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ABSTRACT 

A "positive displacement" mechanical respirator de«n'nn»»H h» +k« n 

Diving Unit is described. Its operating characteristics iere de^ermiied and 
with those of a bellows-type respirator previously used for +*e+inn *.v.< Parec* 

Recommendations for minor modifications and for the use of the new re^raí« IT^ZT.' 
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SUMMARY 

PROBLEMS 

To describe the new Experimental Diving Unit mechanical respirator, its 
characteristics and operation procedures and to determine its suitatlility 
for testing breathing equipment, 

FINDINGS; ^ 

(1) The respirator design is essentially satisfactory, 
(2) Modification of the orginal relief valves is necessary, 
(3) The respirator is essentially a positive displacement pump, 
(4; The results obtained with the new respirator can be compared with 

results previously obtained with old respirator. 

RECOMMENDATIONS: It is recommended that; 

(i) The Experimental Diving Unit mechanical respirator replace the old 
mechanical respirator for future tests and evaluation of breathing 
equipment. 

\2) The flow patterns actually obtained with the cams be measured. 
(3) An attempt be made to locate small, reliable, non-leaking, relief 

valves to replace the mercury switch assembly. 
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T U) W1:1^;^,,!958 Code 638) end 
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this project. 
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ñríwT' (a) aS5i9nM pr,5ject mml»T ^ 185-005 Subtask 4 Test 47 to 

by the Naval WeapÒns^lâ^in^Iccordaóce^írh^^^f?* de«l9"ed and fabricated 

Experimental Diving Unit. The mechanical Kspimíí ié'írbe^’ÍÓVV1’* 
diving equinment and wni a k»h is to oe used to test 

viousiy uiz wch“icai p«- 

assistant'project U ¿nnA«la;rSl(^í¿'USN M>19"‘d » 
officer, »crk begap on 9 Novembeí i«g and«, c^t* “n'K“4!,^^'1 

The following manhours were expended for this study* 

DESCRIPTION 

Design and fabrication of switch 
Calibration 
Comparison tests 
Report preparation 
Clerical 

TOTAL 

MANHOURS 

50 
200 
100 

6 
4 

360 

Costs incurred in the execution of this orol^et ui*r« a , 
ment 16102/59 and 70102/60o project were lodged against allot- 
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1. INTRODUCTION 

Id Background 

Idol A bellows type mechanical respirator, manufactured by the Mine Safety 
Appliance Company, Pittsburg, Pennsylvania, has been used at Y 

Experimental Diving Unit for many years to aid in the evîîuaïim It < 
equipment This instrument and the" procedures íor its u re des ribld^n 
Experimental Diving Unit Research Report 6-58 "Mechanical R^nir^^V? ^ 
in the Evaluation of Scuba" dated 30 June 19580 R®*PÎ^tor Technique^ 

l0l°2 De/cvcuf'nf^K^*,^0^ mentioned abov®5 tidal volume (volume of gas 
p y le) of the old mechanical respirator varied as the hraa^Mn^ 

pmsure (pressure différentiel between the mouthpiece or mask attached to the 

Ltî Mr!8plr\t0r and ^ a,"bi'nt ft»osph*re) varied n, *nîî fît 

sinusoidal'of 

l'1* hä 
Experimental Diving Unite The new mechanical respirator (here afth 
to as the EDU respirator) was designed to haí,” ?îdaî vol™ indîîendetîT 
breathing pressure and provides for a variety of flow oattem« 
of tidal volumes and respiratory rates is easiîy aíh^d * 

lo2 Objective 

^2-1 °í tîi* rîp0rt ia t0 the Experimental Diving Unit 
mechanical respirator¡ its characteristics and operating procedures. 

1°3 Scope 

io3o.l the tests conducted on the Experimental Diving Unit respirator were all 

With the°positive‘motion0cams!1 ^a™- ^ ha« ^ ^uÍi^d 

2„ DESCRIPTION 

2ul ixperimental Divino Un^t Merh^Mr^ 0.^^^ 

2.1.1 The Experimental Diving Unit mechanical respirator is essentially a 

~c »rcX^Æ^; œ îî“ 5-a" 
n^:£?HiL1 -- - -a"l"ia-- nÂiîi low pattern, three positive motion cams can be used* which oroduce hr»atMnr, 
pa terns which more closely simulate the human rejpiia^ry fl^ paUeml 9 
*',l can be anticipated during usual underwater swimming'activity^ 

lo EDU Research R"Port 9-57 "Canister Design Criteria of Carbon 
Dioxide Removal from Scuba", 8 March 19570 ixena ot uarbon 



„These flow patterns are plotted in figure 1, The three cams provide tidal 
volumes of .0, 2 0 and 3.5 liters per stroke« The respirad U designed 
to operate in ambient pressures up to 13 atmospheres and can be safely used 
in an atmosphere containg high concentrations of oxygen. 

2,102 The Experimental Diving Unit 
the cams in figures 2 and 3, 

major components. 

mechanical respirator is shownj along with 
The respirator consists of the following 

(l) Aluminum frame 

size 43» tyP* K> explosion proof CL 1, 
il40 RPM, 60 cyclj 3 phase 

¡3) Zero - max, model 24 std = REVCO INC 
(4) Gear assembly 
(5) Sine mechanism assembly 
(6) Positive action cams 
(7) Tachometer 
(8) Slide assembly 
(9) 3 “ 0 ring type aluminum pistons 

(10) 3 “ Aluminum cylinders 
(11) Cylinder manifold 
(12) Relief valve assembly 

GPD, £ HP, 

? PÍ 1 fiW!i9hS 200 lbSo U is aPPr°xiiMtely 62* long, IS’* wide and 24" 
í69£flÍn.TfalÍ d*;fnsionSo Experimental Diving Unit drawings 1-58 through2 
16 58 pertain to this equipment. They are presently being revised, 

2cl°3 lîlïïtTïr,t0T íriVe8,the Zero"Max Unit which transmits a constant 
shaft speed independent of the load. The shaft rpm is easily varied bv 

:::"^VAand+ira"L0n t0p 0f the Zer°"Max Unit» The shaft revolitions areY 
transmitted to the slide arm by means of a gear assembly and either the sine arm 
««mhiy or on, of th, Th, slid, an, »ov„ ,1th l r«lpr,«tln, „’«'n 
conforming either to the sine pattern or one of the cam patterns The lenath of 
the stroke is determined by the length of the adjustable sine am or the size of 
tne cam being used. Either one, two or three pistons may be used Piston« 
attached to the slide assembly by easily removable pins. The pistons not being 
osea are pinned in place within their respective cylinders. The motion of the9 

tie hrejür*8 ^ ^ and. °ut of the flinders, through the manifold and through 
the breathing apparatus which would be attached to the manifold as described 9 

a'ttlíhed tonaal RePort 6“58° A pressure transducer can be 
Die« of Íh/hrI!tMre aP * * m8nif0ld or t0 a taP in the mask or mouth¬ piece of the breathing apparatus. 

2,1,4 Two relief valves were provided in the manifold to prevent either positive 
or negative differentials in excess of 1 psi from aSbiení presso", líesê 

íe!k'S The'relUf to,brass’ sprlng loäded ch'clt «Ives, They »ere observed to 
leak. The relief valves are necessary to protect the respirator and the pressure 
transducer from damage in case of flow restriction in a piece of breathing 
apparatus, awo large solenoid valves were mounted in series in p'*ce of one of 

h;r9 ni ,^'f ValveS- Ihe oth" rell'f «>« opening «s plÍg ,S T 
U-tube was filled approximately halfway with mercury, A glass floatattached 
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of the U- tubeU i ^connected Sto ia °pre s su re*t ap^on °ththC ^î00*0 Th* °ther side 
breathin9 aPPa«tus being tested. The wi^actu^H^ ^ the mouthPiece 

loaded mercury switch whenever the pressure differ^ïî“"9 ’f trips a sPrin9 
approximately 70 mm of mercury. The mercurv «UrTÍ plus 0r minus 
providing the necessary protection. This \ P*ns the solenoid valve, 
from available equipment and works very satisfactoriW aSHembly was manufactured 
protection could be provided bv two rln.M. However9 the same 
«Iws, »hich »ould op,n at a pressure different-ill Óf'^psi^1"9 lMded r,li'f 

2“2 Maintenanci» 

2A1 iîîtSalX;«»^ for th. Experimental Divin, 

(D 
(2) 

(3) 
(4) 

(5) 
(6) 

(7) 

(8) 

(9) 

Electric motor - none 

medium oil series ll-2l! manufacturers lubricant, then add Halocarbo 

Piliow blocks - use Halocarbon heavy oil series 14-2¾ 

oVo^l -i« lí-ã: Fill to dept, 

Caï Irii0Wer " U$e Kalocarbon medium oil series 14-25 cam,groove, . sppIy Ha¡oc„bon s,rl,s‘« ^ 

Halocarbon^hea^oi^series11!^^^* thorou9hly »Hh 
Slid, roller - lubricare h,aH„'^‘ periodically. 
14-25 periodically/ ' 5 "ith H,locarbO" l>*rvy oil series 

Hsl0S;iSES'S:^;rsC,. 
opérâtin^in‘an'oxygen1 rich areoîphere.'XPl0!l°n "h'n 

The only other maintenance required is the ne-rinw, 
Oerings when they become worn, P d rePlacem«nt of the piston 

2o3 Operation 

' ’ 1 nJp^rerí'tfd'n^u«1 “ndViresp?VeChanlCSl rMPlrator, the desi 
'he appropriate cam or sine am Ú then instaned7 ^h* first ^ selected 
tûe tidal volume is made by attachino nre ► » he rough adjustment for 
assembly. Each cylinder has a max mum dTso To.01 ^ piStons t0 the 
A spirometer is then attached to the manifo d löd Tx ippr0,'lmat'ly 1.5 liter 
through one exhalation cycle by hand ï' resprrator is turned 
spirometer is the tidal volume R,„Iat.d Ú? ? °f 9as coll,ct'd 1" the 
and tidal volume measuremeíwu ?' uîî n °h 5ln' a™ Ie"pth 
I" the case of the cams, no further "ïùme ^î^oa Udäl VOlulM s'ttlr’S- 
particular cam and the number of cylinders to be usêd Ire^erecíeV"" 

■=6'® 



2o3o2 To set the respiratory rate, the respirator is turned on and the 
revolutions per minute as indicated on the tachometer are noted» 

The rate may then be increased or decreased by turhing the hand crank on 
the Zero-Max„ gear box» It will be noticed that the indication on the 
tachometer dial oscillates slightly about a center valves. The center 
value may be taken as the correct one or the rate may be measured with the 
aid of a stop water, and a further adjustment made. 

2.3.3 After the above measurements have been made, the Experimental 

ij1?9 Unit m*chanical respirator is used in the same manner as 
the old mechanical respirator, as described in Experimental Diving Unit 
Research Report 6-58. 

3. PROCEDURE 

3.1.1 The Experimental Diving Unit mechanical respirator was operated using 
the sine mechanism. The revolutions per minute were measured with 

a stop watch and with the tachometer. The results of the measurements are 
presented in table I below* 

TABLE I 

ACTUAL RPM 
(Stopwatch) 

10 
15 
20 
25 

Calibration of Tachometer 

TACHOMETER RPM 
(l piston) 

10 - 12 
14.75 - 15.25 

19.9 
24.9 

TACHOMETER RPM 
(3 pistons) 

9.8 - 10.5 
14.75 - 15.25 

19.9 
24.9 

Each test was conducted for 25 minutes with no changes observed. No 
oscillation of the tachometer needle was noted for respiratory rates above 
20 rpm. 

3‘2 H4aL-Volume vs Resistance Tests 

3.2.1 A SCUBA mouthpiece with inhalation and exhalation check valves was 
attached to the manifold of the Experimental Diving Unit respirator. 

A throttle valve was installed in the inhalation hose leading to the mouthpiece 
and another throttle valve was installed in the exhalation hose leading from 
t e mou.hp^ece» A hose from the exhalation throttle valve was connected to 
a large spirometer. The Experimental Diving Unit respirator was opera+ed for 
one minute « each of various tidal volume settings and inhalation and 
exhalation throttle valve settings. The breathing pressure in the mouthpiece 
was measured by a Stathom pressure transducer and Brush Amplifier-'recorder 
system as described in Experimental Diving Unit Research Report 6-58» The 
resuits of these tests are plotted in figures 4 and 5» Similar data for the 
Oxd mechanical respirator is plotted for comparison0 

-7 
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3;2'2 X?,ntalDlvin9unit 
with the exception of the one test clotted in Jftion °r exhaltion pressure, 
stancy of all other tests, ît is Î.ÎÎ thM IV In view of th« 
are spurious« ’ elt that the results of that particular test 

3o3 Comparative breathing pressure tes* of ^ 

ical respirator and Experimental Diving Unit respiíato^* "Uh °ld "eChan‘ 

3o3ül it°^Ä ixrv¿iv:T¿d ?a ^ arra~ with 
was connected to the manifold of th« p ®ne s^e the tee 

th* other side connoted to th?ow'lrÄ!,DiVln? UnIt ««Pit.tor, 
tap was installed in the mouthoiece of th. ri r*8Pirator» A pressure 
by tubing to a pressure transducer The * ? d re9ulator and connected 
chamber and the regulator was oiven the n ü*8 P^ace<^ a r«compression 
Ooscribed 1„ Experinental » 

respirator and then the other at each denrh +« *P 1 6“58s using first one 
•ith each respirator, Th, results are ,iv,n î„ °blllned 

TABLE II 

RESULTS OF COMPARATIVE TESTS OF OPEN CIRCUIT SCUBA 

TEST 

# 1 

# 2 

depth 

Surface 
30 
60 
90 

120 
150 
160 

<=> <a <s «o 

Surface 
30 
60 
90 

120 
150 < 
180 

EXH PRESSURE 
(cm of H20) 
OLD NEW 

12 
18 
22 
27 
30 
32 
33 

12 
18 
23 
27 
26 
32 
36 

10 
16 
21 
26 
30 
31 
35 

10 
15 
20 
25 
28 
30 
30 

INH PRESSURE 
(cm of H20) 
OLD NEW 

8 
10 
11 
12 
12 
12 
14 

7 
8 
8 
9 
9 

10 
10 

8 
10 
11 
13 
14 
14 
18 

7 
8 
9 
9 

11 
14 
16 



40 DISCUSSION 

4‘1 Dffsiqn and Construction of Experimental Divino Unit Mechanical R»«^ra+^ 

4.1.1 The design and construction of the new Experimental Diving Unit 
mechanical respirator is satisfactory except for the faulty pressure 

relief valves. The equipment is easy to adjust9 operate and maintain and 
should prove to be very reliable. 

4.2 Can& 

4.2.1 The accuracy with which the Experimental Diving Unit respirator, with 
the cams installed can reproduce the flow patterns of figure 1 has 

not been tested. However^ in view of the very good results obtained in 
the tidal volume vs breathing pressure tests for a wide range of operating 
speeds, there should be very little discrepancy between the theoretical and 
actual flow patterns. 

4.3.1 The results of the comparative test made with the two respirators 
indicate that the results of tests made with the new Experimental 

Diving Unit respirator can be compared fairly closely with previous results 
obtained or the old mechanical respirator. 

5. CONCLUSION 

5.1 Conclusions 

5.1.1 The following is concluded about the new Experimental Diving Unit 
Mechanical Respirator! 

(1) The respirator design and construction is essentially satisfacto'-y 
(2) The pressure relief valves originally installed are unsatisfactory.0 
(3) The Experimental Diving Unit respirator is essentially a positive 

displacement pump; the tidal volume vs respiratory pressure curves 
are nearly flat. 

(4) The results obtained with the new Experimental Diving Unit respi= 
rator can be compared with results previously obtained with the old 
mechanical respirator. 

(5) The cams should provide the desired flow patterns. 

5.2 Recommendations 

5.2.1 It is recommended that» 

(l) The new Experimental Diving Unit mechanical respirator replace the 
old mechanical respirator for future tests and evaluation. 

#(2 The flow patterns actually obtained with the cams be measured. 
(3) An attempt be made to locate small, reliable, non-leaking, relief 

valves to replace the mercury switch assembly. 
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