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Development and Evaluation of Air Force Mechanic Parka to Enhance
the Functions and Insulation

Sung-Ji Leel), Young-Lim Choiz), and Yun-Ja Nam”

UDept of Clothing & Textiles, Seoul National University; Seoul, Korea
)Dept of Fashion Design/Art & Design Institute, Daegu University;, Daegu, Korea
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Abstract : This study was designed to develop air force mechanic parka, evaluate it, and ultimately provide functionally
superior parka to the air force. The development process was 1) conducting a survey, 2) identifying problems and short-
comings of currently-supplied parkas, and 3) improving the design, pattern and materials. The newly-developed parkas
were evaluated in terms of their ease of fit, clothing mobility, and insulation. Ease of fit was evaluated by subjects' sensory
tests, and clothing mobility was by fitness-for-motion tests and range-of-motion tests using a Goniometer. Evaluation on
insulation was conducted by thermal manikins. Findings of this study were as follows: 1. In the subjective evaluation on
clothing mobility, new parkas were considered to have sufficient ease of fit while previous ones scored much lower, con-
firming the improvement of the new version. 2. Both subjective tests and ROM measurements on fitness for motion ver-
ified the superiority of the new parkas. 3. Insulation tests found that although insulation capability of newly-developed
parkas was at a similar level to those of the previous ones, their insulation capability per unit weight was superior, dem-
onstrating that new parkas were better at blocking heat conduction. When making changes in parka patterns and designs
to enhance the mobility, it was necessary to maintain the insulation function. The new parkas developed by this study was ver-
ified to be superior to the previous ones in their insulation and clothing mobility.

Key words: air force aircraft mechanic(-<-”g H] A}, air force mechanic parka(z <78 H] 77}), clothing mobility (& =}
A 3H4d), insulation(}.24), thermal manikin(% H v}u] )
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Table 1. Physical characteristic analysis of the subjects (N=5)

M SD
Age (year) 28.4 0.5
Stature (cm) 175.0 29
Weight (kg) 73.2 4.1
Chest Circumference(cm) 100.5 5.7
Waist Circumference (cm) 839 1.9
Hip Circumference (cm) 100.8 1.3
Arm Length (cm) 572 2.1
Cervicale to Wrist Length (cm) 79.4 22
Neck Circumference (cm) 39.8 2.8
BMI 239 0.8
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Table 2. Experiment plans for the testing clothes

Testing

Wearing experiment plans
clothes & exp P

Conventional mechanic parka(C.P) + Winter mechanic
uniform(W.U)

Proposed mechanic parka(P.P) + Winter mechanic
uniform(W.U)

A2  Conventional mechanic parka(C.P) + Training uniform(T.U)

B2  Proposed mechanic parka(P.P) + Training uniform(T.U)
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Stand erect

Move head right and left return, move head
back and forth return
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Raise arms at an angle of 90°

w

Bend elbows at an angle of 90°

g@
5 Extend arms overhead
1 |
L
q‘,f/ 7

Extend arms overhead then bend elbows

Reach arms across the chest completely
to the opposite sides

Bend the body

Twist the torso left and return, twist the
torso right and return

i
10 LEM% Spread legs to the full extent

1 o) Kneel on left knee

%@f{:‘ Sit and spread out arms and legs
12 é:-__/ horizontally

1L

Fig. 1. Clothing mobility evaluation posture.

Sit in a chair then stand

Saquat and raise arms
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1. shoulder flexion/extension

2. shoulder adduction/abduction

3. shoulder Horizontal flexion/extension

7
\A &
1 2 3

4. Elbow flexion

5. trunk lateral flexion

6. truck flexion/extension (standing)

7. truck flexion/extension (sitting)

o

%\“‘“ U N
D3
1 5 6 7

8. hip adduction

9. hip flexion/extension (knee)

10. neck flexion/extension

11. neck adduction/abduction

)Q‘ cl
S i
\
8 9 11

Fig. 2. Range of motion measurements.

Table 3. The mean skin temperature of the human body

Body part Temperature (°C)
face 33.0
head 33.0
chest 34.0

shoulders 34.0

stomach 34.0
back 34.0

L hip 31.0

R hip 31.0

L upper arm 33.0
R upper are 33.0
L forearm 29.0
R forearm 29.0
L hand 25.0
R hand 25.0
L thigh 27.0
R thigh 27.0
L calf 27.0

R calf 27.0

L foot 25.0

R foot 25.0
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<Formula 2>

6.45: 1, clo 8% 214 d

R, : termal resistance (m> - °C/W)

T © zone average temperature (°C)
T, : ambient temperature (°C)
Q/A : area weighted heat flux (W/mz)

Table 4. The summary of the proposed air force mechanic parka

2.5. X2=EN
B At E AE 48 H3) FARRA Z21390 SPSS
12.0(SPSS Korea Datasolution Inc)S AFg-3lSon AgE

Design Element

Problem

Improvement

Pocket usability is reduced because pocket size is not
appropriate for articles being kept in the pocket.

Outer pocket type is not suitable

Pocket size was improved to be appropriate for the type
and size ofo objects kept in pocket and inner pocket was
added.

Pocket . L
for waterproof clothes. Cut pocket opening and add lining in
the inside to make the pockets mor¢
suitable for waterproof clothes. ; ¥
’ - X
. . . . Al is added to the backside of
Design Lack of hood size adjustment makes it coessory 15 adde . © .e ackside ©
- e .. the hood to make it easier to
Built-in  difficult to secure field of vision. . .
adjust the hood size.
Hood
Collar Design of cutting the outer collar to fit the built-in hood is Design is changed to have the built-in hood fit inside the
not suitable for waterproof clothes. underside of the outer collar.
Reflective Visibility is reduced because reflective Location of the reflective tape so
tapes are not visible from the side. /@\iﬁ that they are visible from /mg
Tape i .
the side.
. . Collar height is i d lem to i i
Collar ~ Low collar height reduces thermokeeping abilities. orar eight 15 mcrease. cn? .F) erease covering
surface and thermokeeping abilities.
1l neck size | ightening in th k wh i
Small neck size led to tightening in the neck when wearing Neck size is increased 8cm to improve neck activity.
Bod the parka.
ody . . . . . o
Pattern Long body length makes it uncomfortable to sit or spread the Parka length is reduced 9cm to improve motion-suitability
legs. of the leg and hip regions.
Sleeves are not activity-friendly. Sle.e\./es are changed to a 3-piece raglan sleeve to enhance
activity.
Sleeve S . . o . .
Sleeve arm was wide with no adjusting device, making it Rubber band was inserted in the sleeve arm to so that
uncomfortable to work in. sleeves can be pulled up when working.
Material is too thin, reducing durability and thermokeeping Use more durable water-repellent, vapor-permeable
Outer Shell .~ .
) abilities. material.
Material Reduce filling in the sl by 2 d to th
- e . .. t . to tl
Filling  Filling in body and sleeves are same, reducing arm activity. ecuce fifing m fhe s eeye,s v 2oz compared fo the
body to enhance arm activity.
Cotton-material strings attached to the bottom girth and built- Change string to elastic nylon to improve durability and
in hood have low usability because of friction. usability.
Subsidiary Fastening When strings are? tightened, the strings l(’ﬂ Safety is improved by r:naking \"/,//
. . hang loose, making them not sure the ends of the strings
Materials Device

suitable for mechanic work.

-

Front zipper is short and fragile, reducing portability and
activity.

do not hang low.

Front zipper is changed to a stronger, two-way zipper to
improve portability and activity.
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Table 5. The comparison of product sizes between the conventional and
proposed mechanic parka (unit:cm)

Conventional Proposed
mechanic parka mechanic parka

Chest circumference 124 124
Waist circumference 124 118
Bottom circumference 124 114
Sleeve circumference 54 56
Edge of a sleeve circumference 35 36(27%)
Total length 85 76
Neck to cuff 87 38
Neck circumference 50 58
Collar length-front 9 10
Collar length-back 9 9
Hood length 37 37
Hood width 27 27

* Finished circumference with elastic band.
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Fig. 3. The pattern comparison between the conventional and the proposed parka.
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Table 6. The survey results for the ease comparison (N=5)
Conventional mechanic parka Proposed mechanic parka
Item t-value
M SD M SD
Collar Height is appropriate 3.0 1.6 34 0.5 0.54
Neck circumference is appropriate 1.4 0.5 3.0 0.0 6.53**
Shoulder length is appropriate 3.0 0.0 3.0 0.0 -
Parka's is appropriate 2.8 0.4 32 0.4 1.41
Parka's length is appropriate 3.4 0.9 2.8 04 -1.34
Armscye circumference is appropriate 3.0 0.7 3.0 0.0 0.00
Upper arm circumference is appropriate 3.0 0.0 3.0 0.0 -
Elbow circumference is appropriate 2.6 0.5 3.0 0.7 1.00
Wrist circumference is appropriate 2.8 0.4 3.2 04 1.41
Sleeve length is appropriate 2.4 0.5 3.0 0.0 245
Hood size is appropriate 2.8 0.4 2.8 0.4 0.00
The overall parka size is appropriate 2.8 0.8 3.0 0.0 0.54

1~5 scale l:too low, too short, too small, 3:appropriate 5:too high, too long, too large.

*p< 0.05, **p< 0.01, ***p< 0.001
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Table 7. The comprehensive evaluation results for the clothing mobility (N=5)
Al Bl A2 B2
Ttem (C.P+W.U) (PP+W.U) t-value (C.P+TU) (P.P+T.U) t-value
M SD M SD M SD M SD
Freedom of movement of arms 2.6 0.9 3.2 0.8 1.10 3.8 0.4 4.4 0.9 1.34
Freedom of spreading arms 22 0.4 32 0.8 2.36* 2.8 0.4 42 0.8 3.30*
Freedom of bending torso 2.6 0.5 34 0.5 231 3.0 0.7 4.0 0.7 224
Freedom of movement of Chest 32 0.8 3.8 0.4 1.41 34 0.5 3.8 0.4 1.27
Freedom of movement of upper arms 32 0.8 34 0.9 0.37 34 0.9 4.0 1.0 1.00
Freedom of movement of elbow 2.6 1.3 3.0 0.7 0.59 3.0 1.0 4.0 0.7 1.83
Fitness of parka length 32 1.1 38 0.8 0.97 2.0 0.0 44 0.5 9.80**
Freedom of movement of neck 1.0 0.0 34 0.9 6.00%** 2.0 1.2 4.0 0.7 3.16*
Freedom of neck movement when zip up and fasten velcro 2.8 0.8 4.0 0.0 321 22 0.8 4.0 0.7 3.67**
Freedom of movement comprehensively 22 0.8 3.8 0.4 3.77** 24 0.5 44 0.5 ST

1~5 scale "1" indicates the poorest possible rating. "5" indicates the best possible rating.

#p< 0.05, **p< 0.01, ***p< 0.001
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Table 8. The evaluation results of the clothing mobility for individual body parts (N=5)
Bod Al Bl A2 B2
Posture Z.rty (CP+WU)  (PP+WU)  tvalue (CP+TU)  (PP+TU)  tvalue
P M SD M SD M SD M SD
1. Stand erect - 2.6 09 36 0.6 2.13 30 07 44 05 3.50
2- Move head right and left retum, move head back 14 05 36 09 469 18 04 36 09 403
and forth return
. Shoulder 2.8 0.8 3.6 0.6 1.79 32 08 44 09 2.19
3. Raise arms at an angle of 90x
Arm 2.0 07 28 0.8 1.63 34 05 40 07 1.50
4. Bend elbows at an angle of 90x Arm 14 0.6 24 0.6 2.88* 28 08 42 08 2.65%
5. Extend arms overhead Shoulder 2.2 1.1 3.6 0.9 221 28 08 38 08 1.89
6. Extend arms overhead then bend elbows Elbow 1.6 0.6 2.8 0.8 2.68* 24 09 34 09 1.77
7. Reach arms across chest completely to Shoulder 26 09 32 05 134 32 04 42 08 236
opposite sides
Hip 32 0.5 3.8 0.5 2.12 24 05 46 05 635%**
8. Bend the body
Back 24 0.9 3.2 0.8 1.46 26 05 42 08 3.58**
9. Twist the torso left and return, twist the torso right Waist 38 05 40 07 0.54 39 11 48 04 3.00%
and return
10. Spread legs to the full extent Leg 2.6 0.9 38 0.8 2.19 1.8 13 48 04  487**
11. Kneel on left knee - 24 09 36 0.6 2.56* 24 09 46 05  4.69**
) Shoulder 2.6 1.1 34 0.9 1.23 28 08 38 08 1.89
12 Sit and spread ams and legs out Am 20 07 26 06 150 26 05 36 09 213
horizontally
Waist 3.0 07 34 0.6 1.00 26 05 36 1.1 1.77
13. Sit in a chair then stand - 32 0.8 3.8 0.5 1.41 30 07 46 05 4.00%*
) Shoulder 2.2 1.1 32 0.8 1.62 20 12 36 09 2.36*
14. Squat and raise arms
Hip 32 0.8 3.8 0.8 1.13 20 1.0 42 08  3.77%*

1~5 scale "1" indicates the poorest possible rating. "5" indicates the best possible rating.

#p<0.05, **p<0.01, ***p<0.001
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Table 9. The measured results for the range of motion (N=5)
(unit:%)
Al B1 A2 B2
Ttem (C.P+W.U) (PP+W.U) t-value (CP+TU) (P.P+T.U) t-value
M SD M SD M SD M SD
1.Shoulder flexion 150.8 255 166.6 9.2 1.30 163.0 15.7 184.0 7.7 2.69*
2.Shoulder adduction 134.8 22.8 156 213 1.52 143.4 254 173.8 17.4 2.21
3.Shoulder flexion 119.4 10.9 121.6 10.3 0.33 117.0 8.9 132.2 11.6 2.32%
4.Elbow flexion 116.4 9.1 129 6.1 2.58* 125.0 9.0 147.2 5.0 4.82%%*
5.Truck lateral flexion 334 9.2 424 15.1 1.14 36.2 8.2 40.6 11.8 0.69
6.truck flexion(standing) 100.6 17.4 108.6 273 0.55 103.4 17.8 1114 18.4 0.70
7.truck flexion(sitting) 34.8 6.1 43.2 14.4 1.20 34.0 8.5 474 13.1 1.92
8.hip adduction 772 142 104 7.4 3.74* 79.6 143 109.0 8.5 3.96%*
9.hip flexion 83.6 11.9 90 12.6 0.82 81.0 10.0 108.2 2.0 5.97**
neck flexion(front) 41.8 7.4 48.8 1.8 2.05 46.8 6.9 54.4 3.8 2.16
neck flexion(back) 532 13.7 57.8 14.2 0.52 58.8 9.1 67.4 9.1 1.50

11.neck adduction 324 5.7 39 7.4 1.58 338 29 42.6 6.6 2.73*
*p< 0.05, **p< 0.01, ***p< 0.001
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