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A Study on the Environment Test Support for Small
and Medium Defense Companies to Improve Weapon
System Reliability’

Kyunghwan Hwang' - Bohyeon Kim' - Jangwook Hur®'

"Department of Mechanical System Engineering, Graduate School Kumoh National Institute of
Technology, Korea

2Department of Mechanical System Engineering, Kumoh National Institute of Technology, Korea

Purpose: Environment test support is urgent for small and medium defense companies in order to
improve the reliability of weapons systems. Also, to reduce the burden of test costs, the voucher
system must be strengthened. Quality assurance support should be accompanied by budget
support.

Methods: First of all, it is necessary to expand infrastructure for test equipment that suffers
shortages by considering environmental test frequency and waiting periods to reduce the time
required for environmental tests.

Results: In regard to the environmental test, expansion for test equipment infrastructure, security
of budget for the test, establishment of test plan, education and consulting support are required to
resolve some limits of small and medium defense companies.

Conclusion: Along with the opening of environmental test courses for industry operators, the
expansion for consulting support projects of the defense industry support system is needed.

Keywords: Environmental Test, Small and Medium Defense Company, Weapon System, Electro
Magnetic Interference, Electro Magnetic Compatibility
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Table 1 Environmental test items and test procedures

Order Test Test items Test procedure Order Test Test items Test procedure
number (number) number (number)
1 505.5 Low pressure 4 16 515.6 Acoustic noise 3
(altitude)
501.5 High temperature 17 516.6 Shock
3 502.5 Low temperature 3 18 517.1 Pyroshock
503.5 Temperature shock 19 | 518.1 Acidic atmosphere
5 | 5041 | Contamination by ! 20 | 5196 Gunfire shock 4
fluids
Solar radiation Temperature, Humidity,
6 3053 (sunshine) 2 21 3203 Vibration and Altitude 3
506.5 Rain 3 22 521.3 Icing/Freezing rain 1
507.5 Humidity 23 522.1 Ballistic shock 5
9 | 5086 Fungus 1 24 | 5233 Vibro-acoustic I
/Temperature
10 509.5 Salt fog 1 25 524 Freeze/thaw 3
1| 5105 Sand and dust 3 26 | 525 Time waveform 2
replication
12 511.5 | Explosive atmosphere 27 526 Rail impact
13 512.5 Immersion 2 28 527 Multi-exciter 2
14 | 5136 Acceleration 3 29 | 523 | Mechanical vibration of I
shipboard equipment
15 514.6 Vibration 4 - - - -
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Table 2 Electromagnetic environment test items and test procedures

Order Type Test items
1 | CE101 | Conducted emission with external power
2 Conducted
emission CE102 | Conducted emission with external power
3 CE106 | Conducted emission through antenna terminal
4 CS101 | Conducted susceptibility with external power
Conducted susceptibility through antenna terminal
5 CS103 X .
- intermodulation
Conducted susceptibility through antenna terminal
6 CS104 S . .
- rejection of undesired signal
7 Conducted CS105 Conducted susc;ptibility through antenna terminal
susceptibility - cross-modulation
8 CS106 | Test for over-response by power induction
9 CS109 | Conducted susceptibility by structure of electric current
10 CS114 | Conducted susceptibility to injected cable
11 CS115 | Conducted susceptibility to injected cable
12 CS116 | Conducted susceptibility to electric field induced into cable and power source
13 ) RE101 | Radiated emission of magnetic field
~— -, | Radiated : — .
14 - RE102 | Radiated emission of electric field
——  emission -
15 RE103 | Radiated emission through antenna
16 ) RS101 | Radiated emission of magnetic field
— - | Radiated : — .
17 P RS103 | Radiated emission of electric field
——— susceptibility — - —
18 RS105 | Over-response electric field radiated emission

Table 3 Small and medium defense companies survey

Questionnaire period - 2015. 4. 14~5. 14
Subjects - Experienced practitioner with more than 5 years of career in acquisition
- The number of regular staffs: 10~500
Defense company Annual sales: 5~50 Billion won
Sector: maneuver, guided weapon, ammunitions, warship and air craft
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Table 4 Frequency of environmental test performance

Test item Rank . Test item Rank .
(number of companies) (number of companies)
High temperature test 1(57) Low pressure(altitude) test 10 (18)
Low temperature test 1(57) Fungus test 12 (13)
Shock test 3(52) Sand and dust test 12 (13)
Vibration test 4(51) Temperature - humidity - vibration test 14 (11)
Salt spray test 5(42) Acceleration test 14 (11)
Humidity test 6 (39) Solar radiation(sunshine) test 14 (11)
EMI/EMC test 7(27) Contamination by fluids test 17 (9)
Temperature shock test 8(24) Ognition impact test 18 (5)
Immersion test 9(23) Explosive atmosphere test 19 (4)
Rain test 10 (18) Gunfire shock test 19 (4)
Table 5 Time required for the vibration test
Test period
Item — - Test agent
Waiting Testing
Rectifier body 3 months 1 day KIMM
Rectifier control panels 3 months 1 day KIMM
Rectifier starter 3 months 1 day KIMM
Ship mount 1 months 2 weeks KIMM
Heater assembly 30 days 5 days S&T motive
Rotator 15 days 1 day S&T motive
Transmitter 1 months 1 week Gyeongnam techno park
Auxiliary power unit 1 months 1 week Techno park
Launcher controller 10 days 1 day Changwon university
Ground navigation control indicator 10 days 1 day Changwon university
Remote controller 10 days 1 day Changwon university
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Table 6 Time required for the impact test

Test period
Item — - Test agent
Waiting Testing
BTMS system 3 months 2 weeks ADD
Rectifier body 6 months 2 days KIMM
Rectifier control panels 6 months 2 days KIMM
Rectifier starter 6 months 2 days KIMM
Warship mount 1 month 3 days KIMM
Rectifier body(retest) 6 months 2 days KIMM
Rectifier control panels(retest) 6 months 2 days KIMM
Rectifier starter(retest) 6 months 2 days KIMM

Table 7 Time required for the EMI/EMC test

Classification Item ; ‘Test period ; Test period
Waiting Testing
Central control unit 5 months 3 weeks KOMERI
Heater assembly 2 months 1 day DMI
Rotator 1 month 1 day KOMERI
EMI/EMC Ggenerator for engine 1 month 1 week Busan techno park
(component level) | Auxiliary power unit 1 month 1 week KOMERI
Launcher controller 10 days 3 Days Gyeongnam techno park
Ground navigation control indicator| 10 days 3 days Gyeongnam techno park
Remote controller 10 days 3 days Gyeongnam techno park
EMI/EMC
BTMS system 15 months 3 weeks ADD
(system level)
323 A1 FH 8 S 30~1,0009H F=30]H, K7 #o| A F3e 2o

283E APHES BT WO AEAY
2082 <Table 80 VERAITE A1 @182 oF

Table 8 Cost required for the vibration test

T2 71l A AR FE5E T i go) 7] wEd] A

FH]go] ofgk 1

A% % % 9l

Item Test cost Test agent
Rectifier body 4 million won KIMM
Rectifier control panels 9.2 million won KIMM
Rectifier starter 9.2 million won KIMM
Warship mount 10 million won KIMM
Heater assembly 0.5 million won S&T motive
Rotator 0.5 million won S&T motive
Transmitter 0.7 million won Gyeongnam techno park

Auxiliary power unit

4 million won

Gyeongnam techno park

Launcher controller

0.9 million won

Changwon university

Ground navigation control indicator

0.9 million won

Changwon university

Remote controller

0.3 million won

Changwon university
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Table 9 Cost required for the impact test

Item Test cost Test agent
BTMS system 15 million won ADD
Rectifier body 4 million won KIMM
Rectifier control panels 4 million won KIMM
Rectifier starter 4 million won KIMM
Warship mount 10 million won KIMM
Rectifier body (retest) 4 million won KIMM
Rectifier control panels (retest) 4 million won KIMM
Rectifier starter (retest) 4 million won KIMM
Table 10 Cost required for the EMI/EMC test
Classification Item Test cost(won) Test agent
Central control unit 20 million wonn KOMERI
Heater assembly 1.6 million wonn DMI
EMI/EMC =
(compoment level) Rotator . 3.1 m%ll%on won KOMERI
Generator for engine 3.3 million won Busan techno park
Auxiliary power unit 10 million won KOMERI
EMI/EMC(system level) | BTMS system 45 million won ADD

Tk AAE A8HE Gwm%ﬂ%ﬂﬂm
o] ¢k400~1,500% ¥ ol ™, Al FH©
/%ﬂﬂﬂﬂﬂ%hv}ﬂt42iswt%LﬂH
el 52 2% Adhg gha g o] 7] mjiel K
718X S g A or FPEo] APHE
o] tha: HINA A A= ATk

12]al EMIEMC A8 A& Q8188 <Table 10>
Uehd vhe} Zom g 39 Agulg-S o 150
~300%F gojw, o= A} B 5ol 719l
g ACZ ARG 2R S o] glnk a2ea A
A8l EMIEMC A1 89| 75l = 4,5005F ¢o] &8
wof FrPA o HE o] & AE & SlTh

o

324 AEAY &1

AAE A AL, A, A gAY 3y
5E AEY F gl AE o] F4 kA o
TA Fashy, o] He AE QS FR 9= 7]
A& <Fig. 1> YR }9} o) 587119 F4 WAk
QA F 2F50% =o)L F30% A= AFEAFo]
gl A 8AE 9 Toll B2 oS A1 U= A
o2 Ho] Atk F AIFAE 1 59 Eofol uja)

ARG S v B4 Qe AAQAG AP A &
7o) o)) ojEale] YR-E ST S0l glo]

At 71ENEe) A 4 AEstar Sl

T8 *1 S 1 o gt *163717&4 2QH& E<Table
12> VERd Be} o] A A4F2] EMI/EMC A&

2 t)71717ke] 15701 €
SIS &4k

RESEEREEN RS

40

w
S
1

30

respond companies
(number)
N
o
1

—
o
|

0 -
owned

not owned not respond

Fig. 1 Current professional manpower for
environmental test



Kyunghwan Hwang - Bohyeon Kim - Jangwook Hur 293

Table 11 Restrictions when using professional environmental test agencies

Rank Constraints Number of companies(%)

1 Psychological burden caused by expensive fees 34(36.5)

2 Delay of test analysis and waiting time 25(26.8)

3 Inconvenience due to scattered necessary units 15(16.1)

4 Complexity of use procedure 9(9.6)

5 Lack of required environmental test equipment 7(7.5)

6 Lack of necessary environmental test equipment in korea 2(2.2)

7 Inconclusive reliability analysis results 1(1.3)
Table 12 Environmental test periods and costs for main test items

o Test period
Classification - - Test cost
Waiting Testing

EMI/EMC(system level) 15 months 3 weeks 4.5 million won
EMI/EMC(Component Level) 10 days~5 months 1 day~2 weeks 1.6~20 million won
Vibration Test 1 month~3 months 1 Day~2 weeks 0.5~10 million won
Shock Test 1 month~6 months 3 days~2 weeks 4~15 million won
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Table 13 Reliability test equipment types that require building

Rank Name of test equipment Rank Name of test equipment
1 EMI/EMC 11 Physical property(chemical constituent)
2 Shock 12 Rain
3 Vibration 13 Low pressure(altitude)

4 High/Low temperature 14 Contamination by fluids

5 Temperature shock 15 Explosive atmosphere

6 Salt spray 16 Immersion

7 Humidity 17 Life prediction

8 Sand and dust 18 Solar radiation(sunshine)

9 Acceleration 19 Fungus

10 Temperature/humidity/vibration 20 Ignition shock - acidic atmosphere + gunfire shock
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