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[Abstract]

The majority of civil aviation accidents are caused by human factors, and especially for rotary-wing aircraft, accidents often occur in
situations where pilots unexpectedly or unintentionally enter into instrument meteorological conditions (IIMC). This research analyzed the
error rates of rotary-wing aircraft pilots under low visibility conditions from various angles to gain insights into flight characteristics and to
explore measures to reduce accidents in IIMC situations. The occurrence rate of errors by pilots under low visibility conditions was
examined using a flight simulator equipped with motion, with 65 pilots participating in the experiment. Flight data obtained through the
experiment were used to aggregate and analyze the number of errors under various conditions, such as reductions in flight visibility, the
presence or absence of spatial disorientation, and the pilot's qualifications. The analysis revealed peculiarities in flight characteristics under
various conditions, and significant differences were found in the rate of error occurrence according to the pilot's qualification level,
possession of instrument flight rules (IFR) qualifications, and during different phases of flight. The results of this research are expected to

contribute significantly to the prevention of aircraft accidents in IIMC situations by improving pilot education and training programs.
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Table 1. Domestic rotary wing aircraft accident cases.

No. Date and Model Cause of Accident
1 S92A2(08.7.19) Entered clouds during landing
2 AS350B-2(11.5.5) | Crashed after entering clouds
3 AW-139(11.2.23) Crashed during night flight
4 S76C (13.11.16) Crashed due to fog
5 | AS350N3(14.7.17) right pedal in clouds
6 AS565(15.3.13) during landing in sea fog
7 LYNX(16.10.26) no-moonlight night flight
8 EC225(19.10.31) no-moonlight night takeoff
9 S92(22.4.8) no-moonlight night takeoff

http://dx.doi.org/10.12673/jant.2024.28.1.60

62

olg] WAL &9 AHS ol 2] 7]Eaks sk 28
B Z A|7he] ¢kS- oln| sl of 7] WAl g0 U= RS 2EA}
Ao] Mol AL vhepiIct

. AgMA
3-1 A[=8I0]|E{ Z|

L A= IMCOA =84 dlef&S 41817 flake] 1
g AlEHClHE &30t AlEdolH e A ek =
SAFEC] AA WA 9} S3do] = 4= Q) F 650 A
A7} A=E 223 A4S -TL%%]—@U"’_ Lockheed Martin®l| A

7Nkt WS-8 Prepar 3D 215 ARE-3to] HI) ALbE] L
£ AAlslelty. 19 13 o] koA s ddxtE
skl ) dEE RUEE & 4 gle ook 2 A 7
AlEgelH e 2E HgHolHE AAREoR oAl Tielw A
=] 7 ok

3-2 H|H AlLIBR
A= trersl vl 2 Ao ule} A} o) o E e

ﬂ%ﬁ¢ﬂﬂ¢#%]é}m%ﬁ4ﬂoe?ﬂ&ﬁﬂ

S
SRR

s}

ol A AJAH] EE(VFR)P_E o]wx] A 1‘4-
/\Eléﬂoﬂ 71—7]—6]— ZA= WA A B o]l Q4E A A2
& Al#FeE7] Aol of 10T7u 21423} .g_ag.%
fez]

Z Il =
5—36_/\]"1:‘ tf:

Eal“g% ] }-MJ— J—L"‘;ﬂ]%
80 knots, A& B 1500 = A&

2 BKNG 8/5~7/8) o]do.& 4=3n]8) a1k Hr) of
1,000 ft =7 315 AR SR gkef 3] 7F e U 2
e = 719) 3 Aol TR W 20S Al T

AT o]9} Lo WAL HAT ol 2l IMC 4
o) NPT} FALSP Bl A oe] WS B

A 202 F 28 ol HEAA, =F

A v eAE 2 REle] 2EAL] o F

a7] glaiA ey,
7, A7 1M SAFR) A7

s

& QA

O3 1. AlS20lH maky
Fig. 1. Flight training device 10S.



SRRNERE

2 Z7] A17go] 10 km 17391 234 A=}

ato] 5 km% W01 UA] A A ehds] 2hd g o s

ARSIt S| FATE ARl o7 Bl E ellidsie] e
RS 7 o argle] WAkt

ZFA AAL EEA S uiR] S ZFAL ATHEREAL
a1 A7 Y(IFR) AH4 ol e}
ofle] WAEo] ol gk xfo] & LA ekaLA} SIGITh nhA ko R
FendoR 218 et

=& 3] &

A EEFAE TRAT

)y =
of 43,

2 MY =A

Tgn| 3y, ZFshn] 3,

Table 2. Experimental conditions.

1

i

Category

Detail

Visibility

More than 10km / 5km / Obstructed

Pilot License

Student / Private / Commercial

IFR

Qualified / Not Qualified

Flight Phase

Climb / Cruise / Descent

Data labeling

Q1. Did the participants
perceive the SD?

L

‘ Control response

adjustment of flight
parameters

coordinated flight
controls

Q3. What is the reason
for the error?

Not recognized (Type I}
Insufficient overcoming (Type I, Ill)

Lack of piloting skills

|

@ SD Yes
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Category Measurement
Time Time(T)
Aircraft Attitude Pitch, Bank
Specifications Heading, Speed, VS(vertical speed)
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Table 4. Kruscal Wallace test results by visibility.

Category n Chi-square p-value
Pitch 65 1.515 0.468
Bank 65 1.85 0.396

Heading 65 9.82 0.007
Speed 65 5.09 0.078

Vs 65 4.17 0.124

E 5. B7VSIMA S0l o2 d-3|=d U ZE 23

Table 4. Mann-Whitney U test results by SD.

Category n Mann-Whitney U p-value
Pitch 65 1542.0 0.003
Bank 65 1982.5 0.043

Heading 65 1768.0 0.080
Speed 65 1666.5 0.010

Vs 65 1830.5 0.075
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Table 6. Poisson regression analysis by certification.
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Parameter Estimates
95% Wald CI Hypothesis Test 95% CI for Exp(B)
Parameter B Std. Error Wald Degrees Exp(B)
Lower | Upper . Probability] Lower Upper
Chi-Square | of Freedom
(Intercept) 6.055 .0092 6.037 6.073 437430.651 1 <.001 | 426.143 | 418.565 | 433.858
[Certi=1] 426 .0122 402 449 1225.962 1 <.001 1.530 1.494 1.567
[Certi=2] 382 .0144 353 410 703.377 1 <.001 1.465 1.424 1.507
[Certi=3] Oa 1
(Scale) 1b
Dependent Variable : total error
Model : (Intercept), Certi
B 7. A7HIMRA 77E 2okS 3P A 2o
Table 7. Poisson regression analysis by IFR.
Parameter Estimates
95% Wald CI Hypothesis Test 95% CI for Exp(B)
Parameter B Std. Error Wald Degrees - Exp(B)
Lower Upper . Probability Lower Upper
Chi-Square | of Freedom
(Intercept) | 6.145 0112 6.123 6.167 299463.930 1 <001 | 466.471 | 456.316 | 476.851
[TFR=0] 215 .0127 .190 .240 285.782 1 <.001 1.240 1.210 1.272
[IFR=1] 0Oa 1
(Scale) 1b
Dependent Variable : total error
Model : (Intercept), IFR
E 8. H[HCHAE ZokS 3|4 EA Zot
Table 8. Poisson regression analysis by flight stage.
Parameter Estimates
95% Wald CI Hypothesis Test 95% CI for Exp(B)
Parameter B Std. Error Wald Degrees _ Exp(B)
Lower | Upper . Probability| Lower Upper
Chi-Square | of Freedom
(Intercept) | 4.943 .0105 4.923 4.964 222666.502 1 <.001 | 140.200 | 137.351 143.108
[stage=1] 405 0135 379 432 898.742 1 <.001 1.500 1.461 1.540
[stage=2] 349 .0137 322 376 650.230 1 <.001 1.417 1.380 1.456
[stage=3] Oa 1
(Scale) 1b

Dependent Variable : total error
Model : (Intercept), stage
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