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A study on reducing propellant charge weight by
improving combustion performance of 40MM KM2 propellant

A, Yun Sang Kim*t { ZZE, Kum Pyo Kwak | YN8, Sang Min Kim

()3t oA BRSSO | DISETY QECOME oY L ()3t BoAYY BNEEY Y
Assistant manager, Quality Assurance i Researcher, PGM&Ammunition Center, i Manager, Quality Assurance Section,
Section, Hanwha Yeosu plant i Defense Agency for Technology and Quality i Hanwha Boeun plant

Abstract

In this study, we performed combustion improvement test to reduce propellant charge weight of 40MM
high-velocity grenade. Throughout the research, We have been varified Closed Bomb Test(CBT) is more
reliable method for predicting Internal Ballisitcs than 5.56 mm rifle tests. With improvement of propellant
manufacturing process, we confirmed similar level of propellants charge weight to the U.S. 40MM
high-velocity grenade. This paper suggest quality and safety improvement of 40MM high-velocity grenade,

using Closed Bomb Test evaluation method.

keywords : Propellant, Burning rate, Internal ballistics
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Table 1. Regulations of manufacturing factor &
expecting result[3-5]

Expecting rosult

Increased energy Increasing pressure
Decreased web size Increasing burning rate
Reduced density Increasing burning rate

Decreased length Increasing burning rate
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Increased the proportion
of energy sources

¥ Increase NG proportion

HWM—" = Add ion suppl y additi
.

Improved ballistic performance
in propellant

characteristics

Changes in physical

ing propellant charge weight

® Reducing propellant density

Increasing burning rate

Changes in shape

|: " Decrease propellant length
" Decrease propellant web size

W— " Increase number of propellant holes

Figure 2. Function factor issue tree[3-5]
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Bomb Test)2] R.Q(Relative Quickness) Datas
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Figure 3. Correlation of propellant weight vs
5.56 mm rifle test pressure & vs cbt R.Q
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40MM g AFAAIRES A3 ol efRke CBT
R.Qe} Sgorgate] A IHAEA s &
o A= AiEE £ e F4st] 40MM
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Table 2. Type of 1st test samples & results

Control 0.570 mm
group
Decreased 0.485 mm
web size

97 %, 100 %, 103 % F& Fxsto] AF2AAIY
2702 AHFstglon B2 =Ze
Z7gotal, 42 mo® AXFE : 10.77 mV/MPa)
2 27 Y A4S Sgokart
71EAIE 2 IRte] A A1 K= Table 3
o Vrehdict.

i
o)
ol

Charge weight

Category Length Web size CBT R.Q (estimated)
1 Control group 1.497 mm 0.575 mm 100.0 % 4.508 g
1t 2 Decreased web size 1.445 mm 0.478 mm 124.2 % 3.932 g
s
test 3 Reduced density 1.456 mm 0.581 mm 119.7 % 4343 g
g Decreased web size + g o0 6 476 mm 130.4 % 3.784 g

Reduced density

Table 3. 1st ballistic test results

97 % 4283 g 229.8 m/s 8,080 psi

1 Control group 100 % 4508 g 240.0 m/s 8,978 psi
103 % 4733 g 250.3 m/s 9,247 psi

97 % 3.735 g 218.5 m/s 7,452 psi

2 Decreased web size 100 % 3.932 g 230.5 m/s 7,452 psi
Ist test 103 % 4129 g 239.3 m/s 8,619 psi
97 % 4126 g 227.4 m/s 5,925 psi

3 Reduced density 100 % 4343 g 2417 m/s 5,925 psi
103 % 4.560 g 249.6 m/s 6,464 psi

_ 97 % 3.5% g 2135 m/s 7,002 psi

4 Ee‘ggjiig dW(f:n;'tzye 100 % 3.784 g 226.4 m/s 7,362 psi
103 % 3973 g 238.3 m/s 7,272 psi
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AIF9] CBT R.Q7F 100% ool EAfste] o4t & ¢Zit Table 59} Ztt.

Fie dSo= Apol7h AR Ao® Held 22 WA 24 AP 13 AHAAE Al

gold 27149] BRIFFoR 2Hsto] A

2.4. 27t Hd A o, A Al ZIH:= Table 62+ o] RIE9lch

Al 27E EY&E B Q1% AQl 242.3 m/s

13 7& Aldast oFF o) avpt 2 S 9T o Ol o o O me] ogeiEe

HRl XA IHQ1 Web size Td X]Xﬂ I ] Table 79} Zo] oFFe 4.0 gofl 243 =502 7
Q19] Ik AE FAlol A-83t F2IA419] AfFERIA| AFYon L oF 11,700 psig=o =2 e
At Aol 71 WA ER1E fIsted 23 7HAA 4 Ut

Table 4. Analyze of 1st ballistic test results

Charge weight Pressure

Control group 4558 g 8,898 psi

2 Decreased web size 4176 g 8,565 psi

Ist test | 3 Reduced density 242.3 m/s 4397 g 6,172 psi
Decreased web size .

4 + Reduced density 4032 g 7,389 psi

Table 5. Type of 2nd test samples & results

Charge weight

Decreased web size o
+ Reduced density 1.427 mm 0.476 mm 130.4 % 4.031 g

Decreased web size
2 + Reduced density 1.425 mm 0.478 mm 132.6 % 3.999 g
2nd test + Increased NG proportion

Decreased web size
+ Reduced density

+ Increased NG proportion
+ Decreased length

1.280 mm 0.473 mm 133.6 % 3.984 ¢
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Table 6. 2nd ballistic test results

Decreased web size
+ Reduced density

100 %

4.032 g

222.97 m/s

9,340 psi

2nd test

Decreased web size
2 + Reduced density
+ Increased NG proportion

100 %

4.032 g

240.75 m/s

10,940 psi

Decreased web size
+ Reduced density

+ Increased NG proportion
+ Decreased length

100 %

4.032 g

242.03 m/s

11,664 psi

Table 7. Analyze of 2nd ballistic test results

Charge weight Pressure

Decreased web size
+ Reduced density

2nd test

Decreased web size

2 + Reduced density

+ Increased NG content

Decreased web size
+ Reduced density

+ Increased NG content
+ Decreased length

242.3

4.281 g 9,518 psi

4010 g 10,924 psi
m/s

3.990 g 11,634 psi

2.5. M

ok 7]

Tt 2

Zog A== Web

size A & U T4 & NG /MY & A% &4

4% 483 3
s =49 7]
AR gl AL 5L
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ZRlskt.

Table 81—]' Zom,

AR 278 SIS ATl

574011*1 270 ¥ 24zt
02 Ak A%
ACESEE

d 23z Table 99 2ot Ald 2

Table 8. Type of reproducibility test samples & results

Reproducibility
test

e EYE 242.3 m/s= ‘?-_}-.4‘2 9=

2 Table 103} Zo] 4.0g =
Al R oFo] A= el

AR 11,000 psi

259t 339

o
ZAE

Al ofF
o 22} 7|eAd

0}9312‘34, ame] 4
FEoR ERIFHA

59} 87 B2

T A S e v o %

. Charge weight
Category Length Web size CBT R.Q
1 A Batch 1.277 mm 0.497 mm 129.0 % 4103 g
2 B Batch 1.260 mm 0.503 mm 128.9 % 4103 g
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Table 9. Reproducibility ballistic test results

246.17 m/s | 11,030 psi 21T
A Batch 100 % 4103 g
test 246.68 m/s | 10,754 psi 21°¢C
2 B Batch 100 % 4103 g :
24817 m/s | 10,861 psi 52 C

Table 10. Analyze of the reproducibility ballistic test results

Charge weight Pressure

A Batch 3.998 10,955 psi
Reproducibility 242.3 m/s g p
test 2 B Batch 3.990 g 10,674 psi
71& FA 20T XA A Al A o EHIES

4.558 gof] AAAHL 8,898 psi 0| oY, &
H AYES B9 " 249 A Y =R Cho ki hong & Chang il ho, “A Study on the Effect

3.994 g &% | dArerEe 10.815 psi $F0F of sto.ring Temperature upon the Self Life of
slolE]9lon, o] 1] 40MM TZ-9Ere] M4309] Propelling lCharge K§76 and .K677 , Journal of the
EApA ool 4 ST} 9xsiT Korea Institute of Military Science and Technology,
§dA o gl 4g I FATSIT 8(1), pp.14-24, 2005,

X Ao AL ol o] A T2 Qo

d H = FFAIA = dEe] SPAPE Lee heung ju, Weapon engineering, Cheong moon
U % A] o]HEA 373 o4 1491 15,230 gak, pp.68-93, 1994.
psiofofe} dujote] Wl siEW, ZhHHE 2] 5= O seok hwan, ‘Chamber Pressure and Muzzle
ZIA1e] 3 r‘i‘—r"?}“‘jg— 10,815 psi, ¥H9] HA= Velocity According to Web Size of Multi Perforated
602 psi =202 4 A5t tﬂlﬂ]o]-oq 60 o]A}9] Propellant”, Journal of The Korea Society for
=7 229 sHaslo] oo gt A 2 F3h Aeronautical & Space Sciences, pp. 921-924, 2012.
ol zolaty & 4= it} Yun jae geon, ‘A Study on the Macroscopic

E3 5.56 mm Rifle Test Bt CBTO] Auir} Combustion Mode.ls of Gun Prop(.allants”,.Transactions
T B A= a=3hr]0] Hge Skl itk of the Korean Society of Mechanical Engineers, 18(8),
il &= 5= 50 HEHC O pp.2201-2209, 1994.

B oAz TAAF 2k EERape

e i 1A 3 Roh tae seong, “‘Analysis of Elements Influencing on
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£ Az AdTE & CBT 7|&dAlz 243 Performance of Interior Ballistics”, Journal of The
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Aol giere] A% W B UG TMES T Ao 17@), po. 16-24, 2013,
2 g



OIZiE 2, KAZ =& Atz HiF O[O ofgt AL XA} AT <

KAIZ 22 X2 HIFH Olgtol oft S
MEALLD _JF_M' iy

A Study on the Investigation of Rollover Accident
Caused by K-Series Military Vehicle Wheel-Off

O|ZHY, J. H. LeeJr i Z¥=, G. S. Choi i O|ZLH, Y. N. Lee i AXHE, J. H. Shin
FYBBRARIT | SevemaenE womn | ZEvesAwTE | EWisETY 23051
RS A A A oAb | OhTasRARITA o | Mooy
Researcher, Daegu Institute, i Researcher, Forensic Safety, : Senior Researcher, Daegu i Senior Researcher,
National Forensic Service National Forensic Service Institute, National Forensic Airworthiness Certification

: i Service i Team 1, Defense Agency for

Technology and Quality

Abstract

This study summarizes the investigation results of rollover accident due to wheel-off during the operation
of k-series military vehicle. The vehicle's rollover accident could be occurred due to reasons such as
wheel-off, poor operation, and center of gravity problem. Generally, wheel-off accidents could be caused
by various factors such as damage of fastening bolts, impact of foreign substances, and excessive driving.
The accidents of military resources would be regarded as to be great loss in our nation so that substantial
efforts are needed to prevent recurrence of similar accidents by analyzing the cause through a precise
accident investigation. In addition, through a series of processes to identify the cause of an accident, it
is possible to expect follow-up measures to prevent disputes on liability issues. This study aims to identify
the cause of the accident through detailed analysis and contribute to prevent similar cases of vehicle

accidents

keywords : Fatigue Striation, Fatigue, Forensic, Accident Investigation, K-Series Tanks
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Side View Front View

Figure 2. The front and side view of tire hub
with drum and wheel

Figure 3. The normal condition of tire hub with
drum and wheel, (a):normal wheel
assembly, (b):wheel removed from (a),
(c):hub removed from (b)
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Figure 4. The vehicle condition of right-side(rear)
drum after accident
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Figure 5. The vehicle condition of right-side(rear)
hub surface
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Figure 2. The shape of accumulator

Table 1. The specification of accumulator

Gas leakage No leakage

Oil leakage No leakage
Volumetric efficiency 88% or above
Release time(s) 0.05 or below

Dimension(mm) 496 X 134 X 114
Weight(kg) 1
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Figure 3. The shape of solenoid valve

Has

Table 2. The specification of solenoid valve

Operating pressure(MPa) 13 + 05
Internal leakage(cm®/min) 0.1 or below
Dimension(mm) 20 X 57
Weight(kg) 0.09
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Figure 4. The shape of check valve

Table 3. The specification of check valve

Operating pressure(MPa) 14 + 05
Opening pressure(MPa) 1.0 or below
Internal leakage No leakage
Dimension(mm) 032 X 66.4
Weight(kg) 0.32
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Table 4. Performance test standards of accumulator

o] Sondass | s

No leakage at gas
Gas
leakage pressure 6.7 MPa or
g above
No leakage at gas
0il pressure 1.9 to 2.3 MPa
: RS B 0041
leakage No leakage at oil
pressure 21.0 = 0.8 MPa
. The amount of
Volumetric | . )
efficiency discharged oil compared
to inflow is over 88%
. Release time 0.05s or Companson
Operating . with
tost below at Qil pressure 13 Imoorted
+ 0510 9.0 + 05 MPa P
product
Leak pressure 0.06 MPa !
Reflecting
or below after stored of
Natural i the
2 weeks under nitrogen
leakage technology
gas pressure review
+ 0.1 MPa
Pressure No deformation
resistance at 35 MPa
- RS B 0041
rgcture No fracture at 50.1 MPa
resistance
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Ad, BRI dste] 2AMEE A=
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Figure 5. Operating test of solenoid valve

Table 5. Performance test standards of solenoid

[ Comiatin | St | e |

0.1 em3/min or
Low below
pressure | at 0.98 + 0.04
Leakage MPa QAR
test A20015940
High 0.1 cm3/min or
ressure below
P at 13 = 0.5 MPa
. Operation QAR
Operating test | 1374 05 MPa  A20015865
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Figure 6. Operation principle of check valve
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Figure 7. Leakage test of check valve

Table 6. Performance test standards of check valve

ot | Srdats | ode |

Low No leakage
at 0.98 + 0.04 _
Leakage  Pressure MPa Comparison
test W|th
High No leakage Imported
pressure  at 14 + 0.5 MPa| product
Opening pressure | 1.0 MPa or below
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Table 7. Performance test standards of Valve block

Operating under
Operating | Valve WVB. 71 rence pressure
test
Check valve Check valve
Opening Opening at
pressure Check valve 1.0MPa or below
Leakage Check valve No leakage
test
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Classification Operating test
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Figure 8. Operating test of valve block
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Check valve

Figure 9. Opening pressure test of valve block

AAZREA SAIE 5 ATWE F7AE U
2 Figure 103+ At} “P3ELES} “T"RXEE 74t
Sfal “A7"EEC} ‘B REC| A[H] HA I35 &
(2} 0.98 MPa)< Igdtal 387F 4] Al T2
Eof| 57} gl32 SRigth A9E HWEHEEY
“A7"ZES} “B7REO ¥ 14.0+0.5 MPaZ &
FokL 387 §A4] Al “T'RE] +771 gl &
oTgt},

20

Classification Leakage test

A787 =1420.5MPa
a7

Check valve
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Table 8. Environmental test standards of Assembly

After exposing the test item to a
temperature of 63C of the storage
High cycle for at least seven cycles,

temperature maintain the test item at air
storage test temperature.

Conduct a visual examination and an
operational checkout of the test item.




After exposing the test item to a

High temperature of 63 C of the storage
temperature
. cycle for at least seven cycles,
operating .
conduct an operational checkout of
test .
the test item.
After exposing the test item to a
temperature of =33 C of the storage
Low cycle for at least seven cycles,
temperature maintain the test item at air

storage test

temperature.
Conduct a visual examination and an
operational checkout of the test item.

After exposing the test item to the

|_ o
ow temperature of =33 C of the storage
temperature
. cycle for at least seven cycles,
operating .
conduct an operational checkout of
test .
the test item.
After maintaining the relative
humidity at 95 % at all times expect
Humidity that during th'e descendlngl
tost temperature periods the relative
humidity may drop to as low as 85 %,
conduct an operational checkout of
the test item.
After 280 min of vibrate test for each
Vibration axis, conduct a visual examination
test and an operational checkout of the
test item.
After performing 6 impacts at 11 *
2m/s, 40g+10%(3 times for each
axis), conduct a visual examination
and an operational checkout of the
test item.
Impact test

After performing 6 impacts at 6 *

2 m/s, 759+10 %(3 times for each

axis), conduct a visual examination

and an operational checkout of the
test item.
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Figure 11. The order of durability test
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Figure 14. System operational test
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Table 9. The result of durability test

" st | s | oot |

Forward =~ Forward 1 | 6.5+1.0 m/s | 7.22 m/s
velocity | Forward 2 8.0+1.0 m/s = 8.03 m/s
Stroke Distance  2322.0 mm 231 mm
Valve VW6 Operating
Operating | valve W7, under Operation
test check valve = reference
V1, CV2) pressure
check 9
valve(#7) 2.7 kgfom
check 9
. 2.5k
Opening | \alve(#9) 10.2 kg/er? g/cm
pressure heck or below
test chec 2
valve(#9) 24 kgfom
check 9
valve(#10) 26 kg/om
Leakage check valve | No leakage No
test leakage

Table 10. The result of system operational test

0 mil

K307 .

HEBB 443 mil

Performance 910 mil No
test 0 mil fall back

KM107 .

HE 443 mil

910 mil
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A Plan of Defense Standardization of the Surface Vessel Trial Memo
and its Effectiveness Analysis
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Abstract

In this study, the standard(draft) was prepared through the analysis of the trial evaluation report for the
vessels in which the trial operation was performed in the past. Currently, there is a problem with different
evaluation procedures and standards as the trial evaluation report is prepared, confirmed and modified for
each project without a standardized evaluation. In addition, a number of different evaluation criteria were
identified even in similar vessels. Accordingly, the standard(draft) was derived by identifying the contents
that require standardization of the test driving evaluation. The effectiveness of applying to the standard
draft was analyzed by identifying problems and improvement plans in the existing test operation evaluation
report preparation process. As a result of the study, by reducing inefficient work, man-hour reduction and
work efficiency increase could be expected, and unnecessary administrative requirements were greatly
reduced. Based on the results of this study, it was expected that the procedure of the test operation
evaluation report currently in use could be improved and a more objective evaluation could be performed

through the application of the standard.
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Table 5. Benefit Analysis Results by Related Organization after Trial Memo Improvement
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Table 6. List of NVA Improved Items

Improvements Possible Items Lead Time(h)

Decreased Level of Detail

(Misprint etc.) 994

Unnecessary Revision Need
Identification 221
(Misprint, Discord Revision etc.)

Unnecessary Administrative Task 369

Unnecessary Administrative Task 1,761

Each Ship-Yard need Configuration

Control Board 1,761

Unnecessary Administrative Task 1,761

VA Process ® NVA Process

Before Improvement PCE(%): 37.84

® VA Process = NVA Process

After Improvement PCE(%): 49.63

Figure 2. Creation Process of Trial Memo
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A Case Study for the Improvement of Cold Start—Ability
in Tracked Vehicle Engine
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Abstract

The cold start requirement of most vehicle is -32T. So most vehicle system provides starting aid devices
as water preheating system and auxiliary power unit (single cylinder engine) to prevent battery discharging
problem during long starting time. Cold start-ability is performed under several severe condition, limited
starting times and limited operating time of starter, 8hrs maintain time under full soaking temp condition.
Limited heating condition and so on those environments are clearly stated in the system-specifications.
There are various approaches to improve cold start-ability. Preferentially combustion optimization is most
easy approaching method through fuel injection quantity, pressure and multiple injection control and
hardware point of view, we introduced the change of the oil storage position by the application of the
Oil anti-drain valve in this work which can reduce the starting load by bringing up the effect of oil heating
through the preheating condition. This improvement model was applied in engine development and
improved outstanding achievement in cold start-ability and this is also applicable to similar systems as

extendibility.
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Figure 1. Major factors of cold start ability (Fishbone diagram)
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Table 1. Characteristics of JP-8 and diesel fuel

" ooptes | o | Dot

Centane number 42.9 55.0
Density(15C kg/nf) 790.0 829.2
Freezing point(‘C) -53.0 -30.0
Flash point(PMCC C) 44.0 50.0
LHV(MJ/kg) 43.3 42.5
Distillation
50%(C) 187.0 279.0
90%(C) 234.0 351.0

Table 1°] U} Sl vl o] fAd=e} vl
5to] JP-82 Alet7iel Uk WA|et Sjagat i
FLHV)S o &t @2 Ald7tel] o=t Mok d
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Table 2. Engine specification

s Sptenton

Configuration V type 12 cylinders
26.9 (

Turbocharger intercooler

Displacement

Supercharging

FIE Common rail

3.1. GARAMEF KIS S5t X2 AlSd THM
A A S HAE SEEol7E MAEHA 45
H|7} Wobdnt, =2 A5H|9] 49 Main Injection
O RE A2 AlEo| 7hsst oy, W ] ¥
S0 &Y BARHCE = AL AlEo| BN
QIste] 2 YSH|of|A 257} o]Fo] A 4=
= BAF AR Pilot Injections &-&3F tit
‘iq;ﬁoé}%ﬂ\‘:]' Flgure 3—0— F=He}t HEA

i r{g: 30 o oh‘,
E - l‘ﬂ _ﬂ‘o_(‘



gl 9, HEA AT M2 ASY MM Al S <

Targetr

——Multiple injection
(Low compression
ratio)

——Single injection
(Low compression

Increase —

ratio)

——Single injection
(High compression
ratio)

Engine speed [RPM]

Increase —

Time [sec]

Figure 3. Effect of cold start ability by multiple
injection and compression ratio
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Table 3. Controlable factors and levels

Controlable factors

A Fuel pressure Al A2(+)

B | Starting fuel quantity B1(+) B2

C Fuel injection 1 C2(4)
increase rate

Table 4. Experimental conditions

1 Al B1 C1

A1-B1-C1
A1-B2-C2 Al B2(B1-20) = C2(C1+5)
A2-B1-C2 | A2(A1+100) B1 C2(C1+5)
A2-B2-C1 | A2(A1+100) B2(B1-20) C1

A w N
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Abstract

This quality improvement study aims to investigate the cause of structural defects that occur during
aircraft operation and to confirm structural health for the improvement configuration. Aircraft are exposed
to various loads due to harsh environments and rapid maneuver during operation and mission performance.
The influence of various and complex factors such as vibration, shock load, and repeated load is a potential
hindrance to flight safety due to structural strength degradation and cracking compared to design load.
Therefore, quality improvement is essential through inspection and cracking of vulnerable areas of the
aircraft structure and analysis of structural strength, fatigue, and life. In particular, it was analyzed for
defects in the structure of the landing device in which static loads and repetitive loads are concentrated
during takeoff and landing. After improving the quality for defects, it was confirmed through structural

strength and lifespan analysis.
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Table 2. Location and Size of Structure Defect
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Table 3. Stress Analysis for Structure Defect

Analysis Design Mode of Margine
Area Load Defect of Safty
Tension + +0.00

Shear of Bolt
Bearing of Hole |  +0.71

Structure | Retraction
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Hole Section
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Table 4. Actuator Support Loads Analysis

Actuator | Design Fatigue M.E Operation
Location | Load(lbs) | Load(lbf) : time

Extend = 4620 3720 0805 q:059%
Retract | -3720 -2100 0565 19:75%
< 1919 A ZEA A= Figure 33} Zo| MIL-

HDBK-5H®] SN CurveE ARg31o] A7st3itH5-61.
- Equivalent Stress Equation
* Log Nf = 11.1-3.97 log(Seq-15.8)
* Seq = Smax (1-R)"0.56
* Standard Error of Estimate = 0.38
* Standard Deviation in Life = 0.90
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Table 5. Actuator Support Fatige Analysis

Fatigue | Fatigue

e Defect
Material | Stress . " 0
(k) Size (S.F=4) |(S.F=10)
AL 879 0.2202 4540 @ 1130 | 450
2.3. Zdgt M
2.3.1. g M Y
TFZ£ 18 Fd= 9180 AR Hole F4& B4
S Figure 49} Zo] H7} Ak AT

\X/eb S 9 Flanges
- I N e
e Web(43) 4 : 3.50 mm — 6.50 mm
« & &4 1 3.0mm — 3.5mm
* Pocket(43) : E:A £ 3.0 mm

* 5% 0.480 kg — 0.592 kg

718190t

Figure 4. Structure Improvement Configuration

2.3.2. 7 &Y

XIS

Figure 59} Zo] A|A|tf 7§4 F4 FEM A=
dg 24519 s E(Analysis Solver) MSC/

NASTRANS €:8s}o] sfjdsiglon, TA42|(Pre/
Post Process)= MSC/PATRANS &-85}9c}

- AA Algkets 24
* NLG ZF57] Extension &4 : 4620 lbs
* NLG ZF57] Retraction 27 : 3720 lbs
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Support

Wheel Bay Plate

Figure 5. FEM Analysis Configuration
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Figure 6. Stress Analysis(Simulation)

Table 6. Actuator Support Stress Analysis

Load fvon Fallure

Extend 1.15  Tension | +0.12

Retract | 60 34 1.5 1.15 Tension  +0.02

Figure 79] A|AX|t] Hole Yx|<+ B9 A4
Bolt %= slA2 NASM6240, S.F(1.5), F.F(1.15),
I£HE Shear + Tension A%} Retraction o

SZ2A0F =3t 23} Table 77 Zo| 4 kA
£0] +0.3284] 32 AH4E A5
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Table 7. Support and Bracket Stress Analysis

Rt M.S for M.S for
t&s bearing

0.59 0.47 +0.32 +2.15
F2 0.15 0.63 + 0.53 +1.36
F3 0.15 0.18 + 3.26 +7.22
F4 0.17 0.18 + 3.06 + 7.48
F5 0.02 0.30 + 2.31 +3.94
F6 0.00 0.19 +4.35 + 6.98
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Figure 7. Support FME Analysis Model

Table 8. Fatigue Limit Station and Stress on F1

txllos)  fy(bs) falbs) fxllos) fyllbs) | falbs)
705 1260 1183 484 | -1979
Load . .
Condition Sb(ksi) Sbriksi)
A/C Retract
(NLG Up) "9 "3
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Table 9. Fatigue Life Analysis of Support F1
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Table 1. Classification of military UAV standard specifications

(Clsicaion| R | __ho-12 o104 R-05

* Unmanned Aircraft

* UAV System

oJt.

M

513 24

okt
AL

FR7] AA =gtA0l AFE ARl
THHEETRI7I(RQ-101), AFFEEEFA7IRQ-
THGEHER7]-IRQ-104), Fi&e
HEEF7IRQ-105)= =++4 A< Al =
HARD A=t A F
AA 4 9 g ] A4S ERs] sk
=4 A AR 9 =3RS
7] AA, BIHA|, A FEARGE], ElelHPA 4
A 7] 280 A fHEolER 3E
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243t Az}

SAA

9 TFAA(Common System Standard Specification)
= SIRE A7, SN
Holg= YFAH] FZA(Payload Standard
Fottt. 55 ZIk= Table

* Unmanned Aircraft

* UAV System System * Air Vehicle System
Common | * Air Vehicle * Unmanned Aerial * Ground Control * Unmanned Aircraft
System * Ground Control Vehicle System * Ground Control
System * Ground Control * Data Link System System
Station * Communication Data | * Communication Data
" Sensor System, * Sensor System,
. . Electro—-Optical, )
* Image Sensing * Electro Optical Electro—Optical,
Payload : Infrared
System Tracking System . Infrared
* Radar, Synthetic
* Radar Set
Aperture
* Launcher System
* Engine Test
Equipment
* Launch Control Station
* Ground Data Terminal
Support | Ground Relay Station Arresting System * Landing Control
i * Air Vehicle Test -
Equipment Equi * Launch and Recovery  Subsystem
quipment
* Electric &
Communication Test
Equipment
* Image Sensor Test
Equipment
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Table 2. Analysis of UAV system performance requirements

Performance | Performance | Performance

Requirement | Requirement | Requirement

RQ-101
Requirements

RQ-102
Requirements

RQ-104
Requirements

dolgg=a 12 =9
&390, &% Av= Table

RQ-105
Requirements

System Mode

* Launch Mode

* Take—off
* Landing

* System Mode

* System Mode

Flight Control

* Flight Control

* Flight Control

* Flight Control

* Flight Control

Mode Performance Mode Mode
System Payload * Payload * Payload * Payload * Payload
« Loss of * Emergency
Emergency - Power * Emergency * Emergency
. Communication . .
Logic * Loss of Logic Logic
/GPS C o
ommunication
* Take—off
e fara
Take—off Y * Take—off * Take—off 9
Take—off . * Take—off
. /Landing Area .
/Landing /Landing
Take—pﬁ‘ Performance
/Landing
Performance « Parafoil . Take—pff
. /Landing
_ _ Recovery * Landing Ranoe
Air Vehicle Landing  * Runway * Take—off * Landing 9
. * Take—off
Take-off /Landing Area .
/Landin /Landing
g Performance
Max. Speed *Max. Speed *Max. Speed |*Max. Speed |* Max. Speed
Fl.lght/ l\/lax.. * Operation * Operation " Max. . * Max. .
Mission Operation Altitude Altitude Operation Operation
Performance Altitude Altitude Altitude
Endurance |+ Endurance * Endurance * Endurance * Endurance
Ground Air Vehicle Take—off  « Main Up-link |+ Air Vehicle * Take—off * Take—off
Control Control /Landing  + Additional Control /Landing /Landing
Station Control Up-link * Flight/Video Control Control
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Performance | Performance | Performance

Requirement
Lv. 1

Requirement | Requirement o
q q Requirements | Requirements | Requirements | Requirements
Control
Air Vehigle * Main Up~link = Air Vehicle i vericle |« Air Vehidle
* Additional Control
/Payload . ) . /Payload /Payload
Control Up-link * Flight/Video Control Control
* EO/IR Control | Control
Antenna * Antenna B * Data Link * Antenna
Control Control Control Control

Simultaneous

* Simultaneous

* Simultaneous

* Simultaneous

Control Control Control Control
Mission ) MISSK.JH * Mission ) Mlsspn
Planning - Planning Planning Planning
/Analysis /Control
Location * Flight/Target = Location * Location . i
Display Information Display Display Map Display
* Air Vehicle
* Air Vehicle Status Display
Status _ Status Display |, . * EO-IR
Ground | Display - EO-IR Status Display | g6 Display
Control Status Display * Data Link
Station Status Display
* Payload BIT .
Built in Test « Ground “BIT “BIT Eﬂaa“r:; 'l'f;z;yt
System BIT 9
* EO - Target
Target * Target * Target Recognition |, EO GSD
Recognition Recognition Recognition  |* IR — Target
Recognition
Sensor * Target
System Target . Location * Target * EO/IR
(Electro-Opti Location Eg:g;;gnet Accuracy Location Coordinates
cal, Infrared)  Accuracy « EO/IR Calculation Accuracy
Accuracy
Target . . » Zoom and * Target
Automatic é;tg(?] atic Automatic Automatic -
Tracking d Tracking Tracking
* Ground ;
Performance System and |+ Packet Error Data Link -
’ . Performance
Air Vehicle
* Ground . . .
i * Data Link * Data Link * Data Link
Data Link Range System and Ranae Ranae Range
Air Vehicle 9 g 9
" Ground -Data Link +Data Link
Freauensy System Frequenc Frequenc -
Function 9 ¥ q ¥
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Table 3. Analysis of UAV subsystem performance requirements

Subsystem Performance Requirements

Weight, Center of Gravity, Operation Mode, Flight Control Mode, Control Surface
Air Vehicle Operation, EO-IR, Up-link, Down-link, Propulsion Start, Propulsion Operation, Power, BIT,
(19 Items) Emergency Logic, Take-off, Landing, Max. Speed, Max. Operation Altitude, Endurance,
Flight Control Performance,

Up-link, Down-link, Antenna Control, Air Vehicle Control, Simultaneous Control,

EO/IR Control, Data-link Status Display, Air Vehicle Status Display, Mission/Map Display,
Video Display, Weather Display, Mission Planning, Flight Data Storage, Video Storage,
Power, Emergency Power, BIT

Ground Control
Station
(17 Items)

Sensor System | Size, Weight, Power, Operation Mode, Video Mode, Status Display, Preparation Time,
(Electro—Optical, | Continuous Operation Time, Operation Range, Operation Speed, Alignment Error,
Infrared) Location Output Error, Stabilization Accuracy, Visual Range(EO), Resolution(EQ),
(18 ltems) Visual Range(IR), Resolution(IR), BIT

Data Link Power, Frequency, Range, Up-link, Down-link, Data Link Performance, Data Link Change,
(12 ltems) Electronic Protection, Bandwidth Change, Data Link Channel Change, Antenna Control, BIT

124, = 7 L 71% So| glolok @k A

TV HA 2ds 2RIE RE EE 2 8 F7) A A £k FR(TAS/CAS)7H 4
ofl A=A gfot Alglo] AAH A7 Slct. et

TR AA AR w2t dse 2SS A AR A 71ewd ARl R RQ-101 5 712
ﬂ_

ki
S0z gRldolof SH P 2450 Waskt,  7Ash © 2§ Ko A #44 AES 59 7
o2 Sol, HWA] Hej&mel that AEAHL § AAo] Laelolof sH ASEAL Table 49 2
e AEEA0R MR FH/ARY T 24

Table 4. Verification conditions for performance requirements

Standards

e Performance Requirements Verification Conditions
Specification
Take-off Air Vehicle Weight/Fuel Quantity, Wind Direction/Speed, Runway Drying Condition
Landing Air Vehicle Weight/Fuel Quantity, Wind Direction/Speed, Runway Drying Condition

Air Vehicle Weight/Fuel Quantity, Atmosphere Condition, Altitude Condition, Speed
Type(TAS, etc.)

Air Vehicle Weight/Fuel Quantity, Atmosphere Condition, Altitude Type(Pressure
Altitude, etc.)

UAV System Endurance Atmosphere Condition, Operation Profile

Max. Speed

Max. Operation Altitude

Target Recognition Altitude, Horizontal Distance, Target Size, Visual Range

! Altitude, Horizontal Distance, Target Coordinates Error, Visual Range, GPS
Target Location Accuracy

Condition
Data Link Performance Line of Sight, Data link Performance Criteria(Bandwidth, Error, etc.)
Data Link Range Line of Sight, Range Criteria(Equipment Placement, etc.)
Data Link Frequency Frequency Band
Air Vehicle Weight Weight Type(Empty, Max. Take-off Weight, etc.)
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Standards

Specification

Performance Requirements

Verification Conditions

Center of Gravity

Range according to the Reference Point(MAC, etc.)

Control Surface Operation

Control Surface Type, Operation Range(Up/Down)

Up-link

Frequency Band

Down-link

Frequency Band

Propulsion Operation

Normal Operation Criteria(RPM according to Power Level, Fuel Pressure, Oil
Pressure, etc.)

Take-off Air Vehicle Weight/Fuel Quantity, Wind Direction/Speed, Runway Drying Condition
Landing Air Vehicle Weight/Fuel Quantity, Wind Direction/Speed, Runway Drying Condition
Max. Speed Air Vehicle Weight/Fuel Quantity, Atmosphere Condition, Altitude Condition, Speed

Type(TAS, etc.)

Max. Operation Altitude

Air Vehicle Weight/Fuel Quantity, Atmosphere Condition, Altitude Type(Pressure
Altitude, etc.)

Endurance

Atmosphere Condition, Operation Profile

Flight Control Performance

Navigation Error according to Flight Control Mode

Ground Control
Station

Up-link

Frequency Band

Down-link

Frequency Band

Data-link Status Display

Status Items(to be shown)

Air Vehicle Status Display

Status Items(to be shown)

Power

Power Characteristics(VAC, Hz, etc.)

Emergency Power

Emergency Power Duration Time

Sensor System
(Electro-Optical,
Infrared)

Size Definition of Equipment(to be measured)
Weight Definition of Equipment(to be measured)
Power Power Characteristics(VDC, etc.)

Preparation Time

Definition of Preparation Time

Continuous Operation Time

Definition of Continuous Operation Time

Operation Range

Reference Axis, Operation Range(Azimuth, Elevation, etc.)

Sensor System
(Electro-Optical,

Operation Speed

Operation Speed(Azimuth, Elevation, etc.)

Alignment Error

Reference Axis, Acceptable Error

Location Qutput Error

Acceptable Error

Stabilization Accuracy

Acceptable Error

Infrared) Visual Range(EO) Horizontal/Vertical Visual Range
Resolution(EQ) Definition of Target, Resolution Criteria
Visual Range(IR) Horizontal/Vertical Visual Range
Resolution(IR) Definition of Target, Resolution Criteria
Power Power Characteristics(VDC, etc.)
Frequency Frequency Band
Range Line of Sight, Range Criteria(Equipment Placement, etc.)
) Up-link Line of Sight
Data Link - - -
Down-link Line of Sight

Data Link Performance

Line of Sight, Data link Performance Criteria(Bandwidth, Error, etc.)

Electronic Protection

Electronic Protection Performance(MHz, dB, etc)

Data Link Channel Change

No. Data Link Channel
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Figure 1. Standardization of UAV system specification
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A Study on improving Flight Safety of Military Aircraft based on
Military Airworthiness Certification System and Case Study
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Abstract

Airworthiness Certification System is most important to prevent Aircraft because of verifying safety and
reliability of Developed Aircraft. Civil Airworthiness Certification has been mandatory since 1947 by
establishing ICAO(International Civil Aviation Organization). In Korea, it has been mandatory since 1963
because a law related to Airworthiness Certification was enacted. After starting Airworthiness Certification
System, it has completed Airworthiness Certification for dozens of Aircraft project. but, there are so many
problems while aircraft project was in progress. In this study, we analyze Airworthiness Certification System
and Trouble that occur during Airworthiness Certification activities and find system improvements. In
addition, We propose a way for improving Safety of Flight. First, we find improvements to develop
Airworthiness Certification System based on result of analysis. Second, we suggest develop system to manage
essential element of using Airworthiness Certification Activity. Our suggestions are expected to contribute

to improving Safety of Flight and increasing work efficiency.
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Table 1. Airworthiness Certification History for Major
Aircraft Project

Aircraft Project Research institute

KT-1T 2009

KUH-1
FA-50 2012

KUH-1P Korea Aerospace
MUH-1 Industries, LTD.
KT-1p 2015

FA-50PH

KUH-1M 2016

T-50TH 2017

KUH-1CG 2019 Korean Air
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Table 2. Analysis result of Review Comment by
stage of Airworthiness Certification Process

Review | Review

Phase | Application of of
Criteria | Plan

2

critical 22
minor 24 5 2 0 18

Table 3. Review comment by stage of Airworthiness
Certification Process

Result of Review Comment Analysis

Correction of Application form of
Airworthiness Certification

Application |* Cause of issue Ignorance of
Airworthiness Certification element
to be included in Application form

Request for Correction of Design
Alteration and Needs of Verification

De§|gn * Cause of issue : Difficulty of review
Review S e
due to limitation of providing
Reference Data
Add  Criteria of  Airworthiness
L Certification and Correction of Typo
Criteria |, . , "
. Cause of issue : Change of Critical
Review

Design of Aircraft due to detection
of error

Correction of report of Airworthiness
Certification Plan

Final * Cause of issue Ignorance of
Approval Airworthiness Certification element
for writing report of Airworthiness
Certification Plan
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A Secure and Efficient Security System for Internet of Drones
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Abstract

With the development of sensor technology, IoT (Internet of Things) is widely used in people’s daily life
such as smart home, military service, medical network, and etc. However, IoT devices are attached in
specific areas, which cannot display its own ability. Therefore, drone technology has emerged nowadays
and researchers have applied drones to the [oT, which is called as IoD (Internet of Drones). In 2020, Hussain
et al. proposed an elliptic curve cryptography (ECC) based on authentication protocol for IoD environments.
However, we find that their scheme is vulnerable to insider and ephemeral secret leakage (ESL) attacks.
Moreover, their scheme requires high computation costs because of using ECC. To surmount security
vulnerabilities and computation cost problem of Hussain et al.’s scheme, we propose a secure authentication
scheme for IoD environments. Our scheme requires low computation costs using only hash functions and
exclusive-OR (XOR) operations. We also utilized biometrics to ensure the security level of our scheme. To
prove our scheme’s security features, we use informal analysis and AVISPA simulation tool. The result shows
that our scheme can provide better security properties and efficiency than the other related scheme.

Therefore, We demonstrate that our scheme is suitable to IoD environments.
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Table 1. Basic notations

GSS, U, DR, GSS, User, Drone
ID;, PWD;, BIO, | |dentity, Password, Biometrics of user
PID, User's pseudo identity
Dy Drone’s real identity
PIDy, Drone’s pseudo identity
k GSS’s Master key
T0,T1,Ts Random numbers
1,1, T Timestamps
SK Session key
P Base point
h(.) Hash function
I Concatenation operator
® Exclusive-OR operator
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Table 3. Total computation costs comparison.
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Abstract

The purpose of this study is to investigate the special functions applied to MSM (MSAP System Manager)
in charge of managing and operating MSAP (Mobile Subscriber Access Point) within the TMCS (Tactical
Mobile Communication System) network and to confirm the importance of MSM in the TMCS network. This
study confirmed the differentiated function compared to EMS of commercial WiBro mobile communication
network. Also, referring to the differentiated functions of MSM confirmed in this study, it is expected that
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Figure 6. The MSM operation concept
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Table 1. The main requirements of TICN MSM

The main requirements of TICN MSM Analysis and Review

- Network plan information reception and reception —NCS and TCP interworking
network plan application as management target| - SNMP interworking with the
equipment in conjunction with NCS equipment to be managed

Commercial-based
SNMP interworking

SNMP interworking with the | Commercial-based

- Control of TMCS major management target equipment equipment to be managed SNMP interworking

- Configuration/state/disability/performance
management of TMCS major management target SNMP interworking
equipment

Commercial-based
SNMP interworking

- BBU cell interference control function GUI implementation applied New

- The function of transmitting a batch text message for

the same cell connection TMFT TCP, UDP interworking New

Table 2. The main requirements of TICN AAA SW

The main requirements of TICN AAA SW Analysis and Review m

- Application of individual servers alone or
SW installation on existing servers —
Application of AAA SW to MSM for cost
and space utilization

- Equipped with AAA protocol, it provides mutual
authentication function between access TMFT and
base station/terminal
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Table 3. Compare the main functions of TICN MSM and WiBro EMS

The main function of commercial WiBro EMS The main function of TICN MSM m

-WiBro network intergrated management

function

- Limited to equipment to be managed by
same shelter

- RAS and ACR management function

- Management of major equipment to be
managed such as BBU, ACR, SRE etc.

- Repeater equipment management function

(There's no repeater on the system

Not applicable

network)

- L2 switch management function

- Apply through ACR management

Not applicable

- The function of sending text messages to
TMFT

Paragraph (1)

Not applicable

- Cell interference Mitigation

Paragraph (2)

Not applicable

= NTP server function

Paragraph (3)

- AAA management function

- Mounted on MSM

Paragraph (4)
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of HEMP protection CCTV
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Abstract

In the present study, the configuration and test procedure for RS105 of MIL-STD-461G are presented
to determine radiated susceptibility(RS) of HEMP protection CCTV. The configuration of the test that can
visually determine radiated susceptibility(RS) is presented, and the judgment criteria from level O to 5 are
presented. In addition, specific test procedures are presented to meet the RS105 specification. In particular,
RS105 test method for the aperture of camera lenses that are considered to be the most vulnerable in terms

of EMC is newly proposed for more reliable radiated susceptibility(RS) determination.
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T3 9, HEMP 858 CCTVe| M2y U= RS106 AEE ¢l 714 | ZExt <

ME
L =9 F9A]49 HEMP (High-altitude

Electromagnetic Pulse) ¥ IEMI (Intentional
Electromagnetic Interference) 5-Z°f tu|gt 1
& CCTV A& 159] R Aol A|7|=aL Qlrk
(1]. o243 HEMP W& CCTV7} 7 =9 2
2t S deoll thieh Bt 710] 28T A
2 AlgEch

iAo g JA4Eo] QF AR gHgoA®
717150°] F3H 0 R 54 SlEE HT sl 20l
A WA (Electromagnetic  Susceptibility -
EMS)C&, AR} g7 Ado] wet A/ WA
(Conducted Susceptibility : CS)I} EAMI WA
(Radiated Susceptibility : RS)C.Z FLEEHTH?2].
gl fEuEols= EMSE AR 784
(susceptibility) 2.2 ¥WYsto] ARESH7|= FHOLY,
T R dAYolEe] A8 Al WA
(immunity) 22 o]Fsto] ARgstal Qlct. ot &
of ZHoA & o 7|719] ARt} g gt -3
J2 @5 o] BiAsta, B2 A2 Eol=
o] Bt 22 o whEoloh. 18 ER
O[T FE = CSe A=A o=, RS= HAM3 Hi
Jog FYsto] HE=7|E SHAlTh

HEMP 28 CCTVY A=A WAE(CS) Ald=
Fa5kL AlERE AFE sk C4I A 17 Al
AEo] gk HEMP ®¥3Z& gt DoD(Department
of Defense) 21E]H|o]A A (interface standard)
Ql MIL-STD-188-125-1°]41 AAE PCl(pulse
current injection) A|FAX| wet =P S
3], FaL £ [1] 9l4+= PCI AlEE 9
S ARAFEE, W 9 AR o] AASHA AA =
of Sit}. o]9} T2 HrAd WA(CS) Al Bl&Eof
HFEA] =3¥5fjofat AlRlo] HAMY WA(RS) Aol
2hal Wt 1 ol A 2 AA HEMP
W2-& CCTV7F e&d S5 HEMP 93t 1
=9 A g9A 9 [EMIO] i3 I&2 AR
X, & HAREZA) o] opd  Hxt

(electromagnetic wave)©ll 2Jst F-X(EAM) 3H3
o]7] wj&olrt.
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A5t 37 ARFOZ Figure 2014 HaHkel ol AF
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Figure 1. Schematic view of test RS105
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Figure 2. Double exponential pulse waveform
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3. HEMP %58 CCTVe| RS105 Lit4

1=

RS105 A1 2HgoflA A W7ol HUEE &
Sto] 2RIt Y= &3] HEMP =& CCTVY
RS105 W/ Tt 7|52 Table 19 AASHIC W
A T 7152 0~5 ©ACIH Level 0 4 Level 1
< RS105 A9 FaFs WA gAY YAIARl 2F
o= QIgh JRFe = wdsie] i TEE(FEoE
AT AL @Rt 9o Level 2 ~ 5 BA=
RS105 A& Qg AlAE ARY 9 E23<l
£/do] WS A0 = ycdslo] oPHEAR R

Table 1. Criteria for determining the susceptibility
of RS105 of HEMP protection CCTV

Susceptibility o - "
LEVEL Criterian for judging susceptibility

* A normal state in which there is

Level 0 .
no special phenomenon
* Temporary interference such as
Level 1 temporary flickering of CCTV video
screen
* Automatic reboot of CCTV system
Level 2

* Optical communication error

* Rebooting CCTV system by operator
Level 3 * Optical communication and auto
reboot errors occurred

* CCTV system malfunction (Zoom,
Focus error, etc.)

4 ) . )
Level * Repairable condition by replacing
parts, etc.
* CCTV system malfunction (Zoom,
Focus error, etc.)
Level 5

Irrepairable condition by replacing
parts, etc.
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Figure 3. Photograph to test the EUT rotated 90°
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Figure 4. Induced electric field depending on the
conducting wire arrangement compared
to the direction of the electric field:

(a) Maximum induced electric field,
(b) Minimum induced electric field

Electric field Electric field
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@ | )

Figure 5. Coupling electric field to the inside of
the slit according to the arrangement
of the slit compared to the direction of
the electric field: (a) Maximum electric
field coupling through the slit, (b)
Miniwum electric field coupling through
the slit
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Figure 6. The direction of installation of EUT and
actual photographs for further testing
of vulnerable part from the viewpoint
of EMC: (a) The direction of installation
of EUT, (b) Actual photographs for
further testing
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