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Program for Estimating Service Time for Oxygen Generating Closed-Circuit SCBA

-Pilot Study-

Don-HeeHan" - Dong Cheon Kim - Min Sun Kang

Department of Occupational Health and Safety Engineering / Institute of Biomedical Engineering, Inje University

A oxygen generating dosed-aircuit SCBA for escape from
firewill be newly developed and then a program for estimating
savice time for it should be required. A SCBA made on an
experimental bas's condsted of five components such as hdf
facepiece (mask), KOz box, oxygen resarvair, CO2 remover and
hood. The hdf mask hed a good fitting performance since fit
factors for 10 subjects were dl above 100. It was found thet
height of subjects should be the best variable to estimate sarvice
time. Measured service time was inversdly correlated with
height of subjects. Service life time could be estimated by
interpolation and extrapolation using inverse relaionship
between height and measured service time, for example, 28
minutes for male and femae of 170 cm during resting, 10
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minutes a the walk of 4 km/h and 5 minutes & the wak of 6
kmvh congdering safety margin of 20%. The study implies thet
program for estimating service time for the SCBA should
require subject's height, speed of walk (4 km/h and 6 kmvh) and
fit testing. Conddering safety margin, selecting younger subjects
would be better. The study on the number of subjects and
Hedting facid dimendons should be more needed for the find

program.
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Figure 1. Schematics of oxygen generating closed-circuit SCBA used in this study
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Figure 2. Metabolic rates with heights and weights
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Table 1. Vital capacity and fit factor

. Vital Capacity(L) Facial demension(cm) ,
No. Sex Age V\(/Eg;] t '13?];] t Observed Expected OJE Face Lip Face it F?SKS(FF)
g 0) (EP length  length  width
1 Mde 26 9 18 513 564 01 119 49 145 165
(127
2 Male 26 59 166 4,99 4.45 112.1 11.2 5.6 133 121
(160)
3 Femade 23 57 160 3.30 352 93.8 111 39 12.8 (15%?;
144
4 Male 25 105 178 577 5.50 104.9 12.3 53 135 (10
142
5 Male 26 79 177 5.45 5.38 101.3 11.8 5.2 13.2 (100)
322
6 Femae 23 50 162 2.64 3.61 731 10.6 4.6 125 (239)
349
7 Femae 23 28 166 2.79 3.79 73.6 115 4.8 125 (173)
227
8 Femde 23 52 164 2.92 3.70 78.9 1.3 5 133 (180)
135
9 Femde 23 57 164 3.18 3.70 85.9 119 4.8 124 (154)
a 49 60 166 4.27 3.77 113.3 222
10 Mae . . . 119 4.8 13 (2027)

*Parentheses values were determined while wearing the respirator with fitting by only two hands without fastening strip.
®nudson's Predicted Formula: Male; 0.0844 X height(cm)-8.7818-0.0298 X age, Female; 0.0444 X height(cm)-3.1947-0.0169 X age
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Table 2. Characteristics of subjects and inhalation rate, metabolic rate and service time of the SCBA

- Basc Facial demension(cm)

No. Sex Age I_:Sn%;]t V\(/Eg;]t Mezhaliam Rest Rest
Y ) 4km/h  6kmh  8km/h skm/h  6km/h
1 Mde 49 166 60 1573 1323 2220 3664 5151 49  Lomn 0/min.
3Tsec.  26%c
2 Mde 26 166 585 1871 1491 2454 282 4093 41  amin. 08min
obsec.  Slsec.
3 Femde 26 177 8 1730 1816 2649 3946 5624 37  oomn omin
57sec.  58sec.
4 Mde 26 180 90 2663 2132 2971 4014 55 21 oomn Qomn
32sec.  O7sec
08min.  05min.

5 Mae 25 178 1055 1821 19.74 25.1 36.57 57.64 28
225€C. 44sec,

6 Femae 23 162 50.5 834 12.16 14.56 2184 3374 42 16min  10min

14min.  08min.
05sec. 13sec.

7 Female 22 166  59.6 960 12.55 1785 2868 4953 41

8 Femde 22 164 536 1017 1233 1816 2453 3464 43 22min.  09min.

13min.  08min.

9 Femde 22 159 625 1384 12.52 18.82 2083 4749 39 48sec.  08seC.

10 Mae 22 164 577 1154 1259 1985 2898  41.65 35 15min.  09min.
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Figure 3. VC or inhalation rate vs height
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Table 3. Estimated service time of the SCBA with height in both male and female

Wak
Rest
4kmh 6kmh

y=—0.7566x + 164.0 y=—04543x + 90.2 y=—01579% + 345
X: Heght, cm, X: Height, cm, X: Heght, cm,
y: Edimated servicetime, min. y: Esimated sarvicetime, min. y: Edimated servicetime, min.
=0.6231 r?=0.6122 r?=0.7185

X y X y X y
159 436 159 180 159 9.3
1504 433 1504 178 1504 93
1598 430 1598 176 1598 92
1602 427 1602 174 1602 91
1606 423 1606 172 1606 91
1611 420 1611 170 1611 90
1615 4.7 1615 168 1615 89
1619 414 1619 166 1619 89
1623 411 1623 164 1623 88
1627 408 1627 162 1627 87
1632 404 1632 160 1632 87
1636 401 1636 159 1636 86
1640 398 1640 157 1640 86
1644 395 1644 155 1644 85
1648 392 1648 153 1648 84
1653 388 1663 151 1663 84
1667 385 1657 149 1657 83
1661 382 1661 147 1661 82
166.5 379 166.5 145 1665 82
1669 376 1669 143 1669 81
1674 373 1674 141 1674 80
1678 369 1678 139 1678 80
1682 366 1682 138 1682 79
1686 363 1686 136 1686 78
1600 360 1600 134 1690 78
1695 357 1605 132 1605 77
1699 3K3 1699 130 1699 76
1703 350 1703 128 1703 76
1707 A7 1707 126 1707 75
1711 344 1711 124 1711 74
1716 Al 1716 122 1716 74
1720 338 1720 120 1720 73
1724 334 1724 11.9 1724 12
1728 331 1728 117 1728 72
1732 328 1732 15 1732 71
1737 325 1737 11.3 1737 70
1741 322 1741 11 1741 70
1745 319 1745 109 1745 69
1749 315 1749 107 1749 68
1753 312 1753 105 1753 68
1758 309 1758 103 1758 67
1762 306 1762 101 1762 66
1766 303 1766 99 1766 66
1770 299 1770 98 1770 65
1774 296 1774 96 1774 64
1779 293 1779 94 1779 64
1783 290 1783 92 1783 63
1787 28.7 1787 90 1787 6.2
1791 284 1791 88 1791 62
1795 280 1795 86 1795 61
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Table 4. Comparison of estimated service time between only male and both male and female of 170 cm tall

o Walk
Application Ret Akmih 6kmh
Only mde 3B min. 48 = 13 min. 19 . 7min. 31 sC.
Bothmdeand femde 35min. 05 <. 12min. 51 s=C. 7min. 36 C.

Table 5. Recommended servic time of the SCBA for both male and female considering safety margin of 20%

Recommended usetime
_ . Walk
Height(cm) Rest(min)) 4kmh 6kmh
155 40 17 9
160 38 15 8
165 3] © 7
170 28 10 6
175 25 8 5
180 20 7 4
185 17 5 3
190 15 3 3
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