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Development of an Underwater Respiratory
Monitoring System

Mineo OKAMOTO"* Hitoshi YAMAGUCHI**
Kenji DEMURA*® Motohiko MOHRI**

Accompanying the rise of a diver’s physiological load, the oxygen uptake, respiratory
minute volume and tidal volume rise almost simultaneously. The performance of an under-
water breathing apparatus (UBA), therefore, may be the major restraining factor of under-
water activity, and moreover it may be fair to say that the underwater performance would
be limited by the UBA employed.

Otherwise, in accordance with the rise of diving depth, greater gas density also causes
the diver be to have respiratory problems. The bigger volume, weight and less maneuver-
ability of the UBA also cause an underwater initial load.

Thus, a diver equipped with an UBA has to do the work for the UBA first to ensure his
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breathing, and next can do the work of mission. This means the less load by an UBA would
be directly connected to greater performance and safety underwater.

From the standpoint of designing and evaluating an UBA, however, there are few reliable
and reasonable physiological data. Consequently, the existing UBA have different perform-
ances for each.

NPD’s guideline is the latest and the most progressive, comprehensive basis for the
evaluation of UBA. But it also contains unclear quantification.

Considering the above, JAMSTEC has developed an “Underwater Respiratory Monitoring
System” to measure the degree of respiratory load caused by an UBA as the first step of
underwater environmental control. This system has real-time measuring, displaying and re-
cording functions for the diver’s respiration with an UBA under hyperbaric dry and wet en-
vironments. A batch detailed analysis with accurate calibration is also possible.

In this paper, system components, measuring items and the data acquired through the
manned hyperbaric simulation test are presented.

Key Words : Breathing apparatus, Respiratory monitoring, P—V Loop, Breathing resistance
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Summary of guideline for evaluation of breathing apparatus by NPD¥®

Respiratory pressure(AP) *1.5 kPa (Limit)
+2.5 kPa (Maximum)

Test depth

With air or corresponding breathing gas

With heliox or corresponding breathing gas

Respiratory minute volume (RMV)

0, 10, 30, 60msw
0, 50, 100, 200, 300, 400msw

15.0, 22.5, 40.0, 62.5, 75.0, 90 (£ min)

(0°C, 101.3kPa, Dry gas)

Tidal volume
RMV (£ ./min)

Tidal Volume (£)

Breathing Rate (/min)

15.0
22.5
40.0
62.5
75.0
90.0

1.0

1.5
2.0
2.5
3.0
3.0

15
15
20
25
25
30

Work of breathing (W)
Less than 180msw. k=05 J, /¢,
Exceeding 180msw. k=05 J./ ¢,

Maximun limit

Testing of CO. absorber

W (J) =k+ (f *RMV)

f=0.02, RMV= 15-75£ /min
f =0.04, RMV= 15-75£ /min
Less than 5 J /¢,

RMV= 75-90 £ /min

RMV (£/min)

CO;: injection (£ _./min)

15.0
22.5
40.0
62.5
75.0
90.0

0.6
0.9
1.6
2.5
3.0
3.6

Maximun carbon dioxide content of inspired gas

less than1l kPa
2 kPa

limit
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Table 2 Respiratory Monitoring System - Monitoring and analyse items

Parameters measured and monitored on CRT

Diver condition

« Skin temperature 3 points
* Core temperature

» Heart rate

Parameters calculated

Respiratory gas condition Breath by breath &

» Supply gas pressure Average 1n selected duration

* Inspired gas volume time trace * Inspired gas volume

* Inspired gas temperature * Expired gas volume

* Respiratory pressure — 5 *0: consumption

« Expired gas volume time trace * CO: production

« Expired gas temperature *» Peak Inspired pressure

* Expired gas mixture * Peak Expired pressure
(0;, CO., Ar, N:, He) + P-V Loop

Environmental condition *» Work of breathing

* Temperature * Breath rate

* Chamber wall temperature

* Glove temperature
« Humidity

#®3 WRE=5) v IEEOHERMEES

Table 3 Monitoring and recording equipment of respiratory monitoring system

Temperature
Thermistor -
Skin, Environment, Chamber wall Technol seven SZL-64
Inspired & Expired gas, Glove Technol seven PAX-16
Core Technol seven SZL-67
Amplifier Technol seven E642-3ZZ1-G
A/D board Technol seven X642-1
Humidity VAISALA HMD-20YB
Inspired & Expired gas volume
Flow meter Dynascience laminar flow meter 529
Differential pressure transducer Validyne DP15-20
Amplifier Validyne MS1001
Supply gas pressure
Pressure transducer Validyne DP14-54
Amplifier Validyne MS1001
Heart rate
Heart rate meter Nihon kouden AT-601G
Amplifier ' Nihon kouden AC-601G
Gas concentration
Gas mass specirometer Westron WSMR-1400
Respiratory gas monitor Nichiden-Sanei 1HZ26
Computer
Monitoring NEC PC9801BX /U6
Analyze NEC PC9801BX. /U6
Printer NEC PCPR10004
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Photo 7 Calibration of difference pressure transducers 826 546 5.96 % 17.54 % 4.98 ¢ 1.82 % 11.5E g.08 6.60 9.98
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Fig. 7 Result of analyse for three breath
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