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Abstract Aircraft operate under various aircraft operational scenarios depending on the weather or
aircraft operational conditions. In particular, an aircraft is exposed to various environmental conditions
during flight, such as dusty, humid, saline, and low temperature/pressure environments and rain or
snowfall. In addition, the aircraft modules are subjected to vibration or impact during aircraft take-off
or landing. Hence, the aircraft's safety against various environmental conditions during aircraft
operation must be verified through environmental tests. Notably, this research reviewed the
environmental conditions affecting the rotor-blade-controlling electro-mechanical actuator (under
development in South Korea) of an electric vertical take-off and landing (eVTOL) personal air vehicle
(PAV) and established an environmental test plan for this electro-mechanical actuator. In particular, this
research reviewed the environmental test items and procedures stipulated in the aircraft development's
mainly used environmental test standards: DO-160G, IEC 60068, MIL-STD-810, and KS-W 0811 and
identified the performance principles for environmental tests recommended in these standards. Finally,
the environmental test plan for the rotor-blade-controlling electro-mechanical actuator of an eVTOL
PAV was established based on the DO-160G after reflecting on the environmental test requirements
recommended by the above-mentioned standards.
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Fig. 1. Environmental Factors Affecting Failure[7]
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Table 1. Comparison of Specification for
Environmental Test

Title Characteristic

A standard for testing aviation-related
equipment issued by RTCA. Applied to
helicopters, general airplanes and equipment
used in aircraft

DO-160G

Applied to evaluate the suitability of military
equipment as an environmental test standard
established by the US Department of
Defense.

MIL-STD-810

Environmental test standard established by
IEC, and is applied to general electrical and
electronic components and equipment.

IEC 60068

Domestic test standards to analyze operation

KS-W 0811 A .
scenarios of aerospace equipment
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Table 2. Comparison of Environmental Test of
DO-160G, IEC 60068 and KS-W 0811

RTCA/DO-160G |  IEC 60068 |

Climatic Environment Test

KS-W 0811

* cold * low pressure
* temperature and
. * dry heat * low temperature
altitude X i
* low air pressure * high temperature
* temperature * change of
'p i & thermal shock
variation temperature
humidity humidity cyclic test humidity
waterproofness immersion immersion
fluids usceptibility| * fluid contamination n/a
sand and dust dust and sand dust
fungus resistance |* mould growth fungus
salt fog salt mist salt/Spray
icing n/a n/a

Mechanical Environment Test

* operational shocky,
and crash safety

* vibration

* vibration * vibration

Table 3. Comparison of Environmental Test of
DO-160G and MIL-STD-810

RTCA/DO-160G |

Climatic Environment Test

MIL-STD-810

* low pressure(altitude)
* low temperature
* high temperature

* temperature

* temperature and
altitude

variation
humidity humidity
waterproofness immersion

fungus resistance fungus
salt fog salt fog
icing * icing/freezing rain

Mechanical Environment Test

* operational shocks |* acceleration

| _and crash safety  |vshock ]

vibration * vibration
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2.2.1 RTCA DO-160G
DO-160GeIA= DA &0l thsf ofefl Ak
Frste] AAstes dxskal Qlth
a. 29o] AA(fungus resistance) AlE A,
EH(salt fog) AlE2 A|YFslct.
b. #%o] A&4(fungus resistance), P EF(salt
fog)Al¥ = FE(humidity)Ad A, Zaet |
A(sand and dust) A8 A|F3hct.

%%

c & DO-160G  Alg A, 7HdA(fire,
flammability) Alg2 RSt
d. DO-160G A8 A, &4 d7|A g2 A Fsit.

2.2.2 MIL-STD-810

MIL-STD-810-2 m|=tfolA =a AEEC]
HES 5] wEolES AIEAS HECEHN, I 5
AA ol uetollA FEAIFS] 844 HAES] AREET
et Az e 7IEI QA A7 8
T3t

MIL-STD-810 Al F-2o.2 F4d=|o] QL= part
12 3379t AlETAoA Y] B, A Yol & 7]
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Table 4+ MIL-STD-810914 Zt A|g A * TA|o]
i3t 7tol=kelS Aegt Ao|t)

Table 4. Test Recommendations in MIL-STD-810

Test Previous Test Post Test
. vibration, shock,
altitude . n/a
high temperature
low/high
/hig vibration, shock, n/a
temperature
contamination by climatic
) ) n/a
fluids environment
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salt fog, sand and

humidity n/a dust, fungus
salt fog, sand and

fungus n/a dust

salt fog (if necessary) sand and dust

fungus, humidity

sand and dust n/a n/a
immersion n/a n/a
acceleration high temperature n/a

vibration n/a n/a
shock vibration, n/a
temperature

icing/freezing n/a salt fog
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Fig. 2. Environmental Test Plan based on IEC
6006851
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2.2.4 KS-W 0811
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Table 5. Test Procedure of Group 1&2 in KS-W 0811

Test Group 1 Group 2

A |B|C|DJ|E a b c
high temperature 1 1|1 2 2 1 1 1
low temperature 2 12121 11 2 |3D] 2
e -l -1 - 33) | 26) | 36)
humidity 4 413 6 6 5 4] 4
salt and spray 5| 5 4 |7 7 [6(1)|5(1)]|5(1)
dust 335 (3D| 3| 4 |602)]602
vibration 7171715 1]15]| 8 8 8
shock 6 | 6|61 4|47 7 7
Shumidiyeaiede | T | 7| 7] 7| o0 [0

Table 6. Test Procedure of Group 2 in KS-W 0811

Group 2

Test o F . h : ;
high temperature 2 1 1 1 1 1 2
low temperature 1 2 2 2 2 2 1
femperatures 36)[3(1.23)|36) | 36) [33) | 33) | 33)
altitude
humidity 5 4 4 5 4 14| 7
salt and spray 6(1) | 5(1,2) | 5(1)]6(1,2)| 52) |5(1,2)[8(1,2)
dust 4 6 6 4 6 |6 | 4
vibration 8 8 8 7 8 8 6
shock 7 7 7 8 7 7 5
temperature
e e |90 | ) || o) o) | 001y | ot
2.3 SEAIA A2
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Table 72 DO-160GolA #33t1 U= TAAY
FEH} 74 FEY 372 AES Bl o). 4 AE
FEo = 87270 BE AF 7heEe7t 0461 ==
Ast7] HHwﬂ 7 Bguith 7 @327 Y= T
TEE AAsto] AJFol A-&sfof gt Fag, de A
ZAACIME  eVIOL 3719 FAFAIFES s
DO-160GoIA A5t Qe dF ARPERE, 1L
T, 5k, s ¥ 37, Bydx], d4EF )Y &
< dAxsta vt 223, ZF A Y AR HE
S A3 A AZE FEot7| Yol srdE AR
theat 2t

a. IEC 60068, KSW 08119] HuARgof wa} 2%

T AIEE 7P 1A 3Tk

b. MIL-STD-810°1 w2} 1 =A|E 588 Ao AEA
& St o] & FHAAFE #‘%‘it}

c. MIL-STD-8100] w&} F=AIE <=
5 AIEE Sttt
DO-160G, IEC 60068, MIL-STD-8109] @i
AFEE wtgste] A AlHS SEAET o
FEF AAE YT F o] =33ttt

919 S FFoto], B AFollAl= Table 83 &
°] DO-160GE 7I5te.& st sfe] AEPA oA AL
k= AJ3Ea MIL-STD-810, KS-W 0811, IEC
600689] A F+HAZE HEgsto] eVIOL 371
o] Eol= Ao} A71A As7]ol tigt SFAF 5
PALL +Holgrt.

d.

Table 7. Test Requirements Specified in DO-160G

Section Test Category

* Category A
1 -15~70°C(-55~85°C), lower than

4 temperature 4,600m
and altitude | Category B
1 -15~70°C(-55~85°C), lower than
4,600m

+ Category A: 10°C/Min

5 Ezrrlgtei;egure * Category B: 5°C/Min
* Category C: 2°C/Min
* Category A: standard humidity, relative|
5 humidity humidity 85+4%~95+4%, 48hour
* Category B: harsh humidity, relative
humidity 85+4%~95+4%, 240hour
operational

* operational shocks: 11ms, 20ms

7 shocks and . .
* crash safety: impulse, continuous test

crash safety

* Category S

8 |vibration s L ;
. vibration in normal operation

30

10

waterproofness

Category Y
: normal operation, condensed water
> Category W
: normal operation, falling water
Category R: rain while operation
Category S: icing/washing/fluid load

sand and dust

Category D: sand
Category S: dust

13

fungus

direct attack on materials
indirect attack on materials

14

salt fog

Category S
. corrosion exposure during normal

operation
Category T: hovering near the sea

Table 8. Environmental Test Plan for Electro-Mechanical

Actuator
Test Test Requirement Test Category
Sequence.

1 temperature | DO-160G, Sec.4 | Category Al/A2
2 vibration DO-160G, Sec.8 Category S
3 shock DO-160G, Sec.7 Category A/B
4 altitude DO-160G, Sec.4 | Category Al/A2
5 humidity DO-160G, Sec.6 Category B
6 salt fog DO-160G, Sec.14 Category S
7 sand and dust | DO-160G, Sec.12| Category D, S
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