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ABSTRACT

Operational failures may occur even though there had been no signs of defect during the

manufacturing process, which may be caused
had not been addressed properly during the

due to exposure to environmental stress which
design process. It is thus necessary to perform

environmental testing to determine the cause of the failures. Environmental testing is also used

to determine whether a materiel has enough

tolerance to the environmental stress during its

operation. In this study, the method and level for each environmental testing are properly
tailored and applied to a fight aircraft intended to operate in ROK (Republic of Korea), based
on the MIL-STD-810G Change 1. Since each part of a fighter aircraft may be exposed to each

different environment, LRUs (Line Replaceable Units) exposed to similar environment should be

tested similarly. In addition, the decision whether to apply specific test and the tailoring

technique in test level were derived for natural and induced environments, respectively. As a
fight aircraft is assumed to operate in ROK, the tailoring of test methods and test level to fit
to the environment in Korean peninsula is necessary. Further research is needed in determining

a specific procedure and a specific level in a test method, and also in determining the test

sequence, when conducting more than one is

needed, because it can alter test results and it

hence becomes an essential element in test design.
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Table 1. Natural environment methods

No. N(;?—zlgi)ly Methods

500.6 Apply Low Pressure (Altitude)

501.6 Apply High Temperature

502.6 Apply Low Temperature

503.6 Apply Temperature Shock

505.6 Apply Solar Radiation (Sunshine)

506.6 Apply Rain .
507.5 Apply Humidity Fig. 2. Aloha airlines flight 243 -
508.7 Apply Fungus “Cabrio airlines” [7]

509.6 Apply Salt Fog 3.1 Low Pressure

o5 | Aool sand and Bust 5o AN A I/l 2 AWl B
521.4 Apply Icing/Freezing Rain
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Table 2. High temperature diurnal cycle ranges 19943 =0 UEhd 394°C oo Ay e
APE st TWE JE i AE7] +8 4
Tvoe Ambient Induced o] 100%E F&& & SUrh AT s A4
P Temperature Temperature o7 7]e0] _Q_,:q_ﬂ._‘ﬂ_ Jomz, x]é;_zqod o A

Basic Hot | 30 - 43 °C | 30 - 63 °C of gk ZYE o] ot

Hot Dry 42 - 49 °C 33 -71°C 3.3 Low Temperature

SRl ALdde 720 Y5t AR A Hof

Table 3. Highest temperature at Korean air

bases
Location Max. Temperature(°C)
Jinju 38.9
Gangneung 39.3
Seosan 37.3
Daegu 39.4
Gwangiju 38.5
Gimhae 36.4
Baekryongdo 33.5
e Ot FFolm 394°Ce £EZE Table 29
High Temperature Diurnal Cycle < Basic Hot
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Max: 39.4 °C (Daegu, 1994)
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Fig. 3. Maximum Temperature Trend 1991-2018
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Table 4. Lowest temperature at Korean air bases

Location Min. Temperature(°C)
Jinju -15.7
Gangneung -15.6
Seosan -18.7
Daegu -12.5
Gwangju -12.5
Gimhae -9.9
Baekryongdo -17.4
S5
10
g |
o 15[t
I
E |
[ L
E‘ 20 Min:-18.7 °C (Seosan, 2001) — Daegu
) o Gimhae
= 3 Baengnyeongdo
| Gwangju
sk Seosan
L = Jinju
+ Gangneung
B T 0 20 0 20
Year
Fig. 4. Minimum Temperature Trend 1991-2018
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&) MIL-HDBK-310 Global Climatic Data For
Developing Military Products® #ilstH, thghel=
& HAEZY g &8 1=2] 55000 ftol A 60,000
ftoll A -56.5°CE AA3IA 7 7EEg 2o A
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st 25 HIFE AL £ Ao Hx
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2 -565C2 44T & Aok T1H T2= 242 il
25y HAA2EE 48T 4 Utk Radomes A
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A S shel T1E 120°C, T2E -56.5°CE A A
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o @E eEFAE JHET A4 B 157 F4
(Single Cycle Shock from Constant Extreme Temperature)
07, FHXENAN I EE AL RHOE 1E 9
Well 2=54<% F= Aot A4 .C= 3 7] ©
4} A Multi Cycle Shocks from Constant Extreme
Temperature) &2, F2EA YA 12 =&
Aee 74zt Ha A WA AW T s A
Aoty B Aol 2AE AY FZol U F4
3 e% Wale Yee ol Zoln, AuHow
A wo] Agdals e=AFolTs]

A7 1DE AR LAA 1Coh BAY e E:
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3.5 Solar Radiation

gt e] 9EFe Hrtskes ] o] T}, Table
Aol grg A dE Ha Ao T

717479l Age] mEHE A EH Hu JAES
7123 A FFE78 W/mHE, FF2 H1 IA
Fe 7|23 Zol AZHE JAEFI MIL-STD-810G
Change 1914 d53til U&= Cycling Testo} M a3t
W Fig. 59 2T}

AE7] o8 Ade HIANToR AFYLS W,
MIL-STD-810G Change 1914 g3t & Ao
AALE 1120 W/m’7hA AlEE daE §la, 900
W/m> A% groz AL Adstd 2 Aow ¥
lagah=g

MIL-STD-810G Change 12 HYE Aldele
Heating Effect®} Actinic Effect 5 7FA19] 27t 3l
=6, ©] % actinic effect¥to] 7}&EA o] 71538 T
ststd 9 Wxel AeE oy AgEHE MY
FRE 10 AolZ AFel BA Hojola, A%How

505.6 Solar Radiation2 %o T3l EjudE 2
AlE 5
Q

Kl

o
a2t

9% BA0 wBHE AP FHHL 56 Alo]Fe
Table 5. Highest solar radiation at Korean
air bases

Location Max. Solar Radiation(W/m?)
Jinju 711
Gangneung 803
Seosan 300
Daegu 858
Gwangju 878
Gimhae 856
Baekryongdo 850
== Gwangju Solar Radiation Procedure |

1200

1000

Solar Radiation
(W/m2)
g g

B
=)
=)

N
=3
o

N
0
123456788910 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (Hour)

Fig. 5. Cycling test comparison
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ANEe ?11‘8}1‘ A=, 1 Aol E9 iﬁ"V\lo]‘ B Table 7. Different types of fungi affecting
Fol7] wiol] F2o] A9 FEHHOE T AFEES materiel [3]
HaPgtt. F AY Aol Z9] 4= Test Plano] uw}h}
AE ZTEo) o= st vE "Hdggo] 75ttt Fungi Materials Affected
3.6 Rain . Leather, fiber, rubber, electric
Aspergilus insulation, was, packagin
gEREe ogd Aol Ao Fgwol @ flavus oy PACKASIS
AT} Table 62 S-Elvtel Fo FEr1A B materia
& 7144 A=E Fusted e |
B2 Ay 71# £ MIL-STD-810G Change 1] Aspergillus t:sltgser’P%‘é& stgrr]’O%aSketv
1.7 mm/min¥} ¥ dA Ao W3 ks JhXIth versicolor tohe ’ ’
ge M £8E AE/E AW 49, swiienes
MIL-STD-810G®] AXHZ A@LS Pt 73 Fiber. plast "
sttt Seksl i Penicillium Ioer, piastic, cotion,
funiculosum macromolecule, gasket, cable,
3.7 Humidity PVC, solenoid, switches
gl 52 I tFe 71 Fo]r7] i
gRBo] F2Zo 2o QS W 4 gonz Chaetomium Cellulose, packaging material,
507.6 Humidity @< B5Holth, B3 AE7= globosum fiber, hydrocarbon, papers
259 Fxo TAg AR FAHE ol gEAStn
9le] &2 Qd HAA &A= = %o 3 Aspergillus Fiber, vinyl, coating, glass,
ok3lTh, weld et o8 AES = ST A brasiliensis insulation, leather
AHdAoRE LE2H7] Wi FAEF FFdA =
ANEe AYstofof o} =7 gigNl=e] 12 v 3.8 Fungus
gt 7]$o]EE Humidity® Natural Cycle B2(Cyclic )
ngh _'I:Iumldlty)gl- H t}%l% w, 7]e o /\1:(7{ B 508.7 Fungus AR F3ole] Aol #+4FY
223 S Hola 9= S o 2 9th Natural A Ee AHEC dvid & IS 9E F et
cycle B2E Ajdeog e 2xdXx 100% R.H.9| £ WUtttk =3 ofbd SAA AHHOE RyE
}\1:7]]_7(] :Zz]ﬂ-ol_ﬂ 9)\;]_ Cycle BZoﬂH H]‘A nq%% T 2 ’E ] O:]‘TQ]' R ] i ;57_(]'7]' ?)\’EX] ek
(Non_hazadous Item)_‘l] 0—,— X]—Oﬂpj-ﬁ Oﬂ/\*] 450&(45 —o;]'l\f 7)\ ] /\]"5‘]-/] _Zl"iliz}] O]q Fungus /\]j?{?
/\].0]5'-) E:@]_ﬁoﬂkl 9001(90 /\]_o]EL)Eo]. /\]zﬂ__ T ﬂl?‘ }\] =R (E]}‘gﬁ “’]'E—] /‘] ) ] p’]ﬂ’é‘ 3]"1:‘
T okttt 9 EF(Hazardous Item)S &2 A7t s e, U]Aggo] AR = 8ls 2 T
uRoZ Qi 9T BZo] &AEAL Q_]Uc:}j]—sﬂj]_ AE A&t =3, NP «lﬂ% Al TRE A
WY 5 Qe FEoz, AARAA e A WE RS FAlEGE FE4F 29 T
R AR 5 e 84 AU AAsS AE

cycle), Fr=gH7d oA H7 180L(180 cycle)e] Al 7]

e ez koo we Fr9 AWe FYv
A oS o 52 AAEE AT F YA, Test
Plano| we} Alg AAAZE A8 A@710S A
/‘ 011;].
Table 6. Highest rainfall at Korean air bases
Location Max. Rainfall(mm/min)
Jinju 0.967
Gangneung 1.675
Seosan 1.333
Daegu 1.150
Gwangju 1.442
Gimhae 0.967
Baekryongdo 0.992

AEE JY3Th Table 72 MIL-STD-810G A|A]
Holge #Ret ARE YT o JdEolql
= AE 99 Radome E‘:‘ioﬂ ALE = FHRE S
T F@ol7l AE 4 J2H Fuel Tankol® I8
o} FEE 3 7R We] fdoh

Aspergillus  flavus, Aspergillus wversicolor,
funiculosum, Chaetomium globosum, Aspergillus brasiliensis
o] #77F MIL-STD-810Gell &7H¥ 1 glem o rl
I =& AR AHEE Aoz AdEs
O 7 #RERE 9%e TE o= ‘1%ﬂ°1
MIL-STD-810G°ll A|A=I%l= BE #F7/ Alds Al
Hafof ot FeET

THe AYs 25 9 HToA ASHo=ZE HA
o 7‘* F71 AA R ofyel, ARgARIA Allergy
5 A2 el Dxﬂ% e °‘°‘:’§_[9] o)
98 HES)S| BrHoR Ags o} ek

Penicillium
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Table 8. Highest percent salt concentration of
selected tide stations

Location Max. salt
concentration(%)
Incheon 3.55
Mokpo 3.38
Leodo 3.42
Jeju 3.50
Yeosu 3.55
Busan 3.39
Ulleungdo 414
3.9 Salt Fog
HaulE g AFsE PR 9ReA ny o
=857 Wl @ol o7k AHAJA Yol wigh
ANdol st dF AP FEFHSE Sample
TestE &stH A FHo| o dojd = U=
Raol} @y1H, Beld WES Busty] s+
@k Table 82 PR TP F2ALY A8

1:1
B
2 Zu3 %M &S YRt
A GBS S8 £ T 414%E V=EFP

BEe 357%0lth e oiEHel dREE o
347%°)aL, BN F F 3.46%, HAYF <F 3.49%°]Tt.

509.6 Salt Fog“ﬂ]ﬁ“ HEd FEE 5£1%2 AHET
e FHIEE, B AFAE AR A4S nig
o8 &9 %EE 4.0~45%% Aoty T
@3kdth ol MIL-STD-810G7} dA43tE 5+1%2)
FE FE9 H% FFolgh T3, AP A &AL
& 4847t AE =&} 484179 7 57} =237 o]
A5k, 24A17k] AR =EF 4N AxRE F W
JE—S}% Zol S 7hEsta AEgs AdxE Uehd
-

BN

3.10 Sand and Dust

510.6 Sand and Dust%} =2 et ”41] of & %% Al
‘:°ﬂ 7‘435]":]' “47‘]*‘: 7H:|"‘:'E E— Z-lﬁj/}’ﬂ %
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QaFoll el A 3Ad é%% Hrtsta IH Y &&
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A Ao AlzZrek 9L wF 4 Q). ket

&

d o
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7+st 3FA S
9 AL Adto] EASHAE LA Tl ]
Al A R Aol A2 5&%% = T W

A AE7C ZAHE F glong ANFS FIT
75 w4 HolAE 4

MIL-STD-810G Change 1914 & X&)
pmoll A 850 um Aol 2 Al@ES 31
At

AR Ao A, FAY FERY FEY B¢
0.2~20 ym®] Z7]ol™ thgNl=ol] =gt YA
271 1914 10 pmoltH10]. wehA 2he b4 ¢
of e AE =S NER Yo 3hH, ﬂlf&‘ﬂi‘
A ZAZE Hal A= Ao 27191 029014 20
71l o7 /\1 A< FasteioF gty AT fﬂ
A, FH APL2 FAAE KTRAA 718 2 =eff 3
HA AR AWME BReta Jdow, FAF FEAA
o] Alge] 7bestth
3.11 Icing/Freezing Rain

521.4 Icing/Freezing Rain®| Al EXH F+4F
25 Aol e AW 9 Hrlste Aotk B
AZS e &t Aol gAad divjel dEielA
ol wAstY o] o GAR BipetA LAt
A5k, E =AM E i““f FHol dgol FHH
= @Aolt11]. ¥ AFe @Y dao| Atk
ol 2A HAE tﬁ?é% T Ak AT 2] Al
o AHEEHEE B9 25& AY %%01] Z A
AEF 0°C o] 2=
AHEEE 25 mm/hr& %%Pttl, %*% A
H delert EAHA &

mlm
>
ofo
ok
}L
rﬁ i
o 4
e
v

I AT

- F3h), 13 mm(é‘?}/’ﬂ‘i <3t §-3}), 37 mm(
2= A4 5kF), 75 mm(ZB5 A H3hE A
I Utk d@dds &8 HWEVY A 85 I
7] AR AW F2 sbesde aEEi AdEe
dJaloF g}, 40 micron A =9 L dSE HAF
Azlo & otFEFS vF F Aok Arbe 714 &9
o= d5 AAo] GEEA FAT vHwHOF wpis

Kis Zo] wdoles AAHo] FRASE &§H
< ¢ UTh Fig. 62 20154 McKmley Climatic
Laboratory®ll Al F-35¢ thdt @714 FFo] SHAH
< AW WelA AAZ ARRIS R, 40°C 255 AR
© 2 Freezing Rain# Ice CloudsE 233ste] of g

Fig. 6. Full frame icing/freezing rain on F-35
[12]
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7HA AW ZEfel A R Aol A o|ltH10]. =
of 72 Fd 2 Aol I AN TE
T 27°CollA 49°C7HA] 22E YU F 40°C, 74%
RHOAA 7o $2& &8ttt T Folle 4§
AES AE 11 AANA 33 AAH Pkt
ddl EF+E AP Al 44 mpho] HigE A
43 A oIl

Icing/Freezing Raine &7|7} #3278 2=
xshd o BT 2 AFES Rime Ice®t Glaze
Ice®] F 7FA9] Lol thall AlFget. WA Rime
Icex =29 =4 A2 g5 o AIJ4E =] 55
A oa FAE WA EE FuHe] EERE
M7 ESE A2 2 Glaze Ice®RUTh § 7pH BE
Hoh. ¥EE 02 g/em’Soft Rime)d} 05 g/cm’
(Hard Rime)o|t}. Glaze Icet= #9372t 35719 &
< TAANFCEA =9 A ¥, A
o2 Fista FEARL oo TAL zte 5o
t}. Glaze Icet Rime Ice®R Tt FE7F Z3 ©ohsiy
t Wit F5E 0.6 g/em oA 09 g/cm’olth,
Freezing Rain® . 25H JAHHE 5 = &
AF71e] FA F71 cdoxd ¥4 WS F=st

ol
1k d

o FHE Fola Y FHE zd st Het A
15 doZd & At} X3 Engine Inlete 2 E0i7}
= 4952 A A= AFE zHUT + A
+8 A E9o2 Ul dF FFEL WA Ay A
2HE AXA @I FA FE & AR QY 2 F
Ao, FF7] ALHE(EH) B2 A5 De-icing=
< w7bA] ZAFsHA] g2 5 Atk MIL-STD- 810G
T Fd4E FESAA TS Ao A
o gt Aol olHEE, &F7] & g A
d2 HPANFE S F3 = HGISHojof g #Ex)
THols SdFZAASFAAAT LN B AFEE
F3g 4 = Walk-in ChamberE R 331 o)
TUollA TEAZS 71 @4e] Rixi glenz
gz 82 IFE7|= B s FFFHe
Z Aol gttty FeksS oH13]

Table 9= FE&ANA HL&/mHES AFH
< Ygstarh

MIL-STD-810G°1 A = (Induced)2] 2Jvl= A<
HolA] ¢k RE AL ofngt. gidvg &8
AR7)E, $A AFAdD AAEA AFHEHE
M2 27 A 8shA e o
E AA8A =EHE= it
2 187HA &5 F 10714 FEATE =
O AollAe AIE BlE A B 2A

WA s AFNT 2§ AR/ BrHO

Table 9. Induced environment methods

No. Nol?]p—géi)ly Methods

504.2 Apply Contamination by Fluids
5116 Apply Explosive Atmosphere
512.6 Apply Immersion

513.7 Apply Acceleration

5147 Apply Vibration

515.7 Apply Acoustic Noise

516.7 Apply Shock

517.2 | Non-apply | Pyroshock

518.2 Apply Acidic Atmosphere

519.7 Apply Gunfire Shock

522.2 | Non-apply | Ballistic Shock

523.4 | Non-apply | Vibro-Acoustic/Temperature
524.1 | Non-apply | Freeze-Thaw

525.1 | Non-apply | Time Waveform Replication
526.1 | Non-apply | Rail Impact

5271 Apply Multi-Exciter Testing

87 | sy | st atrs o

= sl & AP vAGHE

Eoll tg =8& Jygstih
4.1 Contamination by Fluids

&
>
o
)

504.2 Contamination by Fluids Al@¥2 fAu
Ao o3 AT wE AV =EFHUE A
¢ &E7ol AuWE FFS A=A g Aldel
B AEY =3 Salt Fog AR BlEAl Al
£ ©] &3 Sample TestE X Fstn, A< HFol
= T Ae B 7AF ®H 1P ™A1
FE7ivd Addh, AFak 5 2F Aol tig Ald
H AR s oF, ©oF To g Ald "daje|th
d FAEE 98, i, S5, AH, AY
A, EFE A7), AS5A, A, G2

ol

| FA4, &37] Fol Aok iy &&F<
B dAEA S g BAS dogr]
Aol BAolth F169 A B
718 S ARSt . gon, A "z 8%

HU Oﬁ, :lO >{¢E,
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Table 10. Use of snow removal material at
main airports in Korea

Airport Snow removal Chemicals
used
Urea 500 ton
Incheon De-icing Potassium Acetate
400,000 L
Urea/Low-sodium/
Eco—friend|
Jeju Anti-freezing ) €0 f'e”dy
anti-freezing agent
171 ton
Urea/Low-sodium
Gwangju Anti—freezing anti-freezing agent
120 ton
Sacheon | Anti-freezing Urea 50 bags
Low-sodium
Gimhae Anti-freezing anti-freezing agent
38 ton
& AT T3 547 Azl g Wl
edy zzgddl FYE EFES AFES ok
gl &8 AE7|d fFALE IFE g
Ae 95, AY/YNA, G2 AYRS 383+
ANde Fdslof & Aoz AFEH T} Table 102

TENFHY 334 R3] P (Aeronautical Information
Circular, AIC)ol A AlFsh= thgNl=o] 33 o7
3k AL o] ALE S e
MIL-STD-810G Change 14 Z4tzZF 7]%ke
AFe 712Hoz Agsts Ze FH3H. r=9
T AdAAE ZAZFOZ wAGoH Oigvls
Mo AAFZAAMTE AL Folt & F8 &
Me 84, ALStEALA & AHESHH ofd w
AL Ade Psor & Aow FTHT
AA Ilols F=7IAATE AR YFIHEHE £
g oo AT FA & A ARE B

ba Qe

4.2 Explosive Atmosphere

ok r;P:L M 2 2 o

i

o

511.6 Explosive Atmospherex= &3 A%
d t7loA FsstAY 2FE A a7
A dojd ¢ e FE BEe danksol
2 At dEe dSste Aldeln. &y
o] @l 40,000 ft o]/de A=A = 4H4
71 W&ol Alde kA et Feviet ddd o

S04 A di7] FZolA AMREES aotd
FFol HEgstm=, ZE7]9 Engine, APU, Fuel
Tank & AEE AH&ste FAFN NS 9T
o 2 AlgHddlE A 19l Explosive Atmosphere
9} A=z} 1o @93t Explosion Contamination©]
At AAF 12 EEo] 7o #Aglel R T4F
of Al@dstH, A I+ EEd Aolx 5o W 7
Fo 2AFoRE QIg Tl tig AA(E APITH
Engines} APUQ| 7% A3} 1S 243}, Fuel Tank
= 7t dRE 2t 7] Wi Ax IE
28 F vt AGHAT Explosive Atmosphere
ANELe o4 8l 250 wep 2 JheAdo] ek
2ol &7 HE A5 ATl A o|tH14].

4.3 Immersion

PR = Aol wg- Hefer 535 Byr|sA
2] (Flight Recorder) =i= H| 3| o]E 7] &7 (Flight
Data Recorder)t 5 A @S FFAoz APsto
oF gt} MIL-STD-810G= Al 7FA19 A4+ A &
215 AAS Aok A HAlE Y F59] &
= 2ERT 27°C A4 A e AS H
=25 AEE & Ak F oHA =1L AY
2R 10°C =4 2As e A

o o o2 (i

~

h=1
=

K=
i

o .
>
o bl

4.4 Acceleration

513.7 Acceleration A @< 7%, &<, 953 A=
WA s FExHE F3tE dE T+ A=A o
3 FEAE = A Ase o3 glo] Tes
AAetA AL 7 J=Ad et APeE gl
o4 8 AEVY BE FAFO 8§ Al IHEEA
EEHEE 5 oR A gajof gt T

=
3 TAE F e IS JAEFEY BEFY FAEs ¥
et F2H Ay, F5s BU/lEsHA e 974
A WY, 25 &4 Fol Aok B A= A1
Structural Test, 2=} 1I, Operational Test, 2=} III
Crash Hazard Acceleration Test7} %l Az &
TZ2H NFo=E, JI&EEd o3 fEH FatE AF
719] BFol FxAHACE AY F JeAE s
et AbgdETh HA s & A
AHE T 7SR 93 fEd Fo)
g3l HA g AFst=AE Fstr] st ARE
"o A NI #5Fe] g&d 7hsdel & 7t
£2o] o3 o] A RAFHAY IFEFHZA
[e)

S Y
3
= %
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4.5 Vibration N dEHoz Agsold FEe BRI 2
L Aoz Qg £ads HE T vhe] T/ ®E 7
el = 8 A% mE, GlZA %)) s Sol Atk 4 A
de Aol 15 paA wmE 9 pEe U T @) e e e
AR A= 3 A8 RSl BAL AL WA 1e AF 3
MIL-STD-810G Change 1ol 443 28 % 2 Z]"o‘f ’ T%,f Z'Lﬁ t‘ﬂ‘%oli ?%L T e HEA
2% AF ZEAYE Aesha Atk shels my o S EEEA SEE AU 4
ot Edldelz ¥4 mt vEdres g o o ) AFAU o4 2EA vEEe
e A ANE AE, olF B WA £ Qe g, oo A BUH A ME LS @ FEel W T
SAZ w5 A UEd 4 e gumos x o LBl G IVE B ol R Agee ok
& AEo AF, Mo oF A g 4 g oo WEL wREA WA el A vi
WEol Atk &8 Fol JBE 4 e B ax o N8 TE AWSE FE S AY we
- Tl s wEol RAomnE WolxAu L@
Aol WAR BA AFH AW agolt ey g ) T T A Eemz A
37 2B 0T GREIE A%, AP gy ooe EESE AU AR AHE K
Aol meA AF, AF W A b aga o A VIE 0 B Ee 280 €84
B R RRR0R @ WAY AE R gu Ay - oo EE AT ses duind sae 8
of WEo Ytk o 7, NAUR £& AFsle) g owcl EEE S SGA S T e vl
£¥ # Qe #% Ase meot saggz § 03 AR BA VIS Y e Aasenie
2 o A AALE A5 dnew ax A gA Lo A W TS Aust, A% vile B
o d5S wedel e mhe dese w37 AE7 B 2 AE AdE WA e 14
25 o Al ABe Adse Aue Ao qe - S TEI BARE 25F U@ Ageldt
% we 2 Af4e A 96l ARS 59 4.8 Pyroshock
3] 3] 2qure Q3 =] = =
:ljo%]: é 7:”/\]] /:_]j 1]2'_;_] O'H;;: 7;1';2]1#;;}31; Oﬂ%; 517.2 Pyrosh_ock% Space ‘SimEllationO]tq ‘?f’?_]‘ 5
Fole AEslo] BAY BA AF P gy pgmy oo AHEE e SRRAEed £e e
SAZ U DAY AFS THslokatn wag ) LS AAR Aguer & Ague bl
oRE AYe wA AU sreldel Muge @ wor 80 WA S 27 WA A 713 gerel F
W) sl AME el Ha F Holeg g o8 §FT WA AAWMAAS A@ A Hr9
Se7E ohul, AQLolA THE we mE wa  RUIEE WEUN EE GEAGE sl
a9lol e AEADL A= PHol Yok FlAEAE FEst FEet.
4.6 Acoustic Noise 4.9 Acidic Atmosphere
5157 Acoustic Noises #4¥ 32t 87 &ojx 5182 Acidic Atmosphere 282 ¥44 w7l
Z5Eel % Fe 7RI PAMe A%y 4 HT TEE 4NN wo 29 ded 9ot
QA o Buste Aot 4 age g - T & AgHe Sl A A
Frle Aq, AF7] A%, vAY Bomye ue TEE T AT AR SR W) Sample Test

F & ATk Acoustic Noise= Cockpit,
APU, Landing Gear, Internal Weapon Bay & AL
o & QIgk Auel &io] dFE F e FA4F
A48 4 Atk MIL-STD-810G Change 12| 43
Ql Zhol=ghRl2 130 dB ©o]/e Ao HASH B
ANEHE Fdsfiof b AAEHo o, itz
o2 QAR o]FF A 140 dB ©]9 £S5 LA
AZ1EE ddvl=s &8 AFE7e WFE4Es AF3
7] 8t WAl F3sfof i ATt

Engine,

4.7 Shock

516.7 Shocke TFEF9 4 %L &8 FAHA
EYZHA F4¢ AE F AdeAd U AI=E
AFstez = & JE7|d FAAE FF

g3k mebA A 712 29" gAYl
A FollA ERFHAY A8 A& FFo] wWrT
Aol = WEEAl F G of sk Aol A8 A
d ZAZE d@dNF AgRE d= & F U
Fh8HE(SOx) oI v AAAFSHE(NOX) T 22 7] &
AdEA Z2e #do] gor Agne oI 4ks}
o] 4gtd & HlEol| o ¥4d"d. MIL-STD-
810Gel wW=W 3.0 mg/Le #4to]23 22 mg/L
didolee SFT dstd Y o® pH 417
of AMEEE YA HH, ol#T A EE vw FF
o} FAANE DZ¥A FAA dehds Heto] A
v Zzlolgka WAIH 9Tt

Figure 72 tdRl= BlE9 A E(pH)S F2
o] 2l Fitol 23 Hitol o AYREE FHITL

U ond b
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Fig. 7. Spatial distributions of major ion concentration in precipitation [15]

gibo] 2o Hu) 33-3.6 mg/L(13.2-14.4 mg/4L)°] L,
Hatol & Al 3.2-3.8 mg/L(12.8-15.2 mg/4L)ol A
B E3TH15].

MIL-STD-810G A A A& 7+ 7453 43 7]
215 7Eo R ol T AY ¥ &
e Hola JARE Hitol2o HulHoz Hilbo]
29 A% 71ERY § =4 TEFHAUG Filole
A GG FRUYSAHoA & v BEXE H
ol 3, Aol FREUYFEAYGHY AFLd &
A v E=A Yepger kAo 4t
o] Aol BF Yo FRREIE BYT.

= B A2 Salt Fog Aoz tiAE &
RN Aol mZ giguly 8 HEFE7|Y I4F
o2 Hgdof g BT

4.10 Gunfire Shock

519.7 Gunfire Shocke] A8 &2
F7] X A, F5Fo] AH = REEZHQA 4
e S FeEF 723, sy FAAE AE
= Zolth A BxFAC AEEHE WY <ol
Fa gl LRUC & AdWs A &sfoF drhal
F ot

.11 Temperature, Humidity, Vibration, and
Altitude

520.4 Temperature, Humidity, Vibration, and Altitude
F-158 7|2 /pdEglon Hdygdes Axlt
e AFIE S8 Jbssith & Ade 57
£, &%, 15D nEs} Moz vy £ 2

Foll vA= dFe &4yl fs) 3T Fig

A% 2g3pol A

[e)

i

o

il do ok o
r.Y‘l )
[o}(]

)

N

¥ rlo & I

On @ @
SUPPLEMENTAL @
COOLING
off
On Max Volt 5
On Min Volt 4
SYSTEM
POWER (ff ‘_®
PERFORMANCE
CHECK 1 Il . L
15000 feet (ref.) 0@
ALTITUDE ©/ @ |
1
Ground Level h
95%
HUMIDITY led @ @
ncontrolle
Ambient ; ® —— i A
<30% -
Max Oper = @
Hot Humid = @
TEMPERATURE ! @ i " 4
Amb. Oper. - @ | 1 N
—
Extreme Low Oper
High Alt Ulira High or High Alt
VIBRATION | Low Alt/High Mach High Mach |Low Alt/High Math High Mach
CICLE | Cold/Dry | wamMoist | Hot/Dry
DESCRIPTION

Fig. 8. Testing profile combining all the
environmental factors into one test cycle [3]

82 ol B4 adES s AE FE AF

gAY 229 F Qualification Test Cycle®] <Al

ot B mEade] £AEL Theg o g

@D Taitlor temperature and flow of supplemental
cooling to provide worst case heat dissipation

@ Carefully tailor the platform/product specific
factors

@ Minimum of 20C per minute
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@ Equipment warm-up time

® Perform transition at maximum facility capability
® Ideally, bleed hot / humid air into chamber so
of all
temperature, altitude, and humidity conditions

minimum soak follows achievement
System thermal stability or 2 hours, whichever

is greater

@

System thermal stability or 4 hours, whichever
is greater

©

Carefully tailor high altitude operating tempera-
tures

5]

Vibration may be performed separately with
temperature
ANPRA TP FaAEs HS HES Hd

< T A E=e A2 AFES LAk

A7 Ade| ArEe AAY, A 5% 5
exdA W e 542 U+ gon
3 AedAE BadA

Ego] vherd 4 gith

f
O
fr Jm oS Ay

A old® BPADE FRNIRGE L%, FE,
AF, DS AGE P 5B FEeIM AP
BYANGL PASE Aol HFAstin e

4.12 Ballistic Shock

522.2 Ballistic Shock-& % 7 o]ite
T ¥ == HA, 1A, A T
I #AHHE JAg F4 Aol IAg F
o2 73 AEAF Y3 8F ==
ZRE zY=Ee 52 d¥o FHo|th AA
gl 2o T/, AHREE 5 7], BE 914,
234 SO wg 2w, =3 AFe FZHo] =
A 42 wat theksith Ballistic Shock Al @ H-&
A AEAZe FAE APste= AFHoEE A

Eo)ole A g

4.13 Vibro—Acoustic/Temperature

523.4 Vibro-Acoustic/ Temperature Al@H | 522
HEY 5, &g7] ol ZARE e TFel
AE, &5 2 259 AYA a7t mAs 4
dotrz] f8] AT iR = & HAF7|o 7

HE e AT Ae-F/2= AP 74 A
o digk HAFA3 Fr7F ollE=E, /E A o
g A= Altitude, High Temperature, Low Temperature,

Temperature Shock, Humidity, Acceleration, Vibration,
Acoustic Noise, Shock A1 @& Wz F3sl= Ho| nvt

4.14 Freeze-Thaw

5241 Freeze-Thawe= FW 2%9 FZAHo] 3%
gloll wet FFF AF EAE = AAY 1A
Ayt vX = G 2Tk FHolA wEgk 3

o7 Zo wEd XA Arbe AR olFd
o fFEEHE F719 9FS APt

E AL A2 AFoE dAT + A7 wio
nAggoz ER[{FIHUT. Freeze-Thawe= +5°ColA]
-10°Ce] YTV 5 HAE AT A2 AY
= 7 2 715 =4S AESiHEE -21°Col A
32°C, frE B4 2EAF 2 FH)E -25°ColA
-33°CE Freeze-ThawR T Tl& 7}&3 XA A
FdEoh A A@e] Ao EH FH2EZAA A
Zbste] 3°C/min ©]3ste] 2% Wsl&EE 7 e
BH/&8 252 YWer] Hio] FHEEE 15°CE
7V4 | = Freeze/Thaw AlFHTE U HL 25 HE
ol7] W& AL APz A= Aol 7hesith
i e

4.15 Time Waveform Replication

525.1 Time Waveform Replication T%©°
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.16 Rail Impact
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417 Multi-Exciter

527.1 Multi-Exciter®] Ald HH FFEo] 53
A4S Add F A=A I JAFHES I ¢

=)
g Aol g v Agew
P51 B AL FHS AT Al
o8] ZoA FAld dAYys 3
g3ty =3 =377 = 73
FEI} A == =7 2
Multi-Exciter A18-& F337|= ot Alg 34
AA A4 AHERH fEEl=E Hu, E4¥o
HEo] W AMYE vlE o R {53 F Qrh B A
He OF Fo2 AY 54 A5 & g
ol delo] AgHoz HAAH ALFHE= =3

kel

=
%

fi o &g b oo 2% 4o O fu

AA 20e AP WA 3 AdaE Y
He Felstelok gk,

4.18 Mechanical Vibration of Shipboard
Materiel

528.7 Mechanical Vibration of Shipboard Materiel
AP Adel AdAE s A Awle] S84
H xEel #3 Ao, WAE Ad dae= 8
2 Al 1AL AFol AL Hukg Al

A&t = &8 AF7)ek= Fasit
V.28 E

B =Fo|A = MIL-STD-810G Change 19| A-1%k
73 AT RS AFRe e =l A
=82 AF7Y A& oFet 4z AdRiel ©mE A
d & "HIgPBd # AFE AP3HAch MIL-
STD-810D#H H Y d Z2A 25 HAFHo7 A%
TS Bl AdHE S wek A AL AR
AstA Hol #E e FAAFHY
7Fsd s =olAl H Atk MIL-STD-810G Change 19
A TR de AQEE AW gigNlTdA &
g2 HE F AgaloF dota AR, F
4 Al@HdAAE ddRI=AA 82 HAF7|7F
et Ag EE A LR TR}
A371EE MR o]& THsdk A
of Age Adgsi, 7l =l AW
b FA A, el Adaed oFste WHE e
oFgt}. MIL-STD-810G2| zt2te] Al oll= skt o
do] Azl A4 slEE FF AFdAME ks
A 8E AF7)) tig dxtol tig HdPFo] F
THolt

F=ATATe] A Tol FHHAFUT. (NRF-
2017R1A5A1015311)
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