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Design of Ergonomic NBC Protective Clothing Optimized for Mobility
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UKorea Institute of Industrial TechnologzzSafety Convergence Technology R&D department
)
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Abstract: This study aimed to enhance the ergonomic performance of Nuclear, Biological, Chemical (NBC) protective
clothing through pattern design and wearability improvements. The NBC suit, previously developed by a domestic
defense company (S-company), exhibited several limitations, including restricted mobility, poor fit, and insufficient com-
patibility with both K-1 and K-5 gas masks, owing to its rigid construction and lack of anthropometric considerations. To
address these shortcomings, this study conducted a design review of representative NBC protective garments from
domestic and international sources using image- and document-based analyses. The functional analysis primarily focused
on the S-company prototype, and wearability was evaluated based on movements derived from the MIST (Man-In-Sim-
ulant Test) protocol. Based on these findings, an ergonomically enhanced pattern was developed incorporating features
such as a three-panel hood, set-in sleeves, articulated elbows and knees, extended garment length, and optimized fastener
placement. A prototype was produced and refined via iterative fitting to ensure functional improvement. Although the
improved prototype demonstrated enhanced mobility, comfort, and sealing performance, the study was limited by the
absence of full-scale protective performance validation (e.g., MIST chamber testing). Future research should involve sim-
ulation-bhased testing and field trials under realistic operational conditions to comprehensively verify the protection and
usability. This study presents foundational data and a practical pattern methodology for the next generation of NBC pro-
tective clothing, and offers meaningful insights for designing mission-ready garments that balance protection, mobility, and
ergonomic comfort.

Key word: CBRN protection(@H33 %), NBC protective clothing@HJHHE.3.2]), ergonomic pattern(Q1#3-5H4 &),
mobility(Z54)), sealing performance(2#4)
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Table 1. Overseas designs of NBC protective clothing

Image. 1. OPEC Kite GA CBRN suit — two piece lightweight oversuit,

https://opeccbrne.com/

Image. 2. One piece CBRN oversuit OPEC, https://opeccbrne.com/
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Table 2. Physical activity protocol in vapor MIST chamber evaluation
Step Activity Description Duration

1 Arm lifting

Raise arms to shoulder height three times, then rotate shoulders clockwise 90° and repeat the motion twice 2 min

2 Sitting rest Sit facing the wind direction, rest on a chair or platform 2 min
3 Walking Walk in place or on treadmill at 4.8 km/h facing wind direction 2 min
4 Sitting rest Sit with back facing the wind direction 2 min
5 Object carrying Simulate carrying 10 kg object in three variations:
(1) Lift from floor to table and return (2 reps) 2 min
(2) Carry up and down simulated stairs (1st to 3rd floor and back)
(3) Lift while kneeling and stand up (2 reps)
6 Crouching Alternate crouching postures:
— Crouch facing wind direction for 1 min 2 min
— Reverse direction and crouch facing opposite wind for 1 min
7 Walking Walk in place or on treadmill at 4.8 km/h facing reverse wind direction 2 min
8 Sitting rest Sit with back to wind direction again 2 min
9  Arm movements Raise both arms above head, then lower and repeat lifting and lowering 3 times while facing wind direction 2 min

10 Sitting rest Final seated rest facing wind direction

2 min
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Table 3. Physical activity protocol in aerosol MIST chamber evaluation

Step Activity Description Duration
1 Standing rest  Stand facing the fan (wind direction); rotate body 90° clockwise every 30 seconds 2 min
2 Walking Walk 4.88 m (16 ft) back and forth while swinging arms 2 min
3 Bending and  Begin in standing position. Slowly bend forward to touch feet, then return to standing. Then, while standing, 2 min

twisting rotate the torso (left, right, forward, backward) and return to standing
4 Squatting From standing, squat down with one knee bent forward. While squatting, alternate between crossing arms and 2 min

extending arms forward. Repeat motions simulating grabbing objects in front, above, and to the side

5 Arm movements Raise arms sideways and rotate shoulders backward and forward in 90° circular motion. Return to standing, then 2 min
repeat motion clockwise
6 Walking Repeat step 2 2 min
7 Running Jog in place, rotating 90° clockwise every 30 seconds 2 min
8 Standing rest  Repeat step 1 2 min
9 Bending and  Repeat step 3, 3 repetitions 2 min
twisting
10 Squatting Repeat step 4, 4 repetitions 2 min
11  Arm movements Repeat step 5, 3 repetitions 2 min
12 Leaning and facing Lean upper body forward and backward while maintaining gaze toward the fan 2 min
forward
13 Head restraint ~ Simulate holding headgear or helmet in place while rotating upper body slightly 2 min
simulation
14 Holding and  Simulate carrying a light object close to chest as if stabilizing during evacuation or movement 2 min
carrying
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Table 4. Body movements used for pattern improvement of NBC protective clothing

Movement Movement illustration

Bend forward 90° from standing position and touch toes with hands

o
Extend both arms forward 90° at shoulder level ‘ ’
©)
Raise both arms overhead i i
\ O
Squat down and stand up again % W

Rotate neck left and right

ot 1]

Jo

Nod head up and down




Table 5. Physical properties of fabric used in the prototype
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Outer shell fabric

Inner shell fabric

Composition Cotton/Rayon=65/35
Mass per unit area(g/mz) Avg. 225
Thickness(mm) about 0.2
Air permeability(cm/sec) Avg. 1.5

Polyester 100/Spherical activated carbon + Polyester non-woven
Avg. 380
about 0.9
Avg. 29
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Fig. 4. Body-wom photo of the developed NBC protective clothing.
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Upper garment hemline behavior
during body movement
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&

(a) (b)

(c) (d)

Fig. 6. Comparison of upper garment parts of NBC protective clothing; a; pattern for the face area, b; hood shape of side, c; hood shape of front, d;

face area.
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Fig. 7. K-1 and K-5 gas masks with different shapes; a; K-1 gas masks, b; K-5 gas masks.



Table 6. Recommended design improvements for NBC protective clothing
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Component Issues in existing product Suggested improvements
Hood - Pointed crown seam- Poor sealing around the temple - Shorten hood center seam- Reshape crown pattern for anatomical fit
Neck - Gaping when adjusting drawcord - Add elastic, flaps; redesign neck closure and adjustment system
. . - Ext t length 6.5
Torso - Large armholes, insufficient garment length xen.d upper garment length by > on
- Add inner overlap to enhance sealing over chest
. .. . - Adjust shoulder angle for ease- Remove seam bulk and add set-in
- Pressure on shoulders during arm raising- Restriction of arm
Shoulder mobili sleeve
Y - Stabilize fit with shoulder darting
. . . . - Lower armhole to enhance movement
- Tight armhole and restricted motion- Gaping at upper sleeve- . .
Sleeve - Add articulated sleeve design
armhole seam . . -
- Insert hidden gusset to improve underarm mobility
Waist - Poor sealing and gaping when tightening - Reconstruct side seam and waist belt interface
Hip/Crotch - Lack of room during crouching or squatting - Adjust back rise angle- Expand crotch width for ergonomic fit
Knee - Insufficient room for joint flexion - Add knee darts to increase articulation
Ankle hem - Difficult to secure over boots - Reposition strap and Velcro at ergonomic angle for better closure

and comfort
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Fig. 8. Technical drawing of the developed NBC protective garment.
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Table 7. Diagram of improved NBC protective clothing

[lustration

Section (Body area)

Effect

Upper garment (face, neck)

- Improved inner sealing
- Increased mobility

- Enhanced wearing comfort

Upper garment (shoulder, chest)

Upper garment (hem)

Pants (knee, calf)

- Enhanced wearing comfort

- Improved usability
- Enhanced wearing comfort

- Increased mobility
- Improved wearing comfort
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Fig. 9. The pattern comparison between the previously developed and the improvement.
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Table 8. Comparison of measurements between existing and improved NBC protective clothing
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unit:cm

Item Improvement (size 5) Previously-developed (size 4) Previously-developed (size 5)
Height (cm) 175 180 175
Chest circum. 117 120 115
Garment length 75 68.5 71
gﬁ:;t Shoulder width 49 - -
Sleeve length 63 - -
Arm span (shoulder + sleeve) 87.5 85 87.5
Sleeve hem circum. 17.6 19.2 17
Waist circum. 98 103 98
Hip circum. 114.5 1123 114
Inseam length 78 71.7 78.5
gﬁ:;t Cuff circumference 114.5 110.5 109.3
Front rise 3255 31.2 315
Back rise 48.5 45.8 48
Hem width 28.2 29.5 29
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Fig. 10. Photo of final prototype (Size 5) of improved NBC protective clothing worn on the body(upper garment).
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Front
1

Side

Fig. 11. Photo of final prototype (Size 5) of improved NBC protective clothing worn on the body(lower garment).

Hood Bend forward 90° from

(Rotate neck right
& Nod head up and down)

standing  position
touch toes with hands

and Raise both arms overhead

Fig. 12. Body-worn photo of final prototype (Size 5) of improved NBC protective clothing.
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