front) 5.9 2241 137.2 Bolt: 372.1
. Bracket: 217.4
Rotation (Rear) 55 209.7 128.8 Bolt: 370.5
Improved model 2 Flat 15.0 1,230.1 427.6 Bracket: 347.9
Bracket: 95.6
Flat 15.4 1,093.9 669.8 Bolt: 263.6
Rotation (Side) 8.1 329.4 196.8 Bracket: 2203
Bolt: 370.8
Improved model 3 Bracket: 215.7
Rotation (Front) 5.9 219.3 133.3 Bolt: 369.3
. Bracket: 215.0
Rotation (Rear) 55 203.5 125.8 Bolt: 323.9
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Figure 14. Result of flat drop impact analysis
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Figure 15. Result of rotational drop impact analysis (Side)
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Figure 16. Result of rotational drop impact analysis (Front)
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Figure 17. Result of rotational drop impact
analysis (Rear)
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Table 8. Result of Rotational Drop Impact Analysis
of the Rubber

Condition of |Maximum of| Maximum

. drop impact | deformation | Von-Mises
assembly
test
Flat 22.23 28.99
Basic o vation (Side)  22.91 36.19
model
Rotation (Front) 27.06 44.35
Flat 23.35 26.84
Improved| g 1 tion (Side)  25.56 30.80
model 3
Rotation (Front) ~ 31.37 34.53

[ ]
(b) Improved model

Figure 18. Result of rotational drop impact analysis (Flat)
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Figure 19. Result of rotational drop impact analysis (Side)

(b) Improved model 3

Figure 20. Result of rotational drop impact analysis (Front)
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Figure 21. Comparison of the skid assembly
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Figure 22. Comparison of the skid bracket
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Figure 23. Comparison of the rubber

Figure 24. Comparison of the bracket
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Table 9. Result of Military Standard Test

| Test | Pictwo | Resut |

1% immersion Pass
1%t water spray Pass
Flat drop Pass
Rotational drop Pass
2" immersion Pass
2" water spray Pass
On-road Pass
Off-road Pass

EMI shielding - Pass
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Evaluation of the Size Suitability of Army Combat Uniforms for

Women Using 3D Virtual Simulation Based on the Sixth and Eighth
Size Korea Data
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Abstract

This study evaluated the fit and size suitability of military uniforms for women using a 3D virtual garment
simulation based on anthropometric data from the sixth (2010) and eighth (2021) Size Korea surveys. The
results showed that avatars based on the eighth survey data exhibited a higher degree of garment—body
contact and a reduced mean of ease distance than those based on the sixth survey data. Additionally, stress
analysis during movement revealed increased stress in specific body areas (center front, back chest, back
sleeve, hip, and upper thigh) in the eighth survey avatars, with an expanded stress distribution around the
waistband in seated positions. Notably, low size suitability was observed in areas not previously considered
in the military uniform size chart selection, such as the chest circumference, hip circumference, and thigh
area, that might restrict mobility and negatively impact combat performance. This study is significant
because it objectively evaluates the fit of military uniforms for women using 3D virtual simulations and

identifies key body areas to consider in next-generation uniform designs.
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Figure 1. Comparison between avatars generated

daelEd s 4 A M-S Y=ok, ot based on the 6th and 8th Size Korea
E} 215 W3} 7]%5-S Z-83l9 Figure 13} Zo] A3 average body measurements

Table 1. Body Size of the Avatars Based on the 6" and 8" Size Korea Data

Mean (Standard deviation)

Height (cm) 159.2 (5.3) 161.3 (5.1)
Weight (kg) 55.2 (7.3) 57.9 (9.7)
Shoulder width (cm) 37.2 (2.6) 38.7 (2.1)
Arm length (cm) 53.8 (2.4) 53.3 (2.4)
Crotch (cm) 71.7 3.7) 72.6 (4.3)

Neck base circumference (cm) 38.6 (2.1) 38.7 (2.9)
Chest circumference (cm) 85.2 (5.4) 88.1 (6.7)
Bust circumference (cm) 85.8 (6.9) 86.1 (8.1)
Waist circumference (cm) 73.6 (7.4) 75.5 (8.7)
Hip circumference (cm) 92.3 (4.9 94.6 (6.5)
Thigh circumference (cm) 55.1 (3.9) 56.5 (5.2)
Calf circumference (cm) 34.6 (2.4) 35.4 (2.8)
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Figure 2. Pattern of women's army combat uniforms

Table 2. Material Properties of Army Combat Uniforms for Virtual Simulation Using CLO Fabric Kit

Weft stretch 60 (g/s?) | Buckling ratio of bias 30 (No units)
Warp stretch 63 (g/s?) | Buckling stiffness of weft 25 (No units)
Bias shear 46 (no units) Buckling stiffness of warp 25 (No units)
Bending strength of weft 53 (gxmit/s?) Buckling stiffness of bias 25 (No units)
Bending strength of warp 54 (gxm’/s?) | Internal damping 1 (No units)
Bending strength of bias 52 (gxmn?/s?) | Density 19 (g/m?
Buckling ratio of weft 30 (No units) | Coefficient of friction 3 (No units)
Buckling ratio of warp 30 (No units) | Thickness 0.5 (mm)
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Figure 3. Virtual simulation of army combat uniforms on avatars based on the 6™ and 8" Size Korea data
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Table 3. Stress Simulation of Army Combat Uniforms on Avatars Based on the 6™ and 8" Size Korea

Data by Posture

-

Straight
posture

Strain

distribution

(kPa) .
Running
posture
Sitting
posture
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Table 4. t-test Results for Height, Length Circumference, and Depth Items According to the 6" and 8"
Size Korea Data (Unit: cm)

Mean SD
Classification Measurement items ( ) S t-value
difference
. Stature 159.2 (5.3) 161.3 ( 1) -11.822"
Height pore
Crotch H. 71.7 (3.6) 72.6 (3.4) 0.9 -8.360
Posterior shoulder L. 37.2 (2.6) 387 2.1) 15 -18.448™
Length Interscye (back) 36.3 (2.4) 37.1 (2.1) 0.8 -10.501"
Interscye (front) 31.7 (2.0) 32.4 (1.8) 0.7 -10.172"™
Chest C. 85.2 (5.4) 88.1 (6.7) 2.9 -14.167"
. Waist C. 73.6 (7.4) 75.5 (8.7) 1.9 -6.979™
Circumference :
Hip C. 92.3 (4.9 94.6 (6.5) 2.3 -11.493
Thigh C. 55.1 (3.9) 56.5 (5.2) 1.4 -9.409™
Chest D. 18.3 (1.7) 19.6 (2.3) 1.3 -18.834™
Depth Waist D. 18.0 (2.4) 19.2 (3.0) 1.2 -12.504™
Hip D. 21.4 (1.9) 24.1 (2.7) 2.7 -33.408™
Etc. Body weight (kg) 55.2 (7.3) 57.9 (9.7) 2.7 -9.251™

"X.001, H: height, L: length, C.: circumference, D.: depth
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Table 5. Overlapping cross—section image and distance of ease between the 6" and 8" avatars and
army combat uniforms (Unit: cm)

6th 8th

- - -
- N - -
posture

o - -
. N . .
posture
Sitting o
R ) . .

C.: Circumference
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Table 6. Average Distance of Ease between the 6" and 8" Avatars and Army Combat Uniforms (Unit: cm)

Difference

. Front 0.995 0.911 0.084
Bust cir.

Back 1.720 1.455 0.265

Straight Hio o Front 1.306 1.219 0.087
ip cir.

posture P Back 0.603 0.577 0.026

Front 1.346 1.150 0.196
Thigh cir.

Back 1.037 0.795 0.242

Running , . Front 0.739 0.603 0.136
Thigh cir.

posture Back 0.586 0.571 0.015

Sitting Hio o Front 0.546 0.430 0.066
ip cir.

posture P Back 0.470 0.462 0.008
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A Study on LoS Probability Estimation for UAV-Based
Non-terrestrial Network in Urban Environments Using Ray-Tracing

O|2IM T, Inseok Lee
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Researcher, Technology Strategy Research Team,

Korea Research Institute for defense Technology planning and
advancement

Abstract

This paper presents simulation results for estimating the LoS(Line-of-Sight) probability in UAV(Unmanned
Aerial Vehicle)-based non-terrestrial network environments. The existing LoS probability models proposed
by the ITU-R(International Telecommunication Union — Radiocommunication sector) have been primarily
designed for ground-based scenarios with base stations installed on building rooftops. Therefore, these
existing models have limitations when applied to non-terrestrial platforms such as UAVs. In this study, we
analyzed the effects of the UAV altitude, 2D distance between the UAV and the UE(User Equipment), and
building height distribution on the LoS probability through ray-tracing simulations using real urban map
data from Korea. The simulation results showed that the LoS probability increased with UAV altitude.
However, the magnitude of this increase significantly depended on the building height distribution within
an urban environment. Specifically, in urban areas with lower building height distributions, a sufficient LoS
probability was achievable even at relatively low UAV altitudes. Conversely, in areas with densely distributed
high-rise buildings, UAVs had to maintain higher altitudes to secure appropriate LoS probabilities.
Additionally, based on the ground distances between the UAV and the UEs, we proposed a suitable coverage
criterion by comparing our simulation results with that of the conventional ITU-R M.2412 LoS probability
model. The results of this study are expected to provide valuable guidelines for designing and optimizing

UAV-based non-terrestrial military communication systems in urban environments.

keywords : line-of-sight probability, non-terrestrial network, ray-tracing, ITU-R recommendation, UAV
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Figure 1. UAV and UEs deployment scenario 1
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Figure 2. UAV and UEs deployment scenario 2
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Abstract

The functional safety ECU(Flectronic Control Unit) used in military combat equipment is inadequate.
Consequently, safety accidents have resulted in a loss of confidence in the military and a reduction in
combat effectiveness. Accordingly, this study examines ISO 26262, an automotive functional safety standard,
to determine its potential applicability to the introduction of military weapon systems and analyze the

tactical effects of introducing functional safety ECUs.

This study examines the process of weapon system introduction and suggests a potential approach for
applying the procedural V-model of I1SO 26262 in the R&D(Research and Development) phase. Furthermore,
it presents new ROC(Requirement Of Capability), OMS/MP(Operational Mode Summary/Mission Profile), and
RAM (Reliability, Availability, Maintainability) evaluation criteria that are used to add functional safety
criteria to the weapon system performance requirements. In addition, it analyzes ECUs that have been

introduced in the military and presents the ECU used in other countries.

In conclusion, the introduction of a functional safety ECU for military weapon systems based on ISO

26262 could increase combat power and the quality of military equipment, as well as tactical utilization.
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Figure 1. Vehicle ECU in functional safety
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A Multidimensional Assessment of Overseas Raw Material
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Abstract

This study proposes a refined model to assess the risks associated with sourcing raw materials from
overseas for the defense industry. The model incorporates market concentration, Country Risk(CR), Political
Distance(PD), Transportation Risk(TR), and raw material Price Volatility(PV). Using data from the past ten
years (2014-2023), this study identifies high-risk supplier countries and critical import items. The findings
revealed a significant concentration of procurement from specific countries such as the United States and
Germany, with Egypt emerging as the highest-risk supplier. Additionally, cotton linters pulp (HS 470610)
was identified as the highest-risk item because of its heavy dependence on China, coupled with the high
country risk, transportation risk, and political uncertainty between South Korea and China. This study
provides a strategic foundation for reducing reliance on specific suppliers and diversifying supply chains
to enhance stability. These findings offer practical insights for policymakers and industry leaders in
managing supply chain risks, ultimately contributing to the sustainability and security of the defense

industry.
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Table 1. Risk Factors and Sources

Risk factors Measurement indicators

Market concentration | Import statistics of defense industry facilities and raw materials BandTrass
Country risk Worldwide governance indicators World Bank
Bailey, Strezhnev,
Political relationship |ldeal point distance and Voeten
(2017)[8]

Sub~dimensions of Logistics Performance Index (LPI)
- International shipments score

Transportation risk T World Bank
- Timeliness score
- Tracking and tracing score
Price volatility Import statistics of defense industry facilities and raw materials BandTrass

162



ot53| 2, YAMHMAM SHel HA =F 2|AZ9| CiXMEA HIt <

HAQI WHQl HHIE Equatioin 13} o] #-83]

ATt

HHI = ZN‘, S? (1

i=1

NE AES SR 7 EE 7190 £
Bl S 8 3EF B 7199 A 6e
2 veRlith, A4 2 27 9 7199 A H9E
2 Agslel PASHE WAlow ATt 2 oo
Ae 5% 54 Buo oje BE 19 £ vlE
o= Holsle] Sqlo] & Flo] FFH A HHI
grol 100 7PH9IA1 3, TRkt Skl #EaHA 4
ISR A9l 00] e ghe 2tk , HHI
glol 10] 77he4 59 thatsbt ololxA o
o Aol o £20] F3Y ABAl BL 2
o= Wi,

3.2.2. 27t Y=

=7t F=(CR, Country Riskr= FHATHEU,
European Union)2] 4] 92 &4 HHES &
sto], Zh=ro] Y AlAHlo] I Aol wA=
B Htgsh] Ao WGIE 283519t o= Al
AL(World Bank)o] tid THsK= A HEZ, A}
X3 YA (Voice & Accountability), X4
oFg/dat Z2] BA(Political stability & Absence of
violence), ¥9] E3J(Government effectiveness),
A9 A(Regulatory quality), B&|(Rule of law),
Faj ZA(Control of corruption)?] 6714 A0
B F3Eh QAR ARdolu 2AF @R JF

Table 2. Key Factors for Transportation Risk

FAslkelr] A8l 20149%FE 2023E71A] =7HE
2 o7l AHQ] Hgke mEsloto] ARESIGIT E
gt B5E S719) A ARl =71 AEE =
woto] 7ksAE Folsklch

3.2.3. XA A=

71& AqtolMe =7t ARt 2 571 7k B4
£ B7Iok= d $APE 3= AAsh, B4 &
Al(Political relations)& 1&gt A4-E0] A
HE QITHI. o]of] & A-tollA= UN 3319 =71
Ex HolHE &83t ol Ad(ldeal points
distance)E 2-&sto] a7 = 7H] AR
TAE AFH o= WPstAtH]. o Adl= =
7} 7t ol'dd Aol HAH WAE F7F5k= AR
A TFE Aol S8 & AFolA
S = 7 A ol ATe Hdgk
sloto] ARGt oH, F5E 171 A A
A XA AZ(PD, Political Distance) ZF<
= Jrgsiaink

]
N

o flo rlr fu
r_l

&1
Vs

=

:

(
=

i
o

w

24. [l

re

ol YA 3EEY =5 AEE = F
A= 719 294 AR S5 sk 19
=5 g2 AR ofe} HIE B84, FAI,
2 7157 9 it 9910 RS vkt 2 A
ToM= ol ARRS HstarAl AARFY] =
= A3} R4(LPI, Logistics Performance Index) &
=52 A T 7] ARE 85l 25 9
HZ(TR, Transportation Risk}E Table 22} Zo]

oo
4
o

Evaluation factors Measurement indicators Source

International shipment | International shipments score
capacity from LPI

On-time delivery Timeliness score from LPI

Gaudenzi and Borghesi (2006)[10]
Tummala and Schoenherr (2011)[11]
Wagner and Neschat (2010)[12]

Wu, Blackhurst, and Chidambaram (2006)[13]
Schoenherr, Tummala, and Harrison (2008)[14]

Tracking & Traceability | Tracking & Tracing score from LPI| Buchholz, Schumacher, and Al Barazi (2022)[15]
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A AZ(PD), =7FE & AF=(TR)E st
39 A ASE(HHL,, 4, Modified Market
Concentration Index)+= Equation 22} Ztt.

N
HHI, .= Y.,(CR, « PD, « TR;) + 5% (2)

i=1

ol A= 120] A Aciel 1 A 3
Aol At gel, o5 Wgel SR EPstel

B S e e et
o] 9.

3.2.5. EA 7ty HEE

W 7HAE 35 A8 A JFE Hdole
T8 A#EZ, F5 FFASOS, Security of Supply)
grlofA Fa3t @42 Z1FETHe). 71E AFolA
= 94t 71 e 99 8RleE Ko}, U
AFolM= 71 SRt ot g 35 S

Table 3. Import Volume by Value and Weight

2 2% 4 912 ARESEHI6L 71 HEol
242 39 BegHol F7I, B ATelAE
% Zo| 5% £& 9oz e,

BandTrass2] BroiAt A1AY
5% HolEE %‘%6}04 A /4 9
£ ARSI on, 714 HMEE(PV, Price Volatility)
< 77hd Zpol& —T’—Eq SHA] a1 FEEE AlLbslel
o} AT 717t 5] 7HE HEES AR AE9} vt
At AE9| 7HAES 7|E0E AREstal, o Ak
o] + 9 A=9| HolHE &8st
Hebs13d E} Hﬂi@*— AYgto g #HEIfelal, 25%,
50%, 75%, 100%2] Yl 7| F7te® o] Z¥zt
0.25, 0.5, 0.75, 19] gk= Foisto] o] A= <Ijt
s WA AAFSHOE, HHL, o 7148
HEE(PV) 7ISAIE ool 337 AEE Brlet
Art. OPRIY #F 412 Equation 33 ZTh.

S 9 % 5

OPRI= HHI_ ,*(1+ PV) €)

Import value
(Millian USD) Supplier country Import weight (kg) Supplier country

1 1,649 28309950.9 Germany
2 1,382 Germany 14664002.5 USA

3 210 UK 12132512 China
4 136 Israel 6184908.05 Canada
5 103 France 3774165.14 Sweden
6 82 China 1986549.68 France
7 55 Canada 1754751.46 Japan
8 51 taly 804694.48 UK

9 47 Sweden 797435.86 India
10 43 Austria 574636.62 [taly
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TollA B4 A 5070 F52] =7hE e @ ﬂ%ﬂ T8 WA FIIAAS S FE dRAE

2 37150 FAEF ol

At 107t Ieitdel 9 YA 5 = uﬂ7}o% =97} 9k
1,22670019, Y $%F 7€ 8 SE=2 =

ru% y_E 1o o

Al B AAueh AW 0 R UshEth v 42, 283 fEs

U 2Y 7IEeRE v, 59, 9=, olagt
, ZEovt 29 3FOR EAFH Y F Table 4= 7 3d=9] A9=E Hehdt). #5
O'Ur = 379 <9l Aole =7 =Y AF I(CRxPD)L 71& AP ATl AgH NEZ,
Wt Aol tfzow ST 4 GIek. wEH 5o 2t SUCRIGH A HHH APD)E W
Al efEe A IR S ke g 99 A5E 7INEeE 20149RE 202397t
R, Sl sl A2 AR AR 29 7)ztow mqlo]Eﬁ}oq A= &9s A
7H F=0l ZgEE el Ak & A7elMs 3 Aol wh, $& H(CRxPDXTR)E & A+

ek ool wet Fo FEO] S W)

T FEE G o 2 29 Vel E 4 ol F7hE 5 H%]E(TR)E F7H o= a2t
T35t Axto|ct.

Figure 13} Zo], A9 507 59 & F2& =71 A=} FXH Aet 1S L, ol
A4S At 5U vl=of tigt ot Ao E H|EY, AZHAo /\Q]JEHE o 0= 9
= =8kom, g, ojagid, IYA Fo] 11 FE Aol A= ¥HE, &5 REE = 1
ojdtt. AR =719 = FHE= 50009 € ©] 2 3ol °olHE, 7}1}07\5} A=Ak &

st 574 7l A 91 Bt FEAAT. Ao}, wled, "eld &ow A Eel A
SR R g Ao R, RS ST got FEY AL 1 A9 Aol fEsen

2 9 oy 5 AU 714 Al 4L A,
MR F-35 W5V, 22U, o4 ALY

EREA ook olETL 9l g S 5
A5 = 1912 BRIt Aol d=e 20229
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Figure 1. Country distribution of the top 50 defense industry raw materials
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Table 4. Risk Ranking of Supplier Countries

Risk rank Risk rank
(Safety rank) CRxPD CRxPDxTR (Safety rank) CRxPD CRxPDxTR

1 (51) Egypt Egypt (Omitted)
2 (50) Vietnam Kazakhstan 42 (10) Georgia Singapore
3 (49) Indonesia Indonesia 43 (9) Portugal Andorra
4 (48) Eswatini Russia 44 (8) Ireland Denmark
5 (47) China Vietnam 45 (7) Andorra Norway
6 (46) Hong Kong Philippines 46 (6) Netherlands Netherlands
7 (45) Kazakhstan Brazil 47 (5) Denmark Austria
8 (44) Philippines Argentina 48 (4) Austria Finland
9 (43) Thailand Mexico 49 (3) Sweden Sweden
10 (42) South Africa Thailand 50 (2) Norway Germany
(Omitted) 51 (1) Finland Belgium

jus

o]HEZYE HS Code 760612 ZE& AHg ¢
SHTE &, A2 Y =Rl ofEE B2 ¢
A=E HolW, &% w9 PSS 1 gAa
7k gasict B3k 7|12 ATolMe A9 59
of IR Aokd TS ARHT)I HAoK12
A7F & Ao 27hE &5 s wrst 2
I} 742} 2919} 3912 A5ttt ole 33 HF
grlolA 25 9ES 18T oS ARt

Q] FE=2 = fEol FFE ] glom,
A9 10702 F 9= (7)o, S, A9, A
T, exEgo} Ydds, 29o], dupg, e
2ho] A9 Aol &l Aoz Yersith A &
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a F9AS 1Eet 9] Bl% izt g asith

=tk QIS HAloH4)L}E (1492 HA|
5170 & Y=o BRI v, 22 9
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Sl 9 A Etotal A1eHA allat
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A A & B9oH, 2% A¥E E3 12912 ¥
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HS Code 810890(7| BNt 1 AlB),
841381(FX), 901420(F5-8 4 = 3L 7|
7)), 841191(E|EAE ¥ EHEIE 2F) 731829
(1eF vl F7 Al¥)= HHI A5=2} OPRI ¥
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£ =7t 927t #ot 359 faavt A
A& AR
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7oA 9 EEO0= RIH HS Code 852691
FePg F417171), 852990(71EF HS 8525-8528¢]
Sgohs 7l B48), 731815(A3F 4 EE)=
B4 a9l &% g2d, M4 WEE RS
i =2 JIEE Y E9], HS Code 852691
2 tzbslE 3ol E6laL 7H HsAo] A
OPRI B7lollA 3912 455t
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TE9H 25 99, 74 ¥edE 1EE A
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e e

H o51= HHI, CR, PD, TR, PV &3H3o=
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54 Zg=0l digt =9 HF o] FEF
=AY, Tg= A8 B7IIA olYET} AE= 1912
e on, ml=(219)2 sW=dolE Fg/do]
otk S HAloks fR, RS ATiReRE
PRt FE=o® BriEQlen, 7MY ARt %7t
= 79 Aol "F= At AA, OPRI &4 23t
A HE His 39 99 I35 &t 35+
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Figure 2. High-risk defense industry raw materials
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Appendix 1. Top 10 High—Risk
Defense Industry Items

To
HS o
Rank ltems supplier
code
country

1 470610 Cotton linters g g cping

pulp

2 gioggy Ofher titanium g0 o
and its products

Radio navigation

3 852691 )
equipment

0.0202 | USA

4 841381 Pumps 0.0196 | USA

Aircraft or space
5 1901420 navigation 0.0194 USA
equipment

Turbojets or
6 841191 turbopropeller | 0.0160 = USA
parts

Miscellaneous
components

7 es2000 RPN 00183 Usa
8525-8528)
g 731815 Otherscrews 100 jg

and bolts

Various types of
antennas and
9 1852910 eflective 0.0152 USA
antennas, and
their parts

Other
10 731829 non-threaded 44048 ysa
articles of iron

or steel
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- EEIERENF3
HHI and OPRI Results for 50 Items country

848210 0.466 0.0038 Germany
m To‘c):oil::r?/her 848310 0.762 0.0003 Germany
282990 0.532 0.0043 France 848330 0.360 0.0006 Germany
292990 0.996 0.0001 Germany 848340 0.608 0.0013 Germany
470610 1.000 0.0779 China 848710 0.865 0.0001 Germany
722540 0.517 0.0066 USA 848790 0.631 0.0098 USA
722870 0.881 0.0001 Germany 850213 1.000 0.0001 Germany
731815 0.691 0.0153 USA 850680 0.728 0.0141 USA
731829 0.905 0.0148 USA 851762 0.270 0.0064 USA
732690 0.415 0.0027 Germany 852349 0.503 0.0037 France
760612 0.531 0.0011 Germany 852610 0.298 0.0089 UsA
761699 0.445 0.0075 USA 852691 0.467 0.0202 USA
810890 0.936 0.0245 USA 852910 0.508 0.0152 USA
840810 0.991 0.0001 Germany 852990 0.403 0.0153 USA
840820 0.703 0.0007 Germany 853650 0.526 0.0075 USA
840890 0.783 0.0001 Germany 853710 0.214 0.0039 USA
840999 0.830 0.0002 Germany 854081 0.545 0.0020 | Netherlands
841112 0.573 0.0108 USA 854370 0.354 0.0061 USA
841191 0.981 0.0161 USA 871000 0.459 0.0027 Germany
841330 0.405 0.0004 Germany 880330 0.424 0.0083 USA
841381 0.995 0.0196 USA 901310 0.862 0.0001 Germany
841480 0.380 0.0016 UK 901390 0.268 0.0055 USA
847149 0.463 0.0030 Canada 901420 0.988 0.0194 USA
847989 0.676 0.0037 UK 901480 0.850 0.0139 USA
848120 0.627 0.0097 USA 903180 0.246 0.0041 USA
848180 0.385 0.0056 USA 903289 0.655 0.0014 Germany
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