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RATIONALE

ARP1109B has been reaffirmed to comply with the SAE Five-Year Review policy.

1. SCOPE:

This SAE Aerospace Recommended Practice (ARP) recommends performance requirements for test
equipment used in dynamic testing of aviation oxygen breathing equipment. This document describes
test equipment and methods used for testing continuous flow, demand and pressure demand
regulators and their associated masks as well as filtered protective breathing devices; such articles of
oxygen breathing or protective breathing equipment may be tested as individual components or as a
complete system.

1.1 Classification:

This recommended practice covers but is not limited to the following types and classes of systems.

1.1.1 Types:
Type | Mechanical breathing simulator (either bellows or piston type) only generating
sinusoidal patterns
Type Il Mechanical breathing simulator (generally cam-actuated, bellows or piston type or
pre-programmed, servocontrolled) generating any shape of breathing pattern
Type Il Pneumatic breathing simulator pre-programmed, servocontrolled generating any shape
of breathing pattern
1.1.2 Classes:

Class A Military aircraft oxygen systems
Class B Transport category and General Aviation oxygen systems
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1.1.3 Altitude Range:

TABLE 1
Usual range of Usual range of Usual range of
breathing breathing breathing
pressures at pressures at pressures at
maximum altitude maximum altitude maximum altitude
Altitude Range (inch water) (mbar) (kPa)
40,000 ft 5.0 12.5 1.25
50,000 ft 30.0 747 7.47
above 50,000 ft 43.5 108.4 10.84

NOTE: This classification applies whether the breathing simulator is an individual system or if it is
permanently incorporated into a complete test set-up.

2. REFERENCES:

The following publications form a part of this specification to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue in
effect on the date of the purchase order. In the event of conflict between the text of this specification
and references cited herein, the text of this specification takes precedence. Nothing in this
specification, however, supersedes applicable laws and regulations unless a specific exemption has
been obtained.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AIR1176 Oxygen System and Component Cleaning and Packaging
ARP1398 Testing of Oxygen Equipment

AS8010 Aviators Breathing Oxygen Purity Standard

AS8025 Passenger Oxygen Mask

AS8026 Crew Member Demand Oxygen Masks

AS8027 Crew Member Oxygen Regulators, Demand

AS8031 Minimum Performance Standard for Personal Protective Devices for Toxic and

Irritating Atmospheres, Air Transport Crew Members
2.2 U.S. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.

MIL-O-27210 Oxygen Aviator's Breathing (ABO)

MIL-G-27617 Oxygen Lubricants
MIL-P-27401 Nitrogen, type |
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2.3 Other Publications:

ASCC Air Standards 61/10B and 61/22A, 12 Feb 88

NATO STANAG 3865, 19 June 84
3. REQUIREMENTS:

3.1 Breathing Simulator:

The breathing simulator shall simulate human respiratory flows. In order to permit ventilation
extremes to be attained, it is desirable that the following parameters be adjustable over a wide range:

Ventilation (L), or Minute Volume (MV),

Peak flow, inspiratory and expiratory (L/min) (PF),
Rate of flow change, inspiratory and expiratory (L/s2) (RFC),

Frequency or breaths per minute (BPM),
Tidal volume (L), (TV),

Ratio of Inspiratory time to Total Cycle time. For simplification, a constant ratio of 0.5 shall be

acceptable.

3.1.1

Breathing Simulator, Class A (Military Aircraft). Such a simulator shall be capable of performing

according to the range of settings as defined in Table 2.

TABLE 2
Range of Settings  Range of Settings

min max
Ventilation (L/min) MV 5 65
Peak Flow (L/min) Insp & Exp PF 12 210
Rate of Flow Change RFC
Insp. and Exp. (L/s%) +3 +20
Frequency BPM 7 60
Tidal Volume (L) TV 0.5 2.5

3.1.2 Breathing Simulator, Class B (Transport Category Aircraft): Such a simulator shall be capable of
performing according to the range of settings as defined in Table 3.

TABLE 3
Range of Settings  Range of Settings

min max
Ventilation (L/min) MV 8 30
Peak Flow (L/min) PF 12 110
Rate of Flow Change (L/s?) RFC +3 +11
Frequency BPM 7 35
Tidal Volume (L) TV 0.5 1.1
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3.1.3 Workloads (See Appendix A, Reference 2, Page 13): It is desirable to combine the various
settings as defined in Table 2 and Table 3, so as to simulate realistic breathing conditions

correlated in the different ranges outlined in Table 4 and corresponding to defined WORKLOAD

CONDITIONS.
Also see Appendix A, Reference 2, Table 2.2.

TABLE 4

Work Rate ~ Work Rate
W (wattor W (watt or MV MV PF Range PF Range

joule/s) joule/s) L/min  L/min L/min L/min BPM BPM
Condition min max min max min max min max
Rest 0 0 7 14 25 50 6 18
Light 8 50 15 25 45 70 12 22
Moderate 50 80 25 35 70 100 20 30
Medium 80 160 30 50 100 170 22 35
Heavy >160 >160 40 65 170 210 25 50"

1Hyperventilation condition, for short duration only.

4. CYCLIC FLOW TEST PROCEDURES:

4.1 Simulation of a Given Ventilation (MV) L/min ATPD with a Sinusoidal or Near Sinusoidal Flow
Profile:

Two parameters will be set:

Frequency (BPM)
Tidal Volume (TV) or Minute Volume (MV)

4.1.1 BPM Calibration: BPM can be set and verified by means of a stop-watch on a reasonable time
basis (1 to 3 minutes). Itis preferable to start with BPM adjustment due to precision of time
measurement. A precision of 0.01 (one percent) can easily be achieved. Some simulators may
have a BPM adjustment dial accurate enough for the purpose.

Computer controlled simulators do not need BPM adjustment.
41.2 TV or MV Calibration: TV or MV calibration may be carried out "ON LOAD" or "OFF LOAD". ltis

general practice to calibrate simulators "OFF LOAD" i.e., with the lowest resistance to simulator
flow. All pipe lengths must be kept to a minimum. The correct TV or MV can be calibrated by
adjusting the stroke of type | and type Il simulators or the equivalent feature of type Ill, the correct
MV being measured on an appropriate gas meter or spirometer. Precision on MV and TV depends
on the duration of the calibration test (at least 3 to 5 min). A 0.01 (one percent) precision can be
achieved provided adequate corrections on pressure, temperature and humidity are applied to the
test results.
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4.1.3 Simulation of a Given Ventilation (MV) L/min BTPS in Same Conditions as for 4.1. Unless the
simulator can be remotely adjusted at altitude with sufficient accuracy (type | and Il) or
pre-programmed (type Il and lll), the simulator shall be calibrated at ground level for the ATPD MV
equivalent to the BTPS MV at the required altitude prior to testing at this altitude.

4.2 Simulation of a Given PEAK FLOW (PF) L/min ATPD (either inspiratory or expiratory, or both):

421 Type | Simulator (Sinusocidal); Peak flow can easily be computed as follows:

PF
ViErw)
PF = n(BPM)(TV)
PF = n(MV)

where © = 3.1416

But, due to factors such as mechanical imperfections or simulator pneumatic lines impedance, it is
preferable to measure PF as in para 4.2.2.

4.2.2 Type ll and lll Simulators (Figure 1); A pneumatic "FLOWCAN" (or Fleish pneumotachograph of
appropriate size and calibration or a flowmeter of equivalent performance) must be connected
between the simulator outlet and the mask valves. A differential pressure transducer must be
connected to the tappings upstream and downstream of the FLOWCAN. A suitable oscilloscope
and/or recorder must be connected to the transducer.

Note: Such flowmeters shall be calibrated in either direction of the breathing flow.

A 0.03 to 0.04 (three to four percent) range of precision can be achieved on PF readings. If flow
profile is generated by means of a cam-actuated simulator, the cam profile must be adjusted until
the requested PF is generated.

Servo-controlled simulators allow for continuous and accurate adjustment of TV and BPM and can

create a wide variety of flow profiles including square wave generation, human breathing
reproduction, etc.
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