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Wearing Comfort Evaluation of Safety Shoes with a Ventilation System
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oy =
7|8 sl EH
Q Air ventilation system: & & (midsole) L%, 2|% 270 £2(0] M2

Q3= =2 2R U2 S7[0ls B2 HS

ZHI|(Upper)
2t (Insole)

=& (Midsole)

Ll EHZH(penetration resistant)

Z & (Outsole)

1 o(Upper) MO o] 7k=/%M: 1.8mm~2.0mm

2 2 (Insole) PU/ Z = C type 30~40

3 3 (Midsole) PU/ d=65° C type

4 L|EH(penetration resistant) BHEbE F /5 3T S (Midsole) 7=
5 2% (Outsole) AE: AT1/S
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O AR AEAHY 22X} 159
0O ¥™:M=44.6 A, 32~51 M| (SD =5.9)
Q A%E:M=173.8cm, 169~180 cm (SD = 3.4)
0 SFA: M=78.7 kg, 60~93 kg (SD = 10.0)
HEEOX 2
=34
(k)
e ("]
90 - ®
@
80 ® 9
@
70 *® © ’
@
60 ] n
A 225 ~ 275mm 2t 3} A8 X}
0,
165 170 175 180 185 I (em)
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o =x —
I 7}t stz skl GIt &
1 |SkinTemperature HEEIIRO IR 25 LT-8B (Gram Corporation, Japan)
. o Thermal Recorder
] OFMB}Q} HEAFO| 27H0| 25
2 |In-side Temperature steb ZAOl S7te] (TR-72S, T&D Co., Japan)
— . - o Thermal Recorder
ZHOA 1 - oFX HFALO| Z7tO| &
HOL XM ™I 3 | In-side Humidity LBt HALO| 37t &= (TR-72S, T&D Co., Japan)
4 |Amount of Sweating | {ItX| A ZE 2| | Lot SKD-2000 Perspiration Meter
(Skinos Co. Ltd Japan)
5 |Thermography MU WA HH 2T T-200 (FLIR system, Sweden)
1 |Thermal Comfort HEEIIRZL 7= 2 S22 HE | ASHRAE T=7(0~4)
Za™ ™I 2 |Humidity Comfort HEYIHPL 20l SRE2 e |SE/YSele| 2dd 29 /{3 Al2h1~7)
3 |Pleasant Feeling ML L7 HH Y e | SERMSEe| 2l A2 A2H1~4)
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7} Protocol
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Skin Temperature

Q 57|19 ¢Hzt= Lt eHE510f| HIS Eo skin temperature”?} rest period | A{ 0.1°C,

Lt

exercise period0f| A 0.5°C, recovery perioddA] 0.5°C ¥ &

Skin
temperature (°C) n=15
38 ¢ standard error
measurement
site

0.5°C |

T~

T.T

|l 0.1°Cc

i
14d i o x4
TTTTTTTTTTT'I"_'I'_II/T- I
TIITTTT“ lI i
32 - ] :
i i
i i
i i
5 |
30 F i i
T ! Exercise !
P~ Rest i (walking speed = 5 km/h) i Recovery
O T T |I I II | I
0 10 20 30 40 50 50 min
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Inside-Shoe Temperature

Q S7|9 tElzt= Yt ot stof |5 Eat M L 2 X7} rest period0f| A 0.6°C,

exercise periodd| A 0.3°C &=

Inside-shoe

36
34 +
32 +
30 | ’

28 |

site

I standard error

e 8 o

j. Rest Exercise

Recover
(walking speed = 5 km/h) y

I 3 I F I —

0 10 20 30 40 50 60 (min)
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Inside-Shoe Humidity

Q S7[d etizt= Lgt 30 HISH ALY humidity?} rest period %A 15.1%,

exercise period0f| A| 11.1%, recovery period0|A] 15.2% ==

Relative
humidity (%)
measurement
100 site
90 +
80 rppIIITI
11t
s
70 lr1%! WA
T 15.1%

n=15

I standard error

TTT
TTTTTTTTTT

T 11.1%4
m

60
comfortable range
50 | — !
[ xercise I
~ Rest i (walking speed = 5 km/h) i Recovery
0 . ! . | . —
0 10 20 30 40 50 60 (min)
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Thermography

Q S7[d etdzl= LE M 3tof HISH A2 B 2 X7} exercise period0f| A

A infrared photo taken from a 43 year-old male participant after a 10-min exercise period
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Amount of Sweating

Q 378 =t 2 0l HISH Eat sweat 20| 15 mg(34%) RS

Amount of
sweat (mg)

60 n=15

44 I standard error
50 ] measurement
....................................... site

40

30

20

10

e
=
r2
gl
lot
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Thermal Comfort

2k QHH 2t 0f| Ho) 22

2+ 0| rest period%| A 22%,
exercise period0i| A 35%, recovery period0| A 38%

0 714 eHste

O - -

LIS
xX 4
Thermal comfort
4 n=15 OlH}O} XS
(very hot ¢ standard error 2 ke
m &7/ d4H3}
3
(hot)
2.0
( 2) ------ ]— ---------- 1.6
warm
1.3 U 3504 s S
10 | 38%
1
(slightly warm)
0
(neutral) Exercise Recovery
H‘éﬁq‘ INDUSTRIAL AND MANAGEMENT
V2% ENGINEERING, POSTECH

18

-, Ergonomic Design

Technology Lab




Humidity Comfort

A S7|d ¢zt Lt HE S0 H|S &&= 0| rest periodOf| A 7%,

exercise period0f| A 13%, recovery periodO| A 15% =

Humidity comfort

OlH}OI XS
7 nets 1obH 3}

(very humid)

6
(humid)

¢ standard error u

5
(slightly humid)

4
(neutral)

3
(slightly dry)

2
(dry)

1
(very dry) Rest Exercise Recovery
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Pleasant Feeling

A S7|d ¢zt Lk HE o) Hs B A Z 0| rest period01|*'| 7%,

exercise period0i| A 18%, recovery period0| Al 27% =

Pleasant feeling

4 n=15
(very

I standard error
unpleasant)

3 [ |
(unpleasant)

2

(slightly
unpleasant)

1
(pleasant) Rest Exercise Recovery
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Muscular Load: EMG

O E7|M otdgt= e Ot 30| H|SH SHX| muscular load”} vastus medialisOl A 9%,

tibialis anterior®| A| 3%, gastrocnemiusMlA] 11% <&

n=29
I standard error
AL 3}

R e = 5714 Qs

I (V)

Y 70 -
F%\ | 577 55.4

biceps femoris o1+ U 3% T496U 0
CHE[O| =2 50 - 39.4 11%
35. 8
40 w22 U 9%
25.8 25.7
Gastrocnemius 30 - T
NEE!
20 -
10 -
0 .

biceps femoris  vastus medlalls tibialis anterior gastrocnemlus

vastus medialis

TESE

tibialis anterior
HE8s2
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Outsole Force

O S7|Md o™= et ot 10| HI8l outsoleH Al =7 =l mean force?t 9.9%,

peak force/t 5.6% &

Average Peak force n=9
force (N) ¢ standard error
(N)
200 178 400
T
150 300
100 200
50 100
0 0
U H 3} UL 3} S7|detHst
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Fatigue Sensation; Fit

Q 37/ te=t= 2 0| HISH D24 0] 36% K11, 2=t & 0| 36% =&

Fatigue sensation Wearing comfort
3 4
(very fatigued) n=15 (very n=15

¢ standard error uncomfortable) ¢ standard error

2 3
(fatigued) (uncomfortable)
2.2
....... |
1 2 14
. 0 .
(slightly fatigued) (slightly U 36%
uncomfortable) |
0 ( f tb|1) QlH}O o) E7|AlO0 o)
(neutral) comfortable 2dotMst  F7|/detFst
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Cushion Comfort

0 5714 QFHshe Ukt PN st HIg) 20| 14% £

Cushion comfort

4 n=15
(very uncomfortable) ¢ standard error
3

(uncomfortable)

2
(slightly uncomfortable)

1
(neutral)
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Airflow Rate

o OI_I_-‘_— [ [ - %o:o TTo - ™o - -~ —
O =7|d et™ 3Ol air ventilation systems= €%t 57| S22 25 X|CH 80 ~ 124 cc 9|
717t /Y =
Lﬁ step —»‘47 step <+«— step —»‘
Inhale (airflow
50 from outside of the shoe
to inside of the shoe .
walking speed = 2 km/h ) — inside venthole
outside venthole
Airflow /
t 0 .
(Cc/r:?in(; 0p 0.5 5 (sec)
_50 ~~ ——
~7 exhale (airflow TN
from inside of the shoe
to outside of the shoe)
-100
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Airflow Visualization

717e] 7| =R 2l 7tA|2t= Nebelfluid@etEH 2 2)S AHE5HY E7t

=
o
Q ZHEL9 air ventilation system Sl 57|2| RE O =90

Inhale (depressic i (compression)
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= 8/t 2

E S22
— o/

ventilation system 17t A5 El

M S71d8 ete=tr

Skin Temperature 34.0°C 33.7°C 0.3°C (ZItH: 0.5°C) U
In-side Temperature 32.9°C 32.7°C 0.2°C (%X/CH: 0.8°C) U
In-side Humidity 82.6% 68.4% 13.1% (ZICH: 17.8%) U
Amount of Sweating 44 mg 29 mg 15 mg (34%) U
AHEHH S TR 3D 4°C W 32.1°C
Thermography ¥ 30.6°C 22 30.3°C 0.2 ~0.3°C(ZItf 2°C) |
At 28.3°C Al 28.1°C
=24 1,58 =3 1.08 222 0.5 (33%) U
Subjective sensation Z&¢:5.08 s 45 a4 0.5 (10%) U
MHEL: 2.0H HEL: 1.67 MHZ: 0.47 (20%) U
CHE[O] =2 25.8 CHE[O] =2 25.7 CHElo| &2 0.1 U
EMG(uV) =& 39.4 =& 35.8 HE2: 3.6 (9%) U
& MASZ: 577 MAS2:56.2 MAS2:1.53%) J
H| S : 55.4 QIFH[E: 49.6 QIFH[E: 5.8 (11%) U
ET2HAS A A3l 178 A3l 162 3l 16 (9. go/)U
STeET ol =. o o ol =. 0
Outsole force(N) 2|03l 362 2| 0H 3l 343 #|0) 3l 19 (5.6%) |
o2z 113 oz 073 oj2Z: 0.4 (36%) U
Subjective sensation | A3}z 2.2H Lozt 1.47H Lttt 1.4 (36%) U
ML 2.2 Mz 1.98 ML 1.97 (14%) U
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Air ventilation system

fo[n

7l 7|72 &
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g A 7tA=

37 =

Q Air ventilation system &1
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