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I. 1INTRODUCTION

Per reference (1) and as detailed in APPENDIX A, the MAKO Diesel powered
5407 high pressure breathing air compressor was tested by NEDU. The test was
to determine if the compressor would provide suitable breathing air and a
service life satisfying the U.S. Navy requirements for divers air supply
compressors. Other material variations were also evaluated and are listed as
considerations in Section V.

Highly portable diver’s air compressors are designed to provide high
pressure air with relatively low volume outputs. Divers require low pressure
air with high volume. The average divers high pressure air compressor is
connected to large volume high pressure air storage flasks to meet this need.
In normal operation the high pressure air is reduced to a lower pressure to act
as a breathing media for divers. As this is accomplished, the pressure
gradually reduces in the storage flasks. The compressors tend to run on a
continuous basis as the diving day continues since the demand is usually
greater than the supply. At the end of the diving day or when air requirements
are reduced, the compressors will exceed the demand and fill the air flasks.

There are various methods of testing compressor capacities. For the
purposes of this test, NEDU chose a method consisting of charging the storage
flasks from 0 to 2500 psig daily then opening the vent and maintaining 1500 +
psig for continuous run. This method more closely simulated the use a
compressor would experience in the field. Additionally during the continuous
run, random charge rates were taken from 1500 to 2500 psig. The compressor was
operated a total of 50 test hours. Testing included subjective evaluation of
the system operation but did not include detailed mechanical review of the
individual components of the system.

II. EQUIPMENT DESCRIPTION

The MAKO 5407 high pressure, breathing air, compressor (Figure 1) is a four
stage, four cylinder, "V" configuration, cooled by a large pulley driven
variable pitch fan. Air for compression enters via the intake filter and
passes to the first stage cylinder where it is compressed to approximately 64
psig. Passing through a heat exchanger to the second stage it is then
compressed to 280 psig. On exit from the second stage it flows through a
cooling system positioned in the fan airstream, and then into a separator for
condensate removal. On entering the third stage the air is further compressed
to 1210 psig, before passing through the third stage cooling coil and
condensate removal separator. Final compression pressure of 5075 psig takes
place in the fourth stage, then passes through a finned cooling system. Final
delivery is made at approximately 18 degrees Fahrenheit above ambient.

All stages are lubricated by means of the force-fed lubrication system.
The compressor requires approximately 2.5 quarts (US) of lubricating oil. The
manufacture recommends that either MAKO compressor oil (mineral) or MAKO
synthetic compressor oil be used. These olls are not stocked in the Federal
Supply System. As an alternative, MAKO suggests use of Anderol 500 synthetic
oil as a substitute after 50 hours of run time. While Anderol is a Federal
stock item 2190 TEP is currently the only lubricant authorized for breathing

compressor use by the U.S. Navy.
1
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As directed by NAVSEA the compressor oil was changed at 13 hours to 2190
TEP and used through out the remaining hours of the test. Seven hours after
the oil change the oil pressure dropped to 990 psig. It was adjusted to 1025
psig using the adjustment screw located on top of the oil regulator body. No
further problems with oil pressure or temperature occurred.

The prime mover is a LISTER PETTER T series, two cylinder, direct
injection, flywheel fan air cooled diesel engine. Rotational torque is
transferred to the compressor by a single banded belt.

The filtration available system is a multi chambered unit constructed of
aluminum alloy, designed for 5000 psig working pressure. The first chamber is
a mechanical separator to remove oil and water. Subsequent chambers utilize
replaceable cartridges to remove water vapor, hydrocarbons, noxious gases,
taste and order. Carbon Monoxide is also eliminated by catalytic oxidation.
The final chamber includes a visual moisture and carbon monoxide monitor. For
this test the MK 2 C system using the MAKO 1803 filter cartridge was used.

A pressure maintaining/non-return valve is provided down stream from the
filter system to ensure that pressure build up occurs in the filters during
start up and initial compressor air delivery. This provides for constant,
optimum filtering, moisture separation and prevents compressed air from
returning from the charged air storage tanks to the compressor during unit shut
down. All four stages of the compressor are protected by safety relief valves.

III. TEST PROCEDURE

The compressor and all ancillary equipment were set up in accordance with
the manufacturer’s instructions. A Cole Parmer model 8502-14 temperature
monitor and Yellow Springs Instruments 700 series thermistor probes were
attached to measure compressor discharge and ambient temperatures. A safety
line was installed on the charging whip. The unit was placed in an exterior
work area, open to ambient temperature but protected by an awning from direct
weather. APPENDIX A contains the completc test plan and the pass/fail criteria
used during the evaluation. APPENDIX B is the test log and contains the
recorded data.

A. ENDURANCE TEST

The compressor was operated daily to charge four 2250 cubic inch (floodable
volume) cylinders. The four cylinders were interconnected to simulate one
large air flask. After achieving a charge of 2500 psig on the flasks, the
vent was opened with the compressor supplying 1500 + psig. Since the
compressor filter flask holds 1500 psig, the charge rate was verified by
charging from 1500 to 2500 psig. A total of 50 hours of operation was logged.
The following parameters were recorded:

(1) Date

(2) Time

(3) Total meter hours

(4) Total test hours

(5) 0il level

(6) 0il pressure

(7) All four stage pressures




differentials between ambient and compressor discharge temperatures were 5 to 8
degrees Fahrenheit. The maximum recorded differential temperature was taken
immediately after startup. It is not considered to be a true reading

due to the chilling effect caused by the expansion of the compressed air
dumping from a relatively high pressure (1500 psig) in the filter housing to a
lower pressure in the empty storage flasks.

C. OIL CCNSUMPTION

The compressor consumed a total of 12 ounces of oil after the oil change
conducted 13 hours into the evaluation. Average consumption was 0.32 ounces
per hour and is considered insignificant.

D. AIR SAMPLING

The results of the air samples are shown in APPENDIX C. All samples were
within limits established by reference (2).

E. MAINTENANCE
M. intenance performed consisted of the following:

At 6 hours 30 minutes the green high air pressure indicator came on with a
discharge pressure of 1804 psig. The unit did not shut down. All other gauges
and indicators remained normal. Discussion with MAKO representative determined
the switch to be faulty. At 13 hours the original oil was changed. At 37
hours the filter was changed. This included a thorough cleaning in accordance
with the manufacturers instructions. The oil sump level and the CO2/moisture
indicators were checked prior to start-up each day. At 28 hours 18 minutes the
total hour meter stopped. The test was continued using a standard 12 hour
clock. The MAKO 5407 compressor unit was easily maintained. No significant
problems were encountered.

V. RECOMMENDATIONS

The Vendor and NAVSEA should be contacted prior to purchase to ensure the
unit meets the users needs.

The following considerations should be addressed by the user when
purchasing this compressor (these are only considerations and not
requirements):

A. Cadmium coated fittings be replaced with a suitable substitute.

Justification: Reference (3) states that cadmium coated fittings
cannot be used in systems that exceed 400 degrees Fahrenheit or if the cadmium
could come in contact with petroleum products. The only HP compressor
lubricant currently authorized by the NAVY is 2190 TEP, resulting in possible

petroleum product contact.

B. Provide a level indicator for the fuel tank,.
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References:

(a) NAVSEA Task 89-11 Evaluation of Comme.cially Available Divers Air
Compressors.

(b) NAVAL EXPERIMENTAL DIVING UNIT TEST EVALUATION NUMBER 80-37

(c) NAVAL COASTAL SYSTEM CENTER Field Test Procedure SP80-13-0S6 for
Testing Diving Air Compressors

(d) Mako Publication Number 54067 M 89 A, for Model 5407-BAD Diesel Drive
High Pressure Air Compressor

(e) NAVSEA 0994 - LP001-9010, US Navy Diving Manual Volume 1 paragraph

! 5.3.2 Air Purity Standards

1. Introduction. This test plan provides a series of procedures for
standardized evaluation of commexrcially available divers high pressure air
compressors. The compresscors will be evaluated and data compiled during these
test to determine their suitability and reliability; and possible approval for
Navy use (ANU). This particular document is to evaluate the MAKO Model 5407
BAD Diesel Drive Compressor.

NAVSEA OOC Memo Task 89-11 directed NEDU to survey the coummercial domestic
market to determine if currently available high and low pressure compressors
are applicable for fleet use. 1If applicable procure compressor systems as
required for evaluation. Make recommendations for inclusion on Approved for
Navy Use (ANU) listings.

2. Test Parameters. Evaluation of the compressor will be conducted as
follows:

a. Receipt of compressor at NEDU, Panama City.

b. Conduct inspection of compressor using manufacturer’s instruction
manuals as references to ensure all parts and material are received and on
hand.

c. Using the manufacturer’s technical manual for the specific air
compressor and its components, inspect for and determine if the following items
exist and/or comply, and record results and comments in Annex A:

(1) All instruments and controls are clearly and permanently marked
according to their functions.

(2) All controls, gauges and indicators necessary for operation of the
compressor are visible and convenient to the operator.

(3) Safety devices are provided and audible and/or visual warning
functions as specified.

(4) Liquid level indicators accurately display liquid level.
(5) All removable components can be removed and properly re-installed

in working conditions using the manufacturer’s operating manual i.e. filters.

A-4




(6) All drain, trap and safety valve discharg: ports will function
without splashing, are conveniently located, and are away from operating
personnel.

d. Have all instrumentation provided by manufacturer compared and or
calibrated, and accompanied with certification.

e. Operate the compressor for one (1) hour under a no inad condition.

f. Take air samples following no-load test run, and have gas analysis
conducted.

g. Conduct Testing in accordance with the procedures set forth in section
4, Total compressor running time will be 50 hours.

3. Preliminary Arrangem~nts

a. Arrange for air analysis to be conducted as required.

b. Prior to the actual test procedure the air compressor system shall be
operated then shut down when the system is at maximum pressure and the
following steps accomplished.

(1) Hold pressure.
(2) Allow the system to cool to ambient temperature.

(3) After temperature has stab.lized, record the storage flask
pressure.

(4) After an eight hour period, record pressure again.
(5) Leak rate shall be zero.

4. Test Procedure. The following test procedures will be conducted as
specified, and the results entered in the log sheets, Annex A.

a. Take air samples at hours 1, 25, 50, and anytime air quality is
questioned.

b. Log the following measurements on the log sheet Annex A.
(1) Date
(2) Time
(3) Compressor meter hour  (if applicable)

(4) Total hours running time on compressor (this test)

A-5




(5) compressor oil level

(6) Compressor oil pressure
(7) 1st Stage pressure

(8) 2nd Stage pressure

(9) 3rd Stage pressure

(10 4th Stage pressure

(11) Discharge air temperature
(12) Ambient air temperature
(13) Flask size and pressure
(14) Remarks

c. The compressor air system shall be set to run continuously by adjusting
controls and bleed off rate.

d. Compute volume output of the compressor by charging a known volume
storage flask to 2500 psig. Log total charging time and calculate charging
rate.

e. O0il consumption shall be measured and recorded during testing, with
measurements and additions entered in the log.

f. Perform maintenance as required by the manufacturer’s instruction
manuals.

5. Post Test Arrangements. Make all necessary arrangements as previously
determined to return compressors system and test fixtures to proper locatioms.

6. Personnel Requirements. NEDU Hyperbaric and/or Test and Evaluation
Department personnel (1 each).

7. Safety Rules and Emergency Procedures. Safety rules and precautions as

outlined in the specific manufacturer's instruction manuals. -

8. logistical Support. A air analysis.

9. Funding Source. NAVSEA 00OC Task No. 89-11.

10. Report Production. Test report and camera ready copy to be written and
prepared by the Test Director and submitted for approval to the Commanding
Officer via the Task Leader. Estimated and publication date is six (6) weeks
following completion of testing. Test Directors will be the point of contact
for NEDU concerning this test and will be appointed by the Task Leader.

A-6




11. Comments_and Additional Information. The NEDU Task Leader is responsible
for the following:

a. Control and Safety of Systems. All control systems, safety systems and
valves shall be activated by making the necessary temporary alterations to the
compressor controls and operations whenever such alterations will not result in
a risk of damage to the compressor unit. Where a risk is present, the test may
be conducted with control systems completely removed from the compressor unit
by subjecting control system sensors to other sources of temperature and
pressure; for example, the oil safety switches and sensors, automatic
condensate blow down valves overpressure switches and sensor, high temperature
switches and sensors, and other devices designed to operate or protect the
system and attending personnel.

b. Termination Criteria. The following is I ‘lure Criteria for the
suitability for the specific compressor system fc. aNU:

(1) Failure of any component which cannot be corrected in accordance
with the recommended schedule of maintenance.

(2) Failure of the diving air system to operate as specified by the
manufacturer’s instruction manuals.

(3) Failure of the valves to operate as specified.
(4) Failure of the pressure relief valves to operate as specified.

(5) A decrease in capacity of the compressor during this performance
evaluation.

(6) A discharge air temperature from any cylinder in excess of
manufacturer’s specifications or recommendations.

(7) Failure of the air samples to pass breathing air specifications
as listed in reference (e).




8-V

1 = V XINNV
LA
Y J.'
SHEVWIE $S3dd 3215 “dW3l "gW3l v € ¢ 1T 1 "5534d T3A3T SENOH dn
ASVIA | HSYA ylv 31V $S3¥d VIS 110 110 1831 mw._.wm e R
INI IGWY 2810 L0 viQl




1-d

uado 3usA| 00TZ|€°98|T°26/0002]| 0G8| s¥z| 09 [otOoT|2/T| S°8 | S°0T1]|0060| VO 9
3u9A pauado| 0TOZ|Z°'¥8[6°26|0002| 088| Svz| G5 |otoT|¥/c| s°L | s°6 |ooso| ¥0O 9
Tong Teb g-z| 002 {€°G8|¥°2L|00TT| 008| 0€cZ| 09 |oTOT|¥/€| "9 | 6°8 |[00LO| VO 9
uado 3ueA | ov8T(2°88(€°26|006T| SL8| s¥Z| 09 |oToT|2/T| S°9 | s°8 |oevT| TO 9
usado juspa | 086T|T1°68|V°¥6|0502| 006 svZ| 09 |otoT|Z/T| 9 0°8 |00%T| TO 9
uado usA | 086T|S°88|6°¥6|0002| 068| Ss¥Z| 09 |ototT|2/T| S 0°L |00€ET| TO 9
uado juapn | oovZ|6°68|L°S6]|00%¥Z| 0S6| 0S2Z| S9 |oToT|v/€| ¥ 0°9 |002T| TO 9
juaA pauado brsd 005z ©03 00ST 09s G¥ c«ﬁ 2Z 93ex abaeyo GETT] TO 9
T°ng 1eb G°2| 0StTC|T1°68|9°v6|002C| OT6| Svz| 09 |otot|v/e| ¢ 0°G |00TT| TO 9
006T|9°28|T1°88|0S6T| 088| S¥z| 09 |otoT|¥/c| 0% [{000T| TO 9
ad trvo (pv udo juaa! 066T(£°T8|6°98|0002| 006| SvZ| 09 |oTOT|¥P/€| T 0°€ {0060| TO 9
Tong dn do3 /110 30| 0G6T|T°9L{¥°TL|009T| 098] ocz| 8¢ |oTOT|%¥/€| O 0°Z |(oos80| TO 9
dues ate/3sel YeoTI| 06€C 00L0| TO0 9
pToYy pue abaeyd| 0062 00€T| TE &
SMAVHIAY SSTYd | IGWV |HOSA| ¥ € (4 T dd | AT | SYNOH | SYNOH |TWIL| FIWA
MSYId 1I0|TIO0| ISAL|YALIW|IVII| 0661

SdWIL STYNSSTYd ADVLS TYIOL |TYLIOL

avd LOvS TIAONW

JOSSTIYINWOD ¥YIV SYIAIA ONVH



-4

uado JuaA| 082Z|9°L6|T°66|00E2| Ss26| svz| ss |otot|{z/t| o°6t| o°1z|o0zT| 80 9
Tony 1eb z/udo 3ua| ootz|z-es8|T°L6|00TZ| 006| svz| ss |otot|z/T| 0°8T| 0°02|00TT| 80 9
uado uaA| 009T|2°26|L°26{009T| 088| svz| ss |oToT|¥/€| o°LT| 0°6T|000T| 80 9
uedo JuaA| 009T|0°G8(9°98|009T| 088| 082| sS |otot|¥/c| o0-9t| 0°8t|0060| 80 9
uado 3uaA| 0sTZ|9°L8|Z°68|00TZ| 006| 082 S5 |otoT|%/c| o°st| o°s1|ooso! 80 9
jusp posuado o9s 0g utw vz brsd 0052 ©03 00ST @3ex 8baeyd
002T|€°¥8|L°S8|00ST| o2Z8| ovz| ss |ototl|v/c| o°v1| o°9T1l00Lo| 80 9
Tond Ted 2| 0 (L°08(S°99|o0sT| o08| 08Z| 09 |ototr|(v/e| s €1} s°st|oc90| 80 9
d3aL061Z 03 TT0o pabueyd
uado jusA| ooTz|€°68|9°¢c6|0sTZ| 006| Oove| ss |otot|z/t| s ct| s st|oovt| vo 9
Tong 1=b z | 0612|9°06|{T v6|002z| ot6| 0o¥vZ| ss |otoT|e/t| s zt| s vrlooer!| vo o
usdo 3uaA| 0602 (L°€6|¥°T6({00TZ| 006| Sve| ss |otot|e/t| s t1| s etloozt| %o 9
uado 3uap| 0602|9°c8|T T6{00TZ| 006 sve| 09 [otToT|2/T| s ot| s ztlootT| ¥o 9
Teny 16 g-z/udo 3ua| ooTZ|6°T8|€°68|00TC| 0S8| Ssve| 09 |otot|e/t| s'6 | s tr|ooot| vo o
SYIVNIA SSdYd | IgWV |HOSA| ¥ € Z T dd [ AZT|SYNOH | SYNOH |AWIL| IIva
ASVId TIO|TIO| LSAL|YILAW|TIVII| 6861
SAWAL STYNSSTId FDVLS IVIOL | TVIOL

avd Lo¥S TIAOW

JOSSHYAWOD VIV SYIAIA OAVH




Jossaxdwoy ol dIL 0612 20 ¥ poppe ooS

6T UtTW €2 00SZ o3

00ST @3ey abaeyd

Teny 1eb G°z| o0oozZ|Zz v8|E€*16(0502| 0O8| OvZ| SS |Szotr|Z/T| S°82 0€60| 2T 9
Juap pouado| 0S9T|T 28|€°88|00LT| 008| ovZ| ss |szot|z/t| s°c2 0€80| 2T 9
Teng 1eb z| oov|v'eL|T1°08|00ST| 008| ocz| S5 |ovor|v/e| 5° 92 0€LO| 2T 9
uado jusA| os8ez|0'66| €o0T|ooveZ| 0s6| 0Sz| sS |ototr|v/e| s°'9z| c sz|oovT| TT 9
ordwes atv /udo 3Jua| ostZ|L°86|"zoT|002z| O0T6| svz| ss |otor|v/c| s'sz| s czlooet| 1T 9
usdo JuUSA| 0TTZ(2°86(€°66(05TZ| OT6| ove| g5 |otoT|¥/c| s vz| s°9zloozT! TT 9
Tony Teb 2| 050z|8'c6|8°L6|00TZ| 0S8| ove| ss |otTot|v/c| s ez| s sz|ootT| TT 9
uedo JuaA( 088T|S°¥6|c°88[006T| 098| ove| ss |otot|v/e| s zz| s vzlooot] TT 9
uado JuaA| 00SZ|5°88|9°88|0052| Ove| sve| ss |otot|v/c| s°tz| s°cz|oo60| TT 9
aanssaad [To dwo) [pe/ [9saTp 03 [IO 20 9 poppe O39S 8 Utw 2Z 00SZ O3 00ST °3ey 3baeyd
Tong T1eb z| oozz|T°L8|L €6|0022| 006| 0S52| 09 [o0ootT|z/t| s-oz| s zzlooso| TT 9
Jusp pauado| OGTT (v L8|v°€8|00ST| 0z8| ove| ss |ooot|z/t| s-61| s tzlooco] TT 9
POSOTO JUBA| 092(T°06|S"TL|00ST| 02Z8| ovZ| 09 |oooT|v/c| O0°6T| O0°tz{0€90( TT 9
SHUYHAT SSHYd | IGWV [HOSA| ¥ € (4 T dd |ATT | S¥NOH | SYNOH |TWIL| FIVA
ASYId T1I0|TIO| ISIL|YIIIN|TIVII| 6861
SAWAL STYNSSTYd IDVILS TYIOL | TVIOL

avd L0vS TIAONW

JOSSIIAWOD YIV SYIAIA OMVKH




v-d

uado 3judA| 06TZ|T1°86(6°86|0022| 0T6| S¥vZ| sS |szotr|v/c| o°s¢ 00ET| €T 9
ddl 0612 2o Z| o8tcz|¥'z6|c°96|00%2| 006 0SZ| SS [szot|z/T| O°LE 002T| €T 9
T9n3 suoltred Z peppe DZ MW uea[d I193TT3F €081 pPabueyd

3s9g do3s| oseez|v° zZ6|€ 96|00¥2| 006| osz| sS |szoT|z/1} O0°LE 0€0T| €T 9

3uap poauado 09s 0§ UTW ZZ 00GZ O3 00ST @3ey 8baeyd
uado JuUaA| 009T|T°€8{€°88|0S9T| 0G8| svz| ss [szot|z/T}| 0°9¢ 0€60| €T 9
uado juaA| 06TZ|0°28(9°98|0022| 06| O¥Z| SS |szotr|2/T| O°s¢t 0€80| €T 9
Tongy Teb z/udo uUA| 0502Z|9°yL|6°2Z8|00TZ| 088 O¥Z| SS [szoT|v/c| O°¥eE 0€LO| €T 9
pPesoTD JuadA| 00T |6°6L|6°59|00ST| 0T8| s€2| sS |otoT|v/€| o°€¢€ 0€90| €T 9
uedo 3usa| 006T|v°T6|s°66|056T| ovs| sve| ss |ocot|v/e| o-ce 00¥T| 2T 9
uado 3JuaA| 096T|S°T6| 00T |000Z| 0G8| sv2| SS |ocotT|v/€| S°2¢€ 0EET| 2T 9
Ton3g TeH 2| 02Z8T|¥°86| TOT|0S8T| 088| S¥z| sSs |ocoT|¥/€| s°T¢€ 0€zT| 2T 9
usado jusA| 089T(Z2°96(S°66|00LT| 098| ovZ| ¢S |ocoT|v/€c| s- o€ OETT| 2T 9
uado USA| 06ST|L°L8|0°¥6|009T| 0S8| OovZ| SS |0€OT|¥/€| S°62 0€0T| 2T 9
SYIVNIA SSIYd | I9WV |HOSA| ¥ € Z T d¥d | ATT | SYNOH | SYNOH |TWIL| IIvVQ
ASY1d TIO|TIO| ISIL|JILAN|IVII| 6861

SAWAL STINSSTUI AOVLS TVIOL | TVIOL

avd LOovS TIAOW

JOSSHIdNOD YIV SUYIAIQ OMVH



09s zg utw gz bysd oogzZ o3

00ST @3eyd 9baeyd

Ton3 Teb 2| 08sT|v°L8|0°v6|{009T| 008| O¥Z| sS |ozotr|z/T| o°8Y¥ 0€0T| ST 9
uado jusA| 052Z(9°68|T1°G6|00€2| 0T8| Svz| SS |020T|2/T| O°LY 0€60| ST 9
uado 3juaA| 008T|(¥°88|€°¥6|008T| OT8| OvZ| SS |0ZOT|2/T| 0O°9¥ 0€80| ST 9
Tony 1eb 2 0]9°18|€°89{00ST| 008| 0€2| 0S |ovoT|¥/€| O°SY 0€LO| ST 9
uado juaA| 0STZ|0°¥6(|8°66(002Z| 026| 06Z| SS [ozZoT|v/€| O°SV o€zZT| ¥T 9
uado 3usA| 00TZ|6°T6|6°86|05T2| 026 S¥Z| SS |oZoT|v/c| O ¥v¥ OETIT| ¥T 9
06T2zZ0 9/Tng 16 ¢°2Z| 00TZ|2°68({6°96|05T2| 016| S¥Z| SS |SzotT|2/1I| O°€¥ 0€0T| ¥T 9
06Tz 2zo 9/19n3 16 Z| ooTZ|c°e8|v "¥6|0S5T2Z| 016| S¥Z| SS |szoT|2/T| O0°2¥ 0€60| ¥T 9
uado juaA| 000Z|T°€8|€°T6|0502| 006| O¥Z| SS [szot|z/T| O°T¥ 0€80| ¥T 9
uado jusA| 058T|8°S8|2°98|006T| 098| O¥2Z| SS [szot|z/T| O°0O¥ 0€ELO| ¥T 9
Teng teb Z| 00T |¥°6L|8°L9|00ST| 008| 0€Z| 0S5 |OVOT|v/€| O°6€ 0€90| ¥T 9
3uaA pauado| 000€|¥°96|8°86(000£|000T| 05Z| SS [szoT|¥/€| 0°6¢€ 00¥T| €T 9
SMUVHIY SS3Yd | IGWV |HOSd| v € 4 T ¥d | AFT | SYNOH | SYNOH |aWIL| Fzva
ASVId TI0|TIO| ISIL|YILIW|TIVII| 6861
SAWAL sAYNSSAAd ADVLS IVIOL | IYIOL

avg LovS TIAOH

JOSSTIdWOD YIV SYIAIA ONAVH




aTdwes aTv Teb| g2 dn|do3 |T1eng
3S3L 9INOBS| 0S6T|S°L8(T°S6(0002| 006 S¥vZ| S5 |ozot|z/T| O°0¢S 0€2T| ST 9
uado 3uaa| 0502{0°06|S°Ss6]|00T2| 006| ovz| ss |ozotlz/T| O0-6¥ OETT| ST 9
SHYVHWIL SS3dd | IGWVY (HOSd t £ 4 T 4d (ATT | SYNOH [ SHNOH [AWIL| IIVA
MSv1d TIO|TIIO| ISIL|YILIW|IVII| 686T
SAWAL SAYNSSHId IAODVLS TYIOL | TVIOL

avd LovS TIAONW
dOSSHYAWOD YIV SYITAIA ONVKW




Memorandum - 4 June 1990
To: Dave Sullivan, NEDU

From: G. Deason, Code 5130 I RouiL

Subject: Analysis of the Mako 1 hr test sample, test# 90-~15.

1. In accordance with your request, on 4 June 1990 the air

sample delivered to the gas analysis lab was analyzed and found
to contain:

Component Air Sample
oxygen 21.0%
Nitrogen 78.1%
Argon 0.9%
Carbon Dioxide <25 PPM
Carbon Monoxide <0.5 PPM
Total Hydrocarbons* 2.1 PPM
Total Halogens** <0.5 PPM
Methane 2.1 PPM
Acetylene <0.1 PPM
Acetone <0.1 PPM
Freon 113 <0.1 PPM
Methyl Ethyl Ketone <0.1 PPM
Ethylene <0.1 PPM
Toluene <0.1 PPM
Benzene <0.1 PPM

C4+ <0.1 PPM

*Expressed as methane equivalents.
**Expressed as methyl chloride equivalents.

2. The above sample showed no appreciable contamination; all

components were within the acceptable range.

Glen Deason
Chemist




Memorandum 12 June 19990

To: Dave Sullivan, NEDU
From: G. Deason, Code 5130

Subject: Analysis of the air sample from the Mako compressor
after 25 hours, test# 90-15.

1. In accordance with your request, on 12 June 1990 the air
sample delivered to the gas analysis lab was analyzed and found
to contain: '

Component ' Air Sample
Oxygen 21.0%
Nitrogen 78.1%
Argon 0.9%
Carbon Dioxide 368 PFM
Carbon Monoxide <0.5 PPM
Total Hydrocarbons* 3.3 PrM
Total Halogens** <0.5 PPM
Methane 3.3 PPM
Acetylene <0.1 PPM
Acetone <0.1 PPM
Freon 113 <0.1 PPMM
Methyl Ethyl Ketone <0.1 PPM
Ethylene <0.1 PPM
Toluene <0.1 PFM
Benzene <0.1 PPM
Methylchloroform <0.1 FPM
CA+ <0.1 PPM

*Expressed as methane equivalents.
**Expressed as methyl chloride equivalents.

2. The above sample showed no appreciable contamination; all
components were within the acceptable range.

Glen Deason
Chemist




Memorandum 18 June 1990

From: Glen Deason, Code 5130
To: Dave Sullivan, NEDU

1. In accordance with your request, on 18 June 1990 the air
sample from the Mako HP air compressor, test no. 90-15, was
analyzed and found to contain:

Compents Results
Oxygen 21%

Nitrogen . 78.1%

Argon 0.9%

Carbon Dioxide 338 PPM
Carbon Monoxide (0.5 PPM
Total Hydrocarbonsx 3.7 PPM
rotal Halogens#*#x <0.5 PPM
Methane 3.7 PPM
Acetylene <0.1 PPM
Acetone 0.1 PPM
Freon 113 <0.1 PPM
Methyl Ethyl Ketone (0.1 PPM
Ethylene <0.1 PPM
Benzene (0.1 PPM
Toluene (0.1 PPM
Ca+ <0.1 PPM

* Expressed as methane equivalents.
** Expressed ag methyl chloride equivalents.

2. The =sample showed no appreciable contamination. All
components were within the acceptable range (ag per the U.S. Navy

Diving Manual).

Glen Deason
Chemist

Cc-3




First stage suction connection.....NP7V

Compressor (bare) height..ccccececein
mm

Compressor Wwidth...ccceecevecceccecaceln
mm

Compressor length.....cecccevcsccesin

mm

2:7 WEIGHT
Complete (approximately).cceccceasslbs
> kgs

2.8 SPEEDS

Compressor SpeRUd.eccccccccacccaacsePM

Mean piston SpeRd..ccervecscccccseeft/s
M/s

Max acceptable vibration level in
any direction on the valves...cc.c..Mm/s

2.9 TEMPERATURES

Ambient and air
inlet temperature..cccccceeasccMin

max

Om 0O

NOTE:®

S406E
27
685

22
559

19
483

661
300

1800

11
3.35

40

14
-10

113
45

5407

685

22
559

19
483

680
308

1800

11
3.35

40

14
-10

113
45

It is extremely difficult to accurately record air

temperatures by the surface metal temperature, due to air flow

from the fan cooling down the reading.

However, as a general

guide, no metal surface temperature should exceed 160 C

(338 F).
2.10 LUBRICANTS

Recommended o0il - mineral.cc.cc....Mako Compressor 0il

Recommended ©0il - synthetic........Mako Super Synthetic 0il

Sump Clp&CitY.-o--.-.......-n--....pt.
ltrs

2.5
1.4

Recommended grease for assembly....Silicone

L-1

2.5
1.4




SECTION 2 SPECIFICATIONS

2.1

UNIT DESIGNATION

A belt driven, high pressure,

air cooled compressor S406E 5407

TECHNICAL DATA

TYPRecccscacccencceseccsnnncsssnsaasnasaafFOUr stage, four
cylinder -V

configuration
Cooling..ceeceearannaess cesccsscsesescssaFan activated air

Direction of rotation viewed
from dri‘g BNd..ccececscnscnscasscnsnsecNti~clockwise

L
Type of valves......... eecssecssvessssassSingle & combined
sul ti-ported

Intake silencer/air filter..vecuiceancaesDry

STAGE PRESSURES

DEL IVERY. 1ST STPE 2ND STAGE 3SRD STAGE
psig psig psigq psiq
S406E 1000 36740 185/129 5507650
20Q0 37741 170/195 700/800
J0Q0 I8s42 1907215 820/920
4000 39743 2057230 ?10/1010
5000 43747 2157240 100071110
5407 1000 56762 2840/272 7427855
2000 S7/763 28467276 857/9735
3000 S58/64 2537284 26271083
4000 59765 2597290 106071185
S000 60764 2657295 115071270
OIL PRESSURE - 1000 PSIG (48.9 bar) S406E 5407

MAXIMUM INLET PRESSURE - 6 psig, - 0.5 psig

SAFETY VALVE SET PRESSURES

lst Stagel @ @ @ 0 & 6 &8 8 8 ¢ 00 0 U bt 0% 00 8V g ae e B cPSiq 50 85
2nd st .QEC & &6 & @ 8 8 & & 90 O 8 N 8 8 S S E &8 v oa s s aao psi g 300 385
1400 1400

Srd Stageu.....-....---.-.-.o-a....--.-p51°




2.4 BENERAL

Charging rate@.c.ccccccicivecesnncsseeftI/m
M3I/hr

First stage piston displacement....ft3/m
M3I/hr

CompresSsor pPoOWEr.ccceee..235000 PSI hp
Kw

32100 PSI hp
Kw

Volume free
air delivered.cceeaaoecc@d35000 PSI £¢t3/m
M3I/hr

*.

92100 PSI ft3/m
M3I/hr

Noise level at 3 meters.cccecsceesdB(A)
Cooling air flow rate (approx).....ft3/m

M3I/hr
INCLINATION

Permissible inclination of machinet
Front to rear side...ccceveveevec. .degree
Left or righticsccccceccarseccncceacti@grees

DIMENSIONS

First stage cylinder borecc.ccaceeecein
mm

Second stage cylinder bore..ccecesce.in
mm

Third stage cylinder bore..ccceceeoin
am

Fourth stage cylinder bore...cccc..in
om

strok.l.......l....................1"
mm

Final delivery
0/D pipe connectioNe.cccsssssacscasein
mm

D-3

12.9

17.35
29.8

.79
7.30

8.63
6.45
10.3
17.3

11
18.7

R0
2942,

5000

10

20

3.15
80

1.97
S0

0.87
22

0.43
11

2.20
S6

0.312

5407
18.7
31.8
23.3
39.6

14.9
11.1

12.3
9.2

15.0
25.35

15.8
26.8

82
4120

7000

10

20

3.62
92

1.97
SO

0.87
22

0.43
11

2.20
S6

0.312




