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ABSTRACT

The Poseidon Cykion Super 300 open circuit scuba regulator was tested by

NEDU in accordance with nil spec MIL—R—24l69A. Test results indicate that

this regulator meets mil spec requirements, and it is recommended for placement

on the list of equipment authorized for Navy use. The second—stage demand—valve

ejector sleeve effectively reduces breathing resistance when the sleeve is

pointed directly toward the mouthpiece, and breathing resistance stays within

nil spec limits when the sleeve is rotated no more than 45 degrees from the

mouthpiece. However, this regulator should generally not be operated with the

sleeve pointed at greater than a 45—degree angle from the mouthpiece because of

potential diver discomfort from excessive breathing work requirements.
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INTRODUCTION

In October 1976, N~~U, by direction of the Supervisor of Diving

(Reference 1), tested a single hose demand scuba regulator produced in

Sweden and marketed by the Poseddon Systems Division of Parkway Fabricators,

291 New Brunswick Avenue, Perth Amboy, New Jersey 08861. The regulator tested

was model Cykion Super 300.

Unmanned tests of the regulator were, performed in accordance with nil

spec MIL—R—24169A (Reference 2). In order to simulate light and heavy diver

work rates, the regulator was tested at two RNV’~ other than the one required

by the mil spec (40 RNV). The position of the second stage adjustable sleeve

was varied to determine its effect on breathing resistance, and measurements

of the breathing work required to operate the regulator were obtained and were

used as supplementary guides for evaluation.

Normally, intermediate pressure between the first and second stages is

monitored, but the metric fittings on the Cyklon Super 300 first stage high-

pressure port prevented interfacing with NEDU test equipment.

1 
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TEST PROCEDURE

TEST PLAN

In the plan followed during testing of the Cykion Super 300 regulator,

a breathing machine vas uøed to simulate respiration at three RMV’s, rep—

resenting light , moderate and heavy diver work rates. The chamber was pres-

surized at var ious depth increments to 200 few, and t~P measurements were taken

between the mouthpiece and ambient pressure with the ej ector sleeve wide open

(pointing straight into the mouthpiece) and pointing 45 and 180 degrees from

the mouthpiece. The various data and parameters that were controlled , measured ,

computed , and plotted are detailed below. The actual steps followed during the

tests are presented in Appendix A, while the test equipment used is shown in

the test setup in Figure 1 and ii listed in Appendix B.

CONTROLLED PARAMETERS

The following parameters were controlled during the test.

1. Breathing rate/tidal volume

a. 15 BPM/l.5 liters 22.50 RMV

b. 20 BPM/2.0 liters 40.0 RNV

c. 25 BPM/3.0 liters 75.0 RMV

2. Exhalation/inhalation time ratio: 1.10,1.00

3. Breathing waveform: modified sinusoid

4. Air supply pressure to first stage: 1000 peig at all depths

except 0 few and 200 few where data was taken at 1000 peig,

500 psig 0/B and 200 psi.g 0/B

2
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5. Depth increment stops: 0 to 200 few in 33 few increments

MEASURED PARAMETERS

The following parameters were measured .

1. Inhalation peak ~P (cm H2O)

2. Exhalation peak ~P (cm R20)

3. ~P vs. tidal volume plots

4. ~P at zero flow condition for each depth on descent and ascent

5. Maximum dynamic 0/B pressure at first—stage outlet in paig

6. Minimum dynamic 0/B pressure at first—stage outlet in peig

COMPUTED PARAMETERS

Respiratory work was computed from AP vs. tidil. ‘vol~~e plot..

DATA PLOTTED

The following data were plotted during the teBt .

1. Inhalation maximum t~P vs. depth

2. Exhalation maximum ~P vs. depth

3. Respiratory work vs. depth atconstant RMV and supply pressure

4. Change in dynamic 0/B pressure at first stage vs. depth at

constant RMV

1.
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RESULTS AND DISCUSSION

DESCRIPTION

The Cykion Super 300 regulator has an unbalanced d iaphragm—type first

stage with three low—pressure ports, and one high—pressure port for a

submersible pressure gauge.

The regulator second stage has a balanced demand valve with an aujustable

sleeve which directs the air f low from the second—stage valve seat toward the

mouthpiece. The extent of the vortex effect created is proportional to the

angle of the ejector sleeve to the mouthpiece. When the sleeve directs air

straight into the mouthpiece, the least amount of breathing resistance occurs.

As the sleeve is rotated away from the mouthpiece, inhalation resistance

increases, reaching the maximum when the sleeve is at a 180-degree angle to

the mouthpiece. When used properly, the sleeve can be easily adjusted ac-

cording to diver preference to achieve the most comfortable inhalation re-

sponse.

BREATHING RESISTANCE

During the test of the Cykion Super 300 regulator, breathing resistance

was measured at three RMV ’e to simulate light , moderate and heavy work rates .

Light work was measured at 22.5 R1IV with a 1.5 liter tidal volume and 15 RPM;

moderate work was measured at 40 RMV with a 2.0 liter tidal volume and 20 BPM;

heavy work was measured at 75 RMV with a 3.0 liter tidal volume and 25 RPM.

The nil spec calls for only a 40 RI1V at 1000 peig supply pressure (Reference 2) .

However, the other Buy ’s were measured to obtain information on the full

sp ctr ~~ of regulator perfor mance.

5
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Breathing resistances plotted in Figures 2 through 8 are the maxdmum

resistances measured , excluding cracking pressure, dur ing one complete

inhalation/exhalation cycle at a given depth and RNV . Air supply pressure to

the first stage ii 1000 psig. Resistance measurements were also taken at

500 psig 0/B and 200 psig 0/B supply pressure’-on the surface and at 200

few at each RMV.

The Cykion Super 300 regulator was tested with the ejector sleeve in

three positions: wide open (pointing straight into the mouthpiece) at a

45-degree angle to the mouthpiece and at 180 degrees from the mouthpiece.

The pressures at all three RMV ’s were measured with the ejector sleeve at

45 degrees and at 180 degrees. Ho~,ever , pressures were measured only at the

standard mil spec condition (40 RMV) when the ejector sleeve was wide open .

Some figures do not have complete data to 200 few because tests were terminated

at the maximum indicated depth because of excessive breathing resistance.

The following table lists equivalent depth densities for air vs. He0
2

down to 200 few on air. This table is a means of comparing regulator perfor-

mance on He0
2 

mixe, at depths greater than 290 few .

Air Depth (fsw) Equivalent Re02 Depth (few)

50 230

100 625

150 1000

200 1350

Ej ector Sleeve Wide Open

Inhalation Characteristi~e. Figure 2 shows that the max imum inhalation

pressure usually occurred imed iately after flow began. As the inhalation

6 
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FIGURE 2. BREATHING RESISTANCE VS. DEPTH AT 20 BPM, 2.0 TIDAL VOLUME, 40 RMV
WITH EJECTOR SLEEVE WIDE OPEN
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FIGURE 3. BREATHING RESISTANCE VS. DEPTH AT 15 BPM, 1.5 TIDAL VOLUME, 22.5
RMV WITH EJECTOR SLEEVE AT 45 DEGREES
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FIGURE 5. BREATHING RESISTANCE VS • DEPTH AT 25 RPM, 3.0 TIDAL VOLUME, 75 RNV
WITH EJ~~TOR SLEEVE AT 45 DEGREES
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FIGURE 6. BREATHING RESISTANCE Vs. DEPTH AT 15 BPM, 1.5 TIDAL VOLUME, 22.5 RNV
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FIGURE 7. BREATHING RESISTANCE VS. DEPTH AT 20 RPM 2.0 TIDAL VOLUME, 40 RMV
- WITH EJECTOR SLEEVE AT 180 DthEES
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FIGURE 8. BREATHING RESISTANCE VS. DEPTH AT 25 BPN, 3.0 TIDAL VOLUME, 75 RMV
WITH EJECTOR SLEEVE AT 180 DEGREES

cycle continued, resistance was slightly unstab~è, fluctuating between

maximum negative pressure and 3.5 cm H20 positive pressure, illustrating

the effectiveness of the ejector sleeve vortex in reducing breathing resistance.

This elight instability was expected and would not be a problem during actual

diving. Generally, inhalation resistance remained low and almost constant

over the entire depth range; the cracking pressure required to begin flow

was also low, averaging 3 cm fipO.

At 200 few , inhalation resistance increased to 40 cm E20 at 500 psig

0/B supply pressure; at 200 0/B, resistance exceeded 100 cm H2~ . The

10 
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regulator second stage is balanced with almost constant resistance at all depths.

Therefore, the increase in breathing effort required at low supply pressures

is probably a result of the unbalanced diaphragm first stage.

Exhalation Characteristics. As Figure 2 shows, the exhalation resistance

measured with the ejector sleeve wide open was well within the requirement of

the mu spec The exhaust pressure was stable, varying only 5 cm 1120 over the

entire depth range. This stability is probably a result of the uniqu~ exhaust

valve design of the Cyklon Super 300, which includes a series of email exhaust

ports rather than one large exhaust port.

Ejector Sleeve at 45 Degrees

Inhalation Characteristics. Generally, no pressure fluctuations were

observed while the regulator was operated with the ejector sleeve in positions

other than wide open . When the ejector sleeve was at a 45~degree angle to

the mouthpiece, inhalation resistances measured at 22.5 RN’! (Figure 3) and

40 RN’! (Figure 4) were low and stable, remsiling almost constant over the

ent ire depth range .

At 75 RN ’! (Figure 5), breathing resistance increased and exceeded limits at

all depths greater than 66 few. Inhalation resistance was in excess of 80 cm

1120 at depths greater than 132 few. Cracking pressure remained low, reaching

a maximum of only 6 cm 1120 at 75 RN’!; this low cracking pressure is unusual

and was probably a result of the balanced second—stage valve.

At 22.5 RMV, decreasing supply pressures did not affect regulator performance,

while at 40 RN’! in 200 few, pressures of 500 and 200 psig 0/B produced breathing.

resistances of 40 and 100 cm H20, respectively. Reduced supply pressure at 75 RN’!

produced ~P greater than 100 cm 1120 at 200 few .

11
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Exhalation Characteristics. At 225 RMV (Figure 3), the exhalation

resistance remained almost constant at all depths measured and reached a

maximum of only 8 cm 1120 at 200 few. Exhaust pressures at 40 RN’! (Figure 4)

increased approximately 4 cm 1120 more at each depth than the exhaust pres-

sures measured at 22.5 RN’!. However , all measurements remained within mil

spec limits. At 75 RNV (Figure 5) exhalation resistance was greater than

mu spec limits at all depths. However, none of the recorded pressure.

exceeded 20 cm 1120, which is low for this extreme RNV.

Ejector Sleeve at 180 Degrees

Inhalation Characteristics. At 22.5 RMV (Figure 6), inhalation pres-

sures were stable and did not differ significantly from the measurements

obtained at a breathing rate of 22.5 RN’! when the ejector sleeve was at

45 degrees. At 40 RMV (Figure 7), breathing resistance increased substantially

but remained within mil spec limits. At 75 RN’! (Figure 8), resistanc e ex-

ceeded limits at all depths , reaching over 100 cm 1120 at 99 few.

Cracking pressure did not exceed 8 cm 1120 at any RN’! while the ejector

sleeve was at 180 degrees. In 200 few at 22.5 RNV, a resistance of 40 cm

1120 was measured with a supply pressure of 200 psig 0/B; no change occurred

at 500 psig 0/B. In 200 few at 40 RNV, resistances were 40 and 100 cm 1120

at 500 and 200 psig 0/B, respectively. Limited data was obtained at 75 ENV

because of poor regulator performance.

Exhalation Characteristics. When the ejector sleeve was at a 180—d egree

angle to the mouthpiec e, exhaust pressures were almost identical to those

measured at the other ejector settings because ejector position doe. not

affect the exhaust valve. For a complete discussion , see the section on the

12
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exhalation characteristics of Cykion Super 300 regulator with the ejector sleeve

at 45 degrees.

WORK OF BREATHING

All underwater breathing apparatus is tested to specifications which

use peak inhalation and peak exhalation pressures as the standard for

evaluat ion (Ref erence 3). However , recent research has shown that the

measure of external respirator y work performed by the diver to operate his

breathing apparatus is useful in equipment evaluation (Reference 4). Breathing

work is defined as the area enclosed by a typical pressure—volume loop

generated during one complete breathing cycle. In breathing apparatus other

than ~ipen circuit demand, breathing work is probably the most valid measure

of equipment performance. With open circuit scuba , breathing work provides

a useful supplementary guide to regulator performance. A standard of 0.170

kg.m/ 1 ventilation (liter ventilation is def ined as the tidal volume at a

given RN’!) has been proposed as the maximum external respiratory work

allowable (Reference 4). In this report, .17 kg m/l is used for comparative

purposes only.

Ejector Sleeve Wide Open

Figure 9 shows that the Cykion Super 300 regulator operates most efficiently

with the ejector sleeve wide open; in this position, breathing work is low

and remain, almost constant from the surface to 200 few.

Ejector Sleeve at 45 Degrees

The breathing resistances measured with the ejector sleeve at 45 degrees

13
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did not significantly differ from those measured with the ejector sleeve

wide open . However , Figure 10 showø that substantially more breathing work

was required when the ejector sleeve was at a 45-degree angle to the mouth-

piece than was required when the sleeve was in the wide open position. A

higher work rate was needed at 22.5 RNV with the sleeve at 45 degrees than

was needed at 40 RN’! with the sleeve wide open , and the 40—RN’! work rates

with the sleeve at 45 degrees were almost double those measured when the sleeve

was in the wide open position. However , measurements remained within the

proposed limits. The breathing work required at 75 RMV exceeded the mil spec

limits at 66 few and increased rapidly at greater depths.

Ejector Sleeve at 180 Degrees

Figure 11 shows that, at 22.5 RN’!, breathing work rates remained within

the proposed limit , reaching a maximum of .143 kg m/1. At 40 RNV, the required

breathing work Increa sed rapidly with increasing depth . Although the 40—RN’!

breathing resistance pressures stayed within the mu spec limits at all depths

to 200 few , the proposed breathing work limit was exceeded at 132 few. At

75 RNV , the proposed limit on breathing work was exceeded at less than 66 few.

The test was t erminat ed when work increased to .245 kg m/1 at 66 few.

14
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CONC LU SIONS AND RECOMME NDATION S

The Poseidon Cykion Super 300 regulator meets sill spec requirements and

Is recommended for placement on the list of equipment authorized for Navy use.

Tests revealed that under normal conditions this regulator provides ease of

breathing with smooth inhalation and exhalation characteristics. The ej ector

sleeve on the second—stage demand valve effectively reduces breathing resist-

ance when the sleeve Is in the wide open position (pointing directly toward

the mouthpiece). Although breathing resistance approaches, but does not

exceed , sill spec limits when the sleeve is rotated more than 45 degrees from

the mouthpiece, more breathing work is required . Therefore, the sleeve

should not be positioned at greater than a 45—degree angle from the mouthpiece.

The Cykion Super 300 regulator performed poorly both at high RNV and at

low supply pressures. Since the second stage is balanced and vortex—assisted ,

the regulator ’s problem appears to involve its first stage. Larger first—

stage porting and a balanced valve mechanism could improve performance.

The regulator is made in Sweden and uses metric measurements, which could

present d i f f icul t ies  involving maintenance, obtaining spare parts , and inter-

facing with auxiliary equipment. Submersible pressure gauges made in the

U. S. will not interface with the regulator first stage without a special

adapter which is available from Poseidon Systems.

17
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APPEND IX A

TEST PLAN

The test plan f or examination of the Cyklon Super 300 regulator

included the following step..

1. Insure that the regulator is set to factory specifications and

is working properly.

2. Insure that the chamber is on the surface.

3. Calibrate the transducers and zero the transducer by regulator

position after water is added to the wet test box .

4. Open the air supply valve to test the regulator and set the

supply pressure at 1000 psig.

5. Adjust the breathing machine to 1.5 liter tidal volume and 15 BPM

and take readings.

6. Stop the breathing machine.

7. Establish zero flow ~P position on the x—y plotter .

8. Adjust the air supply pressure to 500 psig 0/B.

9. Repeat steps 5 through 7.

10. Adjust the air supply pressure to 200 psig 0/B. (Be sure that

the breathing resistance transducer stays within its range.)

11. Repeat steps 5 through 7

12. Pressurize the chamber to 33 few .

13. Adjust the air supply to 1000 psig

14. Repeat steps 5 through 7.

15 • Pressurize the chamber to 66 few.

16. Adjust the air supply to 1000 pu g.

17. Repeat steps 5 through 7.

18. Pressurize the ch ber to 99 few.

A-].
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19. Adjust the air supply to 1000 psig.

20. Repeat steps 5 through 7.

21. Pressurize the chamber to 132 fsw.

22. Adjust the air supply to 1000 psig.

23. Repeat steps 5 through 7.

24. Pressurize the chamber to 165 fsw.

25. Adjust the air supply to 1000 psig.

26. Repeat steps 5 through 7.

27. PressurIze the chamber to 200 fsw.

28. Repeat steps 4 through 11.

29. Set the breathing machine to 2.0 liter tidal volume and 20 BPM.

(This replaces step 5.)

30. Repeat steps 4 through 28 in reverse order (as chamber is being

brought to surface making incremental stops in reverse order).

31. Set the breathing machine to 3.0 liter tidal volume and 25 BPM.

(This replaces step 5.)

32. Repeat steps 4 through 28.

33. Bring the chamber to the surface (no stops) .

34. Check the calibration on the transducers.
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APPENDIX B

TEST EQUIPMENT

The following equipment was used in testing the Cykion Super 300

regulator and is shown in Figure 1.

1. NEDU breathing machine

2. Validyne model DP—15 pressure transducer with 1 paid diaphragm

3. NEDU wet test box

4. Validyne model DP—15 pressure transducer with 250 psid diaphragm

5. MFE x—y plotter , model 7l5M, serial number 30925002

6. Validyne model CD— 12 transducer r eadout , 2 each, serial numbers

12247 and 5538

7. 71.2—cu. ft. scuba tank

8. NEDU “D” chamber complex

9. Roylyn air supply pressure gauge , model 0—2000 psig with accuracy

to 0.25 percent, calibration date August, 1976

10. Marotta dome loader

11. Roylyn chamber depth gauge, model 0—2300 few with accuracy to

0.25 percent , calibration date December , 1975

12. Test regulator (first and second stage) Poseidon Cyklon Super 300,

aer ial number 35953

13. Bourn. piston position transducer, model 2001764008

14. Transducer isolation tube

_ _ _ _ _ _ _  j
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APPEND IX C

MAN-HOURS REQUIRED

The man—hours required for the test of the Cykion Super 300

regulator are computed below .

Men Hours Man-Hours

Test set—up 3 2 6

Test operation 3 2 6

Chamber operation 1 2 2

Post—test cleanup 2 1 2

Data reduction/report production 1 80 80

Duplicating 4 25 122
TOTAL 196

C—l 
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