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Development and Evaluation of the Korean Army’s Ergonomic Flight Jacket

Hee Eun Choi’ and Kueng-mi Choi"

Dong-. seoul University Industry-Academic Cooperation Foundation, Sungnam, Korea
Dept of Fashion Design, Dong-seoul University; Sungnam, Korea

Abstract: This study used a preliminary survey to help develop an ergonomic flight jacket that is suitable for the
working environment and mission performance. The results are as follows. The ergonomic sleeve pattern was
designed with a forward 165° incline that considers a shoulder joint direction suitable for the motion; in addition,
a closely design opening provided warmth and safety from fire. As a result of the dimensional suit—ability, pilots
evaluated that sleeve length and total length of the developed flight jacket were a little long (p<.01), while flight
engineers and crew evaluated that those of the developed flight jacket were appropriate (p<.01). Pilots evaluated
that chest circumference and waist circumference were large (p <.05), while flight engineers and crews evaluated
that those of the developed flight jacket were appropriate. The evaluation of the motion suitability indicated that
pilots, flight engineers and crew found the developed flight jacket more comfortable than the current flight jacket
(p<.05, p<.01, p<.001). The evaluation of the usability of pockets and penholders indicated that pilots, flight engi-
neers and crew found the developed jacket easier to use (p<.01). The flight engineers and crew evaluated that the
appearance of the developed flight jacket was better than the current flight jacket (p <.05). The results of this study
show that the difference of environment and mission performance has a significant influence on evaluation; there-
fore, it is necessary to develop separate military uniforms that included a winter flight jacket to reflect the needs

of each group.
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Table 1. Demographics of respondents N=7)
Pilots Flight engineers
& crew

Mean  S.D. Mean S.D.

Age (year) 31.3 39 259 4.7

Stature (cm) 1728 23 173.2 2.1

Weight (kg) 700 22 73.7 3.1

Neck circumference (cm) 36.9 1.3 375 1.6

Chest circumference (cm) 98.9 42 99.4 39
Waist circumference (cm) 82.1 34 81.7 4.5
Hip circumference (cm) 95.9 0.9 97.3 4.0
Posterior shoulder length (cm)  44.0 0.4 45.0 12
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A current flight jacket A developed flight jacket

Fig. 1. A current flight jacket and a developed flight jacket.
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Table 2. General motions for motion suitability evaluation
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No. Posture No. Posture
1 Stand erect 6 Elbow flexion
2 Neck rotation m 7 Shoulder extension @
o Horizontal shoulder

3 Arm forward 90 8 adduction 90°

Shoulder ) ( TO
4 flexion 180° ﬁ 9 Torso flexion
5 Horizontal shoulder

abduction 90°




Table 3. Mission motions for motion suitability evaluation

QIS S BIYAIAL] AN ¥ FF 121

No. Motion

No. Motion

1 Getting on & off

Pilot
Opening & closing
the aircraft's door

Twisting towards back side
to fasten a seat belt

Raising arms forward
4 to control flight devices
(shoulder flexion 165°%)

No. Motion

No. Motion

1 Inspecting the aircraft

Flight engineer 5
& crew

Charging the aircraft

3 Hooking up

2
(Horizontal shoulder abduction
1357

4 Pushing freight

5 Putting out a fire

o] ol F S W= A, oy & vl
o] WAz thal, Byo] goldh 2|9 oyl Jej= WA W
= Fel& o] et geje, v el v
HAZL 9ot FLF Aoz ALt 12} A8 v
AzZle] Ze] w7t AL, @ nEAzle] sle] wWete] 29 Fejel

A developed outshell

A developed softshell

Fig. 2. Developed flight jackets.
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MM E &e] S-sle s AASIAT %2 3.0cm °E3NL, EORE WA $J3l 1.2em HE
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o] gojoly 2 JfES Z#d 127.0emE AT-E 13 T-& vz FFE e Fig 301 HF Y Xge

A7) 7REEER AL, e dole Al o= & Table 49} 22}, awfdelo] - 9]9]9] oE =Fshar A

— lst developed flight jacket
,,,,,,,, 2nd developed flight jacket

., 0.5 cm

2.0 cm
N

2.0 cﬁZ.U cm

Fig. 3. The pattern of developed flight jackets.



Table 4. The product size of developed flight jackets

A developed A eeveloped

outshell softshell
Chest circumference 127.0 118.0
Bottom circumference 119.5 108.0
Sleeve circumference 46.0 46.0

Cuffs circumference 33.0 25.7(33.0)
Total length 75.5 72.5
Sleeve length 61.5 63.5
Collar height 8.0 5.0

( ): Length when the rubber hem is extended as much as possible
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317} A, BEXEY S} delde] oA Fon]g xeol& olF B3l ZFAM & Al AH Feol| gk dset
HATHp<.05). 718 e} 79 2FAHT & Bzl AT 5 FH =25 A= wet Al FeEe] d7E
Fejdelel tigh XFAES © A Hrlslded ol A H|gAzle] AFA B7F Ao dolshe ¢ & Ut 3t
A A8 ZAKChoi & Choi, 2020)014 AlatE] FelE H35d ARE 2FAE A7E HgAZl SBEY, A=GEY, T
L= ot e B i e ) R B ) e e ) S g R b s A5, SEE, o7i7IEA ], 9F, FHEe]l & HIgAA
oo AR, A 298] XFAPAEE o B B e R} Agsiciar Frlste] & Sk AEE 7919 X A
2 Btk AF-E vl gk ZFARE 713AL S99 o] o]RARTL & F 3
Table 5. The results of dimensional suitability N=7)
Pilots Flight engineers & crew eigi()rie:ss. &f hcilzv
ftem CM. DM.
CM.(SD) D.M.(SD) t-value C.M(SD) D.M.(SD) t-value
t-value t-value
Neck circumference 3.3(0.8) 4.1(0.4) 252" 3.1(0.9) 3.9(1.2) -137 0.28 0.60
Chest circumference 3.3(0.8) 4.6(0.8) -3.58" 3.3(1.0) 4.0(0.0) -1.99 0.00 1.92
Waist circumference 3.9(0.4) 4.7(0.5) 329" 3.6(0.5) 4.0(0.0) 212 1.55 387"
Bottom circumference 4.1(1.3) 4.7(0.8) —0.88 3.4(1.1) 4.3(0.5) -2.12 1.18 1.44
Upper arm circumference 3.3(0.8) 4.1(0.4) 212 3.0(1.2) 4.0(0.0) 229 0.55 1.00
Armscye circumference 27(1.3) 3.9(0.4) 225 2.9(1.3) 3.7(0.5) 212 -0.16 1.00
Elbow circumference 3.3(0.5) 43(0.5) 324" 2.0(1.2) 4.00.0) —4.58" 3.06" 1.55
Wrist circumference 3.9(0.4) 43(0.8) ~1.44 3.6(0.8) 4.0(0.0) ~1.44 0.79 1.00
Posterior shoulder length 3.0(0.8) 4.0(0.0) 324" 3.4(0.8) 4.0(0.0) -1.92 -1.16 -
Front interscye fold 3.1(12) 4.0(0.0) ~1.87 33(0.8) 3.9(0.4) -1.92 -0.55 1.00
Back interscye fold 3.3(0.8) 4.0(0.0) -2.50" 3.4(0.8) 4.0(0.0) -1.92 -0.55 0.28
Collar height 3.9(0.4) 4.0(0.6) —0.55 3.7(1.1) 3.9(0.9) -0.55 035 438"
Total length 3.6(0.8) 5.1(0.7) 426" 2.4(1.0) 4.0(0.0) —426" 336" 2.83"
Sleeve length 3.3(14) 4.7(0.5) 387" 2.0(0.6) 4.1(0.4) —8.22™ 2.12 0.42
kp<.05 ,**p<.01 s mp<.001, scale 1: too short (small) 4: appropriate, 7: too long (large)

C.M.: The mean of a current flight jacket, D.M. : The mean of a developed flight jacket



124 SF7o] 7 EI8IR) A23H AIS, 2021H

322, 52HY b

A vigAZe gigk 2FAR}E 7)8A), S5 At A
FAAA J7F A, S 180° 9= gl 4 A AE
79, Iy BEE He T4 A vl 19, 5% S0 52

Al A FRelA 71artel so] 2FAkEeh & w7
o] o E¥aitha B sIATHp<.05). 3HE ¥4, AHE X3t
o7l Hd AR RA7E O 2 A7 B 1%}9}
e A v avje] W 79 g B A w9t
AT A A AHFSA] ek o713 ISl

A7 v Zle] th3k 2FAle} 718t S-e] kA

O 7
<

Table 6. The results of general motion suitability
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Pilots vs. flight

Pilots Flight engineers & crew engineers & crew
No Posture Clothing CM DM,
CM.(SD) D.M.(SD) t-value CM.(SD) D.M.(SD) t-value
t-value t-value
1 Stand erect - 4.4(15) 59(1.1) 271" 3.6(1.0) 6.7(0.5) 778" 2.12 -3.29"
2 Neck rotation  Neck 43(2.3) 5.6(1.0) ~1.89 3.9(1.9) 5.4(1.0) -2.01 0.37 0.28
Shoulder  3.1(1.7) 5.7(1.1) 697" 2.6(1.5) 6.1(0.9) 625" 0.66 -1.16
; Am Bodice(back)  2.9(2.0) 5.6(1.3) —4.48" 2.7(1.7) 6.0(1.2) —4.40" 0.28 -0.75
forward 90°  Armhole  3.0(2.2) 5.4(1.4) 323" 2.0(1.5) 5.7(1.4) 520" 1.62 -0.42
Sleeve 3.92.1) 57(1.1) -3.36" 24(13) 6.4(0.8) 611" 1.51 -2.50"
Shoulder  3.1(1.6) 54(1.1) 438" 2.1(1.1) 57(1.1) 676" 1.38 —0.47
Shoulder Bodice(back)  3.1(1.6) 57(1.1) 487" 23(1.4) 62(1.1) —6.11" 1.87 -133
4 fexion 180°  Ammhole  33(2.1) 5.4(1.4) -338" 1.7(1.1) 5.7(1.4) 648" 2.57* 042
Sleeve 3.7(2.3) 5.6(1.0) 277" 2.0(1.2) 6.0(1.0) 693" 1.77 -1.16
Horizontal Shoulder  4.02.2) 5.6(1.0) .42 2.4(1.1) 6.1(1.1) ~13.00™" 1.81 ~1.19
5 shoulder Armmhole  3.92.2) 5.4(1.4) 242 24(1.3) 6.0(1.2) 521" 1.70 -1.00
abduction 90°  gleeve 37(2.3) 5.6(1.3) -336" 2.6(1.5) 6.4(0.8) 523" 1.06 212
Shoulder  3.6(2.2) 57(1.1) 320 2.7(1.9) 6.3(0.8) 550" 1.44 -1.55
; Flbow Bodice(back)  3.7(2.6) 5.7(1.1) -2.76" 2.9(1.9) 53(1.6) -338" 122 0.66
flexion Ambhole  3.72.1) 5.4(1.4) 252" 2.7(2.0) 5.6(1.3) —345" 1.62 -0.28
Sleeve 4.12.4) 54(1.5) 227 2.0(1.2) 6.0(1.0) —7.48™" 2.50" —0.88
Shoulder  3.9(2.0) 5.4(1.3) —2.98" 2.9(1.7) 6.4(0.8) 550" 1.87 229
. Shoulder Bodice(bront)  2.9(1.9) 5.1(1.1) 543" 2.3(1.9) 6.0(1.0) —4.04" 0.70 ~1.44
extension Armhole  3.9(2.0) 5.3(1.6) -2.50" 2.6(1.7) 6.1(0.9) 475" 2.12 -1.55
Sleeve 4.1(2.0) 57(1.1) —2.98" 2.7(1.1) 6.6(0.5) -7.59™" 1.64 252"
Shoulder ~ 2.9(1.2) 53(1.4) -5.05" 2.7(1.7) 59(1.1) —5.68" 0.24 —0.88
g i‘:}i‘i‘i’gal Bodice(back) ~ 3.0(1.9) 5.0(1.3) 74.10:* 3.6(1.6) 6.1(0.9) 73.29; -1.19 -1.92
adduction 90° Armhole  33(2.1) 5.4(1.4) —3.20* 2.6(1.7) 57(1.3) —4.96“ 1.70 -0.55
Sleeve 4402.1) 5.9(1.1) 271 2.6(1.1) 5.9(0.9) 542 1.84 0.00
Shoulder  3.3(1.1) 59(1.1) —8.65"" 24(1.7) 54(1.3) 486" 1.69 0.81
Torso Bodice(back) ~ 2.4(1.6) 56(1.1)  -12.05"" 2.6(1.9) 5.1(1.6) -3.17" —0.24 0.55
flexion Armhole  4.1(2.0) 5.6(1.3) -333" 2.0(1.8) 5.0(1.5) -4.86" 3.04" 0.83
Sleeve 3.9(1.3) 5.9(1.1) 917" 2.4(1.6) 5.4(1.4) -520" 1.83 0.63
kp<.05 ,Hp<.01 s mp<.001, scale 1: very uncomfortable, 4: average, 7: very comfortable

C.M.: mean of a current flight jacket, D.M.: mean of a developed flight jacket
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Table 7. The results of mission motion suitability by pilots N=7)
. Pilot
No. Posture Clothing t-value
C.M.(SD) D.M.(SD)
Shoulder 3.4(1.6) 59(1.1) —4.25"
. Bodice(back) 3.0(1.8) 5.7(1.3) 421"
1 Getting on & off .
Armhole 2.9(1.9) 5.6(1.1) —4.21
Sleeve 3.72.1) 5.9(1.1) -3.87"
Opening & Closing Shoulder 3.4(1.1) 5.7(1.1) -8.00"
5 the aircraft’s door Bodice(back) 4.3(1.6) 5.9(1.1) 327"
(Horizontal Shoulder Abduction Armhole 0.7(1.3) 5.6(1.3) -3.65"
135%) Sleeve 3.0(1.4) 5.9(0.9) ~7.07"*
Shoulder 3.1(1.1) 5.4(1.0) —4.82"
3 Twisting towards back side Bodice(back) 3.3(1.8) 5.3(1.1) -2.22
to fasten a seat belt Armhole 3.1(0.9) 5.7(1.1) -6.97""
Sleeve 34(1.4) 6.0(0.8) -6.00"
N Shoulder 3.0(1.3) 5.4(1.1) -3.23"
Raising arms forward Bodice(back) 3.9(1.5) 57(1.1) 404"
4  to control flight devices Armhol 31(19 5613 405"
(Shoulder Flexion 165°) rmhole A01.9) 6(1.3) 25
Sleeve 3.3(1.5) 5.7(1.1) -5.67
kp<.05, **p<.01 Mp<.001, scale 1: very uncomfortable, 4: average, 7: very comfortable
C.M.: mean of a current flight jacket, D.M.: mean of a developed flight jacket
Table 8. The results of mission motion suitability by flight engineers and crew N=7)
. . Flight engineers & crew
No. Motion Clothing t-value
C.M.(SD) D.M.(SD)
Shoulder 2.7(1.6) 5.6(1.3) 297"
. Bodice(back) 3.0(1.3) 6.0(1.0) -3.97"
1 Inspecting -
Armbhole 2.3(1.9) 5.0(0.8) —4.00
Sleeve 2.4(1.0) 5.4(1.0) -5.61"
Shoulder 3.1(1.9) 5.0(1.2) -3.36"
. . Bodice(back) 2.4(1.5) 5.4(1.0) -3.97"
2 Charging the aircraft .
Armbhole 2.3(1.5) 5.0(1.2) -3.63
Sleeve 2.3(1.6) 5.6(1.1) -3.68"
Shoulder 1.7(0.5) 5.4(1.3) -6.57"
. Bodice(back) 2.1(1.2) 5.7(1.5) -5.50"
3 Hooking up -
Armbhole 1.7(1.1) 5.0(1.2) -5.42
Sleeve 1.6(1.0) 5.3(0.8) 712"
Shoulder 2.7(1.1) 5.3(1.3) -3.75"
. . Bodice(back) 2.6(1.4) 5.1(1.2) -3.42"
4 Pushing freight .
Armbhole 2.7(1.8) 5.4(1.4) -3.36
Sleeve 2.1(1.5) 5.4(1.0) —4.83"
Shoulder 2.4(0.8) 5.4(1.1) -5.61"
. Bodice(back) 2.6(1.5) 5.4(1.3) -3.45
5 Putting out a fire .
Armbhole 2.0(1.4) 5.3(1.4) —4.83
Sleeve 2.0(1.2) 5.1(1.2) -3.79"

*p<.05, “p<.01 mp<.0()1, scale 1: very uncomfortable, 4: average, 7: very comfortable
C.M.: mean of a current flight jacket, D.M.: mean of a developed flight jacket
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Table 9. The results of usability for pockets, pen holder and fastenings N=7)
Pilots Flight engineers & crew Pilots vs. flight engineers & crew
Usability CM. D.M.
CM.(SD) DM.(SD)  t-value  CM.(SD) D.M.(SD)  t-value
t-value t-value
Left chest 3.1(1.3) 6.1(0.7) —4.80" 3.7(1.3) 6.1(0.9) -3.74" -0.83 -0.28
Right chest - 6.0(0.6) - - 6.1(0.9) - - 0.00
Pockets Left upper arm  3.9(0.4) 6.1(0.7) -2.00 3.0(1.5) 6.1(0.9) -4.69" 1.44 -1.45
Right upper arm - 5.1(1.6) - - 6.1(0.9) - - —-1.44
Left waist 4.7(1.9) 5.3(1.4) -122 2.9(1.2) 6.3(0.8) —6.00" 2.04 -1.37
Right waist 4.7(1.9) 5.6(1.4) -1.22 2.9(1.2) 6.3(0.8) —6.00" 2.04 -1.37
Pen holder 3.32.1) 6.1(1.2) -3.71° 2.77(1.5) 6.3(0.8) —6.25" 0.93 -0.26
Waist & bottom fastening - 4.9(1.5) - - 6.0(1.2) - - -2.25
Cuffs fastening - 5.8(1.0) - - 6.4(0.5) - - -1.55
p< 05, p< 01, scale 1: very uncomfortable, 4: average, 7: very comfortable
C.M.: mean of a current flight jacket, D.M.: mean of a developed flight jacket
Table 10. The results of appearance satisfaction N=7)
Pilots Flight engineers & crew Pilots vs. flight engineers & crew
Appearance satisfaction CM. DM.
CM.(SD) D.M.(SD) t-value C.M.(SD) D.M.(SD) t-value
t-value t-value
Overall appearance 4.6(1.3) 4.9(1.6) -0.37 3.4(1.6) 5.7(1.0) 273" 1.62 -1.22

"p<.05,

**p<.01, scale 1: very dissatisfied, 4: average, 7: very satisfied

C.M.: mean of a current flight jacket, D.M.: mean of a developed flight jacket
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