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Development and Evaluation of Ergonomic Patterns for Korean Female Soldier’s
Winter Jacket
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Abstract: This study developed an ergonomic Korean female military winter jacket and (inner and outer) pattern in in
order to increase dimension and operational suitability for military missions. First we developed the 1st development pat-
tern and sample jackets with improved dimensions and operational suitability based on a previous investigation of fitness
and motion suitability of Korean female military winter jackets (inner and outer) and motion suitability by a wearing test.
The evaluation result of fitness for the 1st development pattern were over 4.0 (5.0 Likert scale) for both the inner and
outer jacket, a positive result and the result of motion suitability were over 3.5 in both the inner and outer jacket except
for the neck front part by collar height. However, we did not modify the collar height because decreases in warmth and
military regulations. We also evaluated appearance by experts that showed good results in both the inner and outer jacket.
Finally, we developed a final pattern based on evaluation results and military regulations. Existing military uniform
research was conducted mainly on male soldiers. Beginning with this study, we expect to expand research on the devel-
opment of military uniform patterns suitable for a female soldier body type.
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Table 1. Physical characteristic of the subjects
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Subject (N=8)

Korean female soldiers, W85 size

Item Size of high proportion range (N=43)
M SD MESD Range of dimension M SD MESD
Stature 1622 1.1 161.2~163.3 161.0~164.0 162.6 1.3 161.3~164.9
Bust circumference 85.0 1.4 83.6~86.4 84.0~87.0 85.6 1.4 84.2~87.0
Waist circumference 70.9 33 67.6~74.2 65.5~75.5 69.3 2.9 66.4~73.1
Hip circumference 92.1 4.4 87.8~96.5 87.0~97.0 92.0 29 89.1~94.9
Lateral shoulder length 39.6 1.1 38.4~40.7 37.5~40.5 40.5 1.8 38.7~42.3
Arm length 53.9 1.5 52.3~55.3 51.5~55.0 532 1.4 51.8~54.6
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Table 2. Motion suitability evaluation posture-combat
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Push up position
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Applied crawling

4 —7

Throwing stand
-After throwing, right arm forward

Applied crawling-shoulder extended position

Static posture

Prone position

Applied crawling-shoulder flexed position

3 /W

A

Push up-hip upward, one leg is folded

Attack position-advancing arms with rifle
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Table 4. Modification details of inner jacket-1* development
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Table 3. Basic body dimensions of a subject for expert evaluation
(Unit: cm)

Korean male soldiers, 85-164 size

Ttems (stature 164 cm, chest circumference 85 cm)
Stature 164.0
Bust circumference 85.0
Waist circumference 67.0
Hip circumference 91.0
Bishoulder length 389
Arm length 54.4
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Modifications (pattern) (cm)

Pattern  No. Part - - Effect
Modifications Current = 1% development
1 Axilla front height Raise by 1.3 258 — 245 Reducing inconvenience in chest movement
2 Bust circumference Reduce by 1 105 — 103 (Whole) Improving dimensional fit
3 Bust dart Dart creation of 2 cm Improving dimensions and appearance
Bodice, L . . .
front 4 Waist circumference Reduce by 0.5 96 — 95 (Whole) Improving dimensional fit
5 Hem circumference Increase by 1 104 — 106 (Whole) Improving dimensional fit
6 Neck front point Fall down 1.3 82— 7.6 (Front neck depth) Reducing inconvenience in neck movement
7 Shoulder width Reduce by 0.5 44.0 — 43.0 (Whole) Improving dimensional fit
8 Bust circumference Reduce by 2 105 — 103 (Whole) Improving dimensional fit
Bodice, 9 Waist circumference Reduce by 0.5 96 — 95 (Whole) Improving dimensional fit
back 10 Hem circumference Increase by 1 104 — 106 (Whole) Improving dimensional fit
11 Shoulder width Reduce by 0.5 44.0 > 43.0 (Whole) Improving dimensional fit
12 Sleeve cap height Fall down 1.3 128 — 115 Improving arm movement
Sleeve 13 Sleeve length Increase by 2 57.0 — 59.0 Improving dimensional fit
14 Elbow Dart creation of 2.5 cm Improving arm movement

Collar 15 Collar under circumference Reduce by 2

48.0 — 46.0 Reducing inconvenience in neck movement

See Fig. 1 (number in the table correspond to the number in Table 3)
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(a) Bodice and collar

It

(solid line): development pattern

Fig. 1. Comparison between 1™ development pattern and current pattern - Inner jacket.
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Table 5. Modification details of outer jacket-1% development
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Modifications (pattern) (cm)

Pattern ~ No. Part — Effect
Modifications Current — 1% development
1 Armscye depth Raise by 2 202 — 272 Improving dimensional fit and movement
) 2 Bust dart Dart creation of 2cm Reducing chest compressions
B;((j)lncte, 3 Waist width Increase by 0.7 25.0— 25.7 Improving dimensional fit
4 Side seam length Reduce by 1 45.6 — 446 Improving dimensional fit
5 Shoulder width Reduce by 0.5 45.0 — 44.0 (Whole) Improving dimensional fit
6 Armbhole depth Raised by 2 292 — 272 Improving dimensional fit and movement
) 7 Bust circumference Reduce by 1 110 — 108 (Whole) Improving dimensional fit
Bodice, . . . . .
back 8 Waist_back princess dart Increase by 2.2 08— 3.0 Improving dimensional fit
9 Back length Reduce by 2 74.0 — 72.0 Improving dimensional fit
10 Shoulder width Reduce by 0.5 45.0 > 44.0 (Whole) Improving dimensional fit
11 Sleeve circumference Reduce by 2.6 52.0— 494 Improving dimensional fit
Sleeve 12 Incision line of small Increase by 0.5 385 — 39.0 Reducing inconvenience in arm movement
sleeve, large sleeve
Collar 13 Collar_upper circumference Increase by 2 41.0— 43.0 Reducing inconvenience in neck movement

See Fig. 2 (number in the table correspond to the number in Fig.
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(a) Bodice and collar

(solid line): I development pattern

Fig. 2. Comparison between 1%
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(b) Sleeve
(dotted line): Current pattern

development pattern and current pattern - Outer jacket.
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Table 6. Evaluation results of fitness - 1% development

Score (N=8)
ltem Inner ljacket Outer ljacket
Current 1* development Current 1* development
i D i ) t-value i D i D t-value
Total length 3.6 1.41 4.8 71 —2.553" 45 0.53 4.6 52 —-1.000
Shoulder width 45 0.53 4.6 71 —.683 44 0.92 49 35 —-1.528
Interscye, back 3.6 1.30 49 71 —2.346 43 0.71 4.8 46 —-1.871
Sleeve length 2.4 1.51 5.0 1 -4.204" 33 1.39 43 1.16 —1.468
Armhole 4.6 0.52 4.5 1 -.357 44 0.74 4.8 46 —-1.426
Interscye, front 4.0 1.07 5.0 71 —-1.655 4.1 1.13 45 .93 -2.049
Bust circumference 4.5 0.53 4.8 71 —1.000 44 0.74 4.8 46 -1.426
Waist circumference 45 0.53 49 71 —-1.000 45 0.53 49 35 —-1.426
Hem circumference 33 1.67 4.6 71 -2.049 38 1.16 49 35 —2.553"
Sleeve biceps circumference 4.0 0.31 49 71 —-1.426 45 0.53 4.8 46 —-1.528
Elbow circumference 44 1.31 5.0 71 -.814 43 0.71 4.8 46 —2.646
Sleeve hem circumference 4.6 1.30 49 71 -.552 4.5 0.53 49 35 —2.049
Collar height 34 1.30 4.1 71 -3.274 3.0 1.31 43 .89 376"
Neck circumference 4.0 1.07 4.6 71 —-1.426 35 1.60 44 1.06 -1.594
Average 4.0 - 4.8 - - 4.1 - 4.7 - -
L ::score of 2 < -<3
p<05, p<01
Table 7. Wearing condition of military winter jacket (Evaluation results of fitness) — 1% development
Ttem Image
Front Side Back

Inner jacket

Outer jacket
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Table 8. Evaluation results for motion suitability — General (I* development)

Score (N=28)
. Inner jacket ' Outer jacket |
ftem Clothing part Current 1" development Fvalue Current 1¥ development Fvalue
M SD M SD M SD M SD
Bodice, front 45 53 48 46  -1528 45 33 48 46  -1528
Bodice, back 46 52 48 46  -552 45 53 49 35  -2.049
1 Stand erect Collar, front 36 119 48 46 2826 34 119 48 46 3274
I \ Collar, back 44 32 48 46 2049 41 83 49 35 -3.000°
L Sleeve 41 136 49 35 -1426 40 107 49 35 2497
;"; Collar, front 24 113 35 121 -1987 | 21 .64 29 113 -1655
2 ¥~ Neck flexion/extension
( Collar, back 47 49 48 38 -1.000 40 .76 45 107 -1871
e _ Collar, height 38 116 41 113 -1.158 34 130 46 .74 -2546
3 Neck horizontal = (1100 frong 35 120 40 120 —935 29%* 113 43 116 2434
rofation Collar, side 45 76 46 52 -552 41 8 40 120 284
j%; Collar, front 39 113 44 106 -1080 36 92 43 89  -1357
4 ‘N27 0 Neck lateral flexion
Collar, side 45 76 49 35 -1426 41 64 40 120 357
Bodice, front 43 89 48 46  -1528 44 74 48 43 -1426
Bodice, back 43 89 48 46 -1871 43 71 46 52 —2.049
Sleeve 237 89 49 36 -70007" 41 83 48 46 3416
5 Arm forward 90°  Armhole, up 41 64 48 71 -1930 44 74 48 46 -1.426
Armhole, down 3.8 128 43 139 -1.183 40 107 48 46 2049
Armhole, front 43 71 50 .00 -3.0000 44 74 49 35 -1528
Armhole, back 3.8 128 49 35 2553 43 71 49 35 -2376"
Bodice, front 35 131 49 35 2762 36 119 45 76 -1825
Bodice, back 45 53 49 35 2049 43 71 46 52 -2.049
p Shoulder flexion 180e Armhole, up 45 53 46 74 =357 43 71 44 74 -552
Armhole, down 43 89 41 113 284 40 107 45 53 -1871
\ Biceps 46 52 48 46 -5 43 71 48 46 2646
Sleeve hem 30 131 49 35 39107 44 52 48 46 -2.049
Bodice, front 40 131 44 106 -1.158 43 71 46 74 1426
Horizontal shoulder  BOdices back 44 52 46 52 -1000 44 74 48 46 2049
7 . o Sleeve 33 116 46 52 298 40 93 48 46 -3.000
l abduction 90 Armbhole, up 43 71 45 76 -683 41 83 46 52 -1871
Armhole, down 43 71 45 53 -1000 43 104 48 46 1871
Bodice, front 41 64 48 46 3416 43 89 46 74 -1158
Bodice, back 39 .83 45 76 -2376 43 89 45 76 -1.000
8 Elbow flexion  Sleeve hem 34 160 48 46 2308 44 74 48 46 —2.049
Elbow 237 116 38 104 39697 7297 136 35 131 -1.174
Armhole, down 34 130 43 46 2497 40 131 43 89  —607
Bodice, front W/ RNY) 45 76  —284 38 89 43 89 -1871
Bodice, back 43 104 48 46 -1.183 43 71 48 46 2646
9 Shoulder extension Armhole, front 4.5 53 48 46 —1.000 4.3 1.04 4.8 46 -1.183
Armhole, back 45 53 49 35 1426 39 125 49 35 2646
Armhole, down 43 104 49 35 -1667 38 128 49 35 2826
Bodice, front 40 120 50 .00 -2366 40 .93 48 46  -1821
Hori Bodice, back 43 89 49 35  -1667 43 71 48 46 1871
orizontal shoulder
10 % adduction 900 Armhole, front 4371 48 46 -1528 40 107 44 74 -1.000
Armhole, back 4.1 .83 50 .00 -2966 41 .64 48 46 3416
Armhole, down 39 1.13 45 107 -125%6 40 107 46 51  -1.667
Bodice, front 41 64 44 106 —683 36 106 48 46 2553
11 Torso flexion .
{b Bodice, back 45 53 41 113 893 39 99 46 74 -1426
Waist 44 74 50 .00 -2376 44 52 50 .00 -3416
12 Leg lateral spreading
Hip 38 149 49 35 2049 38 104 48 71 2646
Average 4.0 - 4.6 - - 4.0 - 4.6 - -

p<.05, “p<.01, "p<.001
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Table 9. Evaluation results for motion suitability - Combat motion (I* development)

o] ZAI 3] %] A21H A6, 20194

Score (N=28)
. Inner jacket Outer jacket
Clothing part T 5
Current 1™ development Current 17 development

M SD M sp v — SD M sp vae

1 Throwing stand 35 131 43 71 -1655 43 1.04 45 53 —552
Consecutive 2 High jump 3.1 1.36 46 52 2806 38 89 4.9 35 3813”7
motion 3 Push up position 3.6 1.06 4.0 1.07 -2.049 4.1 .64 4.5 53 —2.049
4 Applied crawling 3.4 1.30 43 71 1825 41 64 45 53 —1426

Interscye front 4.0 131 49 35 —1.698 40 93 48 46 —2.049

1 Biceps 44 74 4.6 T4 607 40 93 4.6 74 -1.488

Armhole, down 43 71 49 35 2376 4.4 74 4.9 35 -1.871

Sleeve hem 4.1 113 4.9 35  -1655 44 52 49 35 2646

Interscye back 43 46 49 35 3416 43 89 49 35 2376

5 Biceps 43 46 48 46 —2646° 43 71 49 35 -2376°

Armhole, down 38 1.04 40 107  —683 4.0 1.20 45 76 1323

Sleeve hem 3.8 1.04 4.9 35 32117 39 1.13 4.6 74 -3.000°

Waist back 41 113 49 35 2049 40 1.07 4.6 52 —1.667

. Elbow 39 113 46 52 -1655 40 1.07 46 52 —1.667
Static posture *
Armhole, down 43 1 4.8 46 -1.871 43 71 4.8 46 -2.646

Armhole, up 4.1 64 46 52 1528 40 1.07 4.8 46 —2393°

4 Armhole, down 36 1.19 40 120 -1426 41 83 4.8 46 2376

Side seam 3.9 99 45 76 -1488 39 113 46 74 -1.821

5 Elbow 4.1 83 50 00 2966 43 89 4.6 42 1426

Sleeve length 35 1.41 4.8 46 2376 44 74 4.6 74 -1.000

Interscye back 4.1 99 4.5 .76 —-1.158 43 .89 49 35 -1.930

‘ Biceps 41 99 4.8 46 1667 44 74 49 35 -1.871

Armhole, down 3.9 1.25 45 76 2376 4.1 113 4.8 46 —1.667

Hip 4.1 1.13 45 107  -814 39 1.36 5.0 00 2346

Average 39 - 4.6 - - 4.1 - 4.7 - -

*p<.05, ' p<.01

Table 10. Wearing condition of military winter jacket (Evaluation results for motion suitability) - 1% development

Image

Combat motion

suitability evaluation
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Table 11. Expert evaluation result 1% development pattern

Allowance Appearance
Direction Item Inner jacket Outer jacket Direction Item Inner jacket Outer jacket
Front length 4.0 4.0 Collar 6.0 6.0
Front gnterscye length 44 44 Front neck circ.(a) 6.4 6.0
Front neck circ.(a) 4.6 5.2 Shoulder width(b) 6.4 6.0
Front Shoulder width(b) 44 42 Bust circ.(c) 6.6 6.4
Bust circ.(c) 4.0 42 Front Waist circ.(d) 6.2 6.0
Waist circ.(d) 42 42 Hem circ.(e) 6.2 6.2
Hem circ.(e) 42 4.0 Front armscye circ._bodice 5.6 6.0
Front length 4.0 44 Front armscye circ._sleeve 6.0 6.0
Back length 4.6 42 Sleeve 6.4 6.0
Front collar height 3.6 3.8 Whole front 6.6 6.0
Side collar height 3.8 3.8 Collar 6.0 5.8
Back collar height 4.0 4.0 Bodice front 6.4 6.4
Front neck Cir. 4.6 44 Bodice back 6.0 6.0
Back neck Cir. 4.0 44 Bust circ._front(a) 6.6 6.2
Bust circ. _front(a) 42 44 Bust circ._back(b) 6.0 5.6
Side Bust circ. _back(b) 44 44 Waist circ. _front(c) 6.6 6.4
Waist circ. _front(c) 4.0 42 Waist circ. _back(d) 5.8 5.8
Waist circ. _back(d) 44 4.6 Side Hem circ. _front(e) 6.6 6.6
Hem circ. _front(e) 4.0 4.0 Hem circ. _back(f) 6.4 6.4
Hem circ. _back(f) 4.0 4.0 Sleeve side(g) 6.6 6.2
Sleeve length(g) 42 52 Sleeve upper arm circ.(h) 6.6 6.4
Sleeve upper arm Cir.(h) 44 4.6 Sleeve elbow circ.(i) 6.8 6.6
Sleeve elbow Cir.(i) 42 44 Sleeve under arm circ.(j) 6.8 6.6
Sleeve under arm Cir.(j) 42 4.0 Sleeve hem(k) 6.6 6.0
Sleeve hem(k) 4.0 4.0 Whole, side 6.6 5.8
Back length 44 44 Collar 6.2 6.2
Back neck circ.(a) 4.0 42 Back neck circ.(a) 6.2 6.2
Shoulder width(b) 42 42 Shoulder width(b) 6.4 6.6
Back Back interscye length 42 44 Bust cire.(c) 5.8 6.0
Bust circ.(c) 44 44 Waist circ.(d) 5.8 5.6
Waist circ.(d) 44 48 Back Hem circ.(e) 5.8 6.0
Hem circ.(e) 4.0 44 Back armscye circ. _bodice 54 5.8
Jacket length 42 4.4 Back armscye circ. _sleeve 5.8 5.8
Neck circ.(a) 4.6 4.6 Sleeve, back 6.0 5.8
Bust circ.(b) 42 44 Whole, back 6.0 6.2
Waist cire.(c) 44 44 Collar(a) 6.0 5.8
Whole Hem circ.(d) 42 44 Bust circ.(c) 6.4 6.2
Armscye circ.(e) 44 44 Whole Waist circ.(d) 6.0 5.6
Whole sleeve(f) 44 4.6 Hem circ.(d) 6.0 6.2
Armscye circ.(e) 5.6 6.4
Whole 42 44
Whole, sleeve(f) 6.0 6.0

Allowance under 3.5 and excess 5
Cir. means circumference.

e AzFEE Holo} sk A7 A, olul Azdde] @ e 14 glele] ul-o)5) Bito] 408 ooz Ve
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Table 12. Comparison of pattern size between current pattern and final pattern (Unit: cm)
Female military winter jacket (85-164)
Item Current Final
Inner Outer Inner Outer
Jacket length 68 74 67.0 71.0
Waist front length - - 59.0 -
Front length - - 67.0 -
Chest circumference 105.0 110.0 103.0 108.0
Waist circumference 96.0 100.0 95.0 97.0
Hem circumference 104.0 108.0 106.0 108.0
Shoulder width 44.0 45.0 43.0 46.0
Sleeve length 57.0 59.0 61.0 59.5
Sleeve biceps circumference 43.0 52.0 43.0 49.5
Neck circumference bodice 48.0 46.0 46.0 46.0
Collar circumference topside 48.0 41 45.0 46.0
Collar height 5.0 8.0 5.0 8.0
Cuffs 27 325 27.0 28.0
Sleeve banding circumference 16 - 16.0 -
Scye depth 255 28 255 272

This table shows the pattern dimensions.

Table 13. Final pattern of Korean female soldiers military winter jacket

Image(Female military winter jacket (85-164))

Inner jacket

Outer jacket

=
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