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Design and Performance Testing Research of Emergency Rescue Air Respirators for High-Altitude Mines
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Abstract: To address the challenges of insufficient mobility of traditional stationary oxygen stations and the limited operational
duration of portable equipment such as carbon fiber oxygen cylinders and oxygen bags in high-altitude areas, a novel emergency
air respirators was developed. The apparatus adopted intelligent mixed oxygen supply technology and integrated a spiral oxygen-
nitrogen separator. It effectively reduced the overall volume while improving the gas separation efficiency, achieved highly
efficient oxygen-nitrogen separation, and continuously and stably provided breathing gas with an oxygen concentration of 21 %.
Tailored for complex operating conditions such as low pressure and low temperature in high-altitude regions, the system
overcame the shortcoming of insufficient operational duration of traditional equipment through integrated and optimized design.
The test results indicate that under the high-altitude condition of 5 445 m, after adopting the novel emergency air respirators,
the blood oxygen saturation of users increases from a dangerous level of approximately 68% to a relatively safe level of 92%.
The maximum battery duration reaches (296 +6) min (altitude —154 m), and the apparatus possesses advantages such as high
oxygen production efficiency, rapid response, easy operation, as well as safety and energy conservation. The research results
provide a more reliable safety guarantee for emergency rescue and underground operations in high-altitude mining areas.
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Fig.1 Air respirator structure
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Fig.2 Control flowchart of air respirator
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Fig.3 Air respirator control software framework
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Fig.4 Environmental data monitoring flowchart
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Fig.5 Data monitoring flowchart of air respirator
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Fig.6  Air oxygen concentration control

flowchart of air respirator
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Fig.7 Touch screen interface of air respirator
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Table 1 Main performance parameters of air respirator
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250 g LB R S5 A

2026,46(8)

3 BATHAEUERARIA

3 BERRAK

DL o P I 2 3K R 25 5 Bl DXk TR
50, R B B 0K B2 SPF ISR AL A L ] AL
HEAT R R R I , FEEPEAG A AR A A R

k- KRR

EARF SRS

TR A L ol FH 0] B o P 25 1 400 R B 5 DG B AR A
3,101 e

23 A AR T B e BN R 8 P, R A HE X
R A8 38 ) O B =l B I R S AR
VAR e B 5 I A AR R BE 4 i) R FR500 T e )RR
BSX231 Ifit AL AT I o

ARIREREE

B§ =REREMLKE

Fig.8 Air oxygen concentration testing device
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Fig.9 Test method of oxygen flow in air respirators

) gk 28 SRR E I 7 e A A OMCR AR B 9 R
TR LA E A S TE . R TTHE TR R 457
B BB ST A HAT RE RS A Sl [, U R W] R
Ve R BITCER S B R AT 8k
FEfRRAEAURE . TR JEEREE T L A U & i #6220
23 SO I AR ASCHE AT A T I ) 25 P T AR R
DN AT &/ E T

HARRAE L BRANE 5 TS T8 A
TE DN AR 1R S A L% ZE AT 2~3 R DU OB B S
BT e 28 457, 18 N UM #2773k O 1) 3T I A 5
P i TR HORE R AR 4 SR R T TS TR R R
AL R I () 48 SR ACORE s 3R S BRI
P2 BEIFAC 8% o I3 i S 46 R I 4 P 2 i e

W A5 % 2 1 EL AT IE R P, () B A e 4
e VAT W,
3.1.3 A&k 5 R o b
ARG R T 28 A W A 1 4RO B L TR
JEAEMR S5 F L% 2,
%2 FARABHRBETESHREN
SAERBRE.SE

Table 2 Oxygen flow rate, concentration and air

A

pressure of air respirators at different altitudes

273 "R EAMR WSRO AU O

CT Y VIR LT VA
m (L/min) HAEE/% bpm bpm
1 000 0.21 2140.1 865 884+2.0 86+1.5
1070 0.21 2140.2 865 88+2.0 86+1.5
1200 0.21 2140.2 850 8942.0 86.54+1.5
1 300 0.21 2140.2 840 89.54+2.0 8741.5
1400 0.21 2140.2 830 90+2.0 87+1.5
1480 0.21 2140.2 832 90+2.0 87£1.5
1613 0.21 2140.2 817 924+2.5 88£2.0
1763 0.21 2140.2 802 95+2.5 89£2.0
1826 0.42 2140.2 797 96+2.5 90+2.0
1921 0.42 2140.2 783 98+3.0  89£2.0
2 100 0.42 2140.3 783 100£3.0  90£2.0
2 159 0.42 2140.3 763 102+3.0 91+2.5
2 226 0.63 2140.3 757 104+3.5 90+2.5
2 342 0.63 2140.3 748 106£3.5 91£2.5
2 427 0.74 2140.3 738 108£4.0 92£2.5
2 453 0.74 2140.3 736 109+4.0 92£2.5
2 488 0.84 2140.3 733 110£4.0  93%+3.0
2 501 0.84 2140.3 731 110£4.0  93£3.0
2 551 0.84 2140.3 726 112£4.0  94=£3.0
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Table 3 Performance and oxygen saturation of air respirator at different altitudes
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& 7 7 —154 0.21 21.0+0.6 89.0+0.5 96.040.5
RIA=ErE ATIESS 2 100 0.42 21.0+0.6 87.0+1.0 95.54+0.8
X F5 4 200 0.49 21.54+0.8 80.04+1.5 94.8+1.3
AR 3k 05 5 445 0.52 21.0+1.5 68.0+3.5 92.042.0
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Fig.10 Output oxygen concentration and oxygen

saturation of air respirator at different altitudes
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Table 4 Usage time of lithium titanate battery at

different altitudes and environmental conditions
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Fig.11 Performance comparison of toxic and harmful

gas filtration systems in high-altitude environments
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