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INTRODUCTION

This report contains the results obtained from evaluating twenty-one positive
displacement hydraulic fluid power pressure balanced vane pumps under contract
#DAAK70-81-C-0002 from December 1980 through April 1982. The evaluation program
consisted of the following major parts:

1. Industry Surveys
2. Break-in and Performance Tests
3. Endurance Tests
4. Thermal Stability Tests

The U.S. hydraulic fluid power pump manufacturers were surveyed to determirne their
break-in procedures on vane pumps and their thermal stability test procedures
on various types of pumps ie. (gear, vane, piston). The survey results were
summarized and used to develop a universal break-in procedure for vane pumps
and universal thermal stability test procedure for pumps in general.

Seven vane pumps each from three different manufacturers; Vickers, Denison and
Rexroth were tested according to the universal break-in procedure after which
they were performance tested at multiple speeds, pressures, and temperatures to
determine overall efficiency characteristics. One pump from each manufacturer
was broken-in using oil contaminated with AC Fine Test Dust to determine if the
contamination would effect break-in and performance characteristics. The
remaining six pumps from each manufacturer werebroken-in on clean oil.

The pumps broken-in on clean oil were subjected to one of two types of endurance
tests. The first test was 500,000 cycles iii length and lasted 140 hours. The
pump's outlet pressure was cycled from 200 psi to 115 percent of rated pressure at
rate of 60 hertz. The other test was 1000 hours in length and the outlet pressure
was cycled from 200 psi to rated pressure at a rate of 60 hertz. Both endurance
tests ran with a contamination level of less than 100 particles per millilitre
greater than 10 micrometres.

The performance tests were conducted in accordance with NFPA T3.9.17RI Draft 5
dated March 20, 1980. The 1000 hour endurance test was conducted in accordance
with MIL-P52675 dated January 15, 1970. The other endurance test was conducted
in accordance with MERADCOM test procedure "Method of Establishing the Durability
of a Fixed Displacement Fluid Power Pump Tested in Lots" dated February 1980.
These test procedures are included in appendicies in this report.

The pumps evaluated in this test program had the following ratings:

Pressure: 2500-03000 psi
Displacement: 2.73 in3/rev -- 3.05 in3/rev
Speed: 1800 rpm --* 2800 rpm

The test fixtures, equipment, instrumentation, and instrument calibration procedures
utilized in this program are the same as the ones developed under contract
DAAK70-77-C-0214, "Gear Pump Studies".



BREAK-IN PROCEDURE SURVEY SUMMARY

The January 1981 Hydraulics and Pneumatics Designers Guide to Fluid Fower
Products was used to determine the companies to be surveyed. Originally 17
companies were surveyed. Follow up telephone calls revealed that 8 of the 17
companies actually manufactured their own vane pumps. The remaining companies
were distributors or they purchased another company's pump and put their own
name on it. Six of the 8 companies who are manufacturers responded to the
survey which is 75%. One of the six respondents said all of their procedures
were proprietary and, therefore, he could not reveal any information.

Only two of the six survey returns described break-in procedures which is
33.3%. One was a production acceptance test at 1200 and 1800 rpm from 0 to
maximum pressure (not cycling) using a special fluid. The other procedure was
also a production test which consisted of measuring flow at rated speed and
pressure then dropping the pressure to 100 psi and measuring flow again. Then
the speed is dropped to 600 rpm and the flow is measured at 1500 psi. The
complete test lasts approximately 45 seconds. It is performed with SAE lOW oil
at 13U and 180°F.
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BREAK-IN PROCEDURE SURVEY STATISTICAL RESULTS

Note: NA stands for No Answer.

1.0 Break-In Procedure General

1.1 Do you have a criterion for determing the point at which a pump is
satisfactorily broken in?

YES 17% NO 50% NA 33%

1.2 Is your procedure based on developmental or laboratory studies?

Developmental YES 33% NO 0% NA 67%
Laboratory YES 17% NO 17% NA 66%

1.3 Has your procedure evolved over time and experience with product?

YES 33% NO 0% NA 67%

1.4 Was your procedure arbitrarily arrived at?

YES 17% NO 17% NA 66%

1.5 Are identical procedures used in production prior to Prc, shipwent

and in the service department?

Y-S 33% NO 0% NA 67%

1.6 Do your engineering department recommendations or laboratory test
procedures differ from 1.5 above?

YES 17% NO 17% NA 66%

2.0 Break-In Procedure Specifications

2.1 Do you conduct your pump break-in at:

Constant Pressure YES 17% NO 33% NA 50"
Constant Speed YES 33% NO 17% NA 50%
Constant Torque YES 0 % NO 33% NA 67%

2.2 Do you have contamination sensitivity test results on your pumps.

YES 17% NO 33% NA 50%

2.3 Do you have different break-in procedures for different Vane pump
design features such as bearing types, bearing mounts, shaft seal
types, and pressure loaded wear plates?[ YES 0 % NO 67% NA 33%

a
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3.0 Are you willing to submit to MSOE an oil sample from your break-in
test stand for contamination particle counting and water content in
exchange for the fluid analysis results at no charge to you?

YES 33%, NO 17% NA 50%

5.0 Vane Pump Design Features YES NO NA

Needle Bearings 17% 0 '. 83;'

Roller Bearings 0 % 0 l)

Hydrodynamic Plain Bearings 17% ( % 83

T.F.E. Plain Bearings Steel Backed 33% 0 % 67.

T.F.E. Plain Bearings Filament Wound 0 % 0 f fl0'

Resilient Shaft Seal 33' u 67/,

Mechanical Shaft Seal 17% U . 83

Press Fit Bearing Mount 33% U 7 674

Self-Aligning Bearing Mount 0 1/ 0 " 0)Xi

Pressure Loaded Wear Plates 33% 0 7 67'.

6.0 Do you currently manufacture?

6.1 Fixed displacement vane pumps

YES 50% NO 1 7% NA 33%

6.2 Variable displacement vane pumps

YES 177 NO 5 0 NA 33

7 ( Do you currently manufacture a fixed displacement vane pump in accordance

with the following:

7.1 3 in3/rev displacement:

YES 33" NO 33% NA 34%

7.2 2501 - 3000 psi continuous pressure:

YES 33% NO 33% NA 34%

7.3 2500 - 3000 rpm continuous speed:

YES 33% NO 33% NA 34%

8.') If you answered no to any questions in section 7, what are your ratings?

8.1 Displacement 0-2 in3/rev vari-ble displacement 2.7
Pressure rating 2000, 10001
Speed rating 1800 -0 2400, 1000



BREAK-IN PROCEDURE FOR FIXED DISPLACEMENT VANE PUMP

The break-in procedure was developed using responces from a survey of vane pu,,'
manufacturers. The original survey is in Appendix A of this report.

I. Install the test pump in the Break-in and Performance test circuit.

2. Bring system temperature up to 120'F and verify system contaminatior. iv 1
to be less than 100 particles per millitre greater than ten microns.

3. Start the test pump and increase speed to manufacturers rated in less t-,'
one minute with the outlet pressure less than 250 psi.

4. Load the pump at the following pressure increments and time intervals.
Set speed initially at manufacturers rated speed and minimum pressure whic.
is less than 250 psi. Do not readjust the speed at each load pressure.

Minimum pressure for 2 minutes

25% of continuous rated pressure for 2 minutes

Minimum pressure for 2 minutes

50% of continuous rated pressure for 2 minutes

Minimum pressure for 2 minutes

75% of continuous rated pressure for 2 minutes

Minimum pressure for 2 minutes

100% of continuous rated pressure for 2 minutes

Minimum pressure for 2 minutes

At each data point, record inlet and outlet pressures and temperatures, ,nr.u'
speed and torque and output flowrate.

5. Run the pump for three hours at maximum rated speed and maximum continuo.s
rated outlet pressure. Record inlet and outlet temperatures and pressures,
input speed and torque, and output flowrate every five minutes to det:r,
changes in overall efficiency.

6. At test completion, take an oil sample and verify that the contamination l 'J
is less than 100 particles per millilitre greater than 10 microns.

I
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CONTAMINATED OIL BREAK-IN PROCEDURE

One of the seven pumps from each manufacturer were broken in on contaminated oil.
The oil was contaminated using AC Fine Test Dust to a level of 800 to 1000
particles per millilitre at ten micrometers. All other break-in procedures were
identical to procedures mentioned on the prev,ois page.

II



POWER CONVERSION TEST PROCEDURE FOR,

FIXED DISPLACEMENT VANE PUMPS

The pumps were tested in accordance with NFPA specification T3.9.17RI which 1s
included in appendix C of this report.

The pumps were tested using MIL 210J4C grade 10 oil at two inlet temperatures,
120°F and 180'F. The tests were conducted at six outlet pressures, from ]0loLA
of manufacturers rated, to a minimum of 250 psi or less, in 20% increments.
The tests were also conducted at five speeds, ranging from maximum rated speed,
to 20% of maximum rated speed, in 20% increments. The pumps were run at each
speed, with outlet pressure being varied from maximum to minimum, this produced
a maximum of 30 data points at each temperature. Due to unstable conditions
in the pump, some of the pumps could not be run at 20% of rated speed.

7



SUMMARIZED OVERALL EFFICIENCIES FOR

THREE HOUR BREAK-IN TEST

The initial and final overall efficiencies do not necessarily represent
the highest and lowest values obtained during the test. The averages
shown were obtained using all the efficiencies calculated in the test,
not just the initial and final.

A positive change indicates a higher overall efficiency at the end of the
test, a negative charge indicates a lower overall efficiency at the end
of the test.

OVERALL EFFICIENCY

FP I
MANUFACTURER Pull-lp
CODE NUIBER INITIAL FINAL AVERAGE CHANGE

-348 80.18% 77.68% 77.95% -2.5%

--349-.. 81-26% 79.52% 79.85% - -1.74t.

Ml3502__ 7Z.25% 72.71% -72.74% -4.55k.

35-- 81,39%, 78.17% 80.43% -- 3.22%

- -8.61%79.51% 79.78% -21

--U.3- 79.65% 81.02% 80.371- +1.37%

35.5. -83.1.5% 81.76%. ---82.G4% -1 39

356 82.99% 81.45% 82.12% -1.54%.

M2357---., 81.17% 75.27% 79.07% -5.9%

a5- 83.41% 81.50% 82.23% -A._.9.

359i*---- -.81-.06% 79.62% 81-22%. -1.44%

.36 -18.61t......17% --. .77.6% -

362 * 79.43% 830.06% 79.14% +0.63% -

82..42% 78.26% 80.66% 4.-.6%

4. b4 81.0.2% 77.39% 78.02% -3.63%
M3 5 *..65 75.29% 73.86% 73. 37% -1.43%

-366 81.05% 81.46% 81.83% +0.41%

--M7 80.25% 79.67% 80.13% -0.58%

_____________ 368 77,95% 76,44%Z...... 77-17%Z.... -S

*Pump broken in on dirty oil



SUMMARIZED OVERALL EFFICIENCIES AND SIMPLE DISPLACEMENT

POWER CONVERSION TEST

*Datd for pump #367 at 180" was not available due to a malfunction i,,

torque shaft. This caused erroneous efficiencies and displacement
calculations. Therefore the data was oritted.

12)cF18 F

FPI Min. Max. Simple Min. Max. Simp I
Manufacture Pump Overall Overall Dispi. Overall Overall Displ.
Code Number Eff. Eff. in3/rev. Eff. Eff. in3/rev.

348 57.1% 88.1% 2.72 44% 85.3% 3.,j

349 57.5% 94.1% 2.75 42.3% 80.7% 2.75

Ml 350 ** 35.2% 77.7% 2.64 26.3% 69.1L Z.49

351 58.7% 95.2% 2.73 35.7% 82.3% 2.67

352 54% 92% 2.75 41.7% 81.1,-, 2.68

353 50.6% 90.1% 2.74 24.6, 73.4% 2.62

354 55.5% 89.4% 2.75 40.2% 81% 2.67

355 58.9% 95.5' 2.77 51.8% 96.6" 2.72

356 34.2% 88.3% 2.87 46.5% 91.5% 2.

M2 357 40.2% 93.5/ 2.74 24.8% 80.3Z 2.71

358 56.2% 96.7% 2.77 29% 82.3% 2.72

359 51.7% 95.2% 2.77 26.3,"  84% , ".74

360 47.4% 83.6% 2.8 26.6% 80.8% 2.76

361 52.8% 87.6% 2.84 27.3 92

362 ** 56.2% 81.8% 2.90 39.6% 78.9% 2.91

363 59.9% 82.9% 2.94 55.2% 80% 2.9

M3 364 65.1% 84.8% 2.96 55.3% 84%, 2.93

365 48.5% 90% 2.98 53% 95.6% 2.89

366 67.6% 88.6% 2.99 59.4% 92% 2.92

367 38.4% 77.5% 3.0 * * *

1 368 55.5% 79.4% 128 1 48.5% 179, 1 2.9

** Pumps broken in on dirty oil

- 4.-.---.,



BREAK-IN AND PERFORMANCE TEST OBSERVATIONS AND CONCLUSIONS

1. Sixteen of the twer, -one pumps had a decrease in overall efficiency at the
end of the three hour break-in test. The drop in efficiency ranged from
.058 to 5.9 percent. The remaining five pumps had an increase in overall
efficiency at the end of the test. The increase in efficiency ranged from
0.30 to 1.43 percent.

2. One pump from Manufacturer Ml, two pumps from Manufacturer 142, and two
pumps from Manufacturer M3 had an increase in overall efficiency during the
three hour break-in test.

3. The decrease in overall efficiency for all three manufacturers is due to
a decrease in flowrate during the three hour test. The increase in overall
efficiency for all three manufacturers is due to an increase in flowrate
during the break-in test.

4. The change in flow can be caused by speed, pressure and temperature changes.
During the three hour break-in test, the pressure and temperature were
controlled closer to the target values as compared to the speed which
varied by as much as 50 rpm. The variation in speed could account for as
much as a 2 percent change in flow. Therefore, overall efficiency changes
either pulse or minus could be caused in part by variations in the test
parameters and not a change in the operating characteristics in the pump.

5. It is the opinion of the writer that part of the overall efficiency change
is caused by variations in test parameters, and part is caused by changes in
pump operating characteristics.

6. The pumps broken in on contaminated oil from Manufacturers MI and 12 had
decreases in overall efficiency during the three hour break-in test. The
pump from Manufacturer M3 had increased in overall efficiency which is small
in comparison to the amount of decrease in overall efficiency which occurred
in the other two pumps broken in on contaminated oil. The contaminated oil
apparently created better sealing surfaces in the pump increasing volumetric
efficiency.

7. The decrease in overall efficiency for Manufacturer Ml's pump broken in on
contaminated oil was the largest of all of M~l's pumps and was caused by a
decrease in flowrate. This pump also had the lowest overall efficiency of
all of the MI pumps. The contaminated oil apparently caused and irreversible
decrease in volumetric efficiency.

8. The decrease in overall efficiency for the M2 pump broken in on contaminated
oil was in the mid range of the M2 pump's efficiency change. Therefore,
the contaminated oil apparently had no effects on efficiency.

9. The effects of contaminated oil during break-in are apparently dependant
upon manufacturer's design, materials and production quality because the
contaminated oil affected each manufacturer's pump in a different way.

/0



10. Manufacturer M2 had consistently higher efficiencies than MI and M3 at the
start and finish of the three hour break-in test.

11. Manufacturer M2 also had consistently higher effi(iencies on the power
conversion test at both inlet temperatures.

12. For the twenty-one vane pumps tested the maximum overall efficiency varied
from 77.5 to 96.7 percent at 120'F inlet temperature. At l8U°F inlet
temperature the maximum overall efficiency varied from 69.1 to 96.6 percent.
The oil used in this test had a viscosity at ]8u 0 F lower than the mirimuf.
recommended by all three manufacturers. That is the reason why the eff~cier,c(is
are lower at the high temperature.

13. Manufacturer M's maximum overall efficiencies varied from 79.6 to 82.1i
percent at 12u0 F inlet temperature and 77.9 to 80.4 percent at 180°F
temperature. The pump broken in on contaminated oil was omitted from this
analysis because it's efficiency was not representative of the other pumps.
The range of efficiency at 120'F was 7.1 percent and 11.9 percent at 180°F.
This was the smallest range of efficiencies for the three manufacturers.

14. Manufacturer M2's maximum overall efficiencies varied from 87.6 to 96.7
percent at 120°F inlet temperature and 80.3 to 96.6 percent at 180°F temperature.
The range of efficiency at 120'F was 13.1 percent and 16.3 percent at 1830'F.
This was the greatest range of efficiencies for the three nmanufacturers.

15. Manufacturer M3's maximum overall efficiencies varied from 77.5 to 90 percent
at 120°F inlet temperature and 78.9 to 95.6 percent at 180'F temperature.
The range of efficiency was 12.5 percent at 120°F and 15.7 percent at 180F.

16. For all three manufacturers, the range of maximum overall efficiencies were
j greater at 180°F than at 120'F inlet temperature. This condition is probably

due to the oil's viscosity being lower than all three manufacturers minimur
recommended.

17. Three pumps from Manufacturer M2 and two pumps from Manufacturer M3 had higher
efficiencies at 180OF than at 120 0F. The greatest increase was 5.6 percert
and the smallest increase was u.5 percent. The tabulated data showed a
decrease in torque at 180°F as compared to the values at 1201F. This conditior,
could explain the higher efficiencies.

3 18. All of manufacturer M2's pumps had a greater calculated displacement thdnl
was published in the catalog by the manufacturer. Apparently this ma:uj'atjrt-
uses a worst case situation to rate their pumps.

19. The graphs of outlet flow verses differential pressure are linear functions

for all of the pumps at both temperatures. For all of the pumps, the si c)e
of the outlet flow differential pressure characteristics is the same for tri,
different speeds.

20. Overall efficiency varies considerably at different temperatures, speeds
and pressures for all pumps tested. At lower speeds and higher pressures the
efficiency was lower than at higher speeds and medium pressures.

A



21. For most of the Ml pumps the highest efficiency at both inlet temperatures
and all input speeds occurred at 1200 psi. The efficiency was approximately
the same at all input speeds and both inlet temperatures when the pressure
was 600 psi.

22. For most of the M2 pumps the highest efficiency at both inlet temperatures
and all input speeds also occurred at 1200 psi. The efficiency was also
approximately the same at all input speeds and both inlet temperatures when
the pressure was 600 psi.

23. For the M3 pumps the highest efficiency was recorded at various pressures
for both inlet temperatures. No trends could be observed. However, the
efficiency was approximately the same at all input speeds and both inlet
temperatures when the pressure was 500 psi for most of the pumps.

24. Manufacturer M3 pumps experienced a metalic rattling noise at lower speeds
during the power conversion test. However, this condition did not effect
the performance characteristics of the pumps. The manufacturer was contacted
and their conclusion was that there was low oil viscosity, high inlet vacuum
or air in the oil. However, none of these conditions were present. The
other manufacturers pumps ran quietly on the same test setup.

1* , -- _ _ .



BREAK-IN AND PERFORMANCE TEST RECOMMENDATIONS

1. More break-in testing should be conducted to determine if the tnrttc hour
run should be deleted or lengthened. Sixteen of the twenty-one pumps experieri.-d
irreversible flow degradation while the other five experienced increased
flow. Apparently the three hour run has a detrimental effect on most of the
pumps and therefore it should be deleted. Or, it should be shortened or
lengthened until the pump experiences a certain percent increase or decrease
in flowrate.

2. Conduct the three hour break-in test at a higher inlet temperature of
160 to 170'F rather than 120'F to determine the effects on overall
efficiency.

3. Break-in more pumps on contaminated oil to determine the statistical analysis
of the effects.

t 4. When using IOW oil for the power conversion tests, the 180'F inlet temperature
should be lowered so that the pumps are tested with viscosity in the range
recommended by the manufacturer.

5. Contact the manufacturers especially M2, to Cetermine how they establish their
volumetric displacement ratings.

6. Because the overall efficiency varies considerably with speed and pressure,
manufacturers should be requested to present efficiency values at various
operating conditions.

13
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BRIEF ACCELERATED LIFE AND ENDURANCE TEST PROCEDURES

Fifteen vane pumps, six pumps from Manufacturer Ml, six pumps from Manufacturer M2,
and three pumps from Manufacturer M3 were tested in five lots of 3 each. All
manufacturers pumps which were tested are similar in key parameters with the
exception of M3. The three pumps in each lot were all tested simultaneously on
the same test rig and connected to a common reservoir. The tests consisted
of cyclic endurance running at the same contamination level and the same cycle
rate in accordance with Appendix K. The pressure cycle rate for the Accelerated
Life Test and the 1000 Hour Endurance Test were the same, 1 cycle/per second.
The contamination level was held to less than 100 particle per millilitre at
10 um for both the Accelerated Life Test and the 1000 Hour Endurance Test.

For purposes of the test, all pumps were ssumed to have identical ratings of
3000 psi, 2700 rpm and approximately 3 ins/rev. displacement. It should be noted
that with the above assumptions, Manufacturer r43's pump differed in only one
parameter which was speed. The rating was 1800 rpm. All three manufacturers
required a minimum of 60 SSU oil viscosity at the pump inlet. Both the Accelerated
Life Test and the 1000 Hour Endurance TEst specified SAE lOW motor oil which was
60 SSU at 170 0 F. The viscosity chart is included in this section of the report
for verfication of the above statement.

Therefore, the inlet temperature was held at 170°F + 5°F throughout both the
Accelerated Life and 1000 Hour Endurance Test. Throughout the duration of the
test, the parameters listed in Appendix K were monitored at one hour intervals.

The detailed test procedures and circuit schematics are in Appendiceis K and M
respectively.

Prior to the Accelerated Life and Endurance TEsts, a power conversion test was
conducted at 120'F and 180°F on the eighteen pumps that were broken in with
clean oil. Power conversion tests were also run on the 3 pumps broken in with
dirty oil. On one test specimen from Manufacturer M3, subsequent calculations
revealed that the measured data was seriously in error and the test could not be
rerun. Consequently; there are valid power conversion results from only twenty
of the twenty-one test specimens. Two, of the eighteen pumps, from Manufacturer M3
broken in on clean oil were sent to, Commander USA MERADCOM at Fort Belvoir, VA
USA, for further testing.
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DURABILITY AND ENDURANCE TEST OBSERVATIONS AND CONCLUSIONS

1. All of the Ml pumps tested showed substantial decreases in flow during
both life tests. The decreases ranged from 2.3 to 26.7 percent.

2. Manufacturer Ml had two catastrophic failures, one on the Accelerated Life
Test and one on the 1000 Hour Test. Both failures were the same and were
due to fatigue of the port plates which caused increased leakage. The pumps
were removed from the test when the flow decreased 24.5 to 26.7 percent
respectively.

3. All of the M2 pumps tested showed consistent increase in flow during both
life tests. The increases ranged from 5.1 to 9.5 percent on the Accelerated
Life Tests and 12.6 to 21 percent on the 1000 Hour Test. The longer the pump
runs the higher the flowrate under these conditions.

4. Two of the 13 pumps tested on the Accelerated Life Test had minor decreases
in flow at the end of the test. The decrease ranged from 1.2 to 2 percent.
The other M13 pump had a 3.4 percent increase in flow at the end of the test.

5. When the Ml pumps were disassembled and inspected it was found that the
side plates experienced moderate to extensive scoring. This condition caused
the flowrate to decrease in all pumps. The shaft end ball bearings were
pitted and the bronze sleeve bearings experienced some wear. The two pumps
that catastrophicaly failed had severe side plate scoring, bearing wear,
ridges in the cam ring, vane wear, and rotor scoring. The pump that failed
on the 1000 Hour Test had numerous surface cracks and one through crack
in the cam ring.

6. When the M2 pumps were disassembled and inspected it was found that the
side plates experienced minor scoring. The shaft end ball bearings had pitting
and the bronze sleeve bearings experienced some wear. The only difference
in wear between the pumps on the Accelerated LIf Test and the 1000 Hour Test
was bearing wear. The bearings from the 1000 Hour Test pumps were scored and
pitted more severely than the ones from the Accelerated Life Test.

7. When the M3 pumps were disassembled and inspected it was found that minor
scoring occurred on the side plates. No wear was observed on the bearings.

8. In comparison of manufacturers, Ml pumps experienced the highest wear on the

life Tests and M3 pumps the lowest wear.



DURABILITY AND ENDURANCE TEST RECOMMENDATIONS

1. More testing should be conducted using Manufacturer Ml's pumps so tlu.

jcorrelations can be made between failures on the Accelerated and JIJo !Jou,
Life Tests.

2. More of Manufacturer Ml's pumps should be run on the lOOU Hour Test .,,tr
clean oil to increase the reliability of the data because only one puvio wK
run which failied at 283 hours.

3. Testing should be conducted using Manufacturer Ml's pumps with a-

oil to determine if the mode of failure changes.

4. Testing should be conducted suing Manufacturer M2's pumps with conta, ,
oil to determine if failures will occur and what the mode of failure is.

Also if the mode of failure would be the same between the Accelerated Li!:
and lOO0 Hour Tests.

5. More of Manufacturer M3's pumps should be run on Accelerated Life Fests
because two pumps experienced slight decreases in flowrate while on,_ pump
experienced a moderate increase flow.

6. Manufacturer H3's pumps should br run on the 1000 Hour Test to determif,
failure occurs and compare results to the Accelerated Life Tests.

7. Testing should be conducted using Manufacturer M3's pumps on contaminated
oil for both the Accelerated Life and 1000 Hour Tests to determine fa',kre
modes if any and correlations between them.
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THERMAL STABILITY INTRODUCTION AND DEFINITION

In certain types of mobile equipment where hydraulic pumps are driven by internal
combustion engines which run at various speeds, conditions may exist where the
operation is required to move the load while the engine is idling. In some
instances the combination of low pump speed and high outlet pressure cause the
pump to overheat and possibly even burn-up.

An idea evolved to determine if a universal test procedure could be developed
to predict if the pump could operate effectively under low speed high pressure
conditions.

Thermal stability can be defined as a point where the combination of high outlet
pressure and slow rotational speed of the pump causes the outlet temperature to
run away burning up the pump in a matter of minutes while the inlet temperature
is held constant. In other words, what is the minimum rotational speed of the
pump at a certain outlet pressure that produces enough flow through the pump
to prevent it from overheating and burning up.

A survey was developed and sent out to forty U.S. manufacturers of hydraulic
pumps to determine if they had similar problems with their pumps and if they had
any procedures to test for thermal stability.

do



THERMAL STABILJY SURVEY SUMM1,IARY

The January 198i Hydraulics and Pneumatics Designers Guide for Fluid Poer 1 r'jn,.'.

was used to determine which companies would be surveyed. Surveys were se?,t
to any company which manufactured either one or more of tht following ty e ",

pumps: internal and external gear, vane, piston both fixed and variable
displacetnts. Of the 74 companies originally surveyed only 4i. of thei; d-rcic
manufactured and tested their own pumps. The remaining companies marufa:.r-i
specialty pumps for applications outside fluid power or they bought pum-r,

other companies and put their own name on them.

Of the 41 )surveys mailed, 34 of them were returned which is 85.. Thr. t
34 returns described thermal stability test procedures whilih is 8..

One respondent said they have a thermal stability test procedure and .
it when necessary at 180 and 225°F. However, he did not indicate what :rr,_
procedure was and under what circumstances it is performed. He also r -. J
that therial stability is usually not a problem on externally drained p-jrT,.
He coinmentted further stating that piston pumps and gear pumps witn ext :
drains and anti-friction bearings have no minimum speed except that vwi(, is
required to produce the required pressure and flow usually 5U-61 rpm for .jto
pumps at 5OUu psi and 3uU rpm for gear pumps at 3000 psi.

Another respondent said their procedure is performed at 12u, l8u and 225 F
in the following manner. First determine the pump's output flow at the dpsir-c"
speed in question, 120'F and 100 psi. Then determine pump's output f!ow at
same speed used previously at temperature and outlet pressure in questiori.
Calculate the volumetric efficiency by using the ratio of the two flowrates. If
the volumetric efficiency is less than 35% the pump is considered thermally
unstable.

The other respondent said their procedure is performed up to 22;)F but did r,
indicate any other incremental temperatures. It is conducted as follows, 'Wu
pump at 600 rpm hold inlet temperature constant, load pump to specific ,
under continuous load and monitor temperature rise and flowrate to determi,,
temperature stabilization point or until loss of control occurs.

The remaining questions were answered as follows. One hund-ed percert of tI -

respondents said their procedure was based on developmental and laboratc,,
studies and that it evolved over time and experience with the product. , .f
the procedures were arbitrarily arrived at and none were run at one tei:per '>U-.
Sixty-seven percent said they use the same procedure for different types cf p.,:.
Fifty percent of the responses indicated that a universal thermal stability.'
procedure would benefit their company. Fifty percent also indicated that h,-v
would use the universal procedure to qualify their company's pumps.
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MATHEMATICAL ENERGY BALANCE OF A HYDRAULIC PUMP

W
a

W. W1 
0

Wr

Symbols and Definitions:

Wi - input energy into pump BTU's/min
W= Hp in x 42.44 BTU's/min

Hp

W° 0 output energy of pump BTU's/min

BTU's/min + 8.34 (Qo) (S

Wo = Hp out x 42.44 Hp o g (C) (Td)

where Q outlet flow gpm Td = Temperature difference acrossthe pump 0F (T - Ti )

S specific gravity of the oil O0
g

BTUs
C specific heat of the oil ibF

8.34 is a constant to convert gallons to pounds

Wa - energy lost to surrounding environment BTU's/min

Wa = UA (Ta - Te)  I

where U = overall heat transfer coefficient -s.2oHr. Ft. 2

A

' I u | -- im u



U for" cast iron = 1.78 from Hydraulic Power by Walt. . r,.-

A - surfa e area of ptimp

T uveraqe of pump inlet and outlet oil teiiiperatures F i

[ termprature of surrouridinQ environment F

W = r ':. .d to heat b(,cause of pump inefficiencies BTU's inr

W . -Wr 1 0 a

W is made up of two c;omponents
r

1. Mechanical friction

2. Leakage

Wr f I

whtere Wf heat energy of mechanical friction BTU's/min

W1 I heat energy of leakage BTU's/min

Wl  ( 3.34) QI (Sg) (C) (Td)

wher 1 = leakage flow in GPM

S = specific gravity of the oil

C = specific heat of the oil in BTU's/16°F

.5 BTUs for Mobil Delvac 1210

Td - Temperature differential across the pump F (T - T

8.34 is a constant to convert gal/min into pounds/mn

energy balance

W. - W - W = 0
1 0 a r

,'MOW
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THERMAL STABILITY TEST PROCEDURE

1. Install the pump in a test circuit where the following parameters can be
measured.

a) inlet and outlet temperature

b) inlet and outlet pressure

c) input speed and torque

d) outlet flowrate

The temperature measuring devices must be installed as close as possible to
the pump housing for accurate temperature measurement. The outlet temperature
probe location is most critical. It is best to install it inside the housing
to measure the temperature inside the pump. If the outlet temperature probe
is installed in the plumbing it will not record the actual pump temperature
when the flow drops down at the low speeds. Testing has shown a substantial
difference in outlet temperature between a probe mounted in the plumbing
and one mounted in the housing when the pump starts running into thermal
instability. The probe in the plumbing indicates a lower temperature than
the one in the housing.

2. The test was conducted at two inlet oil temperatures, 120 and 180 0F.

3. The pump was run at rated pressure. This would be the severest condition in
the field and it would yield a higher minimum speed.

4. With the pump running at 1000 rpm and rated pressure, record the parameters
listed in (1) above.

5. Decrease the speed in 100 rpm increments recording the parameters previously
mentioned at each speed increment.

6. Discontinue testing when 400 rpm is reached or when the outlet temperature
becomes unstable. Four hundred rpm was picked as a minimum because most
engine idle speeds are well above this value. The outlet temperature is
considered unstable at a given test point when it does not remain constant
for three consecutive readings taken at twenty second intervals.

7. At each data point calculate input and output horsepower, leakage flow
volumetric efficiency and temperature differential across the pump.

It must be noted that this may be a destructive test that will cause irreversible
damage to the pump. Outlet temperatures can be in excess of 350'F. Some of the
pumps tested showed signs of permanent damage after being subjected to this
procedure and some pumps showed no signs of permanent damage.

The above procedure was used to test six pumps for thermal stability. Three
were vane pumps broken in on dirty oil from this contract M1350, M2359 and
M3362. The other three were gear pumps broken in on dirty oil from contract
DAAK70-77-C-0214. Data is included for five of the pumps. The data from the

w1-



sixth pump Ml35u) vane pump was omitted because the pump burnt up co f ls
data could not be recorded. The pump was completely destroyed.

Graphs of volumetric efficiency verses speed and volumetric effiuir . vr,
differential temperature were plotted to determine what relationships ,
any. Energy balance calculations wil be done for the final report to ,
the mathematical model if time and funding are adequate.
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DATA TABLES FOR THERMAL STABILITY TEST

It should be noted that the differential temperature is the difference
in temperature between the inlet port and the outlet port of the pump.



FLUID POWT E !:STITLT[
' .1L,A:K SCIU)L IF [HGIINEE P I Ir

T hU.S. Army MERAL)COM PROJECT NO. 5,)
Therma I Stab i I i t z Tes t DA E 3- I, ..

TECHNICIh --
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I JSTP. .F 4T . I ON
COirIPETS Vane Pump FPI =>12359

Volum-trihL Dispa: eo-t 2.73 in /rev

Inlet Temperature l2-
ijjff fiT Outlet Leakage lip HP

-in T 1N._ Press. Flow !Flow 1Eff. InI I

795 16 . _2974 6.11 3.45 64: 17.8 l .6

700L 19.8 . 3u1l 4.9 3.52 58k 15.81 8.61 )

600 24.8 2988 4.13 3.J8 57 1363 3.,j8

555 33.1 2996 2.97 3.7 45% 12.6 5.2

4 496 57.2 2942 1.u2 4.94 17> 11.39 1.75

InlE t Temperiture 18o',

-- 3.1 214 .3 6 .94 1639 15.38 .26 6.5 __

798 42.5 3u09 3.5.9 39, 18.26 6.
38_8 38.1 2914 i 1.33 6.94 . 16': . 332 2
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FLUID POWER I;STITUTE
!,IL'AUK[C SCI1OOL OF E:INIEERING

T!,T U.S. Army MERADCOM PROJECT NO. 50423

Thermal Stabi'ity Test DATE 2-22-82

TECHNICIAN P.H.

I)ESCRIPTION

INSTRUMENTATION

CO:r1EjTS Vanp Pump FPI #M-3_62

Vnlmptric dicplacement 3.05 in /rev

Inlet Temperature 1200

Speed _ Diff . Diff. Outlet Leakage Vol. HP HP

in Temp. Tres, Flow Flow Eff. In Out

IPM oF Pm I M % - - -

911 10.5 2495 8.87 3.16 74% 18.44 12.91

792 13.7 2506 6.58 3.88 63% 15.78 9.62

701 18.8 2459 5.12 4.14 55% 14.19 7.35

598 26.8 2561 3.45 4.45 44% 12.13 5.16

533 40.4 2525 2.37 4.67 34% 10.55 3.5

Inlel Temperature 1800

902 16.7 2521 6.72 5.19 56% 18.25 9.9

810 22.5 2525 4.71 5.98 44% 16.34 6.9

702 32.8 2493 2.81 6.46 30% 14.21 4.1

96 62.7 2506 1.24 6.63 16% 12.26 1.8

505 137.4 2360 .4 6.27 6% 10.54 .55 1

!f
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Thermal Stability Test _AT[__-__ __.___ A

TFCHNiCIAJ ___.

i)ES C R IP T IOai ... ... .... .. . .. ..

TISTDI J!AFNTAT l!N
CO MECITS _ ___, -_ __ a 1.,__,_ _

Volumetri: di, placement 2.8 in /rev

Inlet Temperature 1200_

i Leakage Vol. lp HP _

Sow ow, Eff. InOut

_ _ _ _ p~ (PM ,,- PM-,

ALn7 12 S16 17-o5 2.73 72% 15.54 10.4
zo 1144 2 566 2.84 1 67% 13.47 .3

6o2 16.8 250 4.45 2.85 61% 11.47 6.5

512 22.5 25U 2.1 4.08 1 34% 10 3.1

In t Temperture 180 _

17.8 2527 1 5,73 4.u2 59% 15.91 8_._45,I___+__ 5.8i
698 21.2 251 39 4.47 47% 13.77 1 5.8

.5i . 29. .2524 1 .- 77 5.56 24,L 12.23 2.61

498 49.6 2494 1.6b 439 27% ,10.33 2.4

•__464 _7-3 2482 -79 4.83 14% j, 9.68 -14

- -- I -

____ __ _ ___ _ __ ___ ___ ___ ____ __
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FLUID POWE!R INSTITUTE

!ILiAUK[C SChOOL OF C:AGILEERINfl

T! UT .S. Army MERADCOM PROJECT Nn. 50423

Thermal Stablit Test DATE 2-24-82

TECHNICIAN P.H.

ifESCRIPTIOi_

INSTRUMENTAT ION
COr4E:ITS Gear Pump #2

Volumetric displacement 3.16 in3/rev

In" et Temperature 120_

Sed ff LDiIL.. ~iOutle Leakage Vol. HP HP

in Tmn. Press . Flow Flow Eff. In Out

oF pcP _pr T

Q J .12-8 3010 9.34 3.05 75% 22.9 16.4

01 15-.3 2997 .76 3.2 71% 20.22 13.97

699 17.8 2999 6.17 3.39 65% 17.76 10.8

601 22.2 2992 3.99 4.23 49% 15.12 6.96

531 28.1 3026 3.57 3.69 49Z 13.88 6.3

In et Tempe'ature 18 )

A00 15.5 2973 8.13 4.18 66% 22.57 14.1

802 19.3 30.45 6.63 4.34 60% 20.66 11.78

702 23.8 299.1 4.96 4.64 52% 18.2 8.66

602 29.6 2988 1 2.3 5.9 28% 15.3 4.01

499 . 5,3 2949 2.26 4.57 33% 13.08 3.89
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_ T~aa.Sta bj LLtset _ DATL -

TECHNI CI A'.

)ESCRIPTIO;N . ... .. .

CO:IIE:ITS _ .k' r P 3 . . .. . .

Vp lumtri; displd fnu!Utnt ).')4 1u /r v

-r Ire t Te r, ea ture 12H

__n _ j . f 1i f f akaue Vol. HP HP
.±ixi!re - jprnc Flnw Flw Eff In Out -

2 7 299! 1 5 .4 4.77 53% 18.45 9.1i

. S -8 2W) i 3.85 5.U3 43:, 16.27 6.62

.. (42 56-5 38L 1  2.24 5.42 29, 14.17 4._3 _ _

146.5 3151 66 5.75 10 c 12.15 !- 18

Inlet Temierature 80 .....o_

] 34 4 .19- 6 41 19.17 7. 38

__6 . . 45 2869 i 2.99 5.98 33'; 15.99 5

62w2 9114 169 34 6.32 18,' 14.36 2.4

478 J 2539 J63 6.08 u 7.81 I .

_____ ___ _____ __ I-.-- ...... __"__r

___...._____ " ________
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THERMAL STABILITY TEST OBSERVATIONS AND CONCLUSIONS

1. The three gear pumps and one of the vane pumps have a somewhat linear
relationship between volumetric efficiency and speed. As speed increases
so does volumetric efficiency.

2. The slope of the curve described in observation number one is the same at
180 and 120'F inlet temperatures for each of the given pumps. However the
pumps as a whole do not exhibit the same slope.

3. For all pumps, the volumetric efficiency is lower at 180°F than 120°F inlet
temperature at the same speed.

4. For all pumps tested, there is a somewhat linear relationship between volumetric
efficiency and differential temperature, until such a point where the
temperature begins to rapidly increase with little or no decrease in volumetric
efficiency. The curve approaches the horizontal axis.

5. In the linear region of the volumetric efficiency verses differential temper-
ature graphs, the same volumetric efficiency gives the same temperature
differential at both inlet temperatures for each pump. This indicates that
thermal stability is more dependent on volumetric efficiency rather than
inlet temperature. However, the inlet temperature also effects the volumetric
efficiency as previously stated.

6. For all of the pumps tested, the same volumetric efficiency did not yield
the same temperature differential. Example at 40 percent volumetric efficiency
the temperature differential ranged from 25 to 41'F with 32°F being the average
value. This disparity increased at the lower volumetric efficiencies where the
pumps were operating thermally unstable.

7. The non-linearity in the volumetric efficiency verses temperature differential
graphs seems to start between the 30 to 40 percent volumetric efficiency level.
This was the case in four of the five pumps tested.

8. It appears that the pump can be considered thermally stable if the volumetric
efficiency is greater than 35 to 40 percent.

9. It is the opinion of the writer that if the energy balance was conducted on
these five pumps thermal stability could be predicted by the difference of
the output energy minus the energy lost inside the pump because of inefficiency
If the output energy is greater than the internal losses, the pump would be
thermally stable. If the output energy is less than the internal losses, the
pump would be unstable and burn itself up.

10. Even though the differential pressure is fairly constant, the leakage rate
is changing at the different speeds for each pump. At the lower speeds the
leakage is greater. The temperature differential is also greater at the
lower speeds. The temperature probably effects leakage more than does the
the speed, especially when the temperature is in excess of 25n°F, the viscosity
is very low.

1'



11. It is the writer's opinion that the pump is thermally unstable when the
differential temperature is greater than 50°F. This condition occurred
in four of the five pumps tested under the following conditions:

Speed range: 688-*496 rpm with 580 rpm as an average.

Volumetric efficiency range: 29 to 16% with 21% as an average.

Differential temperature range: 49.6 to 91.4'F with 67.5'F as an average.

The thermal instability occurred at a speed apprxoimately equivalent to
that of idle on internal combustion engines.

4
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THERMAL STABILITY TEST RECOMMENDATIONS

1. Because of disparities in the data more testing is required on different
types of pumps i.e. gear, vane, piston, also on pumps made of different
materials. This will give a better statistical analysis of the test data
and help in determining correlations between test parameters.

2. Testing should be conducted at other inlet temperatures to determine if the
volumetric efficiency verses differential temperature characteristics are
constant between different pumps.

3. Testing should be conducted to determine if speed or temperature differential
have the greatest effects on leakage.

4. Determine the energy balance characteristics to see if any correlations can
be made between energy balance, volumetric efficiency, differential temperature
and thermal stability.

5. Distribute the test procedure to the U.S. Fluid Power Industry to get their
reactions and inputs.

!,
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VANE PUMP BREAK-IN SURVEY MAILING LIST

Revised 3/23/81

Abex Denison Div. R. Smilges 614/481/7341
1220 Dublin Rd. Dr. Eny. Vane &
Columbus, OH 43216 Valve Products

Continental Hydraulics Div. A.D. Mills 612/894/8900
12520 Quentin Avenue South Chief Engineer Ext. 221
Savage, MN 55378

Federal Brase Mfg. Co. James Dugan 607/732/6620
165 Cedar St.
Corning, NY 14830

Gresen Mfg. Co. Bob Olen 612/623/1960
Box 313, 600 Hoover St., N.E. Mgr. of Engineering
Minneapolis, MN 55413

Parker Hannifin Corp. John Wright 616/694/9411
Ind. Hyd. Div.
100 Parker Dr.
Ostego, MI 49078

Rexnord Inc. Gary A. Smith 414/554/7100
Hyd. Components Div. Chief Engineer-Pumps
Racine, WI 53401

Rexroth Corp. Ted Lincoln 215/694/83002315 City Lirnu Rd. Industrial Hyd. Div.

Box 2407
Bethlehem, PA 18018

Sperry Vickers Ashir Ahmed 313/280/2244
1401 Crooks Rd. Section Head
Troy, MI 48084 Vane Pumps



January 28, 1981

Mr. Tom Kendall

Chief Engineer
Abex Denison Div.

1220 Dublin Rd.

Columbus, OH 43216

Dear Mr. Kendall:

The Milwaukee School of Engineering has been contracted by the US Army
MERADCOM to investigate the degree to which pump overall efficiency
migrates during the first few hours of a pump's life. Ultimately, we
will be attempting to establish a criterion which will confirm that a
pump has been satisfactorily broken in. As it stands now, the US Army
has found that pumps can fail their qualification tests for overall
efficiency when the efficiency tests are conducted prematurely. A
criterion for satisfactory break-in would eliminate that problem. But
before we reach that point, we would like to know more about your
break-in procedures on vane pumps. That's the reason for the enclosed

survey.

Realizing that some of the information may be proprietary, I want to
give you my personal assurances that the specific results of your
response will be held in the strictest of confidence. The Army has
requested and will receive only a statistical summary of the individual
returns.

If you would take a few minutes to complete the enclosed survey
questionnaire regarding your break-in procedures of hydraulic vane
pumps, we will send you a copy of the summary and the proposed vane pump
break-in procedure that was developed from the survey responses. Please
return your response before February 23, 1981.

Your help is greatly appreciated.

Sincerely,

Thomas S. Wanke

DIRECTOR, FLUID POWER INSTITUTE

TSW:wp

Encls.



BACKGROUND INFORMATION ON BREAK-IN AND OVERALL EFFICIENCY

Observations bhy the Army

Recent QPL tests on (o:r'- ',cidlly available pumps have uncovered
disturbing result:

The initial overall efficiency of sample pumps varied from
a value below the minimum acceptable level to a value above
the minimum acteptable level when tested by a single test
agency end wherein the only known variable was the time at
which tb tests were conducted.

Benefi s o t tii Pro~tam

The M.S.O.f. Fluid Power Institute has contracted with the Army to
research this finding in greater detail and provide insight into their
basIs. Some ol the benefits of this program art,:

,1 'o provide an evaluation of the degree to which overall pump
i tfi-i ency migrates during the first few hours of a pump's
Sife.

B. lu provide an evaluation of the degree to which contamination
affects the break-in rate.

C. To gaill a knowledge of the expected spread in efficiencies
among a sample lot of commercial pumps within one manufacturer's
sample.

D. To determine what length of operational time must pass in
order for the overall efficiency to cease its migration,
if indeed it does cease.

E. Provide data for updating and validating NFPA/T3.9.17.

Summary (These are the writer's conclusions based upon discussions
with the Army and are not necessarily US Army official policy)

According to representatives of the US Army Mobility Equipment Research
and Development Command (MERADCOM), they are expending considerable
resources to convert from purely military procurement specifications to
a combination of Military Specifications and Commercial Industrial
Standards. This new approach to product qualification would have the
Military Specifications carry the criteria for acceptance while the
industrial standard would carry the test procedure. rhis writer can
envision that a clause in a future Military Specification may read as
follows:

"Minimum overall efficiency is 80% when pump is tested in accordance
with N'FPA 7 3.9.17"

The Army's motivation is to encourage more vendors to seek qualification
through utilization of industrial standards.

¢l.-
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VANE PUMP BREAK-IN PROCEDURE SURVEY

MSOE FLUID POWER INSTITUTE

* Complete and return by 23 Feb., 1981 *

Instructions:

Please circle the appropriate response to the following questions and/or
fill in the required information. Additional data is requested in the attarhed
chart.

1.0 Break-In Procedure General

1.1 Do you have a criterion for determining the point at shich a pump
is satisfactorily broken in?

YES NO

1.2 Is your procedure based on developmental or laboratory studies?

Developmental YES NO
Laboratory YES NO

1.3 Has your procedure evolved over time and experience with product?

YES NO

1.4 Was your procedure arbitrarily arrived at?

YES NO

1.5 Are identical procedures used in production prior to product
shipment and in the service department?

YES NO

1.6 Do your engineering department recommendations or laboratory test
procedures differ from 1.5 above?

YES NO

2.0 Break-In Procedure Specifications

2.1 Do you conduct your pump break-in at:

Constant Pressure YES NO
Constant Speed YES NO
Constant Torque YES NO

I
2.2 Do you have contamination sensitivity test rsults on your pumps?

YES NO

2.3 Do you have different break-in procedures for different Vane pump
design features such as bearing types, bearing mounts, shaft seal
types, and pressure loaded wear plates?

YES NO

If yes, how many different break-in procedures do you use?

:'. " • - I .1 -



- _ o- - . . -- -- - -.... -..... .. ..

VANE PUMP BREAK-IN PROCEDURE

2.4 (Fill out each different break-in procedure you recommend to

prepare a sample Vane pump for one-time qualification test.)

Product Description:

Special Fluid:

Contamination Level Limits:

Additives (Lubricity):

Additives (Abrasion):

Water Content Limit:

Procedure (Describe each different Vane pump break-in procedure
you use and state the important design features which
set this one apart from the others - Be sure to include
information regarding range of variable conditions, ie.
speed, pressure, torque, on and off time, and total
elapsed time of procedure. Use extra pages if needed.)

SID
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VANE PUMP BREAK-IN PROCEDURE SURVEYI

3.0 Are you willing to submit to MSOE an oil sample from your break-in
test stand for contamination particle counting and water content
in exchange for the fluid analysis resutls at no charge to you?

YES NO

(If you check yes, we will send you a clean bottle.)

4.0 The research program consists primarily of testing the overall
efficiency of 21 hydraulic Vane pumps during the first few hours of
the pump's lives, that is, during the break-in period. A uniform
break-in procedure will be divised based upon the results of this
survey. Later, selected manufacturers' Vane pumps will be purchased
for the test program.

5.0 Vane Pump Design Features

Needle Bearings

Roller Bearings

Hydrodynamic Plain Bearings

T.F.E. Plain Bearings Steel Backed

T.F.E. Plain Bearings Filament Wound

Resilient Shaft Seal

Press Fit Bearing Mount

Self Aligning Bearing Mount

JPressure Loaded Wear Plates

S I
!
I
I
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6.0 Do you currently manufacture?

6.1 Fixed displacement vane pumps

YES NO

6.2 Variable displacement vane pumps

YES NO

7.0 Do you currently manufacture a fixed displacement vane pump in
accordance with the following:

7.1 3 in3/rev displacement:

YES NO

7.2 2500 -- 3000 psi continuous pressure:

YES NO

7.3 2500 - 3000 rpm continuous speed:

YES NO

8.0 If you answered no to any questions in section 7, what are your ratings?

8.1 Displacement

8.2 Pressure rating

8.3 Speed rating

" I
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VANE PUMP BREAK-IN PROCEDURE SURVEY

Thank you for your interest in our project and any recommendatiors or
guidance your experts make regarding this inquiry. Additional conrmrt'.
may be attached if desired.

A statistical summary of the survey and the proposed universal
break-in test procedure will be distributed to the -espondents.
The confidentiality of the individual companies will be maintained.

If any questions should arise, please contact us.

I (Company)

(Name & Title of Respondent)

(Phone Number)

(
(Date)

i

!

I
I

I
!

I



APPENDIX B

POWER CONVERSION TEST PROCEDURE NFPA T3.9.17R1



Method of Testing and P~resenting
Basic Performance D~ata for

Positive Displacement
Hydraulic Fluid Power

Pumps

T3.9.1 7RI

DRAFT #5

20 MARCH, 198sCj

S poflso r

Nat ional Fluid I'owr Vtiorocatioior



ANSI/B93. 27-1973 T3.9.17R
FLUID CONTROLS INSTITUTE Draft #5

A. W. Churchill 20 March, 1980

FLUID POWER SOCIETY
Prof. Russell Henke
Melvin E. Long
Frank L. Mackin
Tobi Goldoftas
W. R. Smith
Lars G. Soderholm
Frank Yeaple

FLUID SEALING ASSOCIATION
William Krucke

INDUSTRIAL TRUCK ASSOCIATION
C. D. Gibson
R. T. McNeely (Alternate)

INSTRUMENT SOCIETY OF AMERICA
Aaron I. Kutz
Robert L. Morrison (Alternate)

JOINT INDUSTRY COUNCIL
Robert Muhl

MATERIAL HANDLING INSTITUTE
Jack McPherson
Don York (Alternate)

NATIONAL FLUID POWER ASSOCIATION
Otto J. Maha
James L. Fisher, Jr.
W. R. Forster
W. J. Kudlaty
Z. J. Lansky
John J. Pippenger

NATIONAL INDUSTRIAL LEATVh'P AS(-1'IA '!(','
E. R. Rath

NATIONAL MACHINE TOOL BUILDERS ASSOCIATION
Joseph I. Ehrhardt
Edward Loeffler (Alternate)

POWER CRANE AND SHOV.t. AS'OCIATiON
W. M. Shook

q4.



F77
Draft #5
20 March, 1986

AN.SI! H,'(,.2 7- 1

RUBBER MANUFACTUtkEHS ASSO(IA't i7:

William J. Atwell
N. J. Cyphers (Alternate)
Frank E. Timmons (Alternate)

SOCIETY OF AUTOMOTIVE ENGINTEERS
W. A. Hertel
H. E. Lyons

E. L. Falendysz
J. E. Weischel (Alternate)

U.S. COAST GUARD
LCDR George A. Casimir

U.S. DEPARTMENT OF DEFENSE
C. A. Nazian
-Hansel Y. Smith
Paul Hopler (Alternate)

INDIVIDUAL MEMBERS
Prof. Ernest C. Fitch, Jr.
Prof. Jack Johnson

REFERENCES

1. American National Standard Glossary of-! V- f, 'U- , ow'r,

ANSI/B93.2-1971, and Supplements theret,,. (i-()/TC 131 /S(",
(UJSA -2) 3).

2. International Standard Graphical Symbols tcr !%,6rauJic "iild
Pneumatic Equipment and Accessories 'Or - !1i,! ["'wer
Transmission, ISO/R 1219-1970. Agree- w:.1i As,.SI/Y32. 10-1%?.

3. American National Standard Fluid Power r'ms, ANSI/Ya I-

4. American National Standard Graphic oyi1,1 ... i' uiC ".voT
Diagrams, ANSI/Y32.10-196i. (!SO/'? ... ' 1

5. International Standard Ptvle- [or t1 '- Use oi !ri ... 'he !ntr,,.c'
System of Units and a Selection of tiae Deci,,:V .utjr).es ;1-.6 su-
Multiples of SI,"nits, ISO/R 1000-n?.7-. , 

-

6. 1)raft- tion1Standard IIn1tid Pwer Sy'4tern and Ci'6nponejt t-

1 o=Uif Pressure.ISOLJX9 2944. -

7. American Society for-Testing an-' MrterSif' Standard Method for
Calculating Viscosity Index frv Kine-:.7' V. ,,it-, ASTM/D227-: '

8. American Society for Testing a .... .....- ..th-'
for Viscosity of Transparent and OCquc , , AF'

9. National Fluid Power Association : CC ... ,, ',dn'. 2 '

for Hydraulic Fluid Power S e,,"te ', 2'

I

!I



T3.9.17R1
FOR WO~iJ D Draft #5

20 March, 1980
(This Foreword is not part of American NaUi.j,,' indard Nieihod of
Testing and Presenting Basic JPerfornanc(: Di!:, ir Positive Displace-
ment Hydraulic Fluid Power Purnp. and ,j, r<l/1 93. 27-1973.)

In 1964, producers and users of hydraulic 1lhii'l ,,w v' pumps - QndotorF
expressed the need for more meaniingful. cnrui:4tent and aCcturate means
for determinirig and expressing component perforran (.tal)ilie.s. The
only existing standards were limitd in s;cope to coinpoicinits used only of)
mobile equipment. Upon request to the NI'PA "'hilical Board, projects
were authorized and assigned to the NFPA 't:,IIp luzd Motor Section.

At the outset, work was divided ioto two parNt:;' ':vethods of ''eslt' and
"Methods of Rating". Drafting of the interrci:Iteri documents progressed
at a somewhat parallel pace. Drafting was ku,,Mpleted in late 1967. The
separate documents -were simultaneously subt,'ittcd to general indu-try
review. Separate review and modification p r ssed until 1970, when
it was agreed that the documents should be ed.ifrir'!y combined. To
facilitate international acceptance, the Secretai. . vas also directed to
incorporate, wherever possible, material resuliing from International
Standardization actions. Also, the basic research at Oklahoma State
University and the standards actions of the Society of Automotive
Engineers and the British Standards Institute wtre to be taken into account.

The combined and revised draft was completed on 23 November 1970. It
was ,irculated for comments and improved during the 15 December meeting.
Bal:toting was undertaken on 18 December 1970.

The ballot, which closed on 15 January 1971, vtas concluded successfully
thru editorial clarifications. One clarification i:s. noteworthy: the original
test for structural integrity called for a te:'t af 115 percent of manufacturer's
maximum raied output pressure; it is now ! 15 1)crce.t of MAOI' (maximum
allowable operating pressure).

On 20 January 1971, the Technical Board judgc,! that all negative ballots
and comments had been resolved -- and r.com.)cndcd approval. Approval
as an NFPA Recommended Standard was grabtted by tWe Board of Directors

4 on 21 January 1971. Editorial action was vwplcted un 31 August 1971.

Members of the NFPA Project Group that prepared this standard are listed

on page 4.

On 30 December 1971, the NFPA Recommended Standard was submitted to
ANSI Standards Committee B93 for promulgation as an ANSI Standard.
Favorable ballot was concluded on 28 February 1972. Approval by the
ANSI Board of Standards Review was granted on 7 March 1973.

The membership roster for Standards Committee 1393 a, the time nf
approval is listed on page 4.
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T3.9.17R1
Draft #5
20 March, 1980

METHOD OF TESTING AND PRESENTING BASIC PERFORMANCE DATA FOR

POSITIVE DISPLACEMENT HYDRAULIC FLUID POWER PUMPS

INTRODUCTION

In hydraulic fluid power systems, power is transmitted and controlled thru a
liquid under pressure within an enclosed circuit. Pumps are components which
convert rotary mechanical power into fluid power.

With very few exceptions, all fluid power pumps are of the positive displacement
type. That is, they have internal sealing means which makes them capable of
maintaining a relatively constant ratio between rotational speed and fluid flow
over wide pressure ranges. They generally utilize gears, vanes, or pistons.
Non-positive displacement pumps, such as centrifugal or turbine types, are seldom
associated with fluid power systems.

Pumps are available either as "fixed" or "variable" displacement types. Fixed
displacement pumps have pre-selected internal geometries which maintain a constant
volume of liquid passing thru the pump per revolution of the pump's shaft.
Variable displacement pumps have means for changing the internal geometries so
that the volume of liquid passing thru the pump per revolution of the pump's
shaft can be changed.

1. SCOPE

To include basic methods of test, and methods for presenting the following
performance data for rotary positive displacement hydraulic fluid power
pumps used in industrial, mobile, and marine applications:

I., Pumps

1.1.1 Volumetric displacement

1.1.2 Output flow

1.1.3 Power input
1.1.4 Overall efficiency

1.1.5 Fluid inlet pressure requirements

1.1.6 Volumetric efficiency

1.1.7 Mechanical efficiency

This recomnended standard also applies to variable displacement punios when
tested under fixed displacement conditions.

In addition to the basic requirements of this recommended standard, other
performance information may be necessary to accommodate individual application
requirements.

1.2 Excludes pumps which contain integral valving. (?)
1.3 Method of test applies only to the laboratory, not the production line

or field. (16 January, 1980)

N
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2. PURPOSE

I To provide a uniform and accurate means for d&tt~rc;ining and expressing pur'p
performance capabilities In a standard form; to guide the establishment ofmeaningful ratings; and to aid in accomplishing optimum component applicatio.

3. TERMS

(For definition of terms not herein defined, see Reference No. 1)

3.1 Test Parameter: Any one of several physical quantities which are
used to assess the performance of a pump but which are controlled at
predetermined values throughout the course of a test. Synonym'
Independent Variable, Controlled Variable.

3.2 Target Value: A predetermined value for a particular Test Parameter.
The test procedure requires the setting in of the Test Parameters at
values which are very near the predetermined values.

3.3 Observation: A record of all measured data, both dependent and independent
variables, at any one combination of Parameter Values (Target Values).

3.4 Base Operating Condition: A specific operating point during which time
all Test Parameters are set to their rated values as recommended
by the pump's manufacturer.

4. GRAPHIC SYMBOLS

Graphic symbols used herein are in accordance with References No. 2, 3, and 4.
Where References No. 3 and 4 are not in agreement with No. 2, Reference No.

.6-I
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5. LITERAL SYMBOLS

5.1 Physical Quantity Symbols

Symbol Meaning US Units of Measure SI Units of Measure

Steady State Transient

Q q Flow Gallons per minute Liter per minute

H h Efficiency percent percent

T t Torque lbs-in newton-meter

P p Pressure PSI bar

N n Rotational Speed RPM RPM

W w Power Horsepower Kilowatt

D d Displacement in3/rev cc per rev

e e Temperature OF

5.2 Identifier Subscript Symbols

Symbol Meaning

i Ideal, based on design info rather than test data

I Input

b At base Conditions

T Total or Overall

0 Output

V Volumetric Used with efficiencies only

M Mechanical

L Leakage or loss, depending upon associated Quantity
Symbol

a Actual, based on test data as opposed to ideal

p Pump

D Differential Used for pressure only

A Average

e Effective

6. UNITS

6.1 The International System of Units (SI) is used in accordance with
Reference No. 5.

6.2 Approximate conversions to "customary US" units are given for
information purposes. These appear in parentheses after their SI
counterpart, or separate, as in the case of formulas and graphs.
Conversion is based upon the "total implied precision" principle.

6.3 Use the SI units on all graphs and data. (The use of customary 'S
equivalents is optional.)

-7-
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7. GENERAL PROCEDURES

7.1 Pumps

7.1.1 Select and set up all test apparatus per section 8.

7.1.2 Run all tests per section 10.

7.1.3 Using data from section 10, make calculations per section 11.

7.1.4 Using data from section 10 and calculations from section 11,
present data per clauses 12.1 and 12.2.

8. TEST EQUIPMENT SELECTION AND GENERAL SET-UP

8.1 For the Power Conversion Tests, set up the circuit as in Figure 1.

8.2 Fluid

8.2.1 Select a fluid:

8.2.1.1 Which is Newtonian, that is, one that does not contain
polymeric materials used as thickeners or viscosity
index improvers.

8.2.1.2 Which has viscosity characteristics which are within the
limits shown in Table 1 or Table 2.

!

I

I

41

I
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TABLE 1

US UNITS
Viscosity must be I
between these limits SAE MIL-L-2104 Recommendation on Usage

At 104F At 212F Grade Grade

160 and 240 46 and 51i
SUS SUS 10 10 Preferred

240 and 460 51 and 58
SUS SUS 20 i Not Preferred

460 and 725 48 and 69
SUS SUS 30 30 j Not Preferred

725 and 1050 69 and 85
SUS SUS 40 40 Not Preferred

1050 and 85 and 110
1650 SUS SUS 50 50 Not Preferred

TABLE 2

ISO UNITS
Viscosity in CST mut be
between these limits SAE MIL-L-2104 Recommendation on Usage
At 40° At 100° Grade Grade

34- 51 6.0- 7.6 10 10 Preferred

51 - 99 7.6 - 9.6 20 N/A Non Preferred

99 - 156 9.6 - 12.7 __ 30 30 Non Preferred

156 - 226 12.7 - 16.8 40 40 Non Preferred

226- 356 16.8- 22.7 50 50 Non-Preferred

8.2.1.3 Which is "Not Preferred" only when the pump's
Manufacturer declares that the preferred viscosities are
too low for the safety of the pump.

8.2.2 Verify the viscosity by measurinq it in accordance with
Reference No. 8.

-9-
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8.2.3 Filtration: The position, number and specific descriptiur
filters used in the test circuit shall provide a standdr-1
filtration approved by the pump manufacturer and shall t.
stated. (27 March, 1979)

8.3 Working Instruments

8.3.1 Select Working Instruments which meet the requirements of tnt
applicable annexes to this standard (Note: NFPA/T2.12 and
ISO/TC-131/SC-8/WG-3 are developing these annexes).

8.4 Pressure Taps

8.4.1 Select a pressure tap which can be evaluated in accordance ,ith
the applicable Annexes to this standard.

8.4.2 Install the pressure tap in locations which agree with Figure >

8.5 Size and select all other test equipment to be compatible with the
applicable limits entered on the Designated Information Sheet.

8.6 Install necessary safety devices to protect both equipment and
personnel.

8.7 Use plumbing and circuit construction techniques to ensure that no
entrained air enters the pump inlet port.

8.7.1 Use inlet plumbing which is the same size as that which the
pump has.

8.7.2 There can be no changes in inlet plumbing size within 10
inlet pipe inside diameters.

9. PRE-TEST DATA

9.1 Power Conversion Test

9.1.1 Using fluid and pump manufacturers' information, determine
items I through 88 on the Designated Information Sheet.

9.1.2 Measure the viscosity of the fluid in accordance with Reference
No. 8; record on 8C of the Designated Information Sheet.

9.1.3 Determine the viscosity index in accordance with Reference 7;
record on 8D of the Designated Information Sheet.

9.1.4 Determine the Target Values using both pump manufacturer's
information and the following selection criteria:

9.1.4.1 For variable displacement pumps, use 100%, 75%, 50%
and 25% of maximum geometric displacement. Enter
the displacement values on Line 9A of the Designated
Information Sheet. For fixed displacement pumps, use
100% only.

-10-
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9.1.4.2 For shaft speeds, use I0OX, %, 60%, 40% and 20%
of rated speed. Enter these speed values on Line
9B of the Designated Information Sheet.

9.1.4.3 For inlet pressures, use the manufacturer's recommended
minimum. Enter this pressure value on Line 9C of the
Designated Information Sheet.

9.1.4.4 For outlet pressures, use 100%, 80%, 60%, 40%, 20% of
base pressure and minimum output pressure. Minimum output
pressure must be less than 10% of rated pressure. Enter
these pressure values on Line 9D of the Designated
Information Sheet.

9.1.4.5 Using the standard viscosity chart of the fluid
selected in clause 8.2.1.2, determine the upper
and lower target values for temperature so that
the two Target Viscosities meet the requirements
as given on the applicable line below:

TABLE 3

SAE M1L-L-2104 Low Temperature High Temperature
Grade of Grade of Target Viscosity Target Viscosity
Fluid Fluid in CST (SUS) in CST (SUS)

10 10 27.4 (130) 9.9 (59)

20 N/A ... . ......

30 30 70.1 (325) 18.0 (90)

40 40 101.4 (470) . 25.0 (120)

50 50 151 (700) 33.9 (160)

A. Enter both resulting temperatures on Line 9E
of the Designated Information Sheet as the two
Target Values for the Power Conversion Test.

B. Enter the two applicable Taroet Viscosities on
Line 9F of the Designated Information Sheet.

9.1.6 Estimate the Maximum Expected Values of the Test Variables
using the following formulas (Note: The formulas are only
estimates to aid in selecting equipment, they do not assure
that actual safe limits will be achieved):

9.1.5.1 For Maximum Expected Outlet Flow, use

Qmax (Design Displace nt) Rated Speed GPM

Enter this value on Line 1UA of the Designated
Information Sheet.

-l1-
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9.1.5.2 For input Torque, use

T A.4x Rated Pressure) x Design DisplacementS LB-IN
Wax

Enter this value on Line 1OB of the Designated
Information Sheet.

9.1.5.3 For Case Drain Flow, use 20% of Maximum Expected
outlet flow. Enter this value on Line lOC of the
Designated Information Sheet.

9.1.5.4 For Input Power, use

Wa = (Rated Speed) x Tmax
63024 -

Enter this value on Line 10D of the Designated
Information Sheet.

9.2 Evaluation of Measurement Error

9.2.1 Evaluate the Measurement Error in accordance with the applicable
Annexes of this Standard (Note: NFPA/T2.12 and ISO/TC-131/SC-8!
WG-3 are preparing these annexes). Enter on Desig. ln'o. Sheet.

9.2.2 Using Table 4:

9.2.2.1 Select a Measurement Accuracy Class for each measured
variable.

9.2.2.2 Using the "Basis/Units" column in Table 4 and the
specific conditions of this test, determine the
Maximum Allowed Error in the units of measure as follows:

A. Shaft Speed MAE =

(Maximum Test Speed) x (% From Table 4)

100
B. Inlet Pressure Below Atmosphere MAE =

Selected Value from Table 4
C. Inlet Pressure Below Atmosphere or up to 1 bar above

Atmosphere MAE =
Selected value from Table 4

D. Outlet Pressure MAE

(Maximum Test Pressure) x (% From Table 4)
100

E. Inlet Temperature MAE =
Selected Value from Table 4

F. Outlet Flow MAE =

(Maximum Test Flow) x (% From Table 4)

-12-
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G. Input Torque MAE 
=

(Maximum Test Torque) From Table 4)
100

H. Case Drain Flow MAE =

(Maximum Test Case Drain Flow) x (% From Table 4)
100

9.2.2.3 Enter the above values on the corresponding lines of
se-ton 11 of the Designated Information Sheet under
the column headed "Max Allowed Error".

Please Take Notice: When Maximum Allowable Error
is evaluated correctly, the values are in the units of
measure, not percentages.

9.2.3 Compare the Maximum Allowable Errors from 9.2.2 to the Actual
Measurement Error from 9.2.1. If the Actual exceeds the
Allowable, then a different Class of Accuracy must be selected,
or a different measurement method must be employed.

-13-
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CESIGNATED INFORMATION SHEET

HYDRAULIC FLUID POWER PUMP TESTS NFPA T3.9.17 I
1 Manufacturer.I
2. Model:
3. Serial No.:
4. Pumping Principle: l
5. Rated Pressure:__
6. Rated Speed:
7. Design Displacement:
8. Fluid:

A. Manufacturer:
B. Type:
C. Viscosity at 100OF:
D. Viscosity Index:
E. Additives:
F. Specific Gravity:
G. Bulk Modulus:
H. Temp Coef of Expansion:

9. Target Values - Power Conversion Test
A. Displacements: 100% : 75%= ,%50: __, 25% _

B. Shaft Speeds: 100% = ,80% = 60% = 40% = 20%=
C. Inlet Pressures:
D. Outlet Pressures: 100% : 80% - _ 60%

40% = , 20% = , Min = < 10% Rated Pressure
E. Inlet F'ui-dTeimperatures:
F. Viscosities:
G. Directions of Rotation:

10. Maximum Expected Values of the Test Variables- Power Conversion Test
A. Outlet Flow:
B. Input Torque:
C. Case Drain Flow:
D. Input Power:

11. Error Evaluations - Power Conversion Test

Parameter Measurement Max. Allowed Actual
Class Measurement Measurement

Error(From Table 4) Error (From Cl. 9.2.1
A. Shaft Speed ______

B. Inlet Pressure (Low)
C. Inlet Pressure (High)
D. Outlet PressureE. Inlet Temperature

F. Outlet Flow
G. Input Torque
H. Case Drain Flow

12. Total Number of Observations:
13. Testing Agency:

-I
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10. PUMP TEST PROCEDURES

10.1 Install the test pump in the test rig shown in Figure I.

10.2 Break-in the pump in accordance with manufacturer's recommendations.

10.3 Power Conversion Test

10.3.1 Iterate parameters, ie, speed, inlet pressure, outlet
pressure, inlet temperature and pump displacement through
all applicable Target Values as recorded on the Designated
Information Sheet and in all applicable combinations.

10.3.2 Control the individual Target Values within the limits required
in Table 5 (Note: for variable displacement pumps it is
recommended that displacement be the slowest changing parameter
in order to minimize the problem of returning to a given
Target Value after changing displacement and further, it is
recommended that the stroking control be locked into a position
for a given Target Value).

10.3.3 Record data per Chart 2 for all individual combinations of
Target Values.

10.3.3.1 Do not record Target Values, instead record their
corresponding actual measured values of the Parameters.

10.3.3.1.1 For pressure Target Values, be sure to
set the outlet gauge pressure to a value
that puts the pump differential pressure
to the Target Value. This will depend
upon the inlet pressure at each observation.

10.3.3.2 Take readings only after all parameters and test
variables have stabilized within the limits of
Table 5 for at least 5 seconds.

LI

* 16
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11. PUMP CALCULATIONS

11.1 When the optional flowmeter location downstream of the load valve
is used (see figure 1), flow data may have to be corrected to the
pump outlet using the following formula:

Q (PoK- PF) + y(e 0  eFjJQoe Q

Expl'anation of symbols:

Qoe is the effective flow at the high pressure outlet port.

is the flow as measured in the optional location.

P0 is the measured outlet pressure.

PF is the inlet pressure to the flowmeter.

KT is the isothermal secant bulk modulus as supplied by the fluid

manufacturer.

Y is the cubic coefficient of thermal expansion as supplied by the
fluid manufacturer.

The correction formula must be applied if, when the difference between
Qoe and QF is added to the Actual Measurement Error, the result exceeds

the Maximum Allowable Error. If the Maximum is not exceeded, then
the correction is not necessary then:

Qoe 2 QF

11.2 In order to compensate for the inevitable fact that Target Values
cannot be perfectly acquired during the test and further, to compensate
for the graphical irregularities which accompany imperfect target
acquisition, it is permissible to adjust the torque and flow data
to values that would have existed had target acquisition been perfect.
tne following formulas apply as first approximations:

QAdj = Qoe x N Target
NActual

which applies only if the actual speed differs from the Target

Speed by no more than 10% of Maximum Test Speed, and

TAdj Toe x PTarget

PActual

which applies only if the actual pressure differs from the Target
pressure by no more than 5% of the maximum test pressure.

-19-
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11.3 Calculate the pump input power:

W, (Watts) = 0.105 Tl(n-m) x N (rpm.)

WI (HP) = Ti(in-lb) x NI(rpm)/63024

11.4 Calculate pump output power:

W0 (Watts) = 1.67 x [P - PI](bar) x Qoe(L/Min)

W0 (HP) = [P0 - P 1](psi) x Qoe(gpm)/1714

11.5 Calculate overall efficiency

W
I

11.6 Determine the Actual Displacement

11.6.1 Separate Power Conversion Test data by displacement and
temperature, that is, so that each individual displacement-
temperature combination forms a single block of data. For
each of those blocks, carry out the following three 3teps:

11.6.1.1 Calculate the Simple Displacement:

Simple Displacement (cc/rev)

1000 x Qoe (L/Min)/NI (rpm)

Simple Displacement (cu-ini-ev)

231 x Qoe (gpm/NI(rpm)

for all observations in each of the data blocks
formed in 11.6.1.

11.6.1.2 Scan all data in each block and select the maximum
value of the Simple Displacement as the Actual
Displacement:

Da = Max [Simple Displacement]

11.6.1.3 Repeat 11.6.1.1 aad 11.6.1.2 for each temperature-
displacement data block

11.7 Determine the Volumeteric Efficiency:

11.7.1 For each displacement-temperature combination, calculate the
ideal Flow using the displacement found in 11.6.1.2:

Qoi(L/Min) = Da(cc/rev) x Ni(rpm)/000

Qoi(gpm) = Da(cu-in/rev) x NI(rpm)/lO00

for each observation.

-20-.
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11.7.2 Calculate the Volumetric Efficiency:

HV = Qoe
Qoi

11.7.3 Determine the volumetric efficiency at the base operating
condition:

HVb 2 Qoeb

Qoib

where Qoeb is the effective output flow at base conditions

and Qoib is Ideal Flow calculated using base speed.

11.7.4 Determine the volumetric efficiency at the base operating
condition:

HVb = Qoab

oi b
where Qoab is the actual flow when the pump was operated

under the condition of rated speed, rated temperature,
maximum displacement, rated inlet pressure and rated
outlet pressure; Qoib is the ideal flow at base condition

which was found in 11.7.1 using rated speed for Ni.

11.8 Determine the Mechanical Efficiency:

11.8.1 For each displacement setting, calculate the Ideal Input
Torque using the displacement as determined in 11.6.3:

Ti(n-m) = D a(cc/rev) x [Po - P1
](bar)/2000n

TIi(in-lb) = Da(cu-in/rev) x [Po - Pl](psi)/2w

where P0 and PI are measured values taken from the Power

Conversion Test and PI is a negative value when the inlet

pressure is below atmospheric.

11.8.2 Calculate the Mechanical Efficiency:

HM = TI i
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11.8.3 Determine the Mechanical Efficiency at the base operating
,ondition:

H = Tii b

Tlab

where TIab is the actual torque measured when the pump was

operated under the condition of rated speed, rated temperature,
maximum displacement, rated inlet pressure and rated outlet
pressure; T Iib is the ideal torque which was found in 11..1

using rated values for P0 and P1.

12. TEST DATA PRESENTATION

When describing pump performance in accordance with this standard, the
following data shall be provided.

12.1 Provide all information contained on the Designated Information Sheet.

12.2 Provide all test data results as described in 12.2.1 and 12.2.2

12.2.1 For each displacement setting, plot graphically (se. figure 2)
pump performance versus pump pressure differential (P0 -PI

)

at a constant pump speed (NI).

12.2.1.1 Overall efficiency (HT) versus pressure

differential (P0 - PI) with test temperature (o)

as a parameter.

12.2.1.2 Flow output (Qo) versus pressure differential

o PI) with test temperature (e) as a parameter.

12.2.1.3 Horsepower input (WI) versus pressure differential

(P0 - P) with test temperature (e) as a parameter.

12.2.1.4 Repeat 12.2.1 for each displacement setting and
pump speed combination.

12.2.2 For each displacement setting, plot graphically (see figure 3)
pump.performance versus pump speed (NI) at a constant test
temperature (e)

12.2.2.1 Flow output (Qo) versus pump speed (NI ) with pressure

differential (P0 - PI) as a parameter.

12.2.2.2 Overall efficiency (HT) versus pump speed (NI)

with pressure differential (P - P as a parameter.
0

12.2.2.3 Horsepower input (WI) versus pump speed (NI) with

pressure differential (P0 - PI) as a parameter.
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12.2.2.4 Repeat 12.2.2 for each displacement setting
and test temperature combination.

12.3 Graphing of several variables on one set of axes is allowed.

14. IDENTIFICATION

The use of the following statement in catalogues and sales literature
prepared by those electing to comply with this voluntary standard is
strongly recommended:

14.1 "Performance data obtained and presented per NFPA Recommended Standard
T3.9.17-19XX".

-23
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Q~e ( e Preferred Flowmeterpsto

r
L0 40 Load Valve

, Torque 4D

Tachometer Transducer

0F

Speed Drive 4D I D.4

QP

4D4

6 Optional FlowmeterI QF Position

Supercharg Inlet

i I mp vovm PePressure Control

| Optional Inlet
I ~~Pressure Control* & #I

S* If positive inlet pressures are required, the supercharge pump can be used.
If very low inlet pressures are required, only the load valve may be necessary.

4 Note 1: See clause 8.2.3 for filtration requirements

Note 2: When the Optional Flowmeter position is used, it may be necessary to
correct for differences in pressure between the preferred and optional5 positions. See Clause 11.1 for specific procedures and criteria.
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ANNEX A

A GLOSSARY OF TERMS IN SUPPORT OF TESTING IN A HYDRAULIC

FLUID POWER LABORATORY

1.0 Purpose:

To set forth those ternis and their definitions needed to understand the
technology associated with accurate measurement of the physical variables
encountered in the assessment of fluid power equipnment.

2.0 Scope:

2.1 Includes tPrms used for understanding calibration of instruments.

2.2 Includes term, used for uiderstanding measurement of physical
variables in fluid power systems.

3.0 References:

I
4
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4. TERMS AND DEFINITIONS

4.1 Agency: Any oer"or or ')rqanization or part, section, depart-
11ent -)r di,.,i ',n of ir - ,anizat ion which maintain', equipment
and o opirt j,. re(.o)r(1, fr(Y- the pur'foss, of erifdqin(i i 11 any or
a 11 oi t he (,l I ow i nPI:

A. C.ir brtt. 1,n (if Ref ur 'nce t.anddrds
R . raI ibraf ior, of Work i: Ins truments
C. TEstin oof Fluid Power Equipment.

4.? Calibration: The process of comparino a first Reference Standird
I to a second Peference Standard or Working Instrument Reference

taidard or Wor ino Instrument.

4.3 Calibation Situation: That time when a Workinq Instrument is
('alib .ited ''ain;t a Reference Standard.

-4.4 Certif ,aL: A written statement by a Certified Calibration Aqero1

that j (aIibration K, beon carried out in accordance with thi,
dtandard.

4.5 Certified Calibration: InO process of comparinq a Certified
Reference Standard to another Reference Standard or Working
Instrument and providing supportinq documentation in accord-
ance with this standard.

4.6 Certified Calibration Aojency: Any Agency which maintains
Reference Standard-, and supportinq documentation in accord-
an(e with this standird.

4.7 Certification Lineage: That path which traces the calibration of
an in, t.r'i ent to the Ultimate Reference Standard.

4.8 Dummy Calibration: A iorocess whereby a signal tn a transducer
is simulated electr)nically in order to facilitate the return
of electronic qain,. to the levels used during Calibration. Use
of Dummy Calibration is not a substitute for Verification or Cal-
bration.- -,

4.9 Environmental Factors: Any physical variable other than the~output
of an Instrument. In a pressure transducer, for instance, temrperat;,11'
may cause a span or zero shift, making temperature an EnvironmentaI
Factor iffe t ing the pressure measurement. In another case,
pressure meal affect a temperature transducer, making pressure the
Envi rnrimen ta I Fac tor.

4.10 Error: The estimated uncertainty surroundinq a given measurement
which establishes the boundaries within which the true value lies
relative to the Indicated Value.

4.11 Error Contribution: An estimate of that amount of uncertainty
which contributes to the Total Error and is attributable to a
single error producinq phenomenon.

4.12 Indicated Value: The best estimate of a value based upon the
human interpretation of a readout device. Synonym: Reading

4.13 Instrument: Any devi(e used for measurement.

d n.
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4.14 Mathematical Model: A qraph, chart or equation which relates the
indicated Value to the value of the measurand.

4.15 easureme;t .i * it ,n That time when a Te't inq Agency
incorporat.,h_ in; Ir <, truwnts,  in the test in of fluid power
component,, ,nd/ ' , ttms.

4.16 Physical Standard, Ldboratory: That agency which is recognized
by a national rnvernment as capable of maintaining Ultimate
Referen( e tandards)>

4.17 Pressure Masurement System: All those devices which are
intercorincted between the system, the pressure of which
j, to me treasured, and the final readout device.

4.1 P Pressure ',n ucer: Any device which senses fluid pressure and
convert;,  it f( an elei trical siqnal.

4.19 Random Error: An ernr which has no known physical cause and is
:onipleelf v unliredictaf-le excol)t. within some bound,,.

4.20 Readabi lity: \ ,len,,ic term used to describe the ability of a
human observer to j.s iqn a digital quantity to the value displayed
on a Readout Device.

4.21 Readability Error: The error caused by the inability to assign an
unlimited number of diqits to the output of in instrument.

4.22 Readout Device: That mechanism which ultimately displays the
value of a physical variable within a system in a form upon which
loqica1 d>(-isions cal be made.

4.23 Reference Standard: A measurinq system which is used only to
calibrate other measurinq devices arid/or systems.

4.24 Reference Standard. Intermediate: A Reference Standard maintained
by any ner<,on or oroanization other than the Physical Standards
Laboratnrv arid which has been certified ina accordance with this
standard.

4.25 Reference. Standard, Labora tory: A Reference Standard which is
permitted between the Ultimate and/or Intermediate References in
certain special cases, criteria for which are contained in this
standard.

4.26 Reference Standard, Ultimate: That Reference Standard maintained
by the Physiral Standards laboratory. The most authoritative
Reference Standard iT a qiven (o untry.

4.27 Reference Value: The best estimate of the actual value of a physical
variable experienced by an instrument during its calibration, taking
into account corrections in fluid column heiqht and calibration
corrections for the Reference Standard. It should not be confused with
the true value which can never be known exactly.

4.28 Second Order Error: The error induced in the determination of a
measured quantity caused by a measurement error in an Environmental
Factor which is qoinq to be used to make a correction to the basic
measured quantity.
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4.79 Snubber: A hydraulic restrictioti deliber,iLely placed between the
source of pressure to he measured and the pressure transducer for the
PurP0',f' Of d,'o in'; re,. ure l)tl"ation",

4.30 Stati, Pre ,,.wre: 'hat ores tire in a !iri whirh :oe0 riot in( I ude
effecrs due ,' t, ( ; tilh'itu"

4.31 S teady-State: An operatinn condition in a hydraulic system
which, is characterized by tfiejact that

1'CfJrL m-- z-+Z-I15hr

jo- i)d{

and where and r are arbitrary and k is an inteqermultiple of
the period of the fundamental frequency of the pulsation.

4.32 Symmetry Test: A test conducted on a Snubber for the purpose of
dotern-ininq the Pxtent to which its reverse pressure-flow
chara( teriti( aqreus with its forward pressure-flow character-
i,,tic for the l tr-ther piirose of asses siu its [rror Contribution.
See Se( ti ,, for d,,t,)ils

4.33 Syste,,atic Error: A repeatable error which i, caused by a physical
ohen-omenon which, if sufficient experimental evidence exists, carn

. be eliminated.

4.34 Testinq Ag ency: Any Aqencv which conducts .ests on Fluid Power
Equipment.

4.35 Total Error: The total estiinated uncertainty in the value of a

measured quattity caused by the (o)ined effect (f all [rror
Con t r i but i p(l Pheriovieria.

4.36 Verification, Workinq Instrument: An abbreviated calibration
procedure , carried out at ,)e(Iified intervals between Certified
Cal ibrat ions,.

4.37 Workinq Instrument: A measurinq systern, which in(:ludes interconno(1t in
linkapes, any necevsairy s i ra1 conditioninq and ,iqnal process inq and
the readout device, wh i ch i, usred by f hi Tv,, t i op Aqency wh il e (on du t i(l
tests orn Fl id Power I'quipilt'lt

LI, I
l' I
I

I
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ANNEX B,

RECOMMENDED METH(O OR CALI RATING WORKING INSTRUMENTS FOR USE IN
TISTING FIIUID POWER EQUIPMENT

1.0 Purpose: lo sct forth the calibration procedures of Working Instruments
used in fluid power measurements.

2.0 Scope:

2.1 To include requirements of Reference Standards.

2.2 To irn(.l de reqluirenen ts of Workinq Instruments.

2.3 To includo procedurvs for calihratinq Workinq Instruments.

2.4 To ir lude the requi reients of the Workinq Instrument's Label.

3.0 Definitions:

3.1 Refer to Annex A

3.2 All terms used in this standard which are capitalized are defined
in Annex A.

4.0 General Procedures

4.1 Select a Reference Standard per clause 5.0.

4.2 Calibrate the Working Instrument per clause 6.0.

4.3 Prepare an Instrument Label per clause 7.0.

5.0 Select a Reference Standard:

5.1 Which is certified to have been, itself, tro(eably calibrated within
the intervals qiven in Table 1.

5.2 Which is free of physical dama(le except ac rioted on its certificate.

5.3 Which has had its total error evaluated and certified.

5.4 Mount the Reference Standard in an attitude indicated on its
Certificate, or in that attitude recommended by its manufacturer.

6.0 Calibrate the WorLinq Instrument at the applicable frequency (liven in
Table 2.

6.1 Select a Working Instrument which is free from physical damage.

6.1.1 Mount the Workinq Instrument in an attitude recommended by
the manufacturer or in an attitude expected in the Measurement
situation.

6.1.2 Make zero value checks with the Workinq Instrument physically
min( oupled from any ps ibl(, loadinq effem .
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6.1.3 Collect calibration data.

6.1.3.1 Couple the Working Instrument to the Reference
Standard.

6.1.3.2 For Working Instruments which are subject to
hysteresis effects due to, for instance,
material characteristics or static friction,
carry out the calibration for both increasing

and decreasing Reference Values.

6.1.3.3 Take advantage of any correction charts or
mathematical models which may have resulted
from Calibration of the Reference Standard
which are needed to confine the Reference
Standard's Total Error to the Certified amount.

6.1.3.4 Make corrections to the Reference Values for
any other Systematic Errors when the relationships
with other physical variables are known and the
physical variables themselves are known (measured)
at the time of Working Instrument Calibration and
if the effects of the Systematic Errors will other-
wise be siqnificant.

6.1.3.5 Record data:

A. Reference value, after iny corrections as may
he applicable from the two previous clauses.

B. Indicated Value from the Working Instrument.

6.1.3.6 Repeat 6.1.3.5 for at least five trials and use
at least 10 calibration points for each. Use the
same set of Referenct values during each trial.

6.1.3.7 Make note of anything unusual about the physical
appearance of the instrument.

6.1.3.8 Sign the calibration data sheets and place them
into a safe, permanent file. This record is the
Workinq Instrument's Certificate.

7.0 Instrument Label

7.1 Prepare a Label for the Instrument which will identify and have room
for the followinq data:

7.1.1 Date of the next scheduled Calibration as required in Table 2
of thi's Annex in order to remain in Certification.

7.1.2 Total Error of the Reference Standard used in Calibrating the
Working Instrument.

7.1.3 Calibration Error of the Working Instrument as determined after
development of a Mathematical Model in accordance with Annex D.

7.1.4 Readability Error as determined in accordance with Annex E.

-2-
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7.1.5 Workinq Instrumlent Identification

7.1.6 Idient i"catioti of the oer,,on responsJible for the Calibration
of the Work inl Ink, tromeot .

7.2 Enter the ddte of the next required cal ibra t ion on the [abel in the
appropri ate of ice.

7. 3 Enter the Total Error of the Reference Standard on the Label in the
appropriate p)lace-.

7.3. 1 If the Total Error is,- stated in terms, of the Maximum or full-
scale Value, use that value.

7.3.? If the Total Error is stated in term,, of the Indicated Value-
(Readinio). use a value determined from that. and the full-
s cale value of the Working Instrument heing calibrated.

7.4 A~ffix the Label to the Instrument's Readout Devifce in a manner
wh ich w ill d i,,courdqe its, i nauiver ten t removu I ind ve t. wil11 no t
i p t erf ere w' t ' realf i no .

S.0l Propose a Mathematical Model of thtu Worki nq Ins'truiment in accordance wi th
Annex D.

-3-
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FREQUENCY_ OF CALIBRATION - REFERENCE STANDARDS

Va-r-iableType. of_ Standard Frequency. of. Calibra-tion

TORQUE:
Strain Gage ........................................ Every four years
Force and Distance ................................. Every five years

PRESSURE:
Master Guages ...................................... Every two years
Dead Weight Testers ................................ Every ten years
Strain Gage ........................................ Every two years
Other Transducers .................................. Every two years
Liquid Manometers .................................. Liquid properties evEry five

years heiqht every 10 years

FLOW:
Positive Displacement Reference Meters ............. Every five years
Turbine Reference Meters ........................... Every two years
Volume and Time Provers ............................ Every ten years
Weight and Time Provers ............................ Every ten years

SPEED:
Electronic Digital Frequency Meters ................ Every year
Stroboscopes ....................................... Each use
Reference Tachometer ......................... ..... Every two years

j

TEMPERATURE:
Mercury in Glas ........................... ........ Ivery five years
Thermocouple ................................... ... Lvery year
Bime ta l ........................... ................ Each Use
Gas Filled ........................................ Each Use!
FORCE:
Dead Weights ........................... ........... Every ten years
Load Cells ......................... ............... Every two years
Balance Scales ..................................... Every year

- DISTANCE:
Guage Blocks ....................................... Every ten years

3 Tapes .............................................. Every ten years
Micrometers ........................................ Every two years

j TIME:
Electronic Diqital Timers .......................... Ivery year
Chronometers, Mechanical ........................... [very six months4 Chronometers, Flectro-Mechanical ................. Every year

-A -

* *I 
-
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TABLE 2

FREQUENCY OF CALIBRATION -WORKING INSTRUMENTS

Variable_/Tyip -of, Work inq Ins.,truient Frequ-ency o Cdlibration

TORQUE:
Strain Gaqe.......................................... 24 Months
Calibraited Motor..................................... 1? Months
Cradled Dynometer.................................... 10 Months

PRESSURE:
All Types............................................ 12 Months

FLOW:
All Types.......... .....................................12 Months

SPEED:
Mechanical Tachometers................................ 6 Months
DC Electrical Generaters.............................. 6 Months
Electronical Diciital Frequency Meters .......... ? Months
Other Types . . . . . . . . . . . . . . . . . . . . . .. 6 Months

TEMPERATURE:
All Types .......... ................................. 1? Months

FORCE:
Dead Wet qhts......................................... 10 Years
Balance Scales........................................ 6 Months
Load Cells........................................... 6 Months
Other Typ~es .......................................... 6 Months

DISTANCL:
Guaqe Blocks ......................................... ? Years
Tapes ........................ ....................... 5 Years
Micrometers .......................................... 2 Months

TIME:
All Types............................................2 Months
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ANNEX C

RECOMMENDED METHOD FOR DETERMINING AN INSTRUMENT'S CALIBRATION

ERROR THROUGH DEVELOPMENT OF A SUITABLE MATHEMATICAL MODEL

1.0 Purpose:

1.1 To set forth the procedures for driving mathematical models of a
Working Instrument and, when applicable, to evaluate effects of
Environmental Factors.

1.2 To determine the Calibration Error of a Working Instrument.

1.3 To set forth procedures which can be used to bring an
instrument's Calibration Error to aporoach its limit of
non-repeatability.

1.4 To determine the value of Cal bration Error to be entered on the
Instrument's Label.

2.0 Scope:

2.1 To include four different models.

2.2 To include methods of dealino with Environmental Factors.

3.0 Definitions:

3.1 Refer to Annex A.

3.2 All terms used in this Standard which are capitalized are defined
in Annex A.

4.0 General Procedures

4.1 Select a suitable Mathematical Model from one of the four in
clauses 5.0, 6.0, 7.0 or 8.0 (Note: The amount of Calibration Error
in most Instruments will depend upon the Model Selected. Higher
order Models will yield smaller errors.)

4.2 Evaluate the Model in accordance with the appliable clauses.

4.3 Enter the Calibration Error, as evaluated in the applicable clause,
on the Instrument's Label.

5.0 First Order Mathematical Model

5.1 A First Order Mathematical Model makes direct use of the Indicated
Value of a Readout Device without resorting to any corrections. The
Instrument and Readout Device are the model.

5.2 Evaluate the Calibration Error

5.2.1 Use the Calibration data as recorded using Annex C.
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5.2.2 Scan all data from all five calibration trials and determine
the maximum deviation between the Indicated Value and the
Reference Value regardless of where in the range the
maximum appears. Enter this deviation as the Calibration
Error on the Instrument's Label.

5.3 Implement the Model by using as indicated on the Readout Device.

6.0 Second Order Mathematical Model

6.1 A Second Order Mathematical Model assumes that the Indicated Value
is related to the actual value of a physical variable and any in-
fluencing Environmental Factors through a formula of the form:

Actual Value = b° + bIndicated Value)k + aif(Ei

where Ei is one of n influencing Environmental Factors, f(Ei) is
the functional manner in which E. affects the measurement of the

actual value and ai is a linear coefficient which affects the degree

of effect.

6.2 Determine f(Ei) by any one or combination of the following methods:

6.2.1 Use acceptable theories.

6.2.2 Use empirical data as measured during controlled experiments
during Working Instrument Calibration.

6.2.3 Use manufacturer's data, such as, for instance, zero shift
due to temperature, or span shift due to viscosity, etc.

6.2.4 Ignore Environmental Factors when they are brought into
sufficient agreement in the Measurement Situation with the
values that existed during the Calibration Situation.

6.2.5 Ignore Environmental Factors which are known to have an
insignificant influence upon the Indicated Value.

6.3 Evaluate b0 , bi and ai using linear regression on all data from all

4 trials of calibration as conducted in Annex C.

6.4 Scan all data and find the maximum absolute value of the deviation
between the Indicated Value and the value predicted by the derived
mathematical model for each of the Reference Values as used in the
Calibration of the Working Instrument. Enter this maximum deviation
as the Calibration Error on the Instrument's Label regardless where
in the range the meximum deviation may have ocurred.
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6.5 Implement the Mathematical Model by substituting the Indicated Values
and values of the Environmental Factors measured during the
Measurement Situation into the cormula. That result is the estimate
of the actual value at measurement time. Its Calibration Error is
the amount recorded in clause 6.4.

7.0 Third Order Mathematical Model

7.1 A Third Order Mathematical Model makes use of a point-to-point correction
under the assumption that corrections are linear when Indicated Values
taken in the Measurement Situation lie between data points used
during the Calibration Situation.

7.2 Evaluate the Calibration Error.

7.2.1 For each Reference Value used during Calibration in accordance
with Annex C and for each of the five trials, calculate the
errors as:

Reference Value - Indicated Value

7.2.2 For each Reference Value, calculate the average over the five
trials of the errors found in 7.2.1.

7.2.3 Calculate the differences between the errors found in 7.2.1 and
the averages found in 7.2.2 for all Reference Values and all
trials.

7.2.4 Scan all values found in 7.2.3 and find the maximum absolute
value. Enter this as the Calibration Error, on the Instrument's
Label regardless of where in the range it may have ocurred.

7.2.5 Implement the Mathematical Model by constructing a graph of the
averages found in clause 7.2.2 vs. the average Indicated Value
(as averaged over the five trials for each Reference Value.
Note: If the average Tndicated Value deviates from its
corresponding Reference Value by 1% or less, the Reference Value
may be substituted for the average with minimal adverse effect.)

7.2.5.1 In the Measurement Situation, enter each Indicated
Value into the abscissa, then add the resulting
ordinate value to the Indicated Value in order to
obtain the best estimate of the actual value.

7.2.5.2 Assume linear 4nterpolation between discreet data
entries.

7.2.5.3 Take Environmental Factors into account by: A. An
alternate mathematical model which includes their
effects. B. Using instruments which have insignificant
influence by Frvironmental Factors. C. Controlling
Environmental Factors during the Measurement Situation
to be in significant aqreement with their values
during calibration.

!,
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8.0 Fourth Order Mathematical Model

8.1 A Fourth Order Mathematica Model accomodates complex mathematical
functions which relate the actual value to the Indicated Value and
any influencing Environmental Factors. It has no specific general
form.

8.2 Determine the general form of the mathematical relationship usingany one or combination of the following means.

8.2.1 Use accepted theories.

8.2.2 Use empirical data as determined during controlled experiments
on the instrument.

8.2.3 Use manufacturer's data, such as, for instance, zero shift
due to temperature, or span shift due to viscosity, etc.

8.2.4 Ignore Environmental Factors when they are brought into
sufficient agreement in the Measurement Situation with the
values that existed during the Calibration Situation.

8.2.5 Ignore Environmental Factors which are known to have an
insignificant influence upon the Indicated Value.

8.3 Evaluate the coefficients in the Mathematical Mode using least
squares fitting methods applied to all data taken from calibration
in accordance with Annex C.

8.4 Scan all data and find the maximum absolute value of the deviation
between the Indicated Value and the value predicted by the derived
mathematical model for each of the Reference Values as used in the
Calibration of the Working Instrument. Enter this maximum deviation
as the Calibration Error on the Instrument's Label regardless where
in the range the maximum deviation may have ocurred.

8.5 Implement the Mathematical Model by substituting the Indicated Values
and values of the Environmental Factors measured during the
Measurement Situation into the formula. That result is the estimate
of the actual value at measurement time. Its Calibration Error is
the amount recorded in clause 6.4.

".I

f

...............
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ANNEX D

RECOMMEND PROCEDURE FOR EVALUATINV READ9ILITY

ERROR OF READOUT DEVICES USED IN FL'I POWER TESTING

1.0 Purpose: To set forth the procedure for determining the amount of error
contributed because of the inability to assign an unlimited number of digits
to the indicated value of a measured quantity.

2.0 Scope:

2.1 Includes both analog and digital Readout Devices.

3.0 Evaluation of Readability Error Factor.

3.1 Analog Readout Devices

3.1.1 The Readability Error (RE) for a Readout Device
equipped with a pointer shall be calculated using:

RE = Value of the Smallest Scale Division
LRF l x RF2 + 2.0]

Where RF1 and RF2 are determined from properties of the Readout

Device as follows:

3.1.1.1 The Readout Device shall be equipped with a
parallax error minimizing feature.

3.1.1.2 Determine within 10%, the width of the smallest
scale division in mm (W)

Calculate RFl with the formula:

RF1  3(1 - c 0.5 - 1.1W) W , 0.5 mm

RF= 0.0 W < 0.5 mm

3.1.1.3 Estimate the width of the pointer to the
nearest 0.25 mm in the region on the pointer
where the reading is interpreted. Divide
the width of the smallest scale division found
in 3.1.2.2 by the pointer width to form the ratio, a.

Calculate RF2 with the formula:I
RF2 = 1 - C° .6(1 - l) a > 1.0

RF2 = 0 C < l.0

I

I -1-
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3.1.1.4 Calculate the Readability Error for the
Readout Device with the Formula:
RE = Value of the Smallest Scale Division

(RF1 x RF 2 + 2.0]

3.1.2 The overall Readability Factor for a Readout Device having
a moving column, such as is the case with a liquid manometer,
shall be calculated using:
RE= 2x Value of the Smallest Scale Division

RF1 + 2.0

Where RF1 sdetermined as in clause 3.1.1.2

3.2 Digital Readout Devices

3.2.1 The Readability Error shall be calculated using the
formula:

RE = Smallest Change in the Least Significant Digit

3.2.1.1 Take into account the fact that by design, the
least significant digit in some Digital Readout
Devices does not have 10 discreet integer levels.
Use the value of the smallest integer change
possible for the particular readout.

4.0 Readout Device Labels

4.1 Enter the overall Readability Error, as determined in clause
3.1.1.3, 3.1.2 or clause 3.1.1, into the Readout Device's Label.

-2- i
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I NSTRUMENTATI ON

BREAK-IN AND POWER CONVERSION TEST



I NSTRUMENTAT I ON

The instrumentation, calibration methods and procedures used in this contract,
can be referenced to Part 2, of report number 50560, contract DAAK70-77-C-0214,
dated November 12, 1979. The traceabilitystatement for measurement of flow,
pressure, and temperature are also found in Part 2 of the above mentioned report.

(JT..
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TEST INSTRUMENTATION

Data Acquisition System (DAS) and Supporting Instrumentation.

DAS is mounted in black cabinet with all connections in front. TorqueI shaft amplifier, Pace and Viatran pressure transducer power supplies

and frequency counter used to monitor test pump RPM. Also shown are
two frequency to voltage converters, and control box for 150 HP supply.

4
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CIRCUIT SCHEM4ATICS

BREAK-IN AND POWER CON4VERSIOIN TEST
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APPE14DIX E

TEST SET-UP PHOTOGRAPHS

BREAK-IN ANO POWER CON~VERSION TEST



HYDRAULIC POWER SUPPLY

FPI 150 HP Variable Volume Hydraulic Supply

Shown is reservoir, control panel, electric drive motor, variable
displacement hydraulic pump and electric servo control on top of
pump. This system was used along with a hyraulic motor to drive
the test pump.

103



FLUID CONDITIONING SYSTEM

Fluid conditioning system consisting

._ of reservoir with conically shaped
bottom, filter strainer, heat

-- 4." exchanger, and electric heater.

Plumbing and arious valves used
to control the direction of flow l----_
in the system. In lower right --

hand corner is a centrifugal pump
used to supercharge the test pump V
and move fluid throught the
conditioning circuit.

4



TEST CIRCUIT AND COMPONENTS

Test bed showing hydraulic drive motor on right, torque shaft
in center used to measure input torque, and test pump on left
showing various transducers and thermocouples.

In lower left hand corner
is solenoid controlled relief
valve used to load test pump.
The turbine flow meter can be
seen in left center of photograp .

I /0
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CYCLIC BREAK-.-IN- TEST DAITA
FOR PUIMP U UMBER Pl 348

MI 148C:B

TiPF ctuirT fFFFPWfS~ lF Th T(F%&F II\1F M CIFLU M FFF WMF FF
"N WWM(F) P5W r IN-i?, UIMFIF(% Q) (%1)

o e 124.90 281.15 ?.9p.W 120 23.17 61 .34 9P07 P(1 54
1 . 15.1e 742.9? 2664.00 412.F* ~ k 75.cf. 95. 71 79.35

. e 124.5M 10f. F,4 ?61.. ?C462.20 'Il.1i6 M 1VU 99,1 47 rl %
4,8 129.20 2239. 25 %&fop I * p 1N28 19.637 81.04 qp %i9 (9f:

64(3 132.3 7W.".7e 2512.00 14%,.20 18.97 7h.%5 87.8 90.5

:i"



C:YCL IC SPEAK- IN TEST DATA
FOR PUMP NUMBER M 1349

M I349C:E

TlW (tMT1FT DFF W% qm.e. ADJF II.Fl( (w MR u tI FFF MFM FT
MN TFMP(F) F .Cl 'I I W" lip f FFFC/. W~ M~

o. M, 14,8 7.qV .67.8M 41P.40 7 .% 757 h.q 791
7.45 1 X. P JI&1. 9 M69.Ve 77!,.A 281B r.) 9.40 8 rv

4,77 11! 170 77T..P M 2(A*m Wit.90 J9.E69 si. 5 q1.7K .
(17 29 fit WW77 25jp.f 14M. PA 19. " e)3 ~q f 68



C:YC:LIC BREAK- IN TEST DATA
FOR PUMP NUMBER M1350'

Ml13-50CB

T1W~ (IrrLi' DIFFPF.5 5I'I TIMD FIDJ l(W (KRE~ Rl M FFF I'FflFFF
rmif 1FM(F) P5JD W"t wip-L (f" FFF(%) Q~) (

0.WJ(f 97. e. 2We8.a 165.48 208f, 5068 % 9.74
2. 43 177.ft0 7T?.47 MIA6 4 V3. f 20.?9 ma8 94.w s.5
6.47 I160 1474.07 MA.. 7T.48 1916p 7 IV, 91. 17 o. r

10 P 15 25188~ 7M.77 2?..w 3189,20 19.00 78.2 WX .8P
15.&1 17,.40 ?"79.21 ?'538.8 00 447.88 is,1is 76.47 PA.2?1 %.7



C:YC:L I C BREAK.-IN- TEST D:ATA
FOR PUMP NUMBER M1 351

PI1351 C8

ThE M (IlFT DIFF P~f55 -J4TD VwF FtR(no (SERR Uti I(I FTF lfCH FFr
NH 7FMP(F) PSJD W" JH-Lp M FFT(M Qv)

1I fl ( 294.01 ?l. f1 XR2 7108 MAP4 97. 60 -8
0.48 120.20 720.07 7671.00 4KI,69 20.fEg 75. 45 qF67

4..V PCf. A8 7,44, OR n54A f1I JMA po.l ?7'.2 9.43 %IT,
6.70 131.9A W1?.El 257. f p 4A 2 .. 68e f,1 1



C:f'C-LIC BPEFI-:-ItN TES.T :Ti
FOR PUMP HlUMBIER l2

Ulf R F'uT IJFF FES CPMT T(WAV Ff nl( (MR ffI M(FTT MFC(V T
"IN TFWtF) FII F" 1'?Ia FFM 0")

mR JRS 2P7.2f. ??7.W Wt.,4(1 7 Th31 (-0. 59 9P,74
M-7 . le 74.1 1 S 415.4e 201 76,40 %. T C

IJ* PC.AS 14M.? 269A 7TE a4 1039 857 94,46,



CYCLIC BREAK-IN TEST D;,ATA
FOR FLIMP NUMBER M1353

M 1 353CE

TIMF (fIT, I)JFF PRFiS %MFF T(.F FOJ nl (W (ER Ff I M FF I"C" FF
IH TFHP(F) pI) FM N-I F: FFF(%) M%) ()

I119& ff 1.7 ?"8, M .8 0,48 M..4) 1. QPfs, 17 E,1,7
.48 171,.% 7M2.ll 2E71.00 412,2 20.97 76.08 97.714 P.:
,33 124. 10 14M.34 2M2.0 7P.,OR 2., W .ffp c, 14
,. 1 , 224-V 77.4,5J M-070 Jo4, 1948 P,,22 %.24 .O8

M.2 19.1ft 29q8e. 729.m 14408.0 m&, f8.8 P7,47 91,.z

/I1
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CY'-CLIC: BREAK-Itl TEST E:.ATAi

M I 754COFOP PUMP HUMBER P11354

T1F (Wft FT DJFF ~ WS CMR TMF fI~jU n ow Ri W.X FFF P~F(VFF
MIN TWH'(F) K~ID RPM~ INH p (FlI FJT(V) QV) k~

0.8 15, 70 29J.7.9 *.9q9.fte 2Ji.?1 71.32 (a.14 9P.7q (..R
* (.V. J2'4. 70.97 xkple 4A.4 201T. 75.M %95 ?7, 7

7.C, J?.E.P 77Z,.41 74%..N e W4.40~ 19.74 aj.99q 91.4r Pq, (A
F III IT .1.40 211,.~ N 1411 .9

tA



CYCLIC BREAK-IN4 TEST DATAi
FC'R PUMIP N-UMBER M12355

T1?F WtrLFT DIFF F%9; FwmFDO F0J FU CUIEMFI Ur FEE NFMhFFF
MINI TFMW(F) KIDh Ff11 II4LR (0fl FFF(%) Q.) (4)

(Ul 121,9 3IqSt W-0 815414 23.3 'V . . 2, JA 10. 65.41
118.6 980 738.8 7770 4K.02.94 78.9 cA. 51 709.

3.43 124M 10.62 27170 745.E*0 32.11 m, -7 5r q?. (t
6.87 127.38 ZA39. rf1 2675.00 1091S*R 31.1 9lN 4.1J2 89.,19

1808* 132.78 322.09 26080 1449,6 fi 9.87 81.77 %.5W l.T

------- 3-m



C:YC:LIC BREAK-IN TEET D~ATA
FOR PUMP NUMBER M2:S56

t 2M 2".5 EC: B

Ulf RM TFT DIFF'~ PRMFCM T(M F FI now (IAR FfI IXI FFT M() FrF
11114 TM(F) F.11D JN-I Fp Gm~ FFF(V. (Q)

fs 124.4e 7261,43 2(653.N0 112,4fi 1.76 P4,19 T, .90 r
11.E M 29.70 3WV,.17 2W. w 1494. 60 V0.F P.46 93E

I- I- -



CYCLIC BREAK-IN TEST DATA

FOR PUMP NUMBER M2357

TIlf OUTLET DIFF PK.6 5 m TF AN VR( (MI R FtIl I'i FFF ?F(1F FF
lam ITWF(F) MR)D if IH-LE [ FIF(M WZ W ,

0..8 jTn. 189.14 2M.88 . M.94 46.8 Io2..56 45.U.
2.V J27.20 7,.% 774.0A 443. 34.N 7FO 1X6.74 74.50
5. 0.88 147P.73 2M.EI.00 76,48 24J (.,J3 97.94 P8li

J9.J,3 Jli.,o "Woo. 0 t4 25 X. J,, 0Xt. IWJ,0 81.7 W. PC C

11
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C:YC:LI~C: BREAK- I N TEST [DATA
FOR F'LI~P NUMBER Pl25E.

M'2358CB

TIME (rLFT DIFF PFISS %-E1 T(E%(F FDJ FL(V MII R Fil I IFQ{P FIT
"IN IFM(F) rIF"JN-L8 cat EFT(V. QV) )

Mo 124.90 ,1 f ,.3 2904M.C* 19SI,.Q \7 F(-~ At.1J(4 J01.42? -,

1.77 120.TO 73. I I 7zmoo 34.* (f .1?J 813.5 3i.8 M1!"

4T. 124.48 148?.9P 728.O M3. K4 V 3. 'e E"9136 97.3-13,7
7.37 info 2M.75 ME~.E oe 33M.21 84.4e 94. f9.-

18.98 177.408 299 23.00~ J4?..@@ 3*.09 pQ.7 In.44 9!lei

11 7



CYCLIC BRERK-IN TEST DATA

M2359CB FOR PUMP NUMBER M21-3159

TTF (In FT DFmTW!S qW ~ ru ncu mUfu t" FF ~ wrrr
NH TFIF(F) PcTh RPM INA P. (F" FFr(% V'?
Me J72.1(1 24.09 28120 J1TL.48 3347 (.7.74 1(1.74 MU
1.83 118.9 746.24 7(, 0 4M.P8 331 80.47 Jf*M.2 X Ps 2

(193 12'm 1490,.3( 2712.m* 747. K V2.32 84.74 97.84 %.*I
1(.12 124.1v 7227.926 M1590 W.80e I31r0 84.9 KN .7 89.15
16.772 P 1282( 294.,T X619. 8 1434. MV..73 SI.1 9J.4q..

. .. - -



"',"CLIC BREAK- I H TEST DF1Th
FOR PUMF' NUMBER M23E

M236G0CB

TIE MrLFT DFT FRESS SPEED T'W&E J FLI (SJFR FI I FFT wFo'm Frr
flN TW(F) F.JD .RM ILP GPM EFF.) M

&W 126.4e 215.n A , If il.E .Zi ..7 62.7p 1 .78.6
2.M 122.50 767.94 2745. 40A. ' I 3..3 7 .43 97.7 MIX,
9.73 127.48 1492.59 2672.0 7M. 4 "8AE 79.U. 93.72 .44
17.3 I lK.T 2252.28 2624.08 1117.48 29.79.6(, 7r., 8. I -7. 9?:
I34. 17% 2%2. 1471,A8 78,48 77. ,, f.

//9L ,. 1



CYCLIC BREAK,-I N TEST DATA
FOR PUMIP NUMBER M2361

M2361 C:

T (UTIMFT fIFF MRS 5qff D WMEO F0.1 R ( MIll. M FFF MRM IT
H TFW(F) PFID WHP (111 f FFF0'. M% M'

Kfk XJP MI 777.M% J49.W~ .74 1r 64.94 18M.40 67,79
1.7 14,4 7.77 774%.1 47I.M ~.71 79.49 jfa3? 79.1J9

5. 73 IN002 14U..13 7;'f.@ 749.00 M11 I 8.7 917
PM J,90i 2M.77 708.00 187q. 40 V,7 88.40 91.54 87,M7

14.71 IX,.40 f 297,4. 87 MAP.8 143.878 f 77.81 87.1IS

MEW-1



CYCLIC BREAjK-IH- TEST D:ATA
FOR PUMIP N4UMBER M 6

lJii C(MLE DIFF PR9 qmME FI FVJ OWI W9~ FI M( FEF MVI FFF
NH T[W(F) K- ID IN-WLP GPM? U01(. Q%)

0.8 J17.20 170. J3 l4.(W4 17.20 22.3 "'' 93.. - CA92 OI
2.8 128.28 61p.qo 1769.~ Rt Iw .0 J* 76.087 91.7-2 K79

6.28 126.28 1229.1 J I720.0@ 6al K 214%i 79.X fp.z K.4f
10.42 J2l.%(4 1849.A 1675.E* 995.1% 28.TA 77.98@ A Cie 985
M547 177.70 2581.13 1627.0(i 132..@B 19.W 77.2e 40 1R

......4......



C:YC:LIC BREAK-IN TES.T CiATA
FOR PUMP tNUME:ER P13-363

M3363CB

Tli ((Mn DIFr PPf-S qT iar Ff R( M file t Ulf. rrr HIM rr
MIN MD9(F) KID JH- iip. (F"t FFF('.) W(Q)

(Um .JO 224.77 lfi.m~ J13M 22.81 W~.77 '. 9 9 Q2.7?
3.68 127.10 EX~.77 J74.00 W. m 22.116 7W.,? 94,07 A

6T, 12(..M 12N.99fl iE.8 681.ffi ?Ij p.8 90.19 P
18.v. 122.70 1~91 (A.3( Be 4.Awl 21 .3% 83.3 8963.79
14.48 125.10 2491.97 I .. t 131?.E8 20.83 f0.47 87,.&1 91lfli



C:IYOL IC:' BREAK.-IN TE$T L:,T DATA
ri33E.4C:E:FOR PurIM NUMB~ER .6

11WF (tRFT D1FF MV-. WD MVF fE)J FLOW fUAfl. U( FFF C(HFFV
MIH TFMW(F) KS! JD1HI-if. (FM1 fFFG Q

ON J2778 2S3.40 17819.081r? ,3 C. 6,I, .1 PK
0.90 120.1 Eo 29.~ S? 74O IMA8 22.39 76.61 K 942
2.65 124.20 125217 3EA (.99.00~ 71M8 76.93 91.% . Ct

1.c 28.20 J!m7.3 1 147.00 1"AlE~ 23.19 79.7? N.17.1 ,1

7.82 12P.91 297% 45 J603.00 i 'W C( 20.61 M8. A ff.,74



C'fCL I C BREAK- N TESiT DATH
FOR PUIMP NUMBER M3365

M3365CB

TJil WftUM DFF PRFSS 5WED MCE W0 FLOW~ WI Wi WC( UF MFCH FFF
KIN ItW(F) PCIjD FMIN-I: (ftI FFF(V.) Q%)M

3220 .40 211.1 J E04.4 08 j724n, 202 58.1J7 9?.6i 9 f
2.45 176.90 (M. 2 9 1773A~ 380 27.6f, 'rl.3 TW 42 7 5.92f
6.10 11J.10 i24P~tf 1716AV Ms@E( 21.8N9 .7 C0, 12 7.
18.38 12.28?e42 1669.08 18Th8 2143. 76.35r %8.92O fl.97
13.92 13.18 j 2494, (.7 Mife.2 J42PAE* 2086V 74.41 87.77 W



C:Y-,C:LIC: BREA-IN4 TESST D'ATA
FOP PUr-lP tNUPIBER

13-366CB

TJMF AIRET DIFFPRSS 5PFTD TCKIF flf3R(l (V W, Ft 0~ FIT ~f(liFFT
MN TEMPT() Ffl11D F"l IN-L.F GPM FFF(% Q%)
0.00 122 20A.E. WAR 17e 71,2E8 ff. 51 T.T 6.P
I P J?,(At (Am1 177500 WAR. 27.f" 7q. O %.15 f2.7

7., 144 299 70 .2 7AW . 9.4 ,K
9ICi 15,r f7.0 J1.0 21 q 81.II 1,11 lf
145I3.V 29.5 .70 7~ 12 II ol



CYCLIC BPERK-It- TEST DATA
FOR PUIMP tNUMEER M7,367

M3367CS

PN TFMt(F) PSICD F"WIJ. mI"I rfr(%) Q%)()
(L 1P70 B2.7V JWAA 14F.01 ?.2q ro.3. f, *1 (0 -

J2f 14.(Wk £14.*.4 1771.04 T.3, 4 72ME4 W 95.74 Mf

5,7 ~..p M70 170 (O 7~q, MM W.fe 4



C::frCL IC: BEAK- IN TE.,T DA'FTAi

FOIR PLIMF' NUMB:ER P133,68

ON1I * 216.16 Wji.f 5I'T.441 274 R.9 ~ E7 %2

J. 417 119,~40 1243.5? 17..? WR.E -F.~ 74.? ~ JI

4.71Sq l 14.7 1'rz -.(e 7 f 7.7? 9 :.R
7u5 175 e 4 11. .. 7.? R c

S2,,o Ni7 f5.0 M N 7 7

1,A.L 7



APPENDIX G

THREE HOUR RUNI UATA



THREE HOUR PE;FCRTFMANC:E TES--T

RUfE' N-UMBER H 1: 43 RUH AT FVAIEt)FRES Fi~' IPLLL'

TIMF lM FT DIR PW5c: T WA4f 7 mTP f(QJ (hI I VC1 [Fr rI: 'Ft
MINE TFI'V(F) K'ID 11t-i P S~l P FITG)C/1./

0.1* 1355(1 I312 146.60( 72,35* 28.. 7] K(418 c:
4.93 1727(T 1*1.I8K 14.1.1* 7715. K n 187 9N. 47 87.36
9A) 132.78 2992. 57 J14T,.(A 726Sf' 2P.F&. 7%;F1 84!

14.93' J32.40 2997.06. 146.1* K7*5 28.11' 7' .4(, 1-11
199 Tf(4 M91.07 1 456, A 7689.* I2i/17.1 1p, I

24.9? 'Q1.60 2 GSl(f, 1454.2e 77K6. K 27.71 77.7, XL41

79.,92 1372. ffl 79%.81 44.4f 7W. 0 27,74 77,37 EA f:e
34.92 13.10 j WA.4. 1 459,.40 272.*275 6.7 84.?, 71 JC

39. 93 137.40 .29w, 651 1459,.60 W IK 7 135 7.7( 76. 76 cA.4,F
44X OA 1 T4 317.2q 14%4F:@ 2-739f'K 27.73 76. 95 84.4? 4,i1
49.93 'V CIO5 1*1.87 147k-. 20 2691S(f' 21.31 77.1? P -47q9

5r91 flrr, W'I0f 14T.,. 20 Xstf R 7, 7F', 11 & 8 t , 0

(4, 1O J 34, 4 .31 P54 1461.Ff* 7fi'S'f 27.91 71, 2 Ft., 9
69.9?1 1351 F VJ14A1 14(640 rf71?I f 2SIN, Ai, 21 1*.A 4"
74.9? 13)7.20 3012.(09 1459.1*I 2722 f' 2814? 78.0 9 F 104, A.

79.93 J 1B V40 J806 14Q.40 1713J?* 289 cICN.C%.
P4.913 7f6.( 3(**VI.. 7,6 CS 14 A5 77-,&.* 28. 129 7 7,95 46 F M4
p899 1355*l 11.03 l 14*4.40 72730, *' 2816j( 7(8.18 CC.03c

94.92. C35( 3061 14.40 272 11Sf' 28c.2 78.091j 1467 17
99.9 13.V3029 1445.40 2712Sf' f7.9;7 T.ll FCC4 I> /4

104.93 1765* K4 304116 1 4U A1.60 7135 ;i.2194 78. 09 E.
109.9 13.0 (X42 16.6 72S' 81 77.97 Ft.,2-7

114,T3 13(5* 3W1.7 1465.20f ?1 77v. (*f ;tc. 77. 54 fS,45 rl (47

119.9W12 1 169 3014.8(Re 14507.1 W 274 1. 2?,.11 78,.59 F-. 14
124.93 136.60 3"W. 47 14U,65* 2713Sf' K 271.96 77.795r 1,. 9 % 1* 4
12q.93 17.0 301 W2. 119$ 146.20 27. f'0 27.91 7P.W3 a, K
53.93 135.3'N0 W 31 .7 1459.4e 2692S. f' 27.74 717.99K PS. 92 t
139.93 134.70 31*.3 1462.20 Xk,. ( 27.61 77.7- crlCl 1r4

44.93 135.4(0 3012.40 14',7.1 21(6* 276 7 9 RS,.76
4 49.9T/ 130 11*I. 1460. 60 2I69Sf 27. 71 77,(-4 1.63

154.9?O 171.* (f NWI. t4 14U,. 20 27C*5* 27.9C 717. 70 c. v4o Alt4

159.92 134.30v 3W.*t. 1461.1El 21.1 f I8'sI 78.0 ffC
1(4.91 13770 17, K 14.1( 2170f' (f 27.$ F.97R92 fF1,
169.93, 13". 40 31*3.2 14(T( 269Sf 2.7f, 76 1.14
174.93 1733.120 W1*.37 AU(A X .14. 26 1 27.70 77.6(k 06C. K

THE A' JERAGE FLOWI 1 S: 27 94 C1 61-1-1
THE FI'JERAGE SPEED lIS:: 2710.36 REM
THE FI'.JERAGE TORQUE IS: 1461" I.2d:5 li-I--Lb

- .



THREE HOUR PERFORMANCE TEST
CONTIHUATION FOR PUMP M1348

THE AUERAGE DIFFERENTIAL PRESSURE 1S: 305.61 PSID

THE STANDARD DEVIATION OF THE:

MEASURED FLOW IS: .802472 GPM
MEASURED SPEED IS: 45.0518 RPM
MEASURED TORQUE IS: 11.6271 IN-LB
DIFFERENTIAL PRESSURE IS: 21.7564 PSID

THE MAX. OVERALL EFFICIENCY 15: 80.1833
THE MIN. OVERALL EFFICIENCY IS: 76.7614
THE AVERAGE OiJERALL EFFICIENCY IS: 77.9532

THE MAX. IJOLUMETRIC EFFICIENCY IS: 88.241
THE MIN. IJOLUMETRIC EFFICIENCY 151 84.4226
THE AJERAGE VOLUMETRIC EFFICIENCY IS: 85.952

THE MAX. MECHANICAL EFFICIENCY IS: 91.2238
THE MIH. MECHANICAL EFFICIENCY IS: 90. 1712
THE AJERAGE MECHANICAL EFFICIENC'' IS' 90.6795

I'

iI

~I. ~....~



THREE HOUR F'ERFORFiH-4CE TEST

F'UMP HUME:ER M149 R.UH FT RFTED FtLI'.E-LU: -L:, 'SPEED

M 1 3493H

TIJP (Irflf I)JFF ISS T(f4AIF WTI (F1WTiR L 1XI FIT IMP1 F T
"IN TwtI(F (P511 Ml I p~ Ulm firti FFT(.%). Q*i)

o.e J34 .V 2Ae.49 144.. 4 2.:4 Ki 29.1(f 81.26 f ,9 . Ir
4.2 '34..* I .P7.94 84%.,. 2E .(*4 2f..2 81.01 P,4P7
I15. 1( 299 .4. 144,.46 2E7'.,.Ki 28,.74 M4.76 89,E.. 91,?6.

14.80 11.60 W. .7. J493.68 27K-. 4 29.14 F4124 (9..

24M1 132. w 791R.54 1457.20 271141( 29.1* M,(4 (49.7
MAO .M20 2%91.71 1452.0i Y7MM1( n2K M1. EV..7

3XP 13IV' 26 9.40 14.M.2* 271.1* 2(.A *.4 .. ,
40. 132,E 292.P 144,K:. 21I 1 218,13 79.7, 87,,.
44.2 IIF.lo ? .E.? 144(f,. 4 2678. W ?.142 74.'1 . 7 24 91.;'
fO 13,2* 29 ., 87 1454.* 2727. K8.,1 "I. 1T . ... ,
54. W 1,120 29-4.46 1444.00 2714.A* 27.A 7.3? 1. fi 91.42
6.2 1,, 2994.5e. 144.00 27J P. 27.91 78. 2e K4, (4 91.7ki
fA.F* 13-.90 2M92. 3 145.20 27?19. OR 28,1, 8B. 25 ,,,15' 2.
78. FM 1371 3',W2', 47 1453, (f ,'M*.* 0 M, 79.77 F,,T 91. lb
74.%? 1V, I' 2973...45 1449.40 7.31.00 28. 4., 79.74 e. 15 ci.44

14,% le .4 1459,M28?t'".7244 5,544 W. T3,,: ,,(4
94.00 137.E( OA M4,9 1459.(4 27-1,* ;.41 79.CC MMP,. ;,
p18qIF 13A.1 J 0 V19.,Fl 146,,W 271",A i M.46 ( 9.

914A1 134.1 !(4 ?(l 49.( VlE.2.1 ";I24 79.6 4,5

.... 457 n. /I 8 .K -?, (, 1. :f
9A. l"4,k W: 71,., .2 47, 2 ,11 1 (C'. M4 71. ,R7,,g.7 ,  rf( I

10l4. K 174,2 l I .' {Z.,. 14, 4.6P I.', ,o.,i 71% f,7.

1p4.1* 134. 14 W-' J21 14(9.40 /,, (f, '1.4, 79.46 r7 674 9C U,

1 J9,00 ,14.2P W .2 1 1459,0 *B 7fg{, (f,.,, "C'. " -,"N, 4 (4 [,44 .CCq -

1?4,A 1'4, 8 , ,4 14P 1 .40 27 ,1S. If.49 "9.37 .,51,-
I79. FO 134, Ce W 97 140.40 22d1, f 29 AI(.. U 7 9.49 E'7,59 .,74
1"4. P? 134, *4 310.1.97 14 .28 ?7 .' ,. 3 .-. 31 .,41.

144.1* 13.1* 3W7,17 14%. 7 N.,* 3J. 7..9 S7.4 9 1,9
149.M 1 .40 ,q%,.41 1452.' , .1 KIt, 79. 6 60-' .
154.A* 1 ',71. ,"W .. 77 14T, F 2 6,62.1/ (6 Ile,2 79.. ? , f4 llJ.cf.
19.O 13 % S@, 29", *f, 1457.40 271%4,10 A". ( 7., 76 FF ,o %.7..

A..FO 134.1 w WI. (-O 1457.,10 731.1 T1.. K9. K'.. (A
1(19.. F 134.0 W..13 1454.t* ;'73' 7.M. 7 % 92 F7.49 1 ' O.
174, FO 11. mJ 7w.7( 1453.1M 2691.1* K8'1.0t 7). 52 f,(. 18 .99

THE FR.ERAGE FLOWI IS: 28. 4961 LlPM
THE AiJERAGE SPEED I5 : 2-7 05.56 RIPM
THE RUEF'.RGE TORJUE IS: 1456.02 1 t.I-'-Lb!

i ,q



THREE HOUR PERFORMANCE TEST
CONTINUATION FOR PUMP M1349

THE AVERAGE DIFFERENTIAL PRESSURE IS: 3002.24 PSID

THE STANDARD DEUIATION OF THE:

MEASURED FLOW.1 IS: .811472 GPM
MEASURED SPEED IS: 37.2958 RPM
MEASURED TORQUE IS: 21.946 IN-LB
DIFFERENTIAL PRESSURE IS: 39.1688 PSID

THE MAX. OVERALL EFFICIENCY IS: 81.7597
THE MIN. OVERALL EFFICIENCY IS: 77.9587
THE AJERAGE OVERALL EFFICIENCY IS: 79.8574

THE MAX. VOLUMETRIC EFFICIENCY IS: 89.9162
THE MIN. VOLUMETRIC EFFICIENCY IS: 85.6364
THE AVERAGE VOLUMETRIC EFFICIENCY IS: 87.8359

THE MAX. MECHANICAL EFFICIENCY IS: 91.4219
THE MIN. MECHANICAL EFFICIENCY IS: 90.3537
THE AVERAGE MECHANICAL EFFICIENCY IS: 90.9033

.1



THREE HOUR PERFORMAN:E TEST

PUMP HUMBER "1115 UN FIT RATED F' LF:E -FIl[, FEEC

M 13503H

TIfF (VilFT flIFF PSS T(AF . F7.ff T (mm I ixt FFF ?li I TT
MIH TF'P(F) PFS1 IHi P F$m (Fm FFF(%.) Q')
0. fe 177.40 IV I I .. 14U ..P W 2720..W 77. K 77. A. f ..Z .

1m JIV19. W'.2. 46 1468.0. 27(4 (17t Ki.2.0 76. W,'.q. Kf .52(IR7A 177.4 299W.17 14%.80 7716. (fl 271... 74.6A fg. 62 .
15.0? 129A~ WWI73 14.1.60 ?704,(* X,87 75. ff P~.?

20 F 28.7( 7%7.!(, 14.4.40 w-* K 617 74. 54 pi ,99 1
25.82 131 -W 295.90 1498.00 WARR.* Fe6.14 73.,19 Fei. n78 5
.. 1,1.2 M W. 7. 147tA. 27 J .K4 A' 72.13 79.93 .
.T.W 131.20 ."77.81 146.2 2734.. 72.41 79..0 91.:

40.0 131A i .13.15 1467. * 27X*, "C,,.T 71.,Z 79.19 WA
45A IV. F( 1 81.7' 1461.0 2MI.08 ;".T T7(1 79,91
90A 131.11 .839.35 14MI.C0 2717. W4 29.5,. 72. IV. 70.94 .F

.02 J1J.( 29.44 146.0 27M.00 26.f 72.74 K4.47 %.71:
MO.2 131.( 2913, 1le: 1478.40 7787.116 25,.1 7J.3$ 79.52 .(.4

5.82 31.631 '0W./. 19 1469. 0 2721.0 25.70 71.44 7P.76 i.?f
AF2 11.f 29W9.,, 14(4.60 27711m 25.84 71.48, 79. 17 %.2-1
75A 11.68 2,99 ,6P 147.20 272,. t 25=940 71. J J 79.26 ,,71

sm 131.381 2"**.1 146P.21 ;725. ((1 29f, A 7%.11) f, f
mN 1 '1 Xi W 31.2p, 1W6.4( 0 2712.f* ;F,,84 7J.9(1 79.46 %.-

.RAI2 1,to I W. 43 1469,A* V111. (1* . 3.119 4, 1 51.
96.82 1,2.,* 317 .25 14r,.4e '741. Ki X..3'T 72.1 31 K/
100I.2 i J'I, f ,'1 .fq 145P. K4 , 1K. OB X-,21 7n..V Ff%. 7"9 ?A,,74

l f. 131,78 W.7.3 31463.6@ XI:.E* 2.45 74.A 1.74 % ,.,
1I0.0 31. I1l 2979.59 1453.00 "e8..1 * ./ 7-.\.56 el1.. .

11,4(B 1 2975.40 1457.0 7( 21.m* "If.,51 7.71 e.f*. C. .
J20.00 .6.1 .W.2. 49 1487.68 271.1 2.11 7..9 79.75
125.8? 1%..'0 V03.%. 14T.20 2746. K, ,6.7.0 71. fop 79.I. (."

7IV.2 1O I37 V6k2. 12 14,W Ice 2747, (P"* ;f.14 72.*F 79.47 *. C

1 5.82 I3'. I "IV 'W4,1 1479.6 ?7,4, I 26,49 73. f w*,79 .41
14W18 133.9(1 7Wf*1 J477.1*W 7-21KI "If,"I 72.9r, F 1i6E7 %4
1451 Ylv.6 W,,74 1472,4$ 2721Ki .*'i[I (Z' 7,.71' 7f(54

8A 174.2 W 3 21? 14M.7, 72w 7.77 70. 9' 7?-.5 .
JI.e 174..0 3 43.16 14 .60 77420. 2.46. 72,-..3 .47 %,4
160.82 134, AP WO,(117 1491.61 77.6* 25.91 71I.64 7
1i. f2 114. VV ,(177.1, 1494.4$ 727. (1 2'... 70.97 7f'.16.
17t.8? 11.9 315.93 1471. 77J5 214 ,'. 70. 44 77.91
17%.* 133. m IV1 7012 1464.4$ 7714.A* 26.11 72. 71 Fe. .2?

THE AVUERAGE FLOi. I3: 26. 2046 GPM
THE AIJERAGE SPEED: IS: 2717. 83 RPM
THE AF.ERFGE TORQUE IS: 1469.84 IN-LB

-06A/33



THREE HOUR PERFORMANCE TEST
CONTINUATION FOR PUMP M1350

THE AVERAGE DIFFERENTIAL PRESSURE IS: 3015.58 PSID

THE STANDARD DEVIATION OF THE:

MEASURED FLOW IS: 1.43617 GPM
MEASURED SPEED IS: 38.9641 RPM
MEASURED TORQUE IS: 33.4331 IN-LB
DIFFERENTIAL PRESSURE IS: 71.466 PSID

THE MAX. OVERALL EFFICIENCY IS: 77.2627
THE MIN. OVERALL EFFICIENCY IS: 70.4357
THE AVERAGE OVERALL EFFICIENCY IS: 72.7414

THE MAX. VOLUMETRIC EFFICIENCY IS: 85.3343
THE MIN. VOLUMETRIC EFFICIENCY IS: 77.9138
THE AVERAGE VOLUMETRIC EFFICIENCY IS: 80.4087

THE MAX. MECHANICAL EFFICIENCY IS: 91.0785
THE MIN. MECHANICAL EFFICIENCY IS: 89.,4808
THE AVERAGE MECHANICAL EFFICIENCY IS: 90.4488

AI



THREE HOUR PEF'FOCIIFIF4CE TEST

PUMP UrIBER Mi51 RUH HT Rfil-EL PFE'.URL FIL. SPLEE'

M 13513H

TIMF (kr'l FT DIFF PFc TO(-..F .1FP ri (u ("TfIj. W FFF IF FT [
MIN TF)P(F) KID 11-I P Ff$1 (ftl FIT.") 0)

0.1 K4 17,.7 VI ' 5, FA 4,38. 60 269., K4 8?. 4P, PJ3,, j .- '., K4

13.6p 12f:.7V W .1i .6 14f.40 2704. A 287P 81.74 W. 76
17.7 M 1,"9.3 "i I5 145. (8 2772, 0 2.% 81.42 Eel . '

27.70 I.6 3,'3W..I 14%1. M* 2r3T. 29,K' 8J.5-3 W8.41 92.1
7.70 1 3a.0 W4. 15 1441.0 27. W 7,. 876 p.1 .V 721!
32.4 m "T. 20 ,'1 .43 1448.1( 2"1*.1* 27,39 78.9 P4.60 9,.7;9
,57.71R 1314. 11 382.44 1443.L68 2004. (f 27. lb 77.7 r K.n1434
42,68 12. le16, 1443.00 2677.i ;.45 1..J.5 92.l .,5
47. 1 131.1 We. iA 1442.48 2674. OR 27.22 7e.,9 4.
52.P J3,4 1,2,77 1440.n 269S, 0 27.12 77.6 K .1 92.,,
57. (Z 132,I W82.22 14,W. F* 27K. 27.07 77.3f. K, .3 4
62.70 17180 ,W3.07 1431,K 724.1(4 27.42 78. 7 K,93 9,.1*
67.70 1 I.1 X1 13.45 147,60 271 F. K 2.,4 7q.52 K.,A 92.41
77,,I 1V. 1 ' 19.(. 14.Z,. 27,17.1 27.47 78. 2 8462 9275
77.70 1 IV.114 .W.9I4 148.1* 2.. 4 2.93 84.18. 94. P'.
82,6 1 .'1 .16IT.3 14.6. * 26%. m 29.47 84.3 9j. 15
87. 13 8 1. 1.144 1442.28 271814, 28.21 1*,IK.,3 X,7/.21.
.1.4 ,1428.47 1442,1 2717.- El .1 87.57 94. 2..,

9. 714 .3.4 7X'2.% 1440.0 2725,. K 3.2A 91.7 7', 71
142.717 11.1 3 119 q94 1442.44 272 1. M 29.5 8-.12 %.(4 ,7,I11
107,70 131.00 W4.14 144 .8 2710.10 29.54 P4,16 %.91 92'7
112.68 134.1 4.Ft 18.4. 4F 26,.O IV.*. WII.9 .S., I2 ,1.
117.68 IVA..1 32.56 147i.. 4 'Al%. I K '.71* 8q.F*l %.1F"S C 9.1
122.71m 1,%. 74 31422.1 1443.140 27 111c ll. 4 J 77.1. W43 ICA ~
J77.7 131. W. '22, 3 1 J441,40 2719.lo -7.7 T7.1* f, 21, 3,44
1,2.72 1J1.3 ,18.51 J1410.66 2731.1* 27,64 78.72 84,39
137 .1 11.00 3125.. 1475.1.4 77.'* 27.-' 77.59 8'.49 92.,&
142.12 13110 314243 1442.4 715.1 )7.51 A0. W. 84.48 '
147.714 131.* W.9.68 14fI,1* 277.1 27.f 78.5 7.1,9 9!. i5
152.7 7131.1, W. 34 J441. 1.27l1 9.25 W6, ,2 92,44
157.A8 131.(8 .4.37 1442.60 2,m. 282. 1 f. -In. ,f.5 1'.4'
16(12.8 13.1. I ,19.(f J5.14 7 78.1. 27.19 76.51, 83* 12 &'.1 I

3 167.(8 13.1 7P W7,43 J .444.1 273.9, 4 27..'7: 77.07 ?3.3T,, 9.43
172.70 131.714 3,24.,2 1443,68 27. W 27.24 76.1* F11. 12 9,-7
177,74 31. F1 W,7. 144.%* 2,2. K 27.75 7T.21 84.42 .f3

i I'.6.8 131.34 3,84.'49 1446. W I 711. (*0 27.F6 78.17 EX.79 92.17

THE FIJERFGE FLO.,I IS: 28.* 2782 CPI
THE i...EPAGE SPEE:. IS: 2710.86 RPM
THE AVERAGE TORQUE IS: 1442. 49 IFt-LB

J



THREE HOUR PERFORMANCE TEST
CONTINUATION FOR PUMP M1351

THE AVERAGE DIFFERENTIAL PRESSURE IS: 3024.42 PSID

THE STANDARD DEVIATION OF THE:

MEASURED FLOW IS: 3.40385 GPM
MEASURED SPEED IS: 41. 1493 RPM
MEASURED TORQUE IS: 15.101 IN-LB
DIFFERENTIAL PRESSURE IS: 17.4987 PSIW

THE MAX. OVERALL EFFICIENCY IS: 91.3726
THE MIN. OVERALL EFFICIENCY IS: 76.5585
THE AVERAGE OVERALL EFFICIENCY IS: 80.4261

THE MAX. VOLUMETRIC EFFICIENCY IS: 98.7134
THE MIN. VOLUMETRIC EFFICIENC"V IS: 83.1153
THE AUERAGE VOLUMETRIC EFFICIENCY IS: 86.9937

THE MAX. MECHANICAL EFFICIENCY IS: 93.0839
THE MIN. MECHANICAL EFFICIENCY IS: 91.7573
THE AVERAGE MECHAN I CAL EFF IC I ENCY IS' 92.434

'3

-.-- ,...-



THREE HOUR PERFORIANCE TES, T

PUMP NUMBER Il11. 52 RU14 N ,[ i' L, T Ik'HF.P'L IJRE AK. PFFEEV)

t 13523H

TIWF QM FT fIFF F TSS T(&F CTUE FI (M f'X I 1XI FFF 1F(H FFF
MIN TFI(F) SID IN-i FPf tli FFF(.) (.) Q)

0.00 127e. 60 29%,44 l4LN 56.E t96I 28.95 P1LO 89.98 % -
5.00 199.. 9% 1 19 146.N 27K, K4 ?,17 A 81.f9 P89, I8,CT

10.00 131.5 fe 95...F 146.96 T K34*. 3 91Fi 81.4 0 89.97 9.47
15.02 131..0 .t 9f. : 148.49 27J.f:.( ;9.14 4. K7 N9.39 4.41
29.02 13.38. 2 9.7A 1457.4$ 272.69. 1? f8.51 9.61 %.44
25. 02 132.2 29W.44 145.* 2709. 6 2K.7 i.t13 ft.4 1 .6.;
3.' 3 1.10 29(6.39 1451 271Q.96 28.42 79.54 87. 73.W.41
.13..w 2Iv. . 14 '6.20 2691.A 28.17 7.. 2 87.- W27
46.00 1 72,9 2.97.68 1451.4e 2.,2. 9 77.92 79,03 (.79 rt], f.
45.A j3. 9 0 3'614. 1446.68 77264. * 2P.2 79.14 W-.58 91.4?

133. 2998.38 1442.29 2731 I(e 1181% W.W 87.27 93 ,

.. 02 . 2W.1.71 1445.0 27.51.6 27.41 77t3 E..13 °4.0
6.02 134.6 2999.E.7 1445.2( 27 -p:, I' 28.45 78.74 ft..4 9i l5F
5, 13 2.9 7:0.47 1447.48 279;*. f e 28. 15 79.15 6., 04 91 . (6

78.9 132V.40 2997.4 1., 446.40 26294I*K 2&.16 79.81 87,34 91.36i
79.96 I3.38V 2992.42 1444.68 2682z. F n.96 2f, W.3V 87.94 91,.

13R 37. 1 1 .3A4 14.9. K 7729,* 2..7 79,93 87.46 1
(6.02 13.3 3961.17ill 1453,4* 78144 AIR22 7k.6 87.38. j~r
9.82 13.29 29 I.2"1 1449.20 "7(9, ( 2f.44 719. f 187,1 93 .
95.2 133.8 2995,09 145.48 2716. 4 2846 7.57 87.39 9104,

I1.96 13.70 3961.29 1444.20 2791 K2 W1. 79-.99 87.29 91.61;
IKABe 1,33.9m m9.101 1458.9 2697.9 2f1,8.20 79. 44 87.20 91.10

116.80 173. 78 M,$14 1447.4* 2e 1. 0.96 2p81301 88. 87W. 90 9L07Er
115.02 133.96c 2994.83 13451. 68 2691.96 28. 15 79.36 W7.24 98 .
12.02 134.96 2999.76 1454.46 2704.96 ,8.2 79..: 87.16 .CT
125. 2 134.4 2997. 14 J451,9 2712.96 28.31 79.23 7.0 4 91.A1
I.'.t 134.68 2998.43 1448.90 2715.96 2.27 79.29 W. F4 91.;13
IT. B J,4.38 29.57 1454.60 279. 28.41 79.49 87.45 .9.c
140.00 134.3 .14 1449,48 26.8.. 2 8.2.. 119"1.7 91.873
14,8.2 134.2 3'1.J9 1442.4 0 .96.- , 28.07 79.9 87.07 9,
150.07 134.46 3 W 71 144 .40 2716..28137 7%69. 0,11 9,7
1i.F2 134. 6 W93. 97 1448.46 2727.96 28.5 79.79 87.25 91.433168.96k 15. 10 2999.531 1446.6 2a 72(4.9K 28.46 79.7 87- .26N 91.41
1 (5.9 1N"7. 46 " IQ J447.9 2729.9 0 29.5Q 79.69 87.16 qJ .47
170.02 1.l .92. IF 1458.60 773.96 I;.47 79.57 87.2 91.24g 175.02 1,. o 299.47 1 448F. (a 7712.96 2. 79.51 87.6 W 9-,

9 THE AVERAGE FLOW 15: 28.4585 G3PM
THE AVERAGE SPEED IS;: 2710.58 RPM
THE IVERHGE TORQUE IS: 1450.04 IN-LBI

,-j. .. p --.



THREE HOUR PERFORMANCE TEST
CONTINUATION FOR PUMP M1352

THE AVERAGE DIFFERENTIAL PRESSURE IS: 2996.58 PSID

THE STANDARD DEVIATION OF THE:

MEASURED FLOAW IS: .892222 GPM
MEASURED SPEED IS: 49.2194 RPM
MEASURED TORClUE IS: 11.925 IN-LB
DIFFERENTIAL PRESSURE IS: 14.046 PSID

THE MAX. OVERALL EFFICIENCY IS% 81.6057
THE MIN. OVERALL EFFICIENCY IS: 78.7347
THE AVERAGE OVERALL EFFICIEtCY IS: 79.7804

THE MAX. VOLUMETRIC EFFICIENCY IS: 89.9798
THE MIN. VOLUMETRIC EFFICIENCY IS: 86.0362
THE AVERAGE VOLUMETRIC EFFICIENCY IS: 87.5564

THE MAX. MECHANICAL EFFICIENCY IS: 91.7544
THE MIN. MECHANICAL EFFICIENCY IS: 90.2739
THE AVERAGE MECHANICAL EFFICIENCY IS: 91.1066

4

Ag
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THREE HOUR PERFORMFIC:E TEST

PUMP tI1UMBER M Z -  RUtHI AT RATE., F-RE 2.LU . F t-il -FLL.'

!'1353-3H

T1 C. TM f DIFF FWSS TQRIF 5T7FD [1CM (om I l FIT WFI FFF
NiH TFW(F) P1%D IH-L8 Ff ( FFF(%) (%)

0:.9 138.98 29W1.69 1459,20 2781.% 2P.49 79.65 87.97 P7,4
4.98 128.19 299I2.41 141.98 278..08 n.7 ?9.57 F. 15
9.98 129.98 29.98 1468.40 2692.98 28.41 79.7 96.0.

14.98 1 3.8 I.Ef I J452.60 27JI.98 2.. 79.9- 87.65 91.7
N.00 132.4@ 2998. 4 1454.4 2.8 28.. 79.34 F7.2. 9.:F*:
2.9 13.t8 2995.15 1450.20 2744.90 28.48 78.61 8..2 91Sf'
X8.9 134.9 M . 4.3 1450.980 272.9 28(f. 78.37 W.4 q31

3.8 1.1 296.72 1451 I. 29 2716.00 27.02 77.21 84.8K 915*A
4.~. 13.9 29.90 1 4 5.K 278F9. 9 27.42 76 . 84.4( 91.'
44,98 134. W , ,,1 1458.68 274. 9 28,46 88.19 87.7 91,34
49.98 134. 2976F. 145. 40 2713.98 ?P.68 79.24 7.92 90. 11
.. 98 I.'Z. 1 W13.75 1451.40 273'.8 77.57 77.11 K 22 91.54
8.F 1.8 @ 813.28 1455.40 2741.08 27.71 76.96 4.31 9 "[:1
5.98 136.19 112.98 1449.f8 27588 -.718 79.19 %6.42 91. f , I

7.9 . .Wi7. 66 145. N 2711 .9 27.J4 77.% 1.,. 64 91X.Q
715.8 13Z.- I J. 1451.69 7704A. 32.91 97.66 ll.. 91. ".
7q.98 135.20 Mg34. 13 1448.98 2E*.. (8 32.51 92.22 .i8.7 91.41
84.8 1,3. 70 VIM. 2 i 1452.29 2E*. 98 29.42 P0.97 %.94 91.;?
89%98 17f6.9OR 31j229 1451.2@ 774, (f, ;?.,4 PA. E0 9.3 9)1751
94.% 136.0.. ,'9.. 145.40 2732.98 1,28.55 79.48 87.16 9.1:
l8.98 1.2'.. .V11.f2 1459.0 2742.98 28.6> ,..2 7.% 98.
19I8IV 13.9 .13.24 1454.20 2711.98 28.47 E:.98 87.56 91.35
1108 135.38V V.14.77 1457.48 2698.98 2, . 81.6 892 91.A2(
114.98 1V5.3 ,L.9 14%.if98 25.9 8 2..2 98.18 87,"4 P4."
119.% 135.9Ice V19..5 1456.6. 271.98 ':.98 81.77 9.46 93.3$
124.98 1 1 3015.13 1457.6 27J2.9 BO. 1.8 7..79 91.19
129.9 0. 16.8 309.7 147.9 270. 2;.83 8.67 SR.29 91.71
13.9.8 336.4 3010.89 146,.2 27A.9.8 28.84 W.04 0. .7?'

148.9 13579 382.32 1462.48 2&t98w 28. 15 7.8 8.09
145.A 13.2 V13.84 1456.98 2789.98 28.93 81.29 9.07 91.'
149. 9- 135.98B V 381.9 1F J458.2 20 1697.98 295c*. 8 1.9 sq. 86931
154.q8 135.68 V814.3? 146.29 2789.98 28.43 79.49 87.51
I5%98 J36.40 3813.31 J408.40 27,10.9m 28.71 1%.09 Fe.. m9CC%
164.9p 13. i J1 .% 145.98 7 . 28.43 79.13 86.9 916.%
169.90 136.f0 3815.24 1462.M 278.8 29.27 81.91 9.12 9.87
175.0 135.48 V815.71 1463.49 27K,.9 28.92 81.02 9. 17 9.7

THE FIVERAGE FLOW I$: 2,8. 720,4 P"N
THE RUERAGE SPEED IS: 2714.36 RFPM -
THE AIJERAGE TOR(.!UE I'-: 1456. 14 I..I-LB
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THREE HOUIR PEF- JMHtNCE 1 EST
CONTI.NUA~T I ON FOP PUHFMP 3

THE AVERAGE D:'IFFERENT IAL FRES.:$URL PSID~

THE STAN4DARDE ['EO)IAT I C't- OF 'THE:

MEASLURED FLOW.. IS: 2. 8~62t- CGFM
MEASURED SPEED' IS: 4 1. 1 ',' R P1M
MEASLIREE' TORUE IS: 11. 4064 It N-LB
DIFFERENTIAL PRESSURE IS: 25. 052x.:4 R3SIL

THE MAX. OVERAILL EFFICIENCY IS. 92. 662t6"
THE MIN. OVERALL EFFICIENCY 7 E.. &- I
THE AVERAGE OVJERALL EFFICIENCY" IS:'8 0 9I1

THE MAX. VCILUM~ETR.r EFF ICIENCY I:10 1. 49?T
THE MIN. VOLUMETRIC EFFIC.IENCY. I S" 84. 2O244
THE AVERAGE 1''OLLtIET RIf C EFF IC IENCYI, 88&. 2483

THE MAX. MEC:HANICAIL EFFI( IENCY IS: 91.I51
THE MIN. MECHANICAL EFFICIENCY% IE. S 0 1074
THE AVERAGE MEC:HANICAL LFF ICltENC'l :Y 1: 91. 0552.r:

& -A;. .... ..



-r

THRF EE "I-I.. F1  E: v_'_ i L"-,I-

PU PF H!_IIE:EF' 1 ' . _i ' _ _ . :. it L" _- 4

r,11 .J5,4. ,H

TIF (Rl FT D1FF PFi5S TCCA!F IfFl: I-t i (OJF<I I W FR MEi FFI
MIN TFIt(F) [11 If-I F' FFm i-t! fFF'. . '

Fl. OR 127.71 1.9q7 ,@0 14%6. 4 I 'Ail 7., *
4.9 129.,* 2992.26 3454.40 21129A ?W1 1I ;.," 1,.,
9. * 129.,8 29 9%. WO4 52.4l ,. A, C 81.3$ 3 8 Qo 9,5

4,9P 1 ,19, w 2%1,, .1 452, 40 127-.f, J0 2.0 14-1, ,2 0 .8 4f,,

,1@8 129,,4 2,61.87 145.48 2710, ;if, 'Ire4 cf, 79.4 95 ,,A
38.5* 332.8 7*.6? 1444,0 716f.0 K4S' 9.3

132.38 e 997 344.2 A70 f1.8( Ef.40 9 .1
40,@@ 33.38 29W7,53 3447.N4 27%T ei 27.95 759 ft..2 I7,7
44.98 131.5 . 219 1451 .W 26TI( ; 28.33 ZZ.72 7.75,, f,'. ,t
49.98 13v5 I 7e*3 I. 1449. M Y*Cl.5* 06 8A.fW 79.01 P-7.;/ 91.It
54.9R 33V. .3 'W.. 78 1453.6 P 7I014 I ( 28.18 79. V, 87.81 .1q
59.9, 131. W*4. 14@4, 04 2716.. ( 2?.,Q 79.22 7.46 %. ,.
Ki.5*P 1*33.28 W*.8.71 1456.20l 27f'M. (l.e 79.31 W7. 38 931
70.8 33.M 383 0 1 .45 1455.EW 76%, 1 O Ae. 27 79.73 Eq.39 r4l II
75.t0 132.20 ,W, 52. 145W,40 2Y.FC,1i 2l.17 79.45 87.48 8.9
79.9 172.28 Wf,. 47 J452,40 7W.3 CIO ;121 79.49 87.09 X,
P4.98 I3270 ,5*2,9 1457.60 2760,,f' Ki 8.54 79.92 7, .98 .,
89.98 333,. , 381.9 It, 721.- 78.97 81.09 -87
94,. 7 33.40 3814.37 1459.20 7-A44*' 28.58 79.47 07.26 91,1 (
9,98 13340 7,A7, 1462.40 27r1'. 2.4J 78.* ff.90 .. R

394.98 ,"2.,* . 3, ., 14W.20 27.* 2V I15 ., JI781P2 ., .8,
I1.5 132.7 I3VI(I(hf.70 1456.20f 165*5* OR 281.1f 79. 45 87. 30 C935*
115A * 33,48 812 .3 1460, 2698.5* 27.9 ,-9.19 80( 9,7 ,%'
12p.ep 333.5 R 7.14 1457,60 2691.A4 I8. k,13 79.29 r,16, 9.,
J25.00 133.18 W5*9. .25 1454,5 26,197.,* 4. 21 79,54 87.2.1 93.

1385*~~~,77 11.2 31.19 r412 27-5 822 7.9 9.93
13.8 17.1 7".i7 1459.60 204 .*'1 7T.26 I-T,24 87.21 Cm,,
139.98 I1A 7.5* ft18 34654,$ ;Ws.5* W1l 78.6 :7. 18 9
344.%98 332.EOf WE*71 14(Z., (f7ff 2.1 795q*K 18w7I? 9.1167
149.9P 17,28 38 13.36 14f4, 271. , 8.k;, 9 98, 2,o.

.... 1 .%,,, K,- r1

134.5'T," 7*r* 1412 775 86 944 W7.47 987 1

T. E 13.8 W_*.15 1146"0 27f 21 76.9'M
'7.* 33.Fe W1151 1459.A0 269. 219 11 79q.28 07,30 90f. 1%

L 35.* 32.0 ~ .8 45?8,M ;U15 7%. 7917 87.3J4 98.7I4F
38.* 133.28 383.11 1457.40 C,6.( CC.3 _70929 8 17. C11(f

THEA''EAG FOW IS 2..: -w' U-v1

THE AkJERFGE TOR.UE IS: . ,IN-LE:

THE RUEPAGE SPELL IS: 2v04.1 II 'H

- 'A *A-



THREE HOUR PERFORMANCE TEST
CONTINUATION FOR PUMP M1354

THE AVERAGE DIFFERENTIRL PRESSURE IS: 2999.72 PSID

THE STANDARD DEUIATION OF THE:

MEASURED FLOW IS: .859779 GPM
MEASURED SPEED IS: 38.739 RPM
MEASURED TORQUE IS: 14.0293 IN-LB
DIFFERENTIAL PRESSURE IS: 59.1208 PSID

THE MAX. OVERALL EFFICIENCY IS: 32.0616
THE MIN. OVERALL EFFICIENCY IS: 75.9534
THE AWJERAGE OVERALL EFFICIENCY 15: 79.3962

THE MAX. VOLUM-lETRIC EFFICIENCY IS: 90.5707
THE MIN. VOLUMETRIC EFFICIENCY IS: 86.3216
THE AVERAGE VOLUMETRIC EFFICIENCY IS: 87.4405

THE MAX. MECHANICAL EFFICIENCY IS: 91.5533
THE MIN. MECHANICAL EFFICIENCY I : 87.9745
THE AVERAGE MECHANICAL EFFICIENCY IS: 90.7854

/!



THREE HOUR PERFORMANCE TrEST

PUMPP HUMBER M2:"55 FPUN AT RH ilED I'FLZ. SLIRE AD SPEED

TImn nMF ir rntFS TI MU F W )rli (Wai ri rr Mw: F,
"NH Tflt(F) KSID IN-i- Fl 01 Cf FFR%) M ~ (-,,

0.1* 126.6 m991S 1439.4 W00 M. 584 Ell. 15 %IX2S*.lk
9.02 126.68 2995.3 17. J4 3-.(* 7M0.1 R38.3- 1 P. % 91.165r ~ .74
9.38 126.98 M; 1.44 J17.68 795.1* 80? 0.21I 91.104 1%

14.9 1720 ~.I.% 1442. M 21*.1 38.1O J4 Wde2 1,79 1/
19.98 128.4 WWI3.Il 142%.60 C031% 80 81.67 WO)1 17

A8.(0 128A1 3IS* 1437.A 281.11 B9* 8.25 89. 54 W 1
3.1* I 181 WWI -T. MC 144.2 81 (t. K"38. 14 82.28 9077 984
41.08 128.7 10.3 1439,04 M13.06 31 82.43 91.0 .5
44.98 128.5* 989 1441.1* W13.1 38 I.1le 82.73 98.98
49.98 129.3 7995.74 1443.20 21.1 1 38.27 81.90 W179
54.38 1AM. W, 7(45 1446.40 2 r2. 381.31 81.8? 98169
680.1 1i29.48 29964,(4 1442.10* 2811*f MA.1 (2. OR 9@. 89CA
65.1* 128.%8 29 I43k,.1 2~776.1W 38.02 82/.92 91.49 1.62
70A1 129.1* WQ.51 J443.48 AM1.1 382J8.2 K,8 3
75.I02 1.79.1* 2995.10 1 441.40 21101 1. 12 82.13 1.q6 .
MAP9 J29.60 31*1.16 1443. M 2816.1*ic 3.;'32 r/.(6 1.83
M4. 9P 13.1* .1K*.27 1443.18 M5~.00 3Y' EQ. 16 98.94 9C
89.98 170.38 2994.1I1( 1442.48 "CIT. (( 30,44 82.16 19 %8. ->

J5* 19.,48 'WI%*..1* 1444.20 72(0.1 K!.4 82.7M 91.0 .4
l160A 129.48 IWI 3441.26 K11 3 8.24 82.29 %I.* C,
1.88 128.70 29W2.3 1443'.40 MI1..1 38.Ifil15 81.90 91 56 ,

189.98e 124.48 W41*:43 145(0.29 211* f..52 E (41 91.10 914
11J4.98 128.K* W, 1'73 J144e.1 282.1 7.8.-IK4 3C49 frl..7 91.38 ",
319.98 1294A 7, (. 1442.A 2M74.W -4. 3.P8 PO.11 910.70
124.98 129.4 76~4,14 1 446.20 XW4.1 38.ik46I 81.57 W6.17 rlk
138.1 128.1* 7-s4.A 144f-.1 K 11 38.I .23 81. 56 144(
13.1 o 128 .706 2998. 91 :445.1 M "11.1* k 38.1 81.87 Tel7 917
J140.1* 128.60 2 8.9 1447.40 A *(I 38.0 1 81.36 19 T
144.98 129.204 2998.7 1445. 20 2W3.1*Z- 38.2 1.79 %,7' Ce 4

129.2 FO29?C4.22 1446. K x 23.1 Ki 5.44 E1l6 1.8
154. 98 129,4e W1I.(Z 1447.16e 2,C44. 1*1 38.5 81.831 %1.7X6J

*19.98~ 129.4 WI 31(.1 1 450.20l rM 28Z1 "IP.35 8175 1221-
P114.98 128.K* w I1'7 .1446.2e 26v4.1 (fl.3. Z 2.K2 %.97 98A.I1f

178JO 128.7 2%7.T? 1446.20 281 , 4.1 3l.25 W1' 91{ 71.85
17510 32860 29%6.87 144C.1 1114.1 0 370.(4 81.?t A. %.Al 8K

THE AVJERAGE FLOW IS: T10. 6~ F Mt
U THE RUERFIGE SED IS: 23:16.:. '4

THE AVERAGE TORQOUE IS: 1 4 4: 0) 1-Lb



THREE HOUR PERFORMANCE TEST
CONT.:FI TION FOR PUMP M2355

THE AVERAGE D IFFERENTIRIL PRESSURE IS: 2998.73 PSID

THE -TANDF-.) DEUIRTION OF THE:

MEASURED FLOW IS: .4:37382 GPM
MEASURED SPEED IS: -7. 7624 RPM
MEASURED TORQUE IS: 10.0416 IN-LB
DIFFERENTIAL PRESSURE IS: 13.4284 PSID

THE MAX. OVERALL EFFICIENCY IS: 83.1462
THE MIN. OVERALL EFFICIEtI:'Y IS: 81.1122
THE AVERAGE OVERALL EFFICIENCY IS: 82.0407

THE MAX. VOLUMETRIC EFFICIENCY IS: 92.0641
THE MIN. iOLUMETRIC EFFICIENCY IS: 89.4943
THE AVERAGE UOLUMETRIC EFFICIENCY IS: 90.8504

THE MAX. MECHANICAL EFFICIENCY IS: 90. '257
THE MIN. MECHANICAL EFFICIENCY IS: 89.7018
THE AVERAGE MECHANICAL EFFICIENCI-il IS: 9u.2886

!6



THIREEr HOUR PERFORMANHCE TEST

PUPIP NULMBER r-23-56 RUN FIT RA:FTED: PRESSURE ANDE SPEED

1 2356E31

TINi (AM F D1F PS T(WF qm F owI 'Xic Fr tI ~
MIN Tflf(F) KIK1-is (PM FITG'.)

0.0 J37,~fA W7,3?40 147.04 779.f V-69 fo'.99 T/,79 ?11

lim 13*.A1e W I K. 14$?F$ 2A1 li.IP. . 777 T/. ci

134 % @ e.%i 1495, W ?P.41 0 71.4V, V2.97 TI.-/ r!'Q

VIA~ 1111V 3w.( 1 ? 4J..40 R9ee I IP4f. 9r,2 f..qq T, I
12,7 37. 4 1489A WR.~ 3A4 P.2.94 q..

40,M1 134,. W W, C4 1484.4 7W. Fe %15 P.7-37 T. 78

E(4, FO 29JOP 2m9539 119. 4 201AE~ A N3. P.2. (A 91.6 ? 41 1
65m 1160 2PW?.94 11%. f 7(fft M 3 E. 17 fl?, 22 91.E.- ": ' ,
7,FO 17.1f M979.1? 1443.20 7792A~ WR.1 PO. 83 9J. 44 f.9f
7A 129A(4 29?E.% 1477A( mm A74.4 P.1,41 91.41 Xc21
M102 174 7911 1 4V,. f, 28.19AI A(41 8.1 &S 91.77 C-4
f$.,3o I' V 9q 1 77 145. P.J* 7F .Fe 74.44 F.1.52 91.41

134.3(4 N04297 4 6 ?7Nd% 3B.14 8. . 4 "cs e

9IA 1 "Wi@q 3'f(3* IT 1J400.2 60 7%.E*W 291%P ?.1.& Pi 73
IN/ 13120 IWO, K9 J478.,%4 2(77P.*04 3*q.25 el.fil 911

Iff(Fe 11 102( 117 1 69 J45(.70 729COR(* 3(4.3? i r.1% 93.17

17A1.44 Wf43*1.3*4 1474. ? ..K V.,19 841.3'4 91. f i
11(1 '11915. F 14?1.(M 77%.f%4 3(4.2 p4.39 91.3;' , ~

i'3IM 1-1,0 C4. c 1411.0( W. K4.2 p4.7?. 91.444.1

140. M 1 -l 47'.%, ;l 2FI. IK4i K1. 6 91,09111-

1 I. * I f '~ 147. M "rr.P "7~ )8. 4 W1.3 Ki 'If

''4Ydo W' "P 147.* 27,;.fIW 794.T, P.1% 9JX5(

170.10 'A P1,4 .7<1 f .K 1 k 1

1.f ''4 .'f* ?l I ff4 7~ 'N-Fl-4LE(

4N.



THREE HOUR PERFORMANCE TEST
CONT I NUAT I ON FOR PUMP M2356

THE AVERAGE DIFFERENTIAL PRESSURE IS% 3807.87 PSID

THE STANDARD DEVIATION OF THE:

MEASURED FLOW IS: 1.11131 GPM
MEASURED SPEED IS: 52.3431 RPM
MEASURED TORQUE IS: 79.5369 I N-LB
DIFFERENTIAL PRESSURE IS: 155.683 PSID

THE MAX. OVERALL EFFICIENCY IS: 83.3521
THE MIN. OVERALL EFFICIENCY IS: 81.3094
THE AVERAGE OVERALL EFFICIENCY IS: 82.1171

THE MAX. VOLUrETRIC EFFICIENCY IS: 93.2489
THE MIN. VOLUMETRIC: EFFICIENCY' IS: '0.t,234
THE AVERAGE UOLUIMETRIC EFFIC:IENCY IS: 51. 6,'6

THE MAX. MECHANICAL EFFICIENCY/ IS: 90..
THE MIN. MECHANICAL EFFICIENC' IS: 8. 850o 7
THE AVERAGE MECHANICAL EFFIC IEINCY IS: 39. 503

444-..



- I ILHF j[&F41B.4 -fl iiHP.tjLi'LiI4..

H41jii "I411J: 3H1 V Fi i :- L -:. ~IF:. H

Tiff R(uTI FT DIFF MP"7T T7f!~ IF C*J (OfAT: Ff I 'At FFT rf'
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I HF<LE HOtUR PEPFUCRMI-tt4E TEST
CWl1NIHTI1 N FOuP PUMIP P143Y:7

THE FiU.ERAcJE D:IFFERP-141I1HL PPE'SSUPL IS: :M49.65 PS It

THE S5THNDiAPL L'E',J.'I- OF (1-HE:

r'EASUREL' F LOW' 1 '-:-- A-.caPM
MEASURED. S.PEED'I 9 i;*-j3%1 P*
MEASURED. uTfURGE IS: 17 38IIH-LB,
D IF FERENTI I L PPES--SUPL 1,--: 23. PSI L

THE MA.OVER ALL -FF IC.It':t-4:Y 1Q 4. 416~5
THE P1I1N. OVER AILL EFFIC1ENC:Y 1$ 7b. 2 18
THE AUJERAI3E OIJER AiLL F*FIC:1.N-CY IS: 79.0743

THE MA'X. lJOLUMETR IC: EFF 1C:1EU4 I .: 95. 85Z36'-
THE MIN. '.JOLUMETR1C' EFF IC.IENCY IS 85. 09*1'
THE A'UERAGE IlJOLUMETERIC': EFFICINICY 15 89. 660~2

THE MA';.-. MECHANICAL EFFIC-lENCY 15,8 560i2
THE MI. MECHANICAL EFFICIENCY 1S 87.7248
THE AU~ERAI3E MECHANICAL EFFIC1~tAL, I1. 88.180



THREE HOUR P'ERF'lRt1lFlt4C.LT
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THE RIJEPAGE FLOW~ I S: ;e1. 33 0E,64 G.FPill
THE A'..EPAGE SPEED IS 2i 1- FMP
THE AUl.EFGE TORQUIE 15: 1,445. 7'? 14 -E



THREE HOUR PERFORMANCE TEST
COIT I NIAT I OtN FOR PUMP M,2358

THE AVERAGE DIFFERENTIAL PRESSURE 0: 3001.05 PSID

THE STANDARD DEVIATION OF THE"

MEASURED FLOW IS: .627171 GPM
MEASURED SPEED IS: 40.6842 RPM
MEASURED TORQUE IS: 15.7876 I H--LB
DIFFERENTIAL PRESSURE IS% 10.7-302 PSID

THE MAX. OVERALL EFFICIENCY IS: 83.6181
THE MIN. OVERALL EFFICIENCY IS: 81.4985
THE A.ERAGE OVERALL EFFICIENCY IS: 82.2321

THE MAX. VOLUMETRIC EFFIC:IENC' IS: 92.3989
THE MIN. VOLUMETRIC EFFICIENCY IS: 90.0101
THE AVERAGE VOLUMETRIC EFFICIENCY IS: 91. 1617

THE MAX. MECHANICAL EFFICIE NC:,' !1S: 91. 0539
THE MIN. MECHANICHL EFFICIENC'.' --S: 89. 61 5
THE AVJERAGE MECHANICAL EFFIC:IEiC'' IS": 9U.1899
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THRPEE HOURIF PE RFIRMFIHOE T EST
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THREE HOUR PERFORMF4CE TEST
CONTINUATION FOR PUMP M2359

THE AVERAGE DIFFERENTIAL PRESSURE IS: 3046.3 PSI

THE STANDARD DEVIATION OF THE:

MEASURED FLOW IS: .532485 GPM
MEASURED SPEED IS: 28.3292 RPM
MEASURED TORQUE IS: 83.1016 IN-LB
DIFFERENTIAL PRESSURE IS: 17-.298 PSID

THE MAX. OVERALL EFFICIENCY IS: 85.0635
THE MIN. OVERRLL EFFICIENCY IS: 75.2587
THE AVERAGE OVERALL EFFICIENCY IS: 81.2206

THE MAX. VOLUMETRIC EFFICIENCY IS: 91.4761
THE MIN. VOLUMETRIC EFFICIENCY IS: 88.9577
THE AVERAGE VOLUMETRIC EFFICIENCY IS: 89.9833

THE MAX. MECHANICAL EFFICIENCY IS: 94.3069
THE MIN. MECHANICAL EFFICIENCY IS: 84.4059
THE AVERAGE MECHANICAL EFFICIENCY IS: 90.2454
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THREE HOUR FERF ORTIiNICE IL SI

PUMP NUMBER RA~UNF3 r-l f; FLL V1 Ur fit' SPELL
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THREE HOUR PERFORMFO-ICE TESI
CONTINUATIOl FOR PUMP P12360

THE AJERAGE DIFFERENTIAL PRESSURE IS: 3052.99 PSID

THE STANDARD DEVIATION OF THE:

MEASURED FLOW IS: .. 6014 GPM
MEASURED SPEED IS: 69. 1157 RPM
MEASURED TORQUE IS: 11. 5566 IN-LB
DIFFERENTIAL PRESSURE IS: 16.8392 PSID

THE MAX. OVERALL EFFICIENCY IS: 7B.3429
THE MIN. OVERALL EFFICIENCY IS: 76."008
THE AOVERAGE OVERALL EFFICIE1-CY IS: 77.6032

THE MAX. VOLUMETRIC EFFICIEHCY IS: 8?..265
THE MIN. VOLUMETRIC EFFICIENCY IS: 85.4558
THE A JERAGE VOLUETRIC EFFICIENCY IS: 87.243

THE MAX. MECHANIC:AL EFFICIENCY IS: 39.7824
THE MIN. MEC:HANICAL EFFICIENCY i5: 88.385
THE A'JERFIGE MECHAIICAL EFFICIENC'Y IS: 88.9362
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THREE HOUP PERFORPMAICiF TES-.-T
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THE A k'EPAGE FLIDW Is: 29. 3998 OIPP
THE A' 'EPAGE SPEED IS: 2,814. 63 RPM1
THE FIUERAGE TORQUE IS: 14.18. 1'7-: IN-4-LB



THREE HOUR PERFORMANCE TEST
CONTINUATION FOR PUMP M2361

THE AVERAGE DIFFERENTIAL PRESSURE IS: 2900.74 PSID

THE STANDARD DEU IATION OF THE:

MEASURED FLOW IS: 1.01312 GPM
MEASURED SPEED IS: 65.4127 RPM
MEASURED TORQUE IS: 116.375 I N-LB
DIFFERENTIAL PRESSURE IS: 252.965 PSID

THE MAX. OVERALL EFFICIENCY IS: 81.0595
THE MIN. OVERALL EFFICIENCY IS: 74.2203
THE AVERAGE OVERALL EFFICIENCY IS: 79.8946

THE MAX. VOLUMETRIC EFFICIENCY IS: 91.2801
THE MIN. VOLUMETRIC EFFICIENCY IS: 88.5828
THE AVERAGE VOLUMETRIC EFFICIENCY IS: 89.8832

THE MAX. MECHANICAL EFFICIENCY IS: 89.5262
THE MIN. MECHANICAL EFFICIENCY IS: 82.7113
THE AVERAGE MECHANICAL EFFICIENCY IS: 88.8721
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THE RIJERFIGE FLOW IS- 20.426E3- GPM
THE A'l..JERFIGE. SPEEL. IS EDO S. £13 RPMI
THE FIQERFIGE TO'RQUE I S: 13 0 .8. S_:2 lb-LB



THREE HOUR PERFORMANCE TEST
CONTIHUATION FOR PUMP P13362

THE AJERAGE DIFFERENTIAL PRESSURE IS: 2493.44 PSID

THE STANDARD DEVIATION OF THE:

MEASURED FLOW IS: .233792 GPM
MEASURED SPEED IS: 18.7135 RPM
MEASURED TORQUE IS: 33.9763 IN-LB
DIFFERENTIAL PRESSURE IS: 50.8823 PSID

THE MAX. OVERALL EFFICIENCY IS: 80.0583
THE MIN. OVERALL EFFICIENCY IS: 77.9157
THE AVERAGE OVERALL EFFICIENCY IS: 79.1449

THE MAX. VOLUMETRIC EFFICIENCY IS: 85.7151
THE MIN. VOLUMETRIC EFFICIENCY IS: 85.3376
THE AVERAGE VOLUMETRIC EFFICIENCY IS% 85.5652

THE MAX. MECHANICAL EFFICIENCY IS: 93.4843
THE MIN. MECHANICAL EFFICIENCY IS. 91.2879
THE ROJERFIGE MECHANICAL EFFICIENCY IS: 92.4814

!
i-

I



T HREE HOUR PEFFOPMRAC:E TEST

pjl~r' tK.U1EJCF- RUH~ HLNFT FfiTED FRE.S~3L'E FINE' SPFEED'
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600 31.00 2495.25 j1311.0 181.0 21."4 82. Is.99
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MI.0 co 9.1* 2refi3.91 132-1,4A 18)9.00 21.(i W116 8735 91l

C i e .0 2o 1 2 8 .0 0 9 ' 3 . 1 3 1 3 .4 0 1I 2 0 2 0 .8 7 0 0 .7 8 7 .2 I9 2 .2 , j
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jIf 12%.2 'Ie ( If- 4: 7,, 1.6 17-IP .00'4 f(4,~ 019 p78 -, K,

110.00 1.20 74%.2r/ 17X,'4@ 1 %, (f 70. 79.% 87.? 9.
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-3.0 2.3V 297. (W 131M.;$ 17.0 K4.5 7 I6. ft. 91
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£THE FI'.JERAGE FLOWk IS: 217-1 000~3 ciF"r1
THE R'JERAFi3E SPEED IS: 1 E.10. O1'~ F.1sTHE RI..JERFIGE TORQUIE IS: 13.21 .2 3 IN--LB



THREE HOUR PERFORMANCE TEST
CONTINUATION FOR PUMP M3363

THE AVERAGE DIFFERENTIAL PRESSURE IS: 2498. 16 PSID

THE STANDARD DEVIATION OF THE:

MEASURED FLOW IS: .822398 GPM
MEASURED SPEED IS: 27.2131 RPM
MEASURED TORQUE IS: 21.3082 IN-LB
DIFFERENTIAL PRESSURE IS: 18.8692 PSID

THE MAX. OVERALL EFFICIENCY IS: 82.8417
THE MIN. OVERALL EFFICIENCY IS: 78.2644
THE AIJERAGE OVERALL EFFICIENCY IS: 80.669

THE MAX. VOLUMETRIC EFFICIENCY IS: 89.7836
THE MIN. VOLUMETRIC EFFICIENCY IS: 86.0946
THE AVERAGE VOLUMETRIC EFFICIENCY IS: 87.872

THE MAX. MECHANICAL EFFICIENCY IS: 92.532
THE MIN. MECHANICAL EFFICIENCY IS: 90.7269
THE AVERAGE MECHANICAL EFFICIENCY, IS.' 91.7848

/46



TI-Hr.Fr HOfl!JF PRFRMANCliTE TEST
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71 /' 77,24/jpI- 34 0 1% i A.4 7,( I,1r



THREE HOUR PERFORMANCE TEST
CONTINUATION FOR PUMP M3364

THE AIJERAGE DIFFERENTIAL PRESSURE IS: 2514.4 PSID

THE STANDARD DEVIATION OF THE:

MEASURED FLOW IS: .587062 GPM
MEASURED SPEED IS: 39.5665 RPM
MEASURED TORQUE IS: 29. 2206 I N-LB
DIFFERENTIAL PRESSURE IS: 34.6535 PSID

THE MAX. OVERALL EFFICIENCY IS: 81.e158
THE MIN. OVERALL EFFICIENCY IS: 76.5905
THE AIJERAGE OVERALL EFFICIENCY IS: 78.0241

THE MAX. VOLUMETRIC EFFICIENCY IS: 89.5002
THE MIN. VOLUMETRIC EFFICIENCY IS: 85.6786
THE AVERAGE UOLUMETRIC EFFICIENCY IS: 86.9087

THE MAX. MECHANICAL EFFICIENCY IS: 90.5967
THE MIN. MECHANICAL EFFICIENCY IS: 88.9852
THE AIJERAGE MECHANICRL EFFICIENCY IS: 89.7608

4
4



THREE HOUI.R FPEFRFORNAflCE -TE,-.T

F'LIF NUr1EER RI3 FUH4 fa FnrLL. FF'i...L(L Flf4b' :.'LL

TIMI (krfl FT DIFF FW'f TCOf&F qfrJ1!TT (T I 'XI fff AIl FF
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45,R? 134.2V( T IV7. FI 1441.69 179, K A9.4 74.77 R. J 4
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THREE HOUR PERFORMANCE TEST
CONT INUAT ION FOR PUMP M3365

THE AJERAGE DIFFERENTIAL PRESSURE IS: 2515.78 PSID

THE STANDARD DEVIHT I ON CF THE:

MEASURED FLOW IS: .618401 GPM
MEASURED SPEED IS: 31.2346 RPM
MEASURED TORQUE IS: 37.474 IN-LB
DIFFERENTIAL PRESSURE IS: 30.8529 PSID

THE MAX. OVERALL EFFICIENCY IS: 75.2866
THE MIN. OVERALL EFFICIENCY IS: 72.1508
THE AVERAGE OJERALL EFFICIENCY IS: 73.372

THE MAX. VOLUMETRIC EFFICIENCY IS: 89.5328
THE MIN. VOLUMETRIC EFFICIENCY IS: 85.5786
THE AVERAGE VOLUMETRIC EFFICIENCY IS: 86.5633

THE MAX. MECHANICAL EFFICIENCY IS: 85.9782
THE MIN. MECHANICAL EFFICIENCY IS: 83.5937
THE AUERAGE MECHANICAL EFFICIENCY IS: 84.7504

4

,I



THREE HOURF PEPFOPMAHCE TEST

PUMP HUMBER M-37t, RUH AT FHTEL' FPE"LIKE fitC E: 7PLED.

~1 3366H31
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* fTHE AV..ERAIGE FLOWISd1: 21. 77r-A GFTM
THE AV~ERAGE SPEED IS: I1813-.31. PPM
THE AVkERAIGE TOiR('.LE IS: 13,51. 28 IN--LEB



THREE HOUR PERFORMANCE TESTCONT INUT I ON FOR PUMP M3366

THE AkJERAGE DIFFERENTIAL PRESSURE IS: 2589.03 PSID

THE STANDARD DEVIATION OF THE:

MEASURED FLOW IS: .373766 GPM
MEASURED SPEED IS: 27.6537 RPM
MEASURED TORQUE IS: 29.6527 IN-LB
DIFFERENFIAL PRESSURE IS: 58.1555 PSID

THE MAX. OVERALL EFFICIENCY IS. 82.7833
THE MIN. OVERALL EFFICIENCY IS: 88.8846
THE AVERAGE OVERALL EFFICIENCY IS: 81.8394

THE MAX. VOLUMETRIC EFFICIENCY IS: 91.0983
THE MIN. VOLUMETRIC EFFICIENCY IS: 90.3658
THE AlJERAGE VOLUMETRIC EFFICIENCY IS: 98.7836

THE MAX. MECHANICAL EFFICIENCY IS: 91.288
THE MIN. MECHANICAL EFFICIENCY IS: 89.1516
THE FJERAGE MECHANICAL EFFICIENCY IS: 98.1331

4



I THREE HOUR PERFORMANHCE TEST

PUMP t4IMBER R36 LItN FIT RATED PREc-.3-I-I:E ANi;'4 SPEED'
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233.3 171 v 7.? 38F re I (o 21.52 79.98 EW.f. 9.?
fo 30.02 1 5.0 20.67 P 343.m I?42.91 21.59 79.(61 8.77 c~

13.%.2196 14.40 0?4.00 A1.54 81. 19 e. % 911
40.02 1131 f(i 2515.61- J7.46.40 8T7. Fe 21.42 F* 4 88,79 -IT7

445,0 N 1I2.30I 251J4. K0 1348.46 1819.00 21.32v 88.37 W. 7p
0lm 13.V r 2W-727 1343.0 1s 812.0 21.19 %0.29 Ft.5
5.02 131.90k 2516.24 13..20 36.0 21.2S m0.7 SR,.74g60.00 131.20 257L.42 1350.0I0(v 101E.00 721.9 .20.3

1110 31.40 25w.5 16.0 1J2.00 21.58 79. 77 0,7 5
7MIN 13.,70 2J.1.5 1351j.20 im'E.00 If,1. 55 00.53L Fel M.0
75. F 132.90* 2T18.61 1347A0 184.00 21. m,.6@0e 71/7?
F07 1310 2518.00 11A0 1041.00 21.($ f00.3 ft. f .3
MAP0 131. Ir 2511.9 134.6 10.32.00 21.8 W. 47 ff., i1R"C
900 3.2 58q 1344. 20 14,f* A1.38 0.76 T.7,c

1S.op.5-r 251J3. 9? 13,4 3.20 1J6.00(; 2'1.26 8R. 57 W0.E. E
100 132.20 2522.69S 13.j60 182 J4. C00 " 21.7 IC&2 ?S C,59 *
I10 5.02O 131.120 n1,3.74 1352.48 irF/5w 71.37 M0.33% K. 6

3 110.0 131.0 1 2m 5.9l7 1754. 48 1 P.0 21 C.44 Xt.3 " iCC 77

120.00 1372. 70 2lf'.7 1379.40 183I9. f( ;'5 Eel.15 f00.7 T. *.38
225.02 I 1270 222 13.Z20 10.42.00 ?2161 Fe.1 i 99.fi14
230.03 132.1 2538.57 J137. m 183F. 00 121.5c ce. 45 Cf99.8
1 17.0m 131.30 2505. 45 1370.I0f I0.0 21.3I 4 I'l 9 79F;2 ff. 54 CC 34
14@.02 130T. 70I 2"4.0? 1 X. f* C.0 12 7.1F~

5145A0 131.70p 257.50 1361.2X0 1014,00 21J.19 7q9.2 T. 45 K4.0
* 2500 132.70 7A. 21 131.2 1N80 21.26,K i05 W06

15T. 00 1.10j 254.41 1761M It?80 2,fe .j17 79,.W8 %, 792
*160.00 1 31t0 I K4.0 J367.40 1 P17.0 (f1/.44 719.7. W.6 (ki.00

1 15.02O 131.0 7v529.03 I~..00 1 PIT. fe 1J.48 719.69 Wi0.5?9.0

1 70,0 2 31.40 2527.00 Ir.4.80 3.0 21 .5. 79.214 Ft.6k6q 5
1 FO.0 131.3 550 370 I1. I1.U. 78.% 89.66 K.(

*l 10.o 131.10 JUfq 34.20 I1836i.0 (f2.4A 79.67 ff'.36 99.16

THE A'.JERAGE FLOW IS: 21. 4063. GPM
THE AIJERAGE SPEED IS. 18 8 16 RPMl

THE AIJERAGE TORQULE 1S .3 5 2. a 5 INH-LBI /le- 7



THREE HOUR PERFORMANCE TEST
CONTINUATION FOR PUMP M3367

THE AVERAGE DIFFERENTIAL PRESSURE IS: 2517.86 PSID

THE STANDARD DEVIATI ON OF THE:

MEASURED FLOW IS: .366288 GPM
MEASURED SPEED IS: 29.0759 RPM
MEASURED TORQUE IS: 27.0294 IN-LB
DIFFERENTIAL PRESSURE IS: 37.11'92 PSID

THE MAX. OVERALL EFFICIENCY IS: 81.1872
THE MIN. OVERALL EFFICIENCY IS: 78.9624
THE AVERAGE OVERALL EFFICIENCY IS: 80. 1346

THE MAX. VOLUMETRIC EFFICIENCY IS: 88.9608
THE MIN. VOLUM*ETRIC EFFICIENCY IS: 88.3565
THE AVERRGE VOLUMETRIC EFFICIENCY IS: 88.6826

THE MAX. MECHANICAL EFFICIENCY IS: 91.2468
THE MIN. MECHANICAL EFFICIENCY IS: 89.0426
THE FJERAGE MECHANICAL EFFICIENCY IS. 90.3463

I

I L '.



THR.EE H-ILIF' F'EFOR1fitIC:E raEST

PUIMP HLIE. RUH:~: A:I4FT Pff1TL,'r E~LF AHDL SPLE

ri:.368E3H

TIPF (((TI TT DJFF Prf5; TO F 7 (EiD Fl CI) fIAT4 I I XI FFF AF~ FF
MN Trf (F) F'sJD PH+f p Ulm Ct1 fTR%)
0, 3 J.28 747 7,44 1 T,-7, 00 1 X41. W 2. 771.E Yo% ff.. (C ?

20,@0 1 % 2499, r, Wl4..% OR I RC I ( "110, 77.77 E.. 2 9,1
2i I 127.710 24%5.09 171 1. R rl/.(K4 29.7- R~. 62 K f.42

VW 177.40 74CIP,9J 1329.f 1 82 1 K4 214.7r. T .? EC.24
3Z.02o 127. 0 745,7? 1328. 40 imIA " 0 T 7&49 K1. (ft 9.

19 e 17?.0* 2496,(4 131. * f. W A.47 78. 35 ff A1
4 . .i @A 74%.42 1 *X. I 179* 'A.3 71 7.,44 R17.9195.f
49.98 1A. w 2494,62 13W.I. 17915. 0 A8. -I. 7-1.A, f;-.

(A 0 177.20 24%*.74 13u.E Uk 1B.AR 20.Q. AN~9 Ty* K1I
12;.00 J7. 10 24519.F6 13554*f 18114*0 2.T 76. 93 fC4

749A 17.10 249. . K 1335.9 P 7$.4@ 2..5 7f. KK . l1r
64,9. W.1 24o~ 137.$ 179.W* ?0.471 7..6 K.7 ll
7998 127I.t,48 M-Q34 1344.4$ 1 f kv9 20-37 7 7.38Z
PA.9 % 77.9 M 2498.41 114).2 Il 7.$ 8~i 77.33K A r -

Woo .270 2495.37 17:25. 4 1 rAC.I K 28.6 76 1? 5.45 C

95. op 1A%, 4 4%, 11 1-,49.9 W C.( X8.5 76.5 I
127R I.%8 2497.5? 1351.40 18 19. 0 2@.41 76.24 M,4.9? "

104, %1 lln.%f .75(41.77- 1351.9$ I l4.9 (f 114.0k 76.18 E4.74 <

127.fe 24%,.67 13"e2 1If.9 .818 7c4.47

120.00 1287.10 2% 5 1.440 1(*~9 ?-.V IK ii 176.69 EA.6 I Cr7
119.@8 127.10 2494?.19 3349K k 11.9 W8W ' -l 7,?4 P l !
145.9 i27.llI 74i1.fA -A3,.4W$ W81. (f A8.431 ~ 77.3 F.41 i' K
119% 1?. 10 2497.51J I -40.440 oi . ?@.9 284. 77.278 fl 16
145. 00 17,1 2494.5 1310 1 sI8.9 K 28.49 7 76.4 7, nc
I% 1w. 1.'1.71 m 494.4 11 13498 FI. m X.7 P 7R. 26 Ki.1 4?

179M. 28.2 J7.3 ('.2
24A 5 7l( 184:.Ki A.49 76.749 8.

159 127.1 2494.46 14.9 179.A 28#.23 II(4 -4'7O 77.1%. 4~.
164 * 127,. I 2497.41 1 -4, M 11.9 K44.39 7Y-.4 70 K.

THE RUERAGE FLOW~ I --: 20. 4E627 tPI'1
WTHE FiIJERAGE SPEED' IS: 18'1 . r E RFPM-

THE Fi' EF'FGE TORC'UE IS: 13f4 4 . 5 lt4LN-LE:,



THREE HOUR PERFORMANCE TEST
CONTINUATION FOR PUMP M3368

THE AVERAGE DIFFERENTIAL PRESSURE IS: 2497.4 PSID

THE STANDARD DEUIATION OF THE:

MEASURED FLOW IS: .408016 GPM
MEASURED SPEED IS: 25.8082 RPM
MEASURED TORQUE IS: 24. 6787 IN-LB
DIFFERENTIAL PRESSURE IS: 10.9957 PSID

THE MAX. OVERALL EFFICIENCY IS: 79. 1539
THE MIN. OVERALL EFFICIENCY IS: 75.7416
THE AVERAGE OVERALL EFFICIENCY IS: 77.1799

THE MAX. VOLUMETRIC: EFFICIEHCY IS: 86.6505
THE MIN. VOLUMETRIC EFFICIENCY IS: 84.6939
THE AVERAGE VOLUMETRIC EFFICIENCCY IS: 85.5823

THE MAX. MECHANICAL EFFICIENCY IS: 91.5364
THE MIN. MECHANICAL EFFICIENCYr° IS: 89.2871
THE AVERAGE MECHANICAL EFFICIENCY IS: 90. 1656

171)



APPE14DIX H

THREE HOUR RUN GRAPHICAL DATA
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APPENDIX I

POWER CONVERSION TEST L)ATA
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POtWEP CcONUERSION TEST
PUMP UBE Ml_4 RUN AT 120 DEGREES (F) INLET TEMP.

I'11 .4:-:2

'AM FT W K C ll n W IF& If $ fiP! TMT fCr Wf ' I1I1I H (W fi UI FF TH FTT 9N DIS
TW (F) RP r F.'SID )H-- FS Fr'T(%) W . Q ) i r 14w.

.,.I,, ,7P 71, W,£, W "t, 14% ,, L* .C. (0,41 PS., 7/? T 2.47

W, ffC C 7400,(1 117,. 48~.57 1. IV ?42. 0,7, 49 eq0 ,S
v .4 27m w T. ., 1 ,C*-(, 7,. 3.. 1.. ?Lw 9. 74.4A 2.

1'h"%, 77. .ff Ic 2"I' .FA 14 .f6 5..3 6,.5 .. W? Ie 4.1'X 2.72
f 2 N '7.. "1",8 WN )449.'W, 39.C"4 49,66 7F. f-, 7.C ' 9..9 2. 9

1(. 7s 2Itfitm 22,,:4 74W,0, W24.12 31.9 19.. 79.91 R9.71 F'97 2.44
, 5 1! 2l.3 f , IWO % t.q, 24,11 ,T4,4 7q.,s 9J,F.7 87,52 2.r
9,"7 ' ?T2!. 24.643 1. . 611.164 26.67 fl.9 79..,3 .46, @ 7, 2..5,,

2J, IA "10,f 24.4f. (M.. (0 'W, IS" ,S42 11.44 7'3,0 %I!l1 7',.W, 2.02

p?.u' ;74i K,. , {A64 17.111 ,34 4,70 71.3 99.41 ("1. 19 2.6p.
!T.7, " ;.f ,9.-4 . (.f 1448N 27.77 1724 74. F- m.4 89.71 2.27
7T;, ,1 24,C 11l.4J 7,69 2??2 76.3" I f.45 P.I% 2.131
j. K4,t lf.7 lp.Ip Wr1, 27.T 7/.3 76V.8 1"t ..3 W.X 2..8.
,,-, 40 1 ,V, e 1-7,9 12W, 6,9, % 27.19 15,9 7R8 9.)J) K/,7 2.4-

124. 50 6 1 fR.E"V l'., I,". (1.Ct, 6,13 .27", 74.6 T.57 .j "'M
,4 1.N 1M. .NO I"A,( Il., 3.47 17. 1 %.9 (4.77 2.X'

1.. C 1"0 9,7fT. FO " J 441.4 16.9. 74.70 " .m 76.41 .,18 2,7,
.IT I p. $'% 9.. , 24Mff 114.25 13.94 19,95 69, .. 78.41 R.31 2,13

7p j'e 1070 l 264.3 m- r7.3 1011. O 15.4 71, 4 fl.~ Fk WIfof 2:*

.l 7.6 F..' Pp.6r,, , 7.49 10.18 7,76. - 7. I, 2.71
12.6 f. rip ),)!- 6f*( 312. 47' 31 W. 5.34 -111.6W8 8.5 91 M47 2. -IT

t !7.81~ % L?5 !fV 7 121146 1.648 64.82 92 .z3 71.37 2.53
t-7 7k I ni. .72 W(*(W 14'57, 91 )RIM64 17,79 TIP) f 4A.6 899.215 2.7

716 .4 7-. .5. 4f IVf.. 9,'6 f 13., (9T 73. ., R.69 2.%1m
t7Ic -l 71p, op A 19 INIO W~ 6,M~ 10.51 64,," 73. 91 ff3 I.47

17, ff79,* (I W.~ /W 1244 N%5. 1 4,.79 7. W 67.65- 7W8 87.36 7. 15

Ir

7T.76 oo 7t. f W fe 2"9,3V I,.() 7. 77 VVI W, f. IC
I -l.7T N64 N.* "ff,* po 6.T. 0 C.9 1.39 2,123 7. .48

4. THE r.,:. Ofi;ER ALL EFFICIEINCY I S: 88.117
THE NIN. OOER ALL EFFICIEtC' IS: 57. 1096
THE MFX. SI MPLE DISPLACEMENT IS: 2. 722 IE



POWIER CONVERSION TEST
FLIIP NUMBER M134:1 PUN FIT 180 DEG'REES (F:) INLET TEMP.

r'11 74: 1

am r TRv. qm rin v ir I rf, .o T1 (rf HP 1Tf' (oH TR a I umt FFT mrrFr gm :,
TWH(F) F" PTD T,] 1-I PIC FIT(,) Q%) %), intl/rwv

IT, I3 2 ,I. 27.17 W.. (1 J442.0 47.22 61.79 7-41 77.24 99.(Z
1 0,.9 7Wl 00 7,.77 MARPl~ I 16, M .8L1 49.74 78:.Q 7.8'. , 9 .. K.7,

2M. 7'.00 7R. IFNM FP7.?.., 2q.8 V'.. K 7F. 5.8 P1.2n .FI"X 2,44
Ole IM op .~ MS Y', .7.40 20,7 96.45 78. 7, f, 8.(4 97. 1 2.4

IF.6 7W.Ii' M. (fR '', .'. 1(1.63 14.2 74. M .49 W,..79 2.:
(c I . .7W. w -11.71 ;vCuOt 137.12 4.70 5.79 81.27 Cis, 7(.94 2,71

1.95.6P ),K,14 20.47 ,'- ( M4.. 12 ,1. m 49.01 77.64 72.74 1((,48- 2. j
193.1(4 16?V. OA ."(1 2410.% 11W.8B .I 2I,. .99 .67 73. R 74.25 99.31 '..7'10

I,. 21.7e IE.A .64 ( 7" 22.91 ."V. 1 75.91 77.09 97.91 2.372
IF!. w MAN 71, 1%( P.NI (AM,, v 15,.94 2.71 VI, I,, Ri ,46

1M7.. ?%6. 73.-. q .fe 2.97W P. M 11.7 73.% M F'2.,
.i7 Mi. m 2IM 4.W. 2N4.VF 129A.' 7"9r 4.4.7 (if. 73 M.34 X , fl

19. 16MUN.A 14.23 ON 1444.P' 24.77 37.12 (f.74 6.7.47 -I ,.,
I Ff.. Fe 1OR. 143F, I"(. M, 7t ?R.69 'A, 70 69.6F9 We '1
MIA, I690.A 15.. MAP .t W1 .." 'M S. J5,7 .' (r; 70 72.48 " 7. Ic"

19.7 1'.210.?(1 INl OMAR 594.19 11.29R 15.77 7r. M9 76,71 23
Ir.,.7' 1 (v0. OR 17.11 AFi.* ,7. r, 5.91 7.91 74.69 FIXf, 2,44
,1'. le 162(. ' 1 1.12 .9.? 122.39 1.97 7.15 62.47 95.93 7?1.27 .f

.0 1160 1 NA, Fe 7.9 Esc- 1460CAG. 7? (1 ?l.? 54.46 74 75 98P.3?l ,6
*192.7? ;I. P.43 24EW.A 1159. 1.7 19.(F 59.27 59.?2 99.111
191."? 1 .?? I.C ., 1(*° ' 817.. 9.F"I-T. 15,k 62. ?R (3.64 ., 14 1.4/
Ji. IMfI m ." 9.69 t.IP..VIC .90' (1.7? 1.,7 65.47>  (I I F11 ,.9, ,w.

I , ,qp IW '~p 1. P.m -p ,7,, p 1, 76. W, .T,,'. .

IM,% I FMI*.?F 11.E? W '2?.? I4.54 1.5 1.9, (1r PO. 2.44 3.E.4 7,4P
"1.A 6.. 3.9 4 .Fe 1I,. ... 9. 15. .P 44., 44.79 ."
M IT. 711 .w 4.52 4. 1174.1, e ,.31 12.,58 9.14 51.39 97.91 I .',
I I.E 660 .w 4.91 1(WIM.? W.,T 5.11 9.5? .77F . 4 97.21 1.fc

,.! 6,. 7.51 J , r 47 5.24 FIR W. 5p MS.44 04.65 ,",. 7'
W9,6 ( 5.? 7.99 E.. 3R.9.4 2.7 .26 95.27 91.9 61., 7?.0

lN, 1 (,?, i .79 1 M 1 JP.71 1.. 1(. 8 ICf. Fe ,. 12 .

THE MAX. AER ALL EFFICIENC" IS: 85.2728
THE MIN. C.ER ALL EFFICIENCY IS: 44.0153.
THE MA.-,. S1IMPLE DISPLACEMENT IS: 3. 00966

' 1'



F:OlWEP CJJHQEFZSION TEST
PUMP NUMBER M1T492 RUH FT 12E' DEGREES (F) INLET TEMP.

'1I,4T2

WIn FT Tff, M D FIN rOWi 1Ff FJ TRQ (WFIT f JIWI If, (IR Ff1I IM FIF PIT rF Sil D'K
TF1f F' F ti ' FISI Ift[(f .) (IP) (%) nT.'rr.

-4. ;f' 7Ntf l W9,) , F 1440.37 7 8.97,P.W, (2. K" I 915 9.1 %i 2. fc
I Ct ;7,". 9.7 , 24ffC 1174.1 41.47 , 0. 4 W.45 92.61 f9.,41 2.,T

fl ?7(eSA( 30i. 7 1f*S* 1w.FI 3~ 1.69 38" M 872 94.54 FBtS7O 251
!Th ,"%K. I , 7. , F6 W&f* ,4 145.45 "1 .7 .IT 97.2I 96.6 %27 2. (,6

w "I-fl 'tW fm.. KI*tF I (l I2.6 lifi M3,Wm M$.1(6 9C.54 8140 2,7J
I". Cf 27NtCwIf C 32.1 '1*. w 11.. P 5.47 5.1.i 94.14 1K.F* (4., 2.?T

fY:,- 2I 16, fie : 7(*I. f 14595i 39.75 er1 79. 49 W'.7, 8? 9. 93 2.44
V3.r IT 60 'NMI 4 ?4W W( W0,279 V2. 41 39.i 81.3 98.43 C 8.29 .49

5 .. "8 2IEf444 ? 7- .1F*. KF R .891 24. 3,5 81.13 92..3 3 .27 2.54
"I.7 1(ki.9 PC 4 ., 1 I'(* 611 I.8 16.I(8c7 28.971 (*.47 94.P? M~.79 2,.1

24.,,- 21P5W.., )10 7*A.., 734.114.46 11.4 . 73.81 979W. ?P 90 2.67
'17.40 2( .( I It ,;, 'Woo8 1.9:, 3.47 4,73 73.34 ci..4 (.1.,36 2.71

K( I 1("T. w If6. TW%t 14-75,.T, 20"2, Y6.91 7(.(2 ?4.3,7 91.38F 21.7
Yt8 62.9 '.6 0f( 11f4 73.1 979 T7. 59 86.11J * 98/0 2.,7

1 ?.4 162. Kf 17 -7. w JF*.98 F.45 17. ,/. 22. 7?.72 8.19 F19.32 2.42
'24.9 8I ('2.9 17. J79.C ((41.74 12.26 J5.47 79. 1"1 91.7 W 7.3 2.51
!'35.. 1620 1 1.4 (8 31 7. <5C 6.7R (.41 77.31 9.11 .,7 2.59

I-,h7A 16,80. (4 1[,4 f.,8 O 130" .74 2.N1 3 , ('.Z .. 19 (,.9 .64
-'37? l f. K VC% 9 W,, rf 14 38.2 "T 17.f "  .6., 69.70 76. R9 91.3 2.1

t".r{ ~. Jf~~ ",.l5 74Kt9, 1152.7 14.Ft 19.75 71.17 9.03 91Sf. 2.17
k29.98 I(fO.98 '0.60 I1F.98 P7.77 11.f 14.9? 74.25 82.F8 .%.42 2.27

'I om,, (f, I'. T, W (Vg. W-,, 74 . . 76. ,, %115 ff,,4e ,4F;
i ~ 17 t .. "F I.R K MI .(f I J9,41 I. . ..f '.. F,. .2. ,.,

1 70 .t' ,' W 4.99 W'.." J442, I P R. 71 !7.27 f(c&5q 77,36 .%99 1..9
WtP 1C*.9 11.1 199 68, 49. 7. 18.13, 761 7 159 1 %.46 21(41

,3.74. 3(. .7 ,  7 7(..28 , 7. 54 O5 19

(%.0 F0%t9 (.k I98.M (.99 4.57 5.47 8,.41 %.46. (*.% 2.65
0/Wi 58.9W 098 (,ff 0 ( f R.9 ie 0.9 rfisef ri.9 ris 01M o

4 THE FFI. ' FLL EFFICIENC'' IS: 94. 144:
THE HIPI. 'UFER FLL EFFICIEC'- IS: 5. 525
THE HA::. SIMPLE E'ISPLACEMENT IS: 2. 748.25

/94



FOI.AER C:ON.ERS I ON TEST

FUMP NUME:ER M173491 PLIt FT 180 DEGREES (F) INLET TEMP.

arm11,T Tff. c) M. FR (V TAR M Fc F03. TM 0RUTtf H TR W M(FR fII M(K FUF HFIfFFTM I)
TFHF) " r" (T <M P 1SJ C.' FFW , MY, M; l,' ,

I . op' , ,7,5 7 -M. ff 144.,,T 47,. q? 1.7 77.7' PIS, 1 * .5 .,

IT, 0 ;'7W, M" 14 "4i. M 31E.7.T 39.43 T. O 7R.of. P. 7. 0%f ?

-17 , 7W. ff 74,7 RI (A .47 20.4 ., 781.39 9,4.16 PA.7 2,7
P4.7 ,. e711. 17 W .,R4 ".A.6 ( .91 4..4 ff, 97,31 7F.U.

w.. . 37.10 2i.V( 341.95 4.9 f,.ep M.44 30fi0 0.7.8 ;'.7
01, 0 71,, ?. " , Wf0 144,.0? M,.A 49,. 73.93 P3.1, 90. 6'

M .4 2169.1M 71.49 140.Fe J177.,04 g. 4.20 74. T r.(9 9.44 2'0
3FW.M MS..9 T2.3 73, ( 71 33 X.51 Of, -4 Pe IE (f~ "S "IC

n7,T 7160. K4 73.4e I290.9f MA81 3,.20 20.6 79.W 93.13 R7.N
1F. m 716.90 24. We .. 1.-" 8.41 31.99 76.% 94.76 PJ(. f( .9
!3.9 2MI.. VP.37 129. 73 3.? 4.45 69. 3 9 .59 6.7.,3 1.7
!.I, 6,70. o 4.40 ,'90, M J443.041 7 .7 .3'M0 P T. 7?5P 90.$ FA ,I

K4,8, 6AR.", FO 14,96 71,00 1160, T .91 29,.3 7El.l M 77.fI t, .'O.
M, 7P .,'. M jSI C15.I4 3FwBe . W 7p. 36. 22.6a 71.. 81.07 p9.36 . 7
JK4.W t(1.0 6 1,. (.T I.2. 6X.'%4 J.4 6 1 55 , n, f 5. 9 ,.* 2..Y,

1~9 3p 017.30 W1 6. ff f".0? 75443 Cie.k4 PAM0
U-2. 0 N.."f. e 18.44 MAO.8 J2.64 3..1 T.10 64.66 35.76 r.46

V.W., W 1 .3? ,'fO. 3449.9 14.40 24.04 T.27 (4. EK 98.45 ;..F:
". 3900.90 0.90 740.90 15,.40P 17.20 9.T, (..40, Got. T .! .:

IMM i"f.00 9,. 1ff,,0 o7," 9.74 35.03 4. PA 72.3 .7' x
I..5 T if.6 Ml II,2? "f ., . ,9W.M? 7,14 10112 70. 4 79. r" MI. p '.I

!7f-,,'P I , I I I, C4 9 OR ' IJJ,24 IT' .,1 (.9.(6? 92,71 79, ,,
1P060, 6 .9,S,0 3.3 , 8, 3454.,' 5,W W3 3..1 42, 25 47, J9 .I. 1 .-,,

194.90 WOO. 4.r 24M00 3368,.44 5.- IJ. 1.3 56.40 .3, ?', T 1.9,2
IF T".5P (M9@ 6.44 36W.90 079.34 6.7r, 8,37 M0.69 %,,34 N9.49 4
, 160 W.o0 5.6 W. 12.00 597.,3 3,77 5.64 6&93 71,,"( E*Af!A,
(.4 K4 @@ e. K4 Eif. oe 0. (4100 0.0K4 8...f0 0.9 0

0.9 4~9 0.9 290.90 0.9% 0.0 O.AR 0.9 K4 9 OA lf F"0(

THE MA::. OIER ALL EFFICIENC.-' 15 81.6932
THE Mi. 01UER ALL EFFICIENCY IS: 42.,250
THE MR . SIMPLE DISPLACEMENT IS: 2.74626

"i-i



FOldER CONUERSION TEST
PUMP HUMBER M1 502 RUN AT 120 DEGREES <F) INLET TEMP.

S1"5C2

(1r1 FT TFR. TF F), F I(W TAF PWc.g iTJ TMQ T1rT lP INRUT HP (0FRV f il FT FIT FT rT S'IN )J

7 '27%, fP- ,W74 (I .P 4 .70 4,99 61 ,r ?.? 87.9 P?,3 2.3?

P4.9C ?7M. i ?c.57 i W.8O f94,04 29.79 V. 74 77. O .6 P4.45 2.44
I ,7,3( , 1"1q 71 W fe 61,2 20.39 7,%, 7.92 9 !.424 P.45 2,51
1Io ?7r.K V. I7FW O, 347.05 I,.* 14, F7 69,A 57.%,f 72.5T9.
i IpCJ 7Wfe~ VA C- 200 1(01%4 5i.14 C.% CC .7 110 - U1. 7.64
YN.,5.0 2160,00 20.f.? WZ8. W 144,3. *, ,i. 49.47 77,CR ,6 ,0 ? IWO 7212

177 .5Pg "' '1.(, Re o'4,R, Nw. op 1159109 29.8i ,.72 rT. n3 %. F, W.°A ?79

17-1 0 71601(f r2. I1 1w.I MAP4 73.? K v-18 76.41 R.96 f"'. PA .
"T ?t6..K ;'2.79 ., ,f (.'73 15. S., 20,67 76,.59 92.37 .3.n 2.44

"?'.V- 16E0.('f 23,59 E.A1.( 11 ,29.21 P.14 1 J. ., 7, J9 9r, 1 ,,E7.7 27. 5_119,@ 48p fJ88 'r"
11.P. 2(j 42 2%~.ffi 173.51 3.21 71,4e 59,41 9p..1? . 53.31 2.59t

!?,,710 16,' , 8e 14. ,'W- ff 1426.9 F 24., '.X. 67,2 77.13 P0,2 2.,a
129.49 1 6-R. W 14.% 24P0.t0 1145.0 20.84 29.45 7.77 80.87 P7.94 2.13
17,,46 162.8 1O 5.64 1FW 878.8 1Z 2,. 73.02 94.53 ff-,F7 ?,23
1, .'A I ., I. (.7k 12,08 ,,,9 l,4AJ 15.31 74,51 fe.42 84,. ?.,.

11. (0,,, 1W,V' I",(W8 1 .71 5.9 8.,18 72.8" 9W.5V1 79.14 2.44
17. -IT f (8.10 w 17.7' 2(8 w .I,4Z . 1.95 , 3.43 %.f. %lei (? W 2.7.

j, 1. 2( 1"'w.8 c,, W 2 4M00 1141A8 12,44 19.T.' f-3. 41 71.A 032 18
12.9. W4 W00 9.5! I-AR8 W4.9 9.89 14. V (..r 77.89 87.38 7, 8
I2.6 I ".8 W Jt (. 12R, ,91.7B 7,81 9.97 78.74 92.48 W-,2 2,17
!74% 18.O 1p8. I. .e8 72,, 3 ".77 5.19 71.M Wt.. FA .I, 17 2.,2
IN.% 1f,8 Jl.4e 200.00 I19,F. 1,24 . (A. 16 92.48 78,l 2.44
17.-c. 750.8 3.5 .f.0 1469.46 (-.15 17,49 4.17 48..% R.72 I.N
I .% 79.0, f0 4,79 240. 1145.9 .- 9 13'.(3 49.06 f,.5, I7., !
YI I. 7 500 , J 1f%4 ,80 ,cS. 91 5.91 1(, 22 57. fI.o4 ,7, 99 1.74
1;'4,A ,5,?,0 6,26, P W8,80 WT...9 4.46 (.95 64.24 7,314 W.29 i.9
iI .- . (INA 8 298.4. 2.29 3.55 (4,45 76.92 84. ,5 2.
124.40 ,"7,5.8' ., . 1T.7 .78 1.35 53.89 73,78 73.7 2 .?rt,

THE ,MF.'. 0''EF FILL EFFICIENCY IS: ,,.77. 7002
THE NItH. O'..ER ALL EFFICIENCY IS: 35. 1657
THE MFi. SIMPLE [:ISPLACEMENT IS: 2.'.3.14

%'- _d-- ~~~~~~ --- .......... . "'. ....
wig Na



POWER COt.4IERSION TEST
PUMP NUMBER MI.3501 RUN AT 18E0 DEGREES (F') INLET TEMP.

M13501

W mFI TIC' KFED f, FINW TR PRF S INT T=Q (rlFr f HP JItF H 0R M Fil M FFF WM rFFF 9M m,
TFWm(F) M FSCJD IN-I R FFT(%.) Q ,) ) it"Xv

191.28 27t.(W i 27,% ,'3W (t J,444.29 3.S, 49.2ON (.,7 7. 77,. f:,;4,

I.48 97W,8 24,17 1*00, W,34 25.28 3.7, 7 1 (.6.9 83.12 MI, 2,87
12,.0io ?7B., 25."A4 7A l, 5.2196,28 7. 17o..,2 69.15 .16 79.E(. 2,7
hF,, 18 7W.R 272, 7*5 (.F% O?. 9.62 I3, .97 68, 9 93. 71 72,ri 21,71,
W. K4 7. WW '.9. W % .(f 157.87 4.87 6.5 62.72 INN, fi 1% ,. .49
I I IV,, 71(lm 16,29 ,.W8 J46,9.74 2P.41 ,'B,,T7 ,i,,40 M. ,5 MI,81 J.74

190T,5 216@0 17.59 248I8 11(4.P 24.7 39,92 61,84 75,372 P1 1 7- .P.
Jr. ,, 2161.0w 18.14 JW.08 P74,49 1,.93 29.97 .f 77,. P .,, 1,94
1 82.9 216808 .19.87 f.08f( 59771 1.22 20,47 64,16 F1,97 79.54 2.84

I1(A.. m16.8 20.74 W .0"8 314.f 7.1R 18.76 6.6.7 89.17 71.64 2.22
170,. 8 2160.00 " ,078 ,8, 13,74 2.71 4, 75, f, 97.91 57,.08 2.44
.8 op olF O 9.1 3W.08 1451% 174 'I9 37,37 45.08 ",. 7 ,I8P1 1.4e

193.08"'F I680 110 240.0 17 15 "T 29.73 51. (4 (1. . p~ 215 1.7
1W,,40 168.0e8 12,13 J ,m.0 i.9.77 17.67 27.34 5.6p8 (.9.57 f1,98 1,77
J10.0 16,IT I 1m .7PA U20,R M.,9 8..P. 15.. 59. (13 73.6? P1.09 I.r
184,M 1 f. ,2 14,44 W*1, 3A V1,75 5.04 7,' ( 4 % 8.N. 7.-.7 21W.
17'T.'I 1 (00. 0 16.51 ?M.(* 117.0 1.8 .8 (A.74 .6I4 G7.AT0 7
?4.5 10F. 0 3.0 W .'08. 1491 .9 6,71 25.% 2.X77 U! 7.R.. 8.8
212.40 180.0 4.49 24.08 J 17.72 67.26 2e.. 31. 3"8.64 p1.I7 8.W.
197.40 1IMN0 5i.64 11*W.0 W-9.20 f-.9/7 14.89 40.0F 4V.48 1.99 1.21i
Iw.8 1,808 6.71 12N,8,8 5r.. 4,09 9.V 47N.6 7. 72' f8.9. 1.44
I.l I ( . 8 8.59 WO,.8 299.91 7.? 5,4 57 3.2 r9.! 1.84

17.6OO.0 10.54 2M*.K8 I 112 1.08. 1.89 Ti.9 0.17 71.84 -',7'

THE MFI>:X. OUER ALL EFFICIENC:Y IS: 69.14,74
THE MIN. 0U'ER ALL EFFICIENC' IS: 26. 2655
THE MA:.:. SIMPLE [:ISPLACEMENT IS: 2. 48766

/All,



F'OtJER COtI.JERSION TEST
PUMP HUMBER II13512 RUN FIT 12' DEGREES (F) INLET TEMP.

RM F Uf: PI- M f|). Fn OW TFI F$fS.; FID, TT('XrITP!iT HP IN, IT WIF'I¢R Ff I MI' FFF WMII" FFT F-IM Ills

1Fl1( r ) lm ON * i4D M1 ]4 4 FFF4) W.) 91W i22r

ti7.0 2e. 'K4, 1T. i'P' W-W 00 14 7, "1%A, 74 5.2 9 s .7 Cp,9. E* 01 7.47
%,'4.C Ki I iet .29, 7 C' 40e,! K4 79,63 4e, 91 49, 6f. 1,,1M ql£ ,! C 2,51?v

I PeU "I ;I fi 9. 6l, 24.22(f M4.5ff. M, 73 7 ,47 73.93 M f, , 5
I" 1210 2 -7'%, 1 lt K4 VT. 1"W, 61F',i ?IIX 6151 W.l, ?e ,,f1V P4,21 ?,fl

li,.f 74 I'm W 1,4f4 , Fl'f.4 , , W5'. I,9 14,49 7.75 9,47 77, M2 9
4,* ... 'ff . f ,I,,,7 5, % 5.84 7.4 2 1 P, (1169 2.?

I-'.78 , '.14 Wf l 14.79 1,16 4f'.1 79. ,77 9-.71 7.6 2.53

,.,6,4 11. (k7,4 W45 2Y 4 W 40

11100 1 M.o 7 '1 979 M9,29 3,35 739 79 9P3,71 9.,41 2.42

1 -1.1 "11 f, ' ? ,,'I I,%, W W,4, 6160 20.E2 6 7 WT9 R. 77 Ef.32 7,1
I 10 i Re. 24, 7 W~ife~ I, P, ? , ,710 I1,1 T 7,,98 96,24 7 I ,F Ml
jIe,,ri 7" r,1 i I 2WO I"T11o -l! 7. 40 4,f Rr , r%5 CJ, 4.1 MRt M8

rr I~ 12.~ 3f,4 14? P51 1.36 791. fk 2."1

F?,.fi I (.IT., e 15,57 W ,6 (f 1416,P9 .7 J ,4 74,47 8,, 9, 2
i 1i!!.do I fqti f I r,% 24,Ne, ( 114e, /, ' A 7 F,? X K1,44 91, ".. 728F.

VHE 71R.. 1C7 , Oe Ti, 14 1,14 Of, EFI, ,C ,49 9).W 2, 7
i H 17. I ?L, %P, II I ,, ' 15 P 77. 79 P9,3 Pe:l 3144

1 ,,I o 4 i. TIi, (e ! 1 .;. , (fl 31 ",21 f,,li P, KIt 76',7 93 7, M.Z 44 7.,5

il I .P tiF4 fie 47 W , Ve 14 IT, I If,,6 r  74./ i 6 -7,. r7,9 .q, Ff/ I.Is K

!!. M. I(f 11%6 7!81 14% h,61 19,45 (91% 76, F4 91,pi ?,IPA

THP IM4.R W i W, W _ FIL BIEE 1: 2.4,76 7231 (17 %.7f, 1.1
. 104. K q 1 'i. C1 !7, 91 7 , "T 9.87 74.75 M r, .,47 ./,"

11. !ol 1 f' 4 1! 97 'I'M~g I ll w.I, . Ft. A, 7f , W.,f 9 ,, S5F-7 7
l'-TA(f I Wx, K4 !.,q !-. l flitp 1,0, 7,fK, 1.97 M.15 7,? 71 7. G, 7.7

17;"1,.CI M,ot PC 7,77, 1wl, ,o. 17,4? 11r I" ,7 .5 6 9.n 18
..... , 9 74, 716 ,,"8T 7j,%. 97 1 IW

PM~lfli, (V q01 ' e ITt Cf IMP 0, 9 1.4,r  11, 910147 79A I{' .,51

THE MRI.' ClUER AtLL EFFIC--IEH-CYf P5: 95. 22092
THE Mil, I Ol 0.EP' FILL EFFICIEHCIYi I'--: 5,8 .,68-5 1
THlE rl:'. SI:-.MF'LE :,ISPLACEMENT IS: d- .'d 1



POWER COHUERSION TEST
PUMP NUtE:ER M1511 RLIN AT 180 DEGREES (F) INLET TEMP.

(IM FT TopR, .- i[ Wj, Rl 0U TfR Fp ffS l W TM(I {Ir Hp IWIIT liP M R WOL X FTF WV FUT 9M fll

TFI'(F) m (Fm4 K in I R , FIT(%) Q) Q) :i t,Vr f-

lF .E 1. W %.P 1 74* 147,16 10.Ev 49,.69 T53 81.61 ,7 ?,

iPP.7( " 17M. w 77.42 I FO 4,", ?9 .7 7, . 7., 4$.61 F79 WP4/ 2,.

1f.4@ 7M0 , ?F . 6", . ,S, 54.4K J9,1A, 745 (4.9 91.7P 719 .. 45
!,el, ~ ~ ~ ~ ~ ~ olK I( It ',% 8 '. " 83 4,1X 7.76 .!,A 77.T. .'' ,7p

001 1 IN7,W . 74.1i ( m w1fr * W4 .4 12.4 ?4p, I&$ 5.3 $

.t IC "K. W 24fBE"l 1149.01 M el 4, 9, .N (,.%. I61N f4 ,,",4 2.6.7
i T.,710 7!4, N 19, J. 7W ,I K 4 J0 ,29. V ,44 4F. W. 69 43 X 7,M .C,* I 9-',

! .r T,7, 70 ?1 q (k i ,'I 70 . 4 , ;I@ JJ45, r 77. .if. ,'9. 2r, 71.74 I 50 M .99g IJ -

i q. ,, 5e ( "I 4 I W w , C .'7. I1 O .Ff W 4 .97 7, 1' (1p ?q (w 7 .J4 I , , I,,X .U, 8F.3

!K40t7 1(*(t , .3 1.f f ,.%4. 8,NN 1.P3,7J 74.9J £7.V 7 J,54 1,49

NI(% m ,I ( p ?4151 O IA 77,4, 2.% 4,.,7 67.8 M. V,.2 2.2,U&
10 " r I f,,'K, J ,' l,14 VW J ,"4 J'f ".I(, ."/., 47 G,.l 19 , 707 N,, ?q, 0

7,1 0ON I1(,.47 E*.N I J 4.99 ..4 if, 9.13 77.7 , K356 pElr@ 227

29W.*p 161T.E B 4.476 24?SS* 6 114 1%M 15.1 43.7 49- J4.4 1p7X W6 .

1,01. i12. f 0 !5,.7 iNfflX 1*.3,1 14,69 7 1. ,. 97,63 :F'9. 11 .

I 7,&NOR , 6. 7' W' m W95 . 5,71 7.79 5.21 K.3Ci PA.?I I,7y

17,4, 1 .7 , 17.-. W (t 19.73 , 1.45T (A.7 9T.i 7,4 .41
1C , 1" N, 8 7,1 VO N KV.1,0 4 ,4 J7,49 24.,- F41. lot. 57, V. W., T", -

V,70 JOTH M X. .74.'E 0 ALL7 EFCNY IS: 82 2 7,. % (I, ,, I, IV W1. .,S
1 ,c:', I.. low 0, g@I,4 ' #, ., ."e W. ,47 p.m 1, 5,K 58, W ,, 07 W,I 3 , 7,j

THE 94IN. O'ER RLL EFFICIENCYC IS: 2.7263.

T"'m 1. r6UF' VLL EF F4EN" 1,77 1.7W2 834 K 1r F' 1P

THE W r 4. S I MP'LE DI SPLACEENT IIS? 2.68 1 9

57 O57 1VP .4 5

I f. 4 Fio.f PROR W' 42. 7' 1J frl~ q V 7



Pt R COINJERSI OH TEST
PUMP NUMBER M17522 RUN AT 120 DEGREES -F) INLET TEMP.

(AM T TrR. 7M) mr)J ins Tr1R P FVT fn R IT H P Ip T HP W fcaI Vt FEF I(Ii FIT SIN DjIS
,TVPCF) RP (IT FSI) IN-t W FF0 0(%) W Q) hir.'

130,7V 278.W 4.,44 3WC 140, , 51.J4 (0.2J K',77 9. " Zi.p 2."2
131,10 7W.0 79 ,9 24fOM I, 17,8, 41 65 rO 81If f. .9.98 M.73 2,,W,

1.410 27. .46 IF** MI 3.fi 31 .. V.'2 03.2? 94.67 W.277 2.10
127. 7. w 31, .1 i;{e (OP. Q... 21.79 .6.9I, .f. ., PIK I(A 2.67
12738 2788 3I 1,71 (W,S CC 45,E 1W.% 14,8V 73.9A 8. 51 71, 2.71

124.4 7'-9.8 32..1 298t.9 8 .. 139...9 5.50 .. 9. .98 (,2.78 P .F
1314$(k 21(*8.98 '/7,72, W-00 144P 39.64A 49.28 ft.5 NO 'W216 91,57 2.43
129,* 21,(. w /Z,17 ?498.98 1)(8.71 32. 3V 1 716 19.7,D P1.,34 99 2.4P
177.81 .?1685 23.74 1VE.S* i,.% 74.7 I... X O4 W IN2 89.2 7...4
I,70 21 (A. Fl 74,4.1 W (X, E,97 1f.9.2 28.7 1.45 .q4,3 ff.,77 2.t'

121. 21(0,I I4.87 A, W '7 11 7..1.41 79 %.6 .(:A 7F. 9.. 2.U.
t"II to 711600 25.,34 #.98 137. (6 3.41 4.72 7.70 .. 45 (.3.6 2.71
;31, 1 ( 0(,F 16.41 1Vft 1431.48 2p, 13 '.79 76.44 3.47 91.M3 2130
142 1A2D. 1I6m~e I.4? MM4f(V 117M. 61 r22A4 29, 0 77X2 r F1.1 915eLK 2.71
176.98 166S!9 16.? "M,, S, ' '. 841 17,(3 2.58 ' S. P7,47 ,78 2,41
1121.00 1-20.00 17.921 1OR.9 Fe M.76 12.14 15.31 79.28 87 *.5 25
1.,*, 498 1 ( .8. 1 (81 ,.98 328,74 .27 8.24 76.C .93.1 j81.9 2.50
12/1.3$ 16.98 1?.? 7 2/W.98 134. 57 2.O 3.4( 5.26 X 9.16 E(12 245Ir
T1, 0 1t.9I .F .W . 1447.71 17.K 24.8 1 (.F. 710 76. '.I 2.18

124, 11,98 J1.1$ 24WO.98 J 1,"1 ., 14.89 19.74 7139 7P,,1 91.2? -. 716
!7"27,70 11.9 10.47 1Ff% 8724 I. .9% 4 .95, 73.47 P1.3C5 .41 7.24
P2. 10 I1M.m 1. 03a 12%(f. W. ? 7.f, 18.83 76.35 Rf.f. 8.79 7.N.
IIT.,50 IMI*0 (f 1.71. (1,IF. 3'8.,C 3,9 F.29 73. a 8. PI.K2 2,43
l1%ftl 1(180.9 1117V 1'*. f* 2,1. 1.77 751 608.W 92.7l "7wl.
135.98 1138.,8 6.75 fIW.(10 144,.4 I.71 18 61,.7 (.2; 91.J1 1.,
13.98 8M..IO@ 7.19. 2fS 1191.66 . I.. 1.17 (47r5 72.69 91. 2.OR
I7.9 83F8.98 7.7? IW.98 871.3 7,0 11J.48 (68.27f 76. 14 8.51 2.18e
1.81 v .98. 8.95 1f98.8f w .m 5.49 7.98 78.46 1.35 Fs5 2.24
17.70 3,m .t8 .. (81.98m i.5.9 3.8P 4.07 75.16. ,6.. 2 f.03 2..
ITO9 M1.00. 9Sf. 298.9 11919 8.95~, 1 .7 54.04 91F( 73,7k 250 k

THE MA.. DER FLL EFFICIENCY IS: 92. 0246
THE MIN. OUER ALL EFFICIENCY IS: 54.0397
THE MAX -:. SIMPLE DISPLACEMENT IS: 2. 753

! _a.



POiER C:ONkEPSI Ct TEST
PLIMP NUMBER M17.521 ILUI AT 180 DEGREES :F) INLET TEMP.

r-1I 7r,521

(omF R, creED Foi Fl TFf, VF f )iw ,T ,rrlf HIF ii" Hr (', I a Ui FFT IIFIFT F 1 qr)1
"FfMP(F) RP KI I.N-') ]1 F., rTTr(Q) Q%) Q7) jd,'

1 7 4 :'7., ( . 3" (f .f 1447.,20 47.;' ;.8 7(..6 N..3 ff..k .. <31
f ,1%.m m 7 U7.Sf 2466. J 116.45 .,6 6e. 77.1J W.17 7.7' 2.37

196.tv 27M6.6m 78.720 1W.A 669.31 29.49 .'-. 16 77.40 90.1 Ft..44 2.4;2
I?4N, , 77W6. 4 A39 J266.66 072,49 20.46 X.4 77,99 91.3 F1%E67 2. 51
I M 7..7 .6 .47 .A. 1.49 10.9B 14.26 . 97.14 77.V, 7.6

F5.71 7W6. 3 1.. iIM. 1,4.19 4.'(. 5,75 81.13 10.60 6 ". (1, 2.60,
i., 10 "16.6. W.49 WO, K, 1450.T9 ,77 4.77 71.77 81.ff. W.0 2,1
Fe. fk 11 (AE.. 20. P9 F4e,6 1169. 4P 2 46.09 77.ml f1 0325 r. 4.E4 7.

1f*y.66 W1AI.N 71.7 1w.66 .07 77.74 . V 75.49 K1W RX,7.4N6
IM0.O 216i.f6 7. 4 J,266 .W EfM. F 15.74 K.v 76.' Z.CC24 w..41 2.42
I$.9C 21,00, r P.7 WA. 3J9.4(. P.R J1.9 74.77 95.12 f.21 7.T,
0R7, ,Y O 16.66 24.6 "'.60 131.74 ?.97 4.." T.O 96.0'4 64. ?4. R

J91 .e 167O. 14A. NO." . 1449.04 74.48 37.25 (S. 7 74.73 W,42 .1
194,2 1606.6 14.54 ,W, W I J66,.48 26.16 79.9P 67.295 r 76 F-7,07 2.67
117.6 160. f 15.2 .666.. "9ilR. 15.A 7.61 76.15 . 07.4 2.17
179.70 16 A (.-.4 12.6 95 .24 11.31 15.V 73.9 , .. IN F.. 1 1.,7%
101.64 1626.6, 17.71 (0,6 31? . 5. .13 74.2?r 91,48 2,04 2.45
I ll.36 1626.66 ie, 15 266.66 125,1A 1.P0 3.22 %,E74 96.43 60P.20 .
1%.60 ifE(,.W 7.76 366.66 14.A.42 11.'. 25. m 5,4.01 61.m F7.73 1.U..
Iq. 90 IN A.6 M.4A J I 4. 116.96 11.67 26.63 59,24 67.57 ., .p 101
191 .%6 IwI.66 8.% 1"A.'6 73. 4 9. 7 14.9 62. V 71.44 6.6 1.92
I 6.96 1 03 I.00 9.73 IVA.6 W9. 62 (1.7l JR.1 K 4.5f 77.5.- fl6.40 2,OP
I.T" (f 1".00 10.71 (10.00 299.62 3.71 5.13 72.26 M.3,4 W.52 2.2'9
IF01.4 1W. i1.61 .1. 110.."IT 1.29 1.9 (.P4 WT.. 77.46 .4
?J1.9% 036.66 4.67 A.00 1473. 044 8.10 19.41 41.07 47.09 fi.,93 1.19
1.., ,30.66 5,45 W4.6.M6 1173,11 7,3 15.45 49.4 .4 F-7.3' 1.52
191.m 0°1V. N 6.27 1l,66. 07 m7l. , .. ,% 11." %J.s (5.64 01. 3 .'T.

RI. V ,3o.66 6.9. 1266.6 i. . 4./ 7.94 66..71 72.42 04.90 1.94
H7.5 0V.6 7.. W, (f ?%.(.1 7.F4 3.91 77.75 M1. ' X. 39 2.19

K)2. 16 r6.6e 0.7P., 266. 107.M 6.9 1.42 .9.24 9,59 9.2,

THE MFi'e.-',. O'iER ALL EFFICIENC.' IS: 81. 1282
THE MIN. OIJER ALL EFFICIENCY IS: 41.721
THE MR::. SIMPLE DISPLACEMENT IS: 2.68335

I



POWIER C:O.'JERSION TEST
PUMP NUMBER M13532 RUN AT 120 DEGREES 'F) INLET TEMP.

p 117 7, .2 1

RM FT JFW. c~fM at now TAR PFflSC FRT TU~ WRT HPfF Iffir H MURf"I MN FFF MFr) FF SIMnl
T}'W(F) RP Rm Fq.D IN- I P c FFF(%) (W, Q ) J rtt7/r'

07, 4.8 .77.@ 78.75 WWII.M 1446.6 49,52 (.1.99 79.89 8.43 #.5 2,43
13,60,( 2700. Wt[ .?9,f ?WR J .P,, 4Ki.Q-720.0f. 81,15 .r. , 891,t. 2.49

198. (f 7".98 2q.E 1( ",.l9 .m '. U, 24 IV.,' r,.94 93.28 7.23 ,i
1 1., Fi 77'98.8 7A. I12.8 (09. 74 21. 1 9 . 8 79.79 %.O8 3.1 9 2.(4
IN...0 27M.08 31.52 fe, 3W8.74 10.81 14,.94 72.3Z 9.31 75.11 2.7T
1;1. 27"8.9, 3,.8 9M.98 141.13 5.45 J. 98.A4 INA9 (.1.87 2.74
1287, M. ( .70 219 ,% ,'RI 1434. % R. 17 49.18 ,".1 (, 8 $. 3 91.7 ?.I
1.1i 2.(AA .77 24,9 8 16,,. 1i, 31.3 4,,FO 78.4 P7.79 8973 2.4
17.1Fi ?/K.fe 'A.2" j".00 04% 24.? 3 k. 7Z Fe. V Cie. ! S 98. 2.40
S1(..8 2 16 0 8J98 74,18 129.98 W4.8 16,.72 21,7 7,.5 94.29 mte, 2,5
1.38,, 218MI N 74.83 K (.OR 7Z4,71 8.48 11.46 74A W., m 71.34 2,.
12/,,'0 2J8.8 ,' 2M, 2,8.9, A43.8 3,37 4.%8 fi8.8 Ci. r. I .J.FO 2.7J
1OR.OR 1 (Q(49w 15.1J4 W-AI W 143.24 26.4 X6.?P 71.70 7F.77 91 I. 7.1.
171,.ie 162. w 15. 75 2498.Pe I 1.69 21.95 29. 71 7.89 81.96 98. U. 2.725
174, *1f.9, J, 16.30 1F ,8 m7,. 17A. 7 2.5 75.T P4.76 89.51 2.,V
17.1v 1f62.08 17.74 1INA,9 6,.8 11. 15.3 77.O s9,.61 ..73 7,46
121., 1 ,8.9 17,9W C. .127 6.. 19 8.3' 74.Z 93,21 981 2.%

18.9 16900.98 18.54 MIR.9 IV'.9 W 1.7 3.67 R 35 r6.38 (1.07 2.64
. 4 , ( J . P 8 ,7 9 . .O 8 J 4 4 P .( 4 .1 5 . 9 2 4 . .7 7 6 7 .F 7 I. p 1 .9 6

J,3.9 If*".98 9,74 24N.98 JMC.24 1.87 19.$ 64.R 772.8 .A.45 ,.98
.19. JO, .9.78 (.98 ,7.., 18.22 15.98 (8.18 7.27 89.74 9.89

171,2 W(I(.N 18.52 1 %.t 59I 1 7,8 j, 15 7173 87'F. P8.47 2.2,
.9 1980.,8 1,;.25 I.,8 3 1.34 3,34 5.4 72.24 P7, 7 P4, 11 2,41

177.40 1W-00 11.7 N9. M P.22 1.27 2.16 F1857 91.49 (.9.17 7.51
144.40 P. 5,J.1 ,W.08 J45787? 9,71 19.19 TA.6e T(.94 89.s, I.56,
1716.. 838.9, 6."9 44898 163,8 01.m J5.31 ,.77 6.87 5.?.7 1.7p

(p.6 MI8. O (1,8 F19 8.98 WI 73 7.37 J1190 64.8 W, 69.% p89.7 1.9

w2,.98 KV.8 7,(I V, P ,98 , F94.81 5.19 7.3 (.7.59 77.3 M.8? 2.13
!17.98 8'3,.98 8.2,9 698.9, 74 ..0 2.8 4.82} 78.6*: P4.1 89: f.74 2,31

11.8 P3 I 8.7l I9,9 1I8.8 1.9, 1. (,7, R.16 S,.4 77.75, 7.43

THE MR.-. OIJER ALL EFFICIENC'Y IS: 90. 14,2
THE MIN. CtEP ALL EFFICIENC"? IS: 50. 6036
THE MR::. IM1PLE DISPLACEMENT IS: v 429

. , .. .. •



POKIER CONVERS 1 ON TEST
PUMP NUMBER M1531 RUN AT 180 DEGREES 'F) INLET TEMP.

rl 135731

(M FT TR. WM AI1(V, Tff P~fS fVJ T=@ (41TRIT HP IMI HP RFI I L FTT IM FF 9M Jr)c
11FWPF) RP "' PSID T1- Rc  rFF(%,) Q ) ". hr .

I9'.88 ;788.88 74.. W'.88 144M. J 47.84 61.44 68.42 78.7. f-77 ,.
19), 66" 77.8 4.91 4 f8 1157.51 34. 6,5 49.59 69.8p F1.. f., ," "',17

j qo, rje 7"8.m 25.74 IMN 8O 76,86 3-7 70.85 M..97 PA F:' 7. 9p
JfC.20 788.88( 26.8 1788 IVA 09.91 18.70 76.13 7J..1 87.78 P7112 V2
0,f 278.88 28.92 TZ,88 '.77 JO.I 14.,3 69,94 94.36 74..9 ?.47
179.2 .278A8 . V. (I N 1.W0 6'., F1. 4,2 5.83 73.- 188.88 6j.3I 2. ('.
j4.98 268f,88 17,87 .'88 1474,,4 79.8s 48. 2 61.83 (.99 P7,98 I.87
194.28 7J18,88 17,] 4".0 1N6.1 ,.J 24.q3 3.9. 81 6-7, 72.67 ?.,24 1.91
1T,9.68 2168.88 19.29 1888.88 FE1( 98.18 38.28 ft.. 78.68 8I., "I.
13.68 21(0.88 ,83, 1A I 2IV.. 8I (01 ,3 14.22 2.60 69.87 8.84 S,34 2.18
1f..' 216- 8.88 22,2f "le.t MIX,. 7.6 1.M 691 .7. 71 2,'8
1,4. 51 7168.88 24.17 288.88 I.I,7 2.82 4.49 62,1* 98. . 3,79 2.59
781.T 16I88 18.EA 'O.88 1444,2 P..9i T?.4 K , 7.4 5.,.7 1.52
19.,88 1,.",88 11.4! 488,.88 170 7,73 J 16", 1 29.99 52.7P 62.01 , 3
194.'A 1'8.88 2,19 1P88.88 8M,54 12,04 22.8 9,.36 U'.. 25 N, 1,74
1.28 16IF..88 11,67 128.88 (M.95. 9.31 ,.e ,9.77 74.7 EV.U. 1..T

11%.V 1628.88 15,.,4 J.88 309.41 5.3, 7.95 .7.43 P..4 3
17.% 1678.88M 17.45 20008 128. 1 1.94 3T.89 2. 93 94.98o 69,49 24
, is. !*.88 3,.7 N 4 172,46 6,79 2.23 26.91 31.159 ,,,m A.0

219.3V (".88 4,43 24188.88 J.,2, 6.21 19.88 31.39 6., 13 ,,71 8,.,
90.18 1".88 5.52 7, 88,88 (2,4F 5.8K 14.7S 39.47 44.519 ?,11 I,1°

1,88 1"8.88 (.I . 2C .88 9917.27 4. Z 10.13 47.f- .. 7F. 72 % 49
I., .'Ie Iq. 88 9,24 FMI,88 V',7R 3,28 5.19 61.74 75.3 .71 1.9.
'c-1,40 18.88 11., 2 11,0 /4.7 1.25 1.97 (4.97 .8.88 74,/. 2.6

8.88 838.88 888 el .88 8.88 8.88 fi.l8 8.0 8.88 8.8( e.
?4- I 8"MI.88 2.4 7 4 8 .88 IX2.47 ,.q?2 1,.9 24.(A 3,',J F10 ICA.7.)
28.18 M3 ., 3.49 JPI,88 W7,P7 3fe, 11.69 31.43 '7.8W 84.,6 8.97

195 0 838.88 4,8 K 1288 OR,. 7.89 7.70 37?. 51 42.97 ,72 1. 1
1M.48 PV.88 6.,45 C88.88 ,-.0, 7,72 3.q9 ,T4 U. (Z.49 R,.q 1.8
18.88 .l,88 p1 28 87.m 8 !12.FA 83, 1.49 62.48 W,.94 74, W8.f

THE MAf-.. E ALL EFFICIENCY IS: 73. 384,3
THE MIN. OIJER ALL EFFICIENC",-' IS: 24.639
THE MAX. SIMPLE DISPLACEMENT I S: 2. 62257

-, ."



POWER C:OtIjERSION TEST
PUMP MBER M13542 RLU. AT 120 DEGREES .F) INLET TEMP.

L M13542

R(M FT TFR. J F FOJ n OW TFIR PRSS FW1 T(M TIrrf HP INIT HP CFS RI UR FFF WTh FFF 9M DC
TRF(F) WM (ff PCJD IHI I FWF( ) M (Q) it'-r"

134,9 O 7R.9 '?,0 919 3(W-M W 1401 r.98 (1. 12 87,96 90.94 98,42 .r
177, 2R7WW9 79.(Z 2408,00 1178M. 41.28 M 4P. 81.78 9COX 89.02 7. 54
12.8 W." O 1.27 WIN 904.31 31.68 38. 74 81.7. 94,11 8.00 7.,r
J ,7 4 , .9 ,W , 0 0 .3 0 9 "7' J 2 0 0 .0 0 ( 4 11 , 1 7 7 , 7 , 4 7 7 8 .7 0 .. 4 7 P .9 .! f2 , .,

J.I. 35.89 73.29 98.44 74.47 2.78

6.1 W99 717r.7 .
1 60 ,' O. 7.1O M.00 14 X. 5.49 & 4 , t . 1 , 12 '.

1.1 .' 7 ?1 .0. W 72,46. F41 1446,1 JR 3,15 49.5 . 7:.98 87.45 90.67 2.48
P9.,4 7166. 0 72. 99 2498.00 1171.71 I.VE. 48.16 PI.9 89.51 09.M 2.46
1764 Se 2160.00 7. F4 WIN EPA.~ 74. V .66f 79.97 9.7 W7.95 7 P
12.8 2166. 24.100 74,1 .19 617.99 1.4-- 218 it: 7P, M. 93.91 84.87 7.
11P8.8 716.818 24,7P W W.8 W, 7, I P., 11.57 73.95 %4 77.69 .(5
I;'.4f t 10.00 25.X 2tM.9ett 141.61 3.44 4.85 7f.7F 98. 7 (.1.73 2.7
IV8.0 1. 15.7 .IN, 1439.% 27.45 a.1 74.15 M1.62 91Af. 2.24
177.70 10620. 16.18 7408.8 111,.65 22.? 29.89 ,75.T 84.9 W 1.22 2.31
1.,9 1620.00 1. I::8.9. !(*. 17.Wf 2.62 76.78 86.46 89.39 2.3?V
11.8 102.8Be 17.22 1MN.98 W12.47 11.94 15.4F 77.11 809.39 7.: 2.45

P..7 0 .8 17.? (06.. 31.4 6.. 1. PI 32. 74.3 92.81 i1.61 7..
172.611 E.2.1s 18.. 298l.1B 139.5.9 1.9 3.5I, M.4P %.36 P.. 2.65
128. 5 IW.m 9.60 9 IN 1451.1 M3.72 24.8? 7.3 74.79 98.36
12I .. 0 1 0. 9.. 24WIN I IR1. 13.73 19.98 68.78 76.9 89.97 2.11
126.6 1J. 18.20 I1RW.N .I.N 18.02 14.9 71.82 79.43 9.13 2. IF
I... 11n .OI9 1.66 19.08 w., 7.3V 18.19 71.7? . 1 87.3. 2.2

, 1.28 (188,081 31.45 3.95 5.32 74.24 87.21 84.47 M.48
18.981. m OWN I.O 9.00 12.7 1..V 2.17 519. (Z 90.5 6.9 2.49
137.9e W9.9K 6.34 V.1 J457.47 11.8F2 185 .5 .. ie 66.66 .97 I.N
S1q.7 7 SM., 6.59 7498. 11,8.82 9.22 14.71 67.7 .9.2 9.52 1.90
177.70 See.8 R 6.i 1( R.C9. Tf8.;, 7.26, I1.1 (4.9F 73.3 89,31 ?.81
M,.38 W98.I 7.44 19,00 W9-.25 5.1, 7.52 (,. 7, 18o . 2.15
11,.98 WNf 7..2 (r,9 318,.9M 7 2,72 3..195, 68.8 M3,31 94.73 2.29

fw9 I8 N .M9 200.1% 118. 45 89 1.50 Q..1 9.7 7.8 24

THE MR-:. O'UER ALL EFFICIEHC',' IS: 89.3834
THE MIII. COU'ER ALL EFFICIECY IS: 55.485
THE PMAX. SIMPLE DISPLACEMENT IS: 2.74625

. ii



I
POWIdER C:OH'JERSION TEST

I F'UMF HUMBER 0117.541 RUH AT 1,e80 DEGREES (F) INLET TErP.

I Ml 341

RImFT TFP. crn fi n (V TFF' fS FN R (IT WlI H JNRni (I R1 U(I FEF MFCTh FFT qm Fjgf.
ITW(F) N cj[ IM .  FFFW% Q ) O.T ,?'

04.1( ;',I 79f F ..l4fo X. .I .M 144,12 46. f, 0.5 74. 85 S.99 M .47
15.61 7W. w 27.; 2W4.8 I 1166.2 37. Fr 49.% 71.82O %. 4 ff i*:?
i ~. i ;'W. w 27.9 1('FI (49mE, 2ep~lf 9,2 ?R N.3(- 76.f3 fr.2 Ct? .53 I
r(.F8 ;''( . 4 .. c 1I j*4 , V . 2(.2 259.03 77.89 T2.JE. .R ,4,
I14, "I ?, 0 "8.3 E.48 5.'5 18.58 14.37 7.07 %.,16 767, 2. n
77.,c4 '7, w -1.44 ,leA )3A.43 4,.7 5.76 81.81 lifem (.3, M.t,

!op'1 ft 19. " V.e.F. 1428.49 X'4.. 48. . 71.A 79.51 98.40 2.14
w 20 1 7 .FO 114.2 2.7 39? 757 J.,F4 P9.44 .2.19

M.1 "1 1 8,8 j?,.16 12 I8 W.24 15.24 20.78 73.37 p.13 P4. 7 2.,7
1 ..9.7(4 2l6(. 23.7 6 .( 7W.14 F,.87 J8.97 73.? 93.73 PA./ 2.52
1 1.5 21(8.8 24. 7%.O 174.ff. 7.91 4.62 (0.97 97.71 K1.49 2.7
1. m K4 1"59 'W.F 1440.43 73.4 .'.l F.. 7,.f, (49.15 1,94
l94.9 j 1(E.V. W 1 qR 2MA.8.8 J154.91 19. U6 29.69 66.23 74.11 W.,, 1.99
1 1. m 167.088 14..T JW.8 7. 75, 15. 2/. 54 67.44 77.29 7.M' 2.58

m I.2 r,2.8 l5 ? P8.8 994.(W. 11.81 15.47 77.18 n4.% WA.4
Io.p8 16.'8. R 1(..(.7 WW.88 1 J.88 5.74 ..81 7J.%8 W..3. F0., 2.7.
1,0.( 1(..1.788 17.1 PN 2.8 127.74 1.q8 3.2. 97.% 94.42 .7. 2.4
W9..6 1 .,8 7.13 I' ,o 88 14.98 J?.4? 24.M 49.97 .6,67 W.5 1.78'

191 .N 1( ,m o.82 ?4V 1O66l , 11.13 19.99 , .f, (..79 .(. .,
19 I1. IFM.o 8.4. 1f.88 JEN7 W. 1 .4 15.8 ff..83 P .7.82 PA 1.
1.7. Be j .88 9.11 1l .8 598.77 6..32 18.1? 60.42 72.49 ,i. '.T

F(7.2 ?R WAR 18.01 (MAO8 W.89 I 3..41 5.1( 65.9 79.(A PI f.R V.1
1 7I,. 7$ 1"E.00 11.37 MA 116.91 1.19 2.A 59.,8 .,41 73.X3 47.
7 14.2"A EW.8M 4.38 W. UC 1469.49 7.9R 1(4.65 48.1J9 46.21 r, .'(. J.24
94.78 p0. m 5.1? 24,8.8 1177.2.3 6.9. 1494 46.70 5.5. W, P7.?E. 1.45
98.6(0 fo88 5.8 1PM.8 87M.81 .IS.74 1.LK, 51.46 59.81 ?7,67 1.5A

1 I.5! fW.8 (.21 1,*.%M8 52.1. 4.27, 7.52 %.71 6.6;' f.6 . . 79
115.404 .Fe 6.98e W% W,-,40 ?.7M p3 61.13, 74.1 J f4.f. 1.99

i7 , .1('0 P. 8,88 j2,z 1.89s 1,43 (.2,43 W..97 76., ,p
THE MA::'::. OCUER ALL EFFICIEt.C'.,.' IS: 81.0127
THE NIIH. OJEP FILL EFFICIEHC-' IS: 40. 1907
THE HA>:. SIMPLE DISPLACEMENT IS: 2.68944

I ,o



PCOJEP CONU.ERS.I TEST
PUMP tilUIME:E-: . PUH T 120 [:EGPEES ,F', ILET TEMP.

(P FT TFR. Th pj F l Tfr PF Rj'dTm.t ctrTF fP iier" H u fu fII FFF WT FFF SIH DI
Trw~ln RPM Pm KI-D ,rr4 PC ( .) (Q) 3r.jut3.

I.. 'In, * .3V.7 6 W-FO 1447.29 M. 7' (A.1 O M.92 91.67 91.(4 2.54
17,'.;'4 W. 31.29 ?W. % J69.19 4". M 51.94 84.11 93.2. 91.43 71%
I29.1W NO 1 @ 3 11ff.I 1Fw*. Fe M F. w 377 77 . 93.4 94.9 q?
I "1 . -,,T4 'W W ;.r I"'1*. W 614,99 lp. 69 77. 11' FI. 114 qf. 8,7 F,.s. .68

jl:.(o ?".8 W ..12 (M. W 744.1 11.53 J5.29 75.40 98.78 76. .J 2.73
E.. , 2- M R 33.7, W'*. 0 145.7 6. . C.4e .4 49 11W.11 68.45 2.7?

"1,40 7740.(4N 73. 7T W-1*0J J436.9, 41.7, f51.I ~.4 W37 91.9 .4
INP r 24e. K 4.4,27 24fX, Kq 1'.,A ,-,.. 41, J6 P.15 C. M 91.31 2,[f

1 7.7?40.~ OR 24.P7 3 CO. ~ff.f- X Ki. 3.4 8M2.94 P93E7 79.9
17,.3 2?4.~ 00 5.5 T~~.* 601.49 17.78 71.-V- 83.1 94.9 q 78 2.E
119.10 774e.M 76. ( (M. m "M 21 91M 11.67 77.41 97A. . 54 7.69
116.1 7740. FP X. (1 WRP 144.F 3.0f. 5.14 99.. 99.12 68.97 7.74
1V2. 48 6 57 -Mf 1431. - 7P MJ7 7.4 V.1 1 WIN 2.77
129 .7 !(,, t7,!4 ?4W.M IJ4 ,44, 23.9% 781 51 7 .3 ?,14 92.3 7. ..
II.1N, I Ef.r R !oI. W11M.74 1P.78 23.21 F8.57 Mf7 91.87 7.46

o. 1ff4. lo.F 7 I .98 T.44 12, s 159 T 8., 92. 2 M.49 7,M
M., M7 i (M. 1(9 9 K4 W.9 717.,6 ,.3 P. .46 77.17 94.4 3.219 7.61
I IR15!1 1 (M.E4 OR CI FA '*.R 171.29 2115 ".T0 61 %. E19 671.11 MS6
1M.48 FP.9 9.9. W.'0 143?.24 17.," 2,.4 6p.2 74.13 92.2. ?.W
17v.28 11188 I1R. 57 70P.O 1141.1? 14.,91 A. 2p 7.% 7P.74 9,(k. 2.IF
17.. 111 m 1.14 IFM.m .7.45 I1.6# 15.47 75.48 82.99 91.10 2..'V

7?8, 110.8 11.7( 1288.88 5Ef..(l.2 0.20 18.47 'IT. . 7. I CC.12 2.43
!19.28 1 .8 . P.ff "(f W.. 7 4.16 .47 76.15 9.E. ,.91 2.48
17.C9 1178.88 17.47 W8.Fe 124.43 1., 2.71 50.9? 92.94 78.81 2.5

.. 7 . .- 37 3W -.. . . 1477.99 11.f8 1 .8 6.F3 5.98 92.PJ !.8
13. T fmle8 (1.9P 4W. 0 1146.46 9.61 14..7 (1. Rl 71.91 92.22 1.99
17 .7r 988 .88m 7.47 IF.88 ER,. 60 7.4 PA 7.99 71.2 77.95 91.1 7.1.

.'r. ,.84 178.8 ,fp,19 5 .5 7. X 75.71 8j.9? 91.12 2..1, 1, ,.tP 1 f"%.'' ( .(f R,4. 04 19, O"M
1-, 9 8.88 4 W. m 94I .. , .74 N,,4 P7.79 89 .74 2.43

lIEF .38 f*%P. 7888 8.5 @. .3 9.3 v 8.l19 FO,.57 2. 74

THE MAX':. 'l-..EF ALL EFFICIE.C.,. IS: q5. 4916
THE MIl-t. C' IEP ALL EFFICIENCY,.. IS: 3 91 -- 3l13

.. ' . ':IPLACEMEHT , '7"7

~I



F'(:tJEF: CCI'.JEP'S ICN TES--T
FiltrF NUHEE Pl M 551 P~ttI AT 1: 3i CDEGR3EES:- -F", INLETr TEMP.

WTIlFT TFV~ 9 Th Ft. l (lW~ TF*, rffS Ff3 ATC M CEFFIT 11P Ilf U Wi Mi FBI LKI FTP 113)1 FT CJM Wr.

t C2'(i "I", Re 7.94 W8.(W 14M&(4P 4Pt70 N-.8 7'IT P4.57 *.Yt 7
: <W ; K,43 27.0, 24fSS. 1363I7Z. 4R,3 53.r,71 71.61l $7A4 P9,44

ff4t 4 'ilftf*W 29q J~ 1F1**1 W4A.(R 1.7, 3%3i 79. 52 (4 *7? W. 24 7
4 (f~ 14 1;*M W1, 4n " .IT Wl. 81 e%.3V. 94.2'f ft5.

1~>* 4f~J' p2 (Mf. fi Thl 11.1 14.35T 77,%t 97,5 (tOi.
I f37(4 WC( 7. 04 2NWJi 17'-,43 5. V. 5,.57 %. 1 I fff 69.16 "7
fr.,% 24e.Ff w A.708 OO J(N 4143, (A Y.11 1j.3 78 .7W. 70.3M 175

M,.2 M288 I>. f' 2488.88 I 1155/C U. .5 41.8C0 74,7? MI C2.81 Kj:
t~f* I288 M9. IFllj Ff.4 2399 31. ?q (X.Et. Ml..M W.69 23

f:?,f W24?5(1' 2 7 (M%.(Re -11.? 8.7?4 11.1 K 7P. 99 95.94 K7.? .E
377fl 72Z.3* 2G% ;fll f. v3 4.36 767.F 0 %., *. 71R.7 2,49

I f!'74 I(flEW t4,$~ W/ 47MlSO 1443137! 24.44 38. 47 (3.5 711 -0.-7 88.1 I.T.
lklS.% l(s.rFI 14.91 >4(C* 13J54. 73 2.71 38. 7F V..9 7.1 8.
np 7 1(SfT'K I*i . I4 1ffr. w8 1 177 16.F,45 23.21 7&F*: W M*. 13 109,7 2If:
iRr, ( I T f 17M I4 1 Fe.8 WE.17 11 1 I 35.5?7 76.4 M ~ 9 M, 41 V2

IP. 10 in $t8 1WO.38l f m 1 1* '!R!1y, ~ 6.0.4 718%.69 91.78 W.1*15-
'9e7 1(I'( pp8 71. 1338 .14 3.8 78.7(1 9l. 95 7,.23,

%.% 18.8 7,P YT,% 142.133? 25.46- 51.88 7,.45, 88C
VC7. 8r I1I'T4 ro 83C, "Iffl,(*i 1357.45 11.78I X1.7 f(.Ci Q3.39 99Y' or,7.

-P.Y w17 9.,48'C 13*. *.. 9.*% 1,3 64.8K, 73. 71 Cot,1II? r
171ThFT II.8 18.68 A ( 1888 W, i E.Of~ 7,7? 18f. 4( 69. 46 8%21 M. 4' t-

W7, 117 11.Pf W*.8 CC eC0737 4.8 5O .271 77.27 87.7 ,*Y ?f ',-1

7!WflIm 19* 27. *8 184 4.79 1.33 16 7.3 c74 §~t 7'

TrHF MRK:. flYER ALL EFFICIENCY IS: 96. 619-7
THE NIHj. CUJEP ALL EFFICIENO'' I S: 51.3j7-C3
THE MR,% 'SIMPLE D I'PLACEMENT 15S: 2.72552
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Frfl.IEF CC04.'EF'3 I OH TE27
F M HME PrT5- RUH FIT I2 -(l EGREE' 'F ) INLET TEM-P.

RM T.~ Trf1:. WMfp mn fm TrFP IR' FVJ TWI WMT HP ]WI~T HP (RFfI UR FIT IfflIFT SIM W1

-1410, K 31.C14 'AW 74(;C 45. 0 I3 I. 11 9j.(4 %3.29 .6

6,l ~cf~ r t~f~~1 674 .74,13 R . No R.5 951. (1 W, 47 71.
t UP(Cl f%4% ' 4" R t114R Wf. f 74f.9:r, IJ.7~ X 54 F 77,(4 97, 59 Rk f4 7.81

11. .4~C ?m K4%~* I Il, r 3.2l 7. 57 42.(4 1OBI .1.77 7m

131 W~ ? 4 .ff 74 7" ff* 1470 42.17 fO. N Fl. 19 W.7 92.71, .5

T!7.C'f ~'440.( W '1 (.CI 'Pe. "7, 9.53k 11 1(7 P)J. 1 95. 43 F?3.E3 2.74
117-V~ 7.74f1. FP ?7, " 2.Fe 17?l S1 2.117 (11 7 34.273 97.fC n iI.N3.9
171AAf 1 (-T. M 17.47 W.. Cf 1419,68 V-143 'I.IV 79 . P, I 9. 3 2A4

17. -Im (mf%. K 7 T 4,( I4E ?: 351 'A.3 (0 31X 7F. X 93.1 E$.1x 24

1 limf w I1~f W19 1.*l ?cff'A* 12.16 77 A 0 W.~ 46.2 O 94.1 75

WARt 1 At OR 191K W 4 (O 67.* 1 4.4?- 16,47 E(. 9 9? 9.1 116

17, e t(m OR 71CO 1w. OR !41. 9r '3.09 A3@ E4.7) T1 F9., 9&. 2.7r1
7A,70 1 '3, RT~ W-4 W4~~* A11%.If 1.61 17.2 71.6 77.'l 7,16 94. 2.2?,

17 0 1IR W i11 'w ORI~* W%'32v n.0 20.19 11,61 7.2 F2.4 94. 5P 2.3A

W". 97.V I- it, PF iI f I ,(f P5 . I 31.2I6( 147 78.674 FI 90 92.3 1 .45

7(f (f 90 -fAV% I01 w.l !if7.9 1.7, 1. 9? F:6.51 97.46 P4.96 .9~

THC7FP 1F 7, fE. I L WFFICEC 144,: fr .'I 141
0H 24W. ff IE LL. EF 1CEN: 1),.! i:4..c 716 21 9.1 .7

TH'qIF . fImP r:IPLrEEN ?,-: 2., T.57 7 T

I- w~l Ci.. 17 , 9 1'/,, 71r
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P~MIER COH'JERS I Ot TEST
F'LMP f.I._IE:EF ,561 AF.t AT I.: i DEGREES (F: IHLET TEMP.

t2 -2 7 I.

UM FT Tffr .,%W, FY Fl TAP rcr V fil T)0( VTWT WF INlT HF' MR Ff I 14 flr WM FTT S., h t

Tt ,'' (1 Pjr, UH , FFF(%) (4) ( jrt ri-s

!q. R Ff, 4S 4 1 ' .5! 1C 4,47 (0.59 R..47 .r, : 4"
"A,0 ,W1 ,% 71ff C4 17 .Y'., 41.37 74.7 79,17 P7.70 91.1f ,4
171m.,. F* ,32.1 7,4 ,W. f Ff 2.7
'(5.4~8 0?1. (If1 7 ,.1,40 27.17 n2.44 94.64 7. ?,4
'K EllIC '1119 Ki i 6892 372M. 3.9? 5 11 .9%o 14.38 S3.17 97. f 'a.77 .74
I7PE4 N4.9 Akt298 17 5.19 1.6 91.T, 18.9 O89 28
FSF,. 27i 40.8 Ki 72, 74 7M,*(f 1450,.19 39.121 51.54 76.07 82). 31 92.3 IA 21.
11 .40 2740.8 ff T 'MM I48 W, 1(64 3%1.99 41.46 77.14 P4. 5? 91 .8 P27
37.9 -i 2240,8 K 7.7, I( 1Fm.8 m 04.1.2 .%., 31,4? 78. J5 7.37 1 1, 2.45

-4'.. JOF47 ;,. W, ' .97 17.48 21..22 V.48 92.19 .3 2.59
1 W 713 .'74 /i, R Pe, ( , fr 312 , 1.5g 9,17 11 ,11 82 ,R 95.45 R ,78 2.6f:
Mr.8 408V., 9 1', 8 4.,9 3.t( 4.43 (.821 9.48 7.0 ,7.,

12 1 P' 7. (f !4., ', .1 3J (.35, 73.97 9.S, "
*CA7( 1689INW89 15.%9 "4M.8 1OR .( 2.11 31.0 71.29 7P. 1? T/,8 ( 21. 19

W. /f' 16/f Kt9 , 84.31 17.41 ,/7 f 73. S5 264 %.% 2.3?1,,..,, 1! . .cI.8 584.62 2.', 19.58 89.9 87.59 F1.62

12.-.7f9 I'S ..9 1'2,. 9' (.89.f 30',.(4 6.,,7" 8,.7 (5.19 92.71 8,.584 2./8

'W&, 11.98.., ( .., ,..T 7-" tO. 1 !456, /8: 14.56 29.8 .,2(, (.1.6, 92.93 1,.7
.,..,.. 1"'.Ff Qd 4 ( "48 * 1174.10 12.9-6: 9.' 87 62,.28 69.41 .91.24 19
tvr9 fj: ,19 .9 !9.7", 1W/ ,-8,79 ,..9 10,.63 19.63 (.,7..99 79..8 91.74 2". 1

I'1 ..' i ] 1124.8 11.27 '7'89.89 SE. 7O 7.,8-3 10.42 7 5,..14 ('.93 91.26 2'.7$ ,-4.7 II"VO P i 1., (f.8, 2*,. (4 4.2"; 5,2, (0.71 8Q.19 90.4? ;',8

'F, W.,A 1"'(,O '?,7' ".89,f 189,8 1.41 1.94 7%.?, 93,47 81.,8 2,/,'
'W,. P ,.-(4 r, d,40 WOO4Bf( 14,1,52, .*44 28.7 46.97 fOt 91.6,2 1,47,
58"94,. 4 .W,. P0 ,.4? 2489.8 117.33, 8:.91 1,,.35, 54.51 61,.89 .9 .0' 1,71
I%9j W," 89:. '71 1f1.( 891.9 7.79 12.24 6-.6 7,0.60, 0.1( 4g

Wim.7 ; 275.8 2,, '7, 0-, .8 F f!.7?, 9,,'.67 8. 10 ,9.97 77.71 p1'7 ,,>,2.3
.,...4 $7/O " 6,989 9.78. 3.19 4.12" 77.46, 8,.81, 98.74 M',

3 TH-E rip>4':;. OYUER AILL. EFFICIEN..CY-. IS-: 91.5541

~~~~~THE I"I. OUER A....ILL EFFIC:IENCY:',- IS: 46.52,11W , , -7 I r' 4(,

, t.. I r3,UP , ...F!, c,,L M. 7XIFL :I~ ' r, ' If 4. i f , f 9 91 1 F1 f14

II.I S,(. C" 9 i Ce9/7

Il _., .. .. .. ... "em4 2 .I , f 1 M 7 , ,
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POI..IEP C:ONiERSION TEST
F'.IMF' NUMBERP M275172C: PUN AT 120 DEGREES (F) INLET TEMP.

amff FlT TRc, c Fip, n N1 TRR PI .S FV! TM 0r1" HiP MNR HP W IFR. L "' FFF MFM]' FIT IR IS

rirrrW Ff FTM (TIM T P FF,T~ ~JFi~ ?T (FIIM Q)tF 11)FF 5rtTW!-J

i -A,440 ?W W '29, .8 WFe% 1459.65,r 57,71 (4.IW (('.t 89. 49 8.7 24
p-i 5 * ;'", ( V. 7 NOMM( JJ1,w.2 47. 57 r I.9 T/ M,4 91.44 87.7r5. f
i ... I W, K ,' (. lF*,fMl W.74 3,,! 41.44 78.70 !. 16 84M .,M

17,.{ ' 2W w 31,, 1*W.M* ,-,95 7j. i 4.77 6. el.l, 93.9? 7.0
1,151 P fw O 3" k Wr W~ 3657P 8F 36171 a's3 'C8 71.44 709
11, -P ;A, ,7 W.uffI, j. M 3.39 8.43 4& r/ IPR8 45.8P 7.74

M N.1r ?248. i 73.29 W'*. f 143*,117 4.19 r, m 7q,0. 87.76 91,.6 7,48
171. 7 341 O.4 W 73.,W 74MW I ,175.5 V, 7 41,.7 77.9r 89.69 f.91 7.45
128,., *1 ? r4 ., 74.37 IF* . W ?..9 74.7f K. 13 74.75, 91.7 04.12 7.51
1?,,T 7 "748. 2 4.91 J? L, 577, 2P8 17.57 18,74 T.q .87 99.17 7.?
12f. 7T4 2740.OR 7.,4 8 40 ... .0P. 11 .9 74.3? 95.77 77.P7 7.67
11.-90 ,4P. Oe 7,,4 M, 1W8.7X 7.7 6 ,7 44.58 97.73 51.81 7.67
17110.(4 1691 l(..91 14 .49 79,47 3'.8 7p,59 84.9% P-9.34 ?,.3

17,!4 I(M4.,% 17,77 lw.Nl 9(47,45 .I1, 94.19 7.59 89,78 PA.39 7,44
11, , ffl W O@ 10'. 38 FP* 579,99 12,fe J5.46 87,87 91.95 Celt? 7?2
I .(e If* (M. OR Ir??7 (*,1Ff 72,7 (,44 P.34 77.78 94,07 P11I L 7.,T

t".38~ 117p.m r 1*1 7 1, M 71.@.Ffr 781.1. PIS74174€,3 P' I PR, ( Je , . 4W f, I M .ZT (15 J5,7. 19,) 1IB r. Foll pill W A74

1 X . 7P 1 1,44,.w 1 1,5 7 I " '. e PI 1. 04 J 2 10. 1 4 4 J Ml , of., 9fJ N . ? ,,'V,

i1.9 1198.9 w J,cif 128.fO %7,39 8,4( 10.08 8'.39 89..9 9"2.15 2.45
I '.q8 1 .98 /P* , 7 (M.Fe 16 .(*, 4,21 5,,6 74,76 57,70 P.,48 ,,,4
?I.j( A 31 .e I (f, ' V4. fe 147,!9 1,29 7.62 49,.7 94,29 I1 8,,

1192 , "M W 4,(7 7WO I(.9 OR1.? R .17 17. rk (47M8 69.84 CO. et 1.91
1347",4 ! 8.98 ,C 2"98.9, 114.7 7. J3 18.39 (.9, 9, 76.47 9J.J4 7,09

.( 504. w r7- 1FW.9 71.(N 5.F7 7.74 7.83 m.S. f, 9.81 72?9
1.4 P .0, w* r74 I "ft, e ,.,V 4.01 5..8 75.73 1 .,47 87.69 7,7

tm 71A 6-K -W98 E*V 77. 7 7,9 .93, (19.36 91.39 79,.77 2
1 4. V4. W.39 298W,,9 J48,69 0, 5.25 I2, 46.,74 93.33 (.1 .9 ?

THE MR::. Ci .EP ALL EFFICIENCY I .: 93.5457.
THE MT . COUEP ALL EFFICIENCY IS: 40. 223,
THE M F-. 'I F'LE [:I'-PLACEMENT IS: 2.7 -"661
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POW.ER COI.)EPSION TEST
F'RFl NIJrECEF. M2T_,T1C: PUN FI T 180 DEGREES :F') INLET TErMF.

I
(M FT T,. cFTI' l R W Tff PWF , ffJ TWtQ ((NIT HP IF rr (ER H WFI Wf FTF ,F11H FTF c~JM NlC
TbFP([' R (1 P5..) I. KS FFF(,) W (Q.) 1rt"tv'

IC V ' , fi W., *.00l 1451.4? 4P.41 (4.49 7T.f7 ,14 M.,"3 2.7l
fr. ( * Se (.4 , 4, 4*t 117.2? 41.11 2 .39 7P.4 . 87.44 87.9 ' 2 .3?

1;.W "WsM 29.1 1) HFOI E 901St 31e.4 48,11O 79.5f4 9K.f 59 '4F,
1%. 79 '1". 0 V,0.1 105 PO .1fP 9X4 fi.P9 7 7.5f2 M 7P.2 9.62 r3.7 ?,54

(I..0 .S Cie 37.07 W, 000 349,24 11,5 15.59 1,, 73. 97,43 74.24 , (,'
1P7,4 4", 00 3791 2M I U.. (f, 3.7J 7.,8 , 0.,9 100O. fm 52,1f 2.7,
1cc/p "24$0' 2M,.( 3W, 06 1458.3. ..41 fliI 7I.6 7f. F W,91 2,14

1 .41240.0OR 21.79q 2400.00 11 V,.77 3007 42.37 71.I PO. 75 710 2.71
IP.,(I 740. fig .8M IW, ep .909,E 23,0 70.T4 77. f4. IA.,71 P,,.49 2.5

.19. ,"4 O.00 73.7 1 1'. 00 &,9,"% 16C. 8 2, . 74.57 q.tP 82.40 2.45
Jc,, ME 5748,0 24.K4 (00 O 345(.S 12. 2, 7J.57 9.11i 4, 75I.%

183.2 W200 25. 45 ?M. ff 148, N 3.271 5.2 6.6 9644 T0P f.
19(.,4P I(M. 14,(. O ,(,OR 14812,G 74. 39.49 ,.97 74,11 P., F8. 2.0pi
192, 1(e i fF M 15,7i. 74M0.00 I17.5 711m I 316. (.$1 7 8 3 7.'33 2J4
1 F4, 70 1fW4, M 1.4? 1 **.0M 1.21J 16.97 245 70.48? -3. 4 6 ft.? 2.777
181( 1k .F 1 17.4(. P.P, f 2P9, 7 J215 l(.,59 73.26 W.,4 m1374 -.4
1 I, ,(at0 W iO.. ( ,00* V7.,' 6. 1 Fil ,,f. 74,M 9J., 7.,01 2.,5
1Th,0 (E28, ff 18.7 w00 1.2 IN 1, 4,14 43.47 ,F.4 0.69 2,51;

V1M 1120.00 ,.9 , M 14(3,74 14,4$ ., ,,,5 (.2,94 W,,7 1.71
18 ,7, l I ,K 9.7 2400,00 JJ191.67 12.99 21.18 61.13 71,15 P7,01 1.93

VR.i 90, K4 IA,00 IFWf, .04,,.9 1., 1 V,R (.. 7K.9 X R,.9 2'f:
X I C.,0 120 .0 !0.9i I20.0PC 615.39 7,81 I.94 71.4$ 82.,9 PA,27 7,.9

%o9., ? (0., 0 .3$ .E, 14,3.,9 5.47 12.91 42,%6 49.68 89.2 I..3
4 (%4A %05* fe 4. W,72400.09 1191 .r9 5.6 10.159 7". e5 (..79 R7.0 m I

19-,1(4 %p,(., 4,(, 1W. , W,, .7 .01 7,89 6.47 7(,.8/ (7.5, 1.2 T

'0 f 4 t 71f4 1 "2.. 122 3.5F 14.7- 94,7S 76.57 701. 15
ff1~. 7M0.0 p9 (0.0 3262 7,'/1 2.99 76. 25 9.9 745 2. ffi
(PU 74.6 Wj0 .W 200.0 1745* 0.( 1.2 IT.07 91.23 £4.04

THE 1A2:. CEF ALL EFFICIENCY IS: 0. 2791
THE blt. O'.'EP ALL EFFICIENCY IS: 24.7769
THE MR::::. SIMPLE :ISPLRCEMENT IS: 2.71522
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PI.ER C:OHtEP 1:ERSI OH TEST
pF. IM'P HUMfEER_ ' .5':. RIUN AT 120 DEGREES .F:) INLET TEMP.

M2:5E'2

(AM FT T T, M F)j lr TFP P .F-. FI, TQ 0rrrr Hp Irr Hp FR Fu U L FFF WTh FTF cN N)Dj

TF(fP (F) ffI (F m VIr I-1 rt FFF(%) (Q) (Z) irit,34*h.

(f 710 '~8 041 W, %(fI J14 2. 6 1 C189 (1. 65 M 4 J 9.~ q.T 75
I tB 0 ,0 V 30. 8 m4 I ,8 l59.,32 41.. 51.51 81.21 2 9., 91.2% 2.48

17iA 2l%8 Pe 71,76 I,0 1,0, 3,.2? 39 .1. ftP4 94.T 9.,?' 7,0
3 7, , W 32.7r 12,8. W Ef.P4 , R. X6.% 044.V 97.4J ,721 .7A

174.- ?W .W 1.70 7 1 '7 11 1E11, 14,7 79.14 ..P04 79'r" 7.74
119. .A.W " 17.50 9W.Ki 147.97 6..36 6.757 %.7? 100.A 59.61 2,77
2,?9 %940. 4 n.67 ,', 1474,81 41.24 0.61 .48 87.91 92.91 2.44
,4 7740.89 4,21 4 1144.79 m3.,9 40.69 ., v 9@,8 92,46. ,,

'4, 7( 2,40,f C 74,., !FP S7,% 2., M V. W. 4.7 97J51 91.46 7,F(
"1 !,o. 89 C4P.A, f%, 1789.8 54.( 17,7 21.14 4.51 95.7 .7 7.R7
l19,4e 2 W4I.89 , % 1* (4 't J7. 7c 9.82 K 11.29 79.p. 97,19 M3.27 7.69
);F,.V ??40.8 ?E.l 2W.89 o 25. i ?.93 4.47 .9 98.71 70.19 2.74
PS' Cie 1(68. 8 l 7.8. 41.641 28.7 I'V..M1 "775. 17 81.45 9.7P 7.
1W., w j W~8 00 17,1 2489.8 1134A 23.99q IV.3v 79.19 FA .9 9 3.12, 2.30
121, 1 (Al, K4 17. P IS m.e -.19, N 8.69 "9, , 94.4 8 9.67 2.317 2.46
1 ". eq INe OR U1 rp 81 9 TI 71 1.9r, j5.%1i n3.~ 91.82 91.01 25
12270, 70 1 F! T ISP 48,8 '1.,. 6.4,2 f,17 8J.p9 94.04 .34 2.(
117,66O R89 ,q. 21. 7 i7. m .21 3.30 V .. 94 .. 12 71.24 2.6.
I ?..730 11,T.89 18,81 3 %4".Wf 145.71 17.. f 25. N 69.. 74.51 93.46 2.19,

I7.8 1MIT.8 74W, 248. 1174. 14.6 (P. M.15 72.8R7 78.74 93.3V3 .1
7,K i Is 'Ie.88 w 1.%f 0o., % 9 11.51 1 ,71178 7.3 8V1.,7 92.32 2,27
173, 11 O.N I 17 178. Ki r., F'.17 18. 36 78.9. W-.,8 98.81 2.41

1 9.89 1178.88 PI~ F *,.8 WO W,67 4.V 5,34 80.40 9%.40 89.81 ?'O
"I 4 1TA.8 1.,4q W 288 17,4 1.5 1.99 (7.45 92.97, 78.5 25

t,0 fW.8 5.7 Wt4.89 1415,1 Jk8.1 17,% %X.23 68.36 93.FO I.E,7
7,,4( W.w ,.f5 ,7489.89 117.19 9.26 14,41 64.24 69.'38 .9.24 I,

., 8 7,7 i. U. R,.., 7.71 70.98. 77 76,.74 97.49 7.13
Pm., . WI.8, 7 12M.w 5,.9/ 5.49 7,32 74.91 2.58 91.7. 2.9

1,0,5 7A '8 '" 4, (88.89 72.47 7,S9 3.71 77.9 8,7.5 98.48 2,43
11P.40 WA8 f.6 MA4.8 18.8 1 % 1.39 (.9.5?1 8.88 MI.T/ 7.50

THE MA . IEP FLL EFFICIENCY IS: 96. 7839
THE MIH. .tER ALL EFFICIENCY IS: 56.2327
THE MF.- . SIMPLE :ISPLAFCEMIENT IS: 2. 77101
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PnIF cotNl EPSIONt TEST
PIIMP' hIIMPEEP M23531 PUN AIT I fAf ,EE'PEES 'F" INLET TEMP.

fEriFT TF Cqfff Ff~lflrs TFRPW7 FVJW)ITR rrlrflF JtfIITI OIR FfI MR FIT ~f WTUTr m, r
FeWF r" P tr H r" FITTGM W WVi v'tlf'nt

' 11m$ M ~* 97.11 '40,S* 14" 71.16 47.49 E&1.£6 74.1 5P 7.,16 CIO,70 .74
f*' I W''K ?s3q 14M, Wl II5?,A6 li r 39.E 5.2 77.40 06.3 %8.A

IFW ,7e oW. (4 'q IW 1W f4k pa16 3iA 39.10o 79.278 90.0 WF$.EJ ,45
17R, 'k ORS 31ll OR (R71S% TM. 'I I 76 .77 81.45, 94.5 fir, .30V
I Fft2 W CCw OR ?.4f' Wf. M 371.4? 11.3V 14.28P 79.14 9F.42 NL.?
I r'. 3P '.J% me (* 71NISM 145,.71 5.7 6,47 P2.M0 1(SC 59.47 .72/
I%*1@A '40,CWC V 7". (41 1432,99 35.2 ? '9 £9 r 6.30V 7M.A 9W.71w

1W /4&7;0FC ?I,54 714M,1W I I Ft.r9 "'W.0I6 41.11 7.13 81.61 N89.91 'A??

1 XWPe 7740., 72. p WI*FRI m A.7 'IIIE(f 31.14 75,.98 RS,57 P89.I0? 2.34
1 79.2IN 5940.0 2c4.10e 12M80. .r O 16f.0 21.09lo 79.77 91.130 p.EO (, ,494

1M.00 7240,M0 WOPO8. 313.12? P. S 11.13 79l. 0.10 M3.F9 2. f 1
tC, l(I W2R8 1XM W. l*m 1191m, 3e.3V 4.2W. 77.51 98t.7! 72/.29 2. 69

!'M.5 0 lfltCC 13. C9 7MW.00 5473.55 94.02 37. 95 E&30 £ 9.15 131 18

iSW7'(I r~q We J14., 4814,.80 14P.51 20,47 IV,.62 E6S*PC 74.M 9054 .02
187". m 1(.. AR IV I F*m. O 8(7:.9 16.29 73.13 7M.47 79.0 89.8 2.15
19I8.98 i IT FP! !F 17, 17 I',*.8 C 5iF07, X JISA? 15. 67 76.8 Ki N.. MAS".457
174,% fCP m6(8 lo'-"' WAfiW8I TCEft 6.29 P.10o W66f %7L3. R5,57 2.51
8T7, V 101.0 1 m M 2%0.M I1E. .8 .09 3.11 67.18 T0.4 74.7 M.61

I~8 1"T0 m ,1 W .EC 14N. 17 12.41 T,.48 4f,.8 W, .0 *A % T 1.4?,
I .11137 1 128.8e W.0 7491,98e 1140.8? 11.23 20.27 76.41 61.M 91.15c* 1.U!.

.*IJf wJ)~i I. IqC.0 (39 9.6? 15.. (0,64 69.5 ro W2J7I I

C fl 1 !V71ffl ",7,0 K*~i S19.(4 1 . 1.995 £9.2 93.2N 7944M 2.54
7e uV* Wf 7t * 1429. 18 5.26I 1P. 14 29.0 3 1.87 %IT,5 087

i rt98r Wl. Ki 4, 7 724M.0 1143.9 6..10 14.52 4 2.03 46.2$o q@.%90-

fIV:1PI t.R 6.F' W98198 151.% 4.77 7.3T9 M4.N 72.41 P9.34
' ,Mfl W 9 " ? I0.8 ~'9r 7 7-2 3.75 713 8332 8MK ;'JA

TrHE MA::.:. C" 'EP ALL EFFICIENCY,- 1S: 32. 27
THE PIIH. 0' 'EP AILL EFFIC:IEN-CY,- IS: 29.0£14
THE Sx. IPLE D~ISPLACEMENT IS: 27223 5

Ij



FPIIIER CONVERSION TEST
PUMP NUME:ER M23592 RLIN AT 120 DEGREES (F) INLET TEMP.

Rl 1FT TIR cifT fI Fl oI PFF:S f4I TR aIrmTIT w JIfIT m (IF'RI lT r 'I FFF s'i DIS
TourF'() rf m FII MH- K FFM( Q) (Y) ir?,tI41-4

12?7, -IT 21". w 1, ',77 ,'B, M J4M, 'A M, 7 (1,90 P4,18 9I.M' .W. . ,54

77..', 1WA.( 1 .43 O4P. M 1i1.69 43,.P 5l6 M.87 9.2. 91.X 2.59
' / e I* w 2.1;' 1 F %.IWO (491.23 .1 ff 391 I P4,984 951*1% P9. 'Q 2. (1r

I (f~ 'f*i. KR 32. 9O W1~.(Ui 614.41 2'A(i 7.3 IV M57 917.213 P$43 M.7(
"2r . f- . ', Y (iW. .".2'4 11.49 14.4 76.9J 9., 7.99 2.7P

I W"I,..T ,?4(.f 73.93 ." ,.F J423.'7 41.76 ..6J F0.51 FI, M 93.19 .47
1?4,76 27'1. f0 ;4.49 24M. 115 1.2 4. 104 4,.99 f9.1 1 ..:U e9 92.O ?..53
.'2. 40 r/40.00 I5.17 lFw.w F17.71 76.20 31.1 4. 93.4 96.74 2.68

11.R 724.00 ^11 , f.l 32,.W, 9. , 11.62 77..7 7', (5 F..19 2.71
11(.,% 4OM 76.,U, 2M, 149.25 3.7" 51V 70.17 9. ,59.7 2.75
S''I:, 2A 1f,-. 16,77 ,3. .00 14R., 29.14 .9.3 76.,F 8?.7 93.24 2.
"I". U4 I6,W. (f 17.47 24%,00 " J 14p.r( 74.2 M ",Wk. 62 79.61 06.43 9.39 2.46

1 7,,18 f4 I1(M4 7 MINA~ W-9.?. 3(.79 73. 19 81105 44 91.52 2.4P4

% ,'..( X !,,0. 19.17 (k.F 3 .11 .%, 6,. ft. p.3/1 ,.C 94.I, f .Rt 2.64
1T.4P If:,4 ,98 19.,5 M2?(oN 171 ." . .13 1 56 60.70 92.2? (7, 2,

, 17, Ice I". 00 10.14 7.".0 1419. 17.71 ?5.2 70.2' 75. 9.4 2. 9
174,(IA 1120, W 10.71 ?4, , 14? 4, 34,98 2,31 7'1.5 79., 97.p ,, 2.21
1MIw 11 .2 1..34 ff J ..M 11.77 15.31 % a. 8.4 92.4 2. '.
119. '( 11PPN 1.9 1 i .M .15191 .e 1.41 7P. 76 P7.54 98.., 7.43
17,9 1120,(f 17.21 WI.98 38I.98 4.16 5.37 77.71 c(.EA .7., 2.,Mt
117.'( 11.20, Fe 4O ' .M 11P.74 1.7 ?.38 6G.24 , 171 74.81 ?.%
MT._7P 7,.9. 4.95 W f. 14T.73 ?..m lf..E$ 51.7X 57.15 91.7 1.59
I CM 7M.9 MPJ9 74/W.9 11I99.,17 (.?7 13.71 (0.215 67.99 91.65, 1.89
I ,',, Tv. (,.451 I (. *6 ,.3 6.77 9.%8 68.T 74.52 9J.8? 2.I
11, 7i m w71. 8 . W4. 9W. 9 4., 6.61 73. 14 98.2 91.79 .1X
171 .6,5 ,'4. 7.l 3.98 .. 3. 45 72.59 SI.M(2 (47.92. 2.,
I1(,.9f T8.9w 7. r , V . 111.2., (. F 1.77 (3.1, .,7T 7.5 2.49

THE MA;:. CO''ER FALL EFFICIENC' IS: 95.2245
THE MIH.. C',E, FLL EFFICIENCY IE 51.7594
THE MWlk:. ITMPLE [ISPLAFCEMEHT IS: 2..77...



PFCHOEF' CON'. EPSION TEST
rl IF' tIU.MEF' M27"591 PUr AT 180 DEGPEES (F) INLET TEMP.

rIM FT TrF:. qTFr Ff, F rv TAfR PqFW fAD, TCR ((rTltrt I-f' lfiwT IP m!,El AFI U FIT lrf FiFF M fit.
TFw(r, UTI Ci rflD IN-1 PC FIT(M. M . M I ri..rw-

!I.40 "I" ,flBe t 7,. f, I"'. OP 11 0f.2 . 40, J9 51 164 77.?A ft,. I, . Cie. 2p, "V:'
Im,7A "?*4.. OP ..I! IW.fe 1 ,79..(A "'I T1 . 9' . fO.74 9. 14 1.4C 4

If? 's X".I P 3iI.N7 I f. 0 (. 7 1 .Ri Xf,. 71 E.el p C. M f 1.77 7.5 ,

17T.I .I w .2.46, f.W0 ?77 4'-.4f 11.32 14,.37 A.77 r.II e 1.(I 4 .M:
I IT.. , ?1 ."IN, w .TI 74 l!! 0 OP r!/114 4..! C:. 74 (4, 04 lo.lem 57. U, 2,75.

WF 10 "74P, OP 0 . .O 147,.7 .. 46 X. 77 71.87 78109 91 .e 2. I5
MgI.Nf ,.f 75 21.7', W 115.I 91 , 40.91 73..?. I , 9f., .1.17 ?.24
1(1.7, 2?40, M4 n . IFW(. Cf P74.77 74,07 .19 77.2 6 Of..77, 2.7
1Ml!. 3,7%i 7. OR1 74,.TA I /Wl. 0 5-M.. 17,77 0.. fM.ml 9J.3X7 98.7 7.51
IM.V, 274P.8 W 75. 4.1 (M.t~ M ,7J. 4F: p.,1 11.07 79,. % 95.45 PA.21 J,.f

19(4.29 '174P1. O WE. 17 IV*I 14344 ' ,3) 5.1i (4.77 9PI.1 60.79 2,6
19: O '41(.(*4 B1.(,7 7M. 00 143..4 n.1: V.4r. (.46 68, 4.3 9.44 1.1 W
Ip7,6i(4, KAi . 14,I FM ,4N.OON IlJ..'P 70,.87 "T. 0 601. 18 74., , 91.36 K.-.!,
I. , I rm w!tt !6,, 11 IlcW, rf F, S:7 I c, I q ,,. 0!5 56, W ,f Z 9 2,
INA.4 If~ UM. (4 7.( Oq I?W, ~fe 9m,.I 9 1Ipo 15. 71 71,. 6,9 f"..7 ,j.04 2.."1.
1P. T I (S4.* FI R.R5 (.c1 OR W. 4 0 6.74 (,.49 7K1.41 91..4 W,.46 2.51

! f (Mlff 19,7e W. P JJ721 7 11,? 2,I 71 J 6,J4 .%,f. 74.( R Ur

I P I OR 7.9, 7M. 1 144F,.79 17.41 7.,74 4. 2(4 .M. 90..71, 1.,
IT( 1I'1000, .K.7  2400.0 IT., IIp 2 1WI, f. ,(.6l I,' 9 89, 1A.
IC111. F 8. i * -1.4*04 5 IFIR ' I,2 9.94 1r. 4F 64. 71 7.93, r .. 1.
!I ,'- 7r 17(.00 JO .45 IWA.I ,'.MAf 7.7 1 .40 70. 5 ,4f: , f.( ,.,

170.0 116 W. . PP, 2%,74 11,.( FsX 77. ,7. r., M.76 I.T,2.
I'774A I ,2.* !.77 31*1.1 14.. 1W 4..4 17.1, ,.* 7 W6 . m ,,7.7,

1.1(1 7?P. ,7.7 2400.1O 1191.74 5,21 1", 611 .,. T1 43..61 8',.1'? i.2
IT.40 f.14 4,7 9(ff. Pe 901.94 5.15 1m , 49.4 57.99 (1712 5 .,?
h 117.9 7.7. W (I.11 171*41 ,,.9 4. M 6.1 M 61.I. 71., ,7( .,
I, , 7A f 7.17 (*.f*4 ?.. 99 7.45 3.47 71.r,/ p1.i, 1 .
19.8 94 7l, PC8.1 7.76. ?'M..A 184.14 B.T 1.19 71.7?? T.0 ., 44

4

THE 1HF:;. 0' 'ER FLL EFFICIENCY IS: 84. 0E. ,1
T-E M[N. 0. 'EF FILL EFFICIENCY IS: 26. 3326

-F7 rvi' ".:IMPLE :ISPLArCEMENT IS: . 74692I

I
I

I 4.9/7



POIEP COtf-.ERS I CIN TEST
PUMP tIMBEP 1 12.72 PUt! AT 120i DEGREES 'F) INLET TEMP.

(IM FT TFP. q TI FW PF (V IfFF EI Fp'j TrK (JIIrr T H N' J~ W M6 VFU Mt FIF T rFflF SJI DI
TWIf'() F1 (TIMI K110 111H K FFF(%) Q ) QZ) irntl'm

!,144,2 ;'FW.t* ;.4 9 W, W 1467, ft, L7,, T.AA f(.61 9. pt, 91.44 2.43
1". -(A "If. 4 11 1 47.4 5.5 7q. 8q.9, 9.62 2.,T
1759i. OR ,'F1.44 ,C,8 WA., ' - , .14 40.16 82., 92.99 W.79 ,.159
1~E. 'N To "?* Fe 1, 2 1*. 2 4.57 7%3.21 7.75 M.&, 95.1J7 ma 7,67
1, , -W. e 1:. ,t 8 .XL' 9. 1"4 17.07 I5.8 8%j. 97.78 ?.9,4 2.74

"A8o 33 .( ?W (V8 142'.fP 4.46 6.31 78.70 IWO 6.7? 78
r- , - 48, ?7',45 W. f9 46?, ,9.C 51.99 76. 8O V.627 9J.44 2,31

W, 7.40 W'? 51 '.24 11?.77 3,8 4"2.88 78.1 96.r4 91,% 2.42
124, F "40. W 4.27 188.0 r,94. 5P 25.45 3J.79 .6 8.33 89.77 2.9
I ll,88 7/40, W 71.1 1'*.88 612,6,1 17,89 21.77 82.16 92.8? P,,74 7..34
,,.'W "'4e. 48 w.P *.E0@ V5.37 9..37 11. . 8...9 94.95 (0.21 3.':

i , . "40. fe 76.7! N,880 J47,17 7,,.r 5. K , .59 9F. U ,2.73 7,75
174..I I ,1E.88( 15.74 ,08 544.78 77.46 38.48 71.34 77023 V.f. ?,I(.
114,50 1 (AR, W 16. 46 7488.8 1169. 15 2.8p 1.1J7 7M.4 88.7? 91.cz 7.7f
S50 (1m (~if i17. 7 1C~0 M75 17.94 23. 61 75.5? 6. 15 C0.01 ?2.38

I, ,ie I(M' .t I7X 2,1M.FO W .19 17.,7 if.Pf FO. 41 , 91.4 q,w(.8 E 288.8 126.11 7.42 3.316 77.17 51? 94 70.77 2.78t
1472.T I 28.8 0'. 7? V. 8 1459.52 15.6 V 5.94 (A. 71 64.US 9 1. (1 1.81

7 1 fip88 0.71 2489.Fe 118.G? J.77 20.m8 65.7. 71.0f 91.47 ?,(ft
,31.7 1,8.88 10.6? 1W, - $Ckw,88 . 11.IF 15.74 71.4 7.7 ;' U. 7.19

12.38 1"P.m I 31.57 I789,08 .93.25 8v.' 8.54 79.45 84,79 98.19 2.'..
17 ,, 11-.8 W .73 (r89,88 W-47 4.23 5,41 77.P4 98.8i2 8.., 2.,
119.8 1170.08 1,7(. 289.8 1(.,81 1.51 7.N 77,41 93. % 76.34 2.&
147., ,,P,,, j 5.45 , .89 1467.76 9.fi, 28.3 47.39 51.3 91.14 1,44
7.8 F,.,B (,7,9 E89.8M 11?1.14 9.72 6.48 .62. 63.9 918.6 1,79

174. 1(4 0715 I 7,op 73 f-N. M 87.61 F. 1 2,18 67,7 73.8O 91.45 7.F6
S1I 7,f . P.8 '.,81 6,77 8.1 . 76.67 M.74 7.84 2.2.

* 17.48 W, 5.~ .7 1. 1( 4.28 73. 7 87.8 Pq ft. 78 7,46
11,8 . p .9128.8! 1.e, 1.67 65.25 .,'4 74.31 7,.61

THE MR: OZIEF' ALL EFFICIENCY IS: 83.6523
THE PIH. 01-.EF' ALL EFFICIENCY IS: 4,.39
THE ri:-. SIMF'LE :ISPLACEMENT IS: 2. 80161

__I ___ _.



Fi1_r1AEF C:CtI.JERS ION TES--*T

P1 ItIF tIUM.FTP r,2T.6c1 RUH AT 1Q.D:0 DEGREES 'F*) INLET TEMP.

f( FT IfV q$fP FVi F1 M lIt rr. FIX!T ito R c~W~ MR Wrr mf ('R1 MX FIT NTM Ff1 C4.IH DY

%/. (i : f((, 4 274C 3ffW. 14.43 46.71 RS.33 70,74 77.4!' fl 7 1 4
1943 2V' XW e* 27.09 A4(A 1M.54 M$,75 T,67 772.63 PIS2 P9,* W .24

Ifif f 'IT" ?VF'/Iw~f IF*I5 1.1 7A. K3 40.04 7'tE( ff.99 RW8C 17e
I"*,,% If tE ?*tw 4ifA I.'%, PIP 1? 2i1.7P 71.4 7A7 92.0 CA.) I7.N*54
,;47( WW*t* ,Z- #0 3.9A 11.46 14.92 7K.7re 9S.6? 78 MIA

C(,-.F " 940.5 W 17.11 Wt5*I 14f.1 33.3 2(*II _/ (It. x 71. 89, K .W,
I91.§fl 774 f0 M 60.67 24,W I I CZ. 77 (1 4 2.7 (R E P 7.W8(9 M1.2) 213

46. 7 f1 240 1. 44 tr*ft5w $50.3y 7t03W 31,77 7/', (A .87l Fit7( 2."f2I?,
J4.3 7240.5* .7p 125** 61.9 16.5 2lo 3.72 7W. 9 f ?.2 FtM,42' 2.41
17.7 24f5 ?14 f~ (m (VI 317.T2 913 1 .3$ M,.7? 92.69 f14 v,,,fP

'79l.40 f4~5 ? E.1C W4*5* 1222. 3.30I 4357 75~. 7 1 97.6k 71.92/ 220
(M.3 op'I' /.144 WK.5 477r.52 .-"2 M 39.39 .1193 A1* F19.34 1.71

1D 11M waN 17n NINA,2 1381 I .7? 19.291 311.5 63.25 (2.5IFO2 VP3 1.P9
18711~ I $% V .!4 X C%5 I 8 ( r91,(4 16(f%. 77-.77 67. 57 76.37 W F11",3 "I'l1
C', 38 . 1 (4t i(,r 16..5 ($%6 31, .2. 44 36.1? 74.46 R 48 r;4K E$ 7.2$:

-f IfJRP ,",OR (M fig 71. 6.39 P.21 77. * 89151 FetY, 47
!74 1 I(S15 'W.2 7(f 317 2.21 33 78 MI r,101 .T,57 77.,7 &.4

'>jf5 4I7(. 7WC MW5 1462. 13 9.47 95.9 1 36.%,46 40,70 *.F. 1,13

:4rr@0 IT7,5W4 (1C 1 '4(05 N1179; 950 MI I T.9 r, 44.81 710.8 K 95 MC .41
'r'5* 117.8 01 e5*". op TA,49 8.87 15.7 56 .43 K,0 9.T 1

7,(4 IT "2 12 (K4,r'.5* , I9.8 f. 531 74.8 M 36 fl,79 2.3
* 'Ft0 l7~5 1.? 3.5 107. 1C 1.4? 3.90e 77,* 91P (:2. I.5

9'!1 .78 711 ri 7 M $f 5*IP W 47, T 5. 7 4? Ff.5 26.5 3 6.5 7 1 M f q1k
.I0 77., 7,T, '14K4,5 ( 1f.1 5.3 16.44 177 3.7 P.8

V 15 955* 57 ,W5 E93( 51.99 1.4 47.2 16.4 (1 F.62P i~
IT,* CfL~ 7.84 5 W C47- 51P 1 41 C 674$ 7143 9.44 P .2

' 9,7l n7, W ,8' 7 'f I 13f5 W9.96~ 5X72 8.170 £3.19 649715 R .7h

THE MFO. 0JEP FiLL[ EFFICIENCY IS, 20. 7797
THE - . . rii.EP R.-,. 1-1 ENCY I . 26t. E-5 4

-6

THE- MFI::K. CI7MFILI DIrSvPLACEMENT IS: 2 .7647



P171I.AEF' C:CitIJ ER I ON TE 'T
rU P IJP!r>M2i~12PUN FIT 120 DEG~pEES 'F) INLET TEMP.

am FT TFfq. cfl Ffu3fn ( TfFFWSS W I3WP flITr W IWI HP mFU (A FTF WIN)IFFF SI I
TFP'F) r~ti (TIM FrTr) WN-1 rc FFF(%) QV) QV) O~t4

tICq.4(4 IR.P V, 3.7! ?'4ffI.(1 1177.7(1 4V.917 r/37 fo.1 0 89.1 92.1cl 7 7.57
125.78~~'h 1 Wq ~*I* 2~ 3. 3.51 ss.. 923 91.54 2.631

1 '4.3 V ') 11. U W (Xi J439.01 'IN. T 51.15r 77.33, F2.31 94.29 23
' 74.60 KI Vk? 4FOU I 161.8P7 3.,47 41 .( 86 ~ .1 9.2 24

Of3, rcf 2?4f4UM X4.3 IW*4. WT, 1.7P 71,11 31A 79.913~ 189.39 921? 2.754

!74,( 2J .240.8 f* i (MIM 71f.89r I RF 111 E.9.11 9.;27 831.2p 273n
f-, (I~ 22,4(1. M 28 fr 898 -3.8 74 4.79 57.21 C%. 7/ 67.1( JO /.,79

p.s, . 7W,*108e 1440-72? 7.,47 3T8.39 71.~ 77.7P q4.21 21
?31.~~~1l IV.U~ K4 28.9 15.5 2.9 69 751.23 piAit 9A4.29 21.33

!W.( 6E~.9 V7 '(,8 791 1% 1 12. 97 157 219 %*I.m 91.169 2. q7
1(.89 I(.T, ti "I (.898 W~. 7 66 8.2? 81. 937 WA. .66

t X' 7s I(.%?89 ff 44 '9, MI i 124, K i.93 .1i TT,41 %.65 72.91 71.
*1"".(1 A I R,89 9O*'C' VW, (f 144(1,4( 15.% 75.6(A 62,X36 6817 94,201 1,94

7A I ! T K, 17.8 "1 1 1*. f 810.38 1l 11.21 15.47 72'.91 W9. 17 3.53 2.?q
r- 1!V.89 '1.1 f '898 I W f EK.71 F. 'IT 1(.43 Fike9 W. 112 92.fil 2,45

-'s7~ 1,8 if r (J4,(4 le 4.8 5.42 77. 41 91.?p 891 .59
'7If in I I "S lrf 17 , W (f*.8 1(17.% I , I Ir 67. NO 94.47 83.78 2770

147,'4 V ? r, 1i t4 'Vf,.F4 1443',84 i( A21.~ 52.89q 57X ~ 939 142
7" or ?( .8 7,~ 2489,89 f I599.7C I 1(.FO 1(1 )(.4 (7.44 93461 I1,r?

)7f' 111 v ~ F r.89 15(4 ff f8,. 1218I (69.651 75,.71 q92.&l 2.15
"7A f7.f AR r" Pwf foI7 (.1 9 F".13 76. 1? 83.36 f. 2.3,

M23.7 7'.8 (A.89 'WA 3.801 4,XE 7P(6 %(1.4 Fcle 2.57
!7' v; F7.8W 1,1'~ .9 , R (lM (1.91 1.47 (41V6 94.63Z 1,548 2.697

THE M~k:. C'1 'EP FIL1L EFFICIENCY1i I S: ~'7. ES84
THE MTN. rIIIEP '=".-L EFFICIENCY IS' 52. 8C3.3
THE DF.S FL 'I SPLACEMEHT IS: 2.041-75~

ou" AL



FOhLIEP CONOEPSION TEST
PU.IMP NUME:EP 12T611 RLIN AT 130:O DEGPEES .F) INLET TEMP.

rrM F TAP. 9TT' F F( M TF F T-- fM, T(EP XrN~T HPf ;tW Ff If h 1 'Il If 1T FTT 91M fI
TP((F? rT '-M rl!n 11+i R, FFCo. ( (%) Irmt3'r.*I,

19.30 V 14. V ,IM4 W. *SM1, F 1499. M, 4(.G (4.PC 71.09 *9. 1 qli 2.21
If 4, 2t4 8 00P -4W, f(f I1IN.73 ?, T,71 tIT 74,04 P.5,1 90.,P7 I!IT"I f "ffp,8 Re , 4(, 1 FM, OR P4,r ,kv 'IT I ,t. ,",l ?t. 41 11 X,, 0 f-'3 *. ff. 7, i

-W4.( N 0 8 0A4 1'f%, F , WFie 2 I3 X. .(- S ' IN q8J. P99 m. 2,7
I-M.9 "* , W 0,R7 (MAP.0t 3i.oe, 1i 14.3 3 7 , 1. %. 73 7., 57 2.71

'2,.% 2. ,. A3 V, , V 5 3,! 57, 9 ftA. 4 18, r U. ' . 2, M
P,,, "940, W q,.., 7MM t 4%737 34,74 51.64 f,31 73,43 91,99 2SK.
'V.,ps "40,0FP 0'1 ')4@,8W 11(P.4 2"9..0m 41.5"4 MV 762.,,3 91.48 2.15
N9.98f 2240., (f 2,5IFI I W, me 110 23.0 31.39 73.7? M2.m fl.? 2. 'IV
l01 , 74000 ?'A( AO, 7. 4.fl '56. K1 if.,77 21.24 7.3 W. X. 9.46 2.47
10, JR !NA.0P ?r,, (F88,9 3.17.51 &,, ,o9 11.28 76,06 94.28 4. 28l 2.4

?r-. al p 4. W,, 67t *S.F 127.16 3S1 4.52 66.40 .0o 78S : 2,75
19.50 1 (.0, 1e 3".7,' 7WOR I 14,,, 3773 0.,3 61,1 67.6KS 91 18 I.P.
I17,4 0 1 f$Mrf 14.7'7 ,4K"54 1 170,rf 19.t65 31J9 (,.01 70.16 91.39 1,16
1F530 , ($ .00,9r 5.7 1W.f, ( -8. 1, 2348 67.95, 77.7 91.,7 2.17
!,°.70 0  17.10 1Wf V W *MYC 12.84 15.74 7648 M.9q? 9 -T5,
1W.4 V 'RS0 .61 A4t .,?7 C.21 C& JII 7,7k, 91.39 87.0 7,

77 ,9 VI.ZI, PC 11),7 . 1 2,8 M .1 '.93 78.3 96.14 79,,4 219
"8,.110 !1C'8.,! (.3 (f.l8 1461., 11.04 .97 42.7 46,57 91,47 1.3V
1W;.50 .t70 7,51 'FA, J 117,.37 18 't 89 49A, ,1.W 9 , , /,

I W4,4,0 11"8 11 .l,00 ,74, 50 9.31 15.5 54 59. 67.18 91.71 1.A0
IO Fe 1 1170f0 F 40 1M;f, Sf8.49 7., 1M.46 69.14 76.62 9IF, 2.15
!R1(k, ,e'Ufi00 110 f, .00 3A.11 3A'.4 5.35 71.7P R.7. ft .7E: 2,44

, 7S 11 28 12.7 '4,0 104,(j' .62 1. 1. 98.19 93., K" (5,7 2.61
7e , ,',0, 3P.f5, (t, K 1477,K' 5,.61 2.? 27.. ., .45, 61off.

"?t,@ 8 ,5 , 488.90 1174.19 (.1 P) .16.3 4J. ro 46.67 91.7 1.3
5, , ((.,, I (26,7 1-4,5* 7W .21 ,.45- 12,72 ,7, 7"- 59.99 9,39 15t.9

'.,"7 875. 7, 7 ! *.(";e 91.12 5. 8.21 4 73.31 98.4, 2. W
1' ,7'P K4 f9 9,? W. 29.? 7%,71 ?, 4.12 7R. 14 K5.54A 9818 2.

Tt-" T% 7 , f %74 7'V N1 W 1 7,1, 1.18, 1.39 94.97, 91.107 Ff .99 y,7

THE MFR. DUEP ALL EFFICIENCY; IS: 90. 1909
THE MIN. O'.'EP ALL EFFICIENCY IS: 27. 3265
THE M'.. CIMPLE DISPLACEMENT IS: 2.79945

-,?!

A,.,7-



FOIAE COtI-..ERSI I0l-4 TEST
PUMP HtJM;ER M3.76.22' RUN4 AT 1 _2& [:EGREES (F INLET TEMP.

(AMt F T f c TT Mj, n(U O51 I s, i TWI MqI r HP THI T HP (W ff I 0M F rT FMI FTT !;IN I lc

T t ,( F ) F T W N F ,9 rD 1f I t K . F T T ( ) W . ( ) i r lf ' tl / t

P@~4 I '/.7 7,0 ,.'K W
t', ((4 ! tE'i !.7 , P2,F7 18.4 ,7 1.%4 .A94.57 W-12 2.74

W .I O RP . 1 . ,' 7 1 '( A V .R e T P, ", P/4 7 1 % % q f 7 f .. 9 1. 0 8 ( . 6 1& .7 9

Wf. (I. T, 4 PISS r.98 98.56 76.A .,
I). , Wf . K 4 7,'? U A' ," 1e 44 .4 9 119 1 4 , 1 3 7 0,. f,9 l fl .W A,( .9 8 ? .

I X , " 7 ,T,) . O 1 5 . T , a P B 7 ,F A I M -0 A . A , 9 , % 8 . 0 4 W . 2 0 P . 2 7 2%

174,2 1440.0 1 6;.A8 W. 1FK•41.11 38.79 n.79 79, 89.C1 M. .

I2.(.P 1440.0 16.45 1.8,..8 7.;, 14.2, 18. ?..., 98.9 8..48 2,
119,90 144.R 1C.P1 10. i !49.7 9.69 12.. 77.2" 97.9r PA. F6 7.7

119. 7 1440.9 17.41 W IM 2,1,> 4.91 (. r "73 96. 31 79.73 ?.79

119. i44P. R 17.W . J,'6 . .A 3, M 1.77 .* (648 2.97

1 "P. IE".8 1*4.? ?"A8 119 Tt.5 2 I I 1.97 7A04 78.96 98.* 7.79

170. FP 1".8 18.,7 1):"((iA 1"., 17.P 17.49 7720 F1.13 90.46 71.IV

X2..IT 1loo9 11.71 3 TM. O W-1,74 9. ?Z 33. C ?T 1 f. TF, CIP.7 r 7.42
1q !1P " ,. I, J . 597.4,46 G..7 ?.q9 77.54 P9.71 el. 2 7.59

!?.(,e IWO 1.71 (. 275.7 3.E 4.73 70.78 3.(.9 3. 71 2.72

T.,70 IW R ar4. WW.)( 177.07 I.,V, 7.18 62,?A 978 769 2.81

Y-.8 -". 5.7 "'A 17%.93 P.? 14,T 5i.27 61.( 91.89 1.7.

9, KI 170.OP (,.41 ?Jef"i 1@18.2(4 7.."1 11.(1 f-4,,') 71. 1 9C.(e. 2. K
1'r2.'. 7"8.9 E.?1 I.. 77p.; 5.7T P.9 E5.58, 7491 2.15

'A 7A. w 7.9 IW8 519,,T, 4.1*I 5.93 78,47 78,42 8.98 7.77

,.q 7"A.98 8,e1 .8 '-0 .. ,C 7. 78 3.1(1 77.14 lp.59 .. 2.7

70 '0.0 P..4 ?W9.% 17.E, 8.9 1.41 (Z.,1Z 97. 74.69 /, 69

THE R .:. OUEF FILL EFFICIEHtV' IS- 81.'3 6
THE MIt-l. r..EF' F ILL EFFICIEiC.' IS: ' 6. 2171
THE MFI:. IMPLE E;ISPLR:EMENT IS: 2 :. 90 I9

44- 
,_ 
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FOWIER CON'.)EPS I ON TEST
F'UMF' NLIM1PEP 113ZA21 PUN AT 1 E:4 DEGPEES <F) INLET TEMP.

ME.2 I

(tJ FT TfV. .cff ETJflt R TFP PP cS FIT M trf HP I ff HP m hfill L" FTT WM FTF rM 1 P
T~rtlr) RPM JHi -WPC FTF(,) (Q) r

v 1W FA ?0. 14 2O.O 1045k 23 f/ .32 29.F 78 .11 WE. 74 W*.7M
182.3 !"I'm 20.4e, IWW 00* 79f.98 17.74 ~7.( 77.Z5 W.11 F7.24 2. K,
I8'm, '1 Imm LI8 ro. 4 , .. 21 12.13 15,3 7.9 902.59 F.. I1 2.78
r, /4i IM.M 11..71 ,ft .I ?P7,44 ., 19 8.21 75.5 95.87 W,61" 2.79
Ir".20 Imlop~E 77,.69 ff 17. 17 7.54 1AEW EU.8 JR (.91(f 2/.91
187.28 ? 440A 1B. .7A", O -I",. G,7 9..1 2,81 69.41 76.37 90,9f 2.I'
MA,.E t440A, M.144 ,'I, OR 1,9? 36.46 23. 7.48 77.% %,7F 2.27
1,04, 0 1440,1 15.R2 1W-F', 798,81 13.27 18 73.29 '4.79 f,, Ie .45
t7%.t 1440.A 15,q7 WM f . 9.18 1 ,,I 74.48 7. 99 F, IN I
IMAP4 144e.8 OR if..f('" W..8 M 7-.34 4.7 f.. X 74.14 91.8 132 Ui PiI f, f.7
MT,, !448.88 17.5O 'VIM 1,69 .P 2,.99 &1 I.47 7.92 '.?1

I8.7?op Fr "A". f 1 3298,F8 17,75 212 f 7 .65r 64.0 M f9.75 IC
q98 K 1888., 8.9 2?I, R 138.2 10.45, 17.45 59.8 Ur.7 91., 1.91

I .8, 10 I .8 9. ?P IA i 776,.31 8.42 1 T. V 28 71 , 8, M., p,.
77.7P 1"(4.800 18.59 18100 ,,., 15 6, 7 9.8 E.7.41 77.79 F. ',27

177.8 ft ,8 11..4 WP, ?5.,9 ,3.45 4,73 77,94 7,69 83,19 2,.
18,0100 II,8 17,75 28, 8 I4,U. .34 2,14 62.515 I.. 62 74.7i
"0,V 7,T,8M 3A1Q M5~8 1254.95F 5.6(P 14.34 39.62 43.83 r 9. 7.1 1.2 5-
17,.4 78.,8 4.I "MI, 1(f 8.9 5,63 11,46, 49.17 5,.9 W .9.4 ,54
I 1 72. 7 I OR 4,6 I1, fi. 7r fi,, 4. W 9, OR 4F64 5 1.,7 .
I.3 M 2-,A. I 5.75. Ifff.t 51P9.8 3,34 5.93 !..V Q. . 9.7 . .F,
1M.T 7 .8. 7.e 7,. 0 ,..W-, .M 3.w 6P.2 77.13, pc.1 2.2,
4 7 8 ,8.. 8.1 V.00 134.9 e.% 1.1 6.,45 M.7X 88.,7

THE MR, 0' EF ALL EFFICIENCY IS= 7,.9,'4
THE MIN. C.I1EP FILL EFFICIENCY IS: 39.62
THE M -:. !- 'r'LE DISPLACEMEHT IS: 2.91196

!4



F'OhlEUP COHUPERSIOt TEST
RF NP :P:NF' N'7,?,72 P'Jt1 AT 1 2( ' .EGREE'. 'F) ILET TEMP.

rIri TCC., fr1T R ( n1 (u (,( TitQ i rrrIIc RV M t If' I ' W f O(N fi I (A FIT 11Th FEF caM OWc
TTlsF (FT Trf FmD ;ID H M FFT() Q) (1) j r4' j

. W. w,? .f 1,74,41 31.(1 i .,J 6 P9.3,i 91,8 7,72 ?,75,
'"' !IC- .' K 'W f I- ,(.,-i1 ?5, 17 I6. , 7. 9l? .77 *St . 2.77

"7"{ vri I W4rWIr ,.1fwf 827, 77 R%, ? .N Pi. 1? 95. 7 K246 ?.87
vto (KE, lf~fi N-18,A i7s% 161.'M 78.54 97.J9 ftS( K. MC

M2I.7R . , ??.8 rp ,l1,(Z ,.,4 F,,7 73.71 ., 7,1. , 291
7.4 I%"f C,' T. Cr . 1,.F.7 2.99 4,.3 69.29 IMA(* E.2.87 2.94

i'f, f lT 1440. W I VC, 71 .A.7P 8 %,,O , .99 ,2 9."9 2.-?
I'%, . 1 1440,. I. f2 , % i I 1 U- 9.2 24,14 SR., 9 ,(Z W*AO 7-7.,
2T. T_7 44Po.0 I7 Re4 811e, , J.8X 14,49 8.55 R7.13 .j9,G4  M.51 2.71

121. 7P 1144,W 17, 14 !M.f t t9-fl - 9.97 1.. 7.. 93. 7.4 P'.Z 2.7,
9,i , ' 44f, W f, .f%4. F67fII I fi E..fW 7.5 96.7. 77, 8 297,

II ,fl ;44P, f(I I.I fft(fl 147J.f, ?. 3l .'k, 59..2 (2.6- 2, .-9
M I Co , (.7 -ri 7 .Nft(* , 1 7 .7 77, 4l4 74.75 r3.66 89.,. 2(I46
I,.. '" i .6P 'W . I ,(W. 13.%7 18.11 74.71 95.. R* , ', ..

! A. I c,(f 1 1 f0' If m 1T, 75, 17.41 IT1 3. 76,.74 (2.E 2.5 W
I%4. , I. A I -,- W i 7,' 191 7,.W, 9.46 74,34 W.T PA.73 2,,"P

fm rlf (f- 77' 7.I 1' Rr- ! .1 .., 4,% - ( K, 9 . ml~o 747,7

T f%, .p ', K , 7.%. ff I ,,'. 47 2.4 3.97 94."-6 71..7 2, ..
W (.C: )5W. K1 f1E3 (, 29 9.71 14,7 (6.01 M % . 24

W.S( ?2.C 1~ ''*t(* 3 In 7.70 11.71 65.k7 4 71.89 91.33 .311
S101 %.9 (,!4 I'W5. 797. 94 (". 9.1? (1.531 74.73 f181 2. 3

247( A% 7 3T. ,I f* 537.29 4.277 6.14 69.%i 7( 8. ,14 2.34
124 7r ff1 '7, 0 (f( -,,2 ?.: 3% 7t5T4 84. 2

" IO T.fie I '*, Cf 125.31l (1 , 1.43 (4,.75 9.63 74.7 27

TM.: Mf* OlfF' A-L EFFICIENC:Y IS: %2. -952
THE ,IH, CEF RI.-L EFFICIECY IS: 59. 174
THE l', I E-L E:ISF'L-ACEMEHT I: 2.94 1 72

a

kmL



F'OlklEP i:CiN)EF I C'f TEST
F''IMP HIIMERP NT R 1_UH FIT I 'DO CDEY3EES 'F j:INLET TEMP.

rom1F rT CJfr l c m i RfIJ TFf, rff~c crpi Tr QM rT H If 1tr IE P CUR ffl J~ I F ThM( FrT ' MDc

1Pd. V 1w, eO ?R.5 Vi~ .* fie .I S - .,76 741 n8, Of. %59 f f

(I'%8 I~' 7l.F 1.4? 1 f. ( 74 i. 7 12.1 39 f54 79.95 74~i E.1 2.71
lT O ; fm, (f (<(/ * W 24. (. (I'll P.4? 71, f 97.72 7n. 53'r

1 r 4 144P, fi j57ifq 00 1 w, M 2el.29 74 ri PA 1 (9 W, 9 .46

111.k 144@., Cf 16T' IWO~A F4E.7J 9,46 12, 79 X. i I'T C!", r.5? 7
179,9(4 144,00 1(. 9(F W ,M PA F 4.93 6.151 7i.7 m r3.75 P1.38 .7
1 7 -17 !4 ( 144.t 117.?A M~f 1,29,' F.i ?.9 64.A 97.66- 71.46 2,
1,%% 7( IfM.M cf. T W, 173.89' 14~ ?IA, E1 Fh41% 7,PA Fe. .12

1~( ~ @ 1.47 IWA@ 547,44 6.59 91 I 7e. 94 P.4,37 Cf"N ?,4C

"T fwK W.* m ?l~lfi 3,49 4 .4C 71.91 E9E Fl .Ell
1787( I.",@ 1'T" f@ 12X,.7 1.40 7.17 (4.'37 3.(? 7.11 2.72/

Iq 1 P "Is cf(.@ 1771 jfw .@8 Y"'(317 7.9T( 14.43 T1. 21 6.67 91.57. 1.7E
A"46( I2.@ OR9 1%~@ WV. W 7.4/ J1.49 64, NO 619,3q 9),% W

ff "74 -". op 6,.4,q %!Efl T77. 01 517(l W,9 62.68 71.7 8.
C-.58 "@.@8T, 7.? 5116.2'It 4. 17 6.01 68.6 797 .681 R.',
FP 7.lo .iq 7fs Ki3 3.71,5 V15 72O8 .42 fl f

THE 1~. O.EF, ALL EFFICIEN~c: IS.: 79.,3547
THE MIHN !. OIEP- ALL EFFIC:IEt-4C:'Y- 15 5 5. 22"9
THE SA:: IM~PLE D'I 'LACEMENT IS: 2. 90722

c43



POlJER CON'. JEISION TEcST
F'UMF IUMBEF' M 342 RLIN AT 120 [:EGREES .::F) INLET TEMP.

f(R FT TFi8 'T) F1 W TEE F'TSS T(F(RO (tTRrI IF' 1WrlI HP R FR I N FEF WM. FFT 1J DIS
TFMF'(F) .ql'. "I r< F'f IH-I M. FFT'% (Q) M% ii,/,r-,v

1 . ,- 1.7 "W. K ,. , 4.1 ,'.9 3."', Iq" A.48 91,7 EE.5P 2'm

171,4( 0 w.P 7. f, PC 1FM9. I 24.59 31.? 7.3 9 9.9. F... 2,74
i.c, 7 ,,, 79,. 94,09'': jl I . Fi 1 7' 1 (V fC r 7? MO 77% 4.51 2. 79
i.'Xi I04. K4 . 1 1 E% :; Wl I.S.E 13.414 16.16 8. 97 0..4 tiI. 2MI
t. 1C*tF1E c, WFe W,.. 6.74 P;.77 7731 98.46 77,43 2,.

117(" I Ft % > 4 Fe.f* 142.51 3.45 4.07 E4.8 1FES* (I4 O..1' 2..7
I "If 1.Ce 4 4. W if'1 '11 OR 7x" 1 29 273. 313 78.MI T' M48 m98.10 T8. 710
!.,X; .l 144(.9 .' .e'W. i 10",..NI 19.3. ' 24. 7P. 74 8.I 7.74 7.67
4,3 144R.9W 1 I W m ?14FZl 15,(4 18.6? M. so 9134 f87S. 2,71

1554 144P.00 17.'1 ri9 r.? 1.4 21 23 354 P4.73 2.3F
116.3, 14I, A . WM 7 ,3, 17 5.10 6.93 73.57 %.74 77.94 2.87
'19!,,W 1440A8 C7, N98 1,,S., 2',6 3.14 7.27 9.4, 4 (R.7 2,94
'W op1, 1.,0 N.9 m I,,'8.4, V 1637 ?2, 94 T317 n2,8 F ,77 7.44

V.31 1r, V 11. 70 'fO. W IF(AS, 1, 1,23 7 7.67 P4.7 K.M 2..e
I 7.1 f Cf.t (% 1,17 M,. F8 F-14,39 10.49 1., 71.20 7 ,67 P75 ?.*
177, 9 1 Me, 1",. .ft9, M I'4 7,47 9,44 78.Ei. 9,.K? f2,,. 2MP.
1,4 ( '.00 17. , 2M. 75, 4,A 481 I I.6 94.57 M,4,16 2.81

98, (49 98 ~M. .1..9 12.94 J,.Ei 7,19 75.38 97.,, 73A. 2.9
1'. le M w 7 1 19.. iP.89 J1.75 W. 72.47 P9.% 7. 25
17 r c*,4 ' 7W'f M,8 IF',7A 9, Ip, 13.7,3, (2.,6 76.,61 P999 2.77
If , de C F, e m 797. I 7.43 JO.12 7.4 81.38 M.%/ 2.4?

'798 W W R3 Ff W~f. FM 547,.FI 5,4P 6.9q4 77.71 87.P4 F6,40 2, 4
7i. w .. .q7. PT 2.82 3,46 81.47 .9" (,,6. 74

i'. t@ ,%F9, r. ? 2*0.98 122,3 1,16 ,, 74,76 9.l , 77.33 2.7,

T HE hl-K. g,.EE' ALL EFFICIENCY IS: 84.81:6
TI: MTIT 1CUFF,' ALL EFFICIENCY IS: 65.0515
THE t'R7' T MPL DI SPLACEMENT IS: 9 693 .3S



F.OlEP C:Ot4UJERSION TE3T
F'UMF' NIJMEER M3 641 RUH FIT I.- [:,EGREES 'F:) INLET TEMP.

M77d64 1

rim -FI Tf,. c .f.I3 f ow TFf' P,, p Ff Tr, f(!TR IT H jftT If MFR fitI t[ FFF *TU{ FIT CiM wc,

Tfl'(r) FPM' (T-f F - If H F, FFF() (,) % i; st7r

I PP 1 Ce 19, 7 're 1337,7.3 2P.,75 3.% 70. P777 ?7,71. 27
j 1, I4 1IK4 .7 1 o M IW j7f(C n. Rc 7774 ft.IS f. 11

177, FA I W.F 7lE4 1 (, f* 579.5 17.49 15.4 Film7 94.59 KI 7
I1,1.2 l"f%.00 "2. A W 7,15 .09 81 17 7.20 98.elk W 14 .8q

SMA. . 72.8 1 . 2.74 N.1O 3. 67 M.9 CA INA 72.(Q '.94

193.40 1440.9 14.,57 7?t.M 13 17.2/ 7 7.1 29.98 7.R 79.0, 89.K 2.34

IP9. - 1440,M 15,. 17 ?W.00 I072,15 17,7? 74.5k 72,55 87. ? .IS 2.47

187. 10 1440.09 15.1" WPI, 795,.5 13... IS.IS 76.93 K.% 09.11 2. ;

I Pr,, 1440.0@e 1 (1, Flo l"M 0.51 917P J171 76.94 98.121 NA.6
IF,,50 1440.0W 17.3 W 0E. M., .74 4.91 ..6 74.43 94,.76 M. T.7,

IM K40 1440,09 )I, 0, ,f 121. ro 7, ?4 2,78 %.7 9E. 67 7(-.9 2.9 '
,94.90 JM.O@ 9.3, ,,'1- .v 1319.04 13.2 ??I .0R % ,77 P777, .7 I..

. 100.09 I.q IT 7i( 1ff.9.1f6 11.46 6..V (7.57 721'Z P7.47 .13

17.20 1F".09 10.M !.0. 791.28 9.5 13M. 70.37 78.9 W.49 2.3'

187.50 l(".00 I1.7? 1.72 , 57,32 ... 9.04 75A.P Rr,.3 M-162 2.51

I N..T 1M l .0 12.44 . 0 773.45 1.77 4.69 .i e0. M 9.45 ?.U.

W .Q 1.,0 t .% '.Ff 115.59 1..' .T 78. %.7"0 F76 9. 7.4
9.70 Ff1t09 6.15 00t. . 29.'3 9.19 J(.4.7 .3 6.44 0.31 1.7?,

1 . 74 W4 ,0 .. 1.( If*,.ff 1M9,I. 7,76 J3.45 57.69 Ei. I. 88. 20 1,
.7.3 IV. W O ,9M 7.9. .41 10.04 63M.87 72. 11 F. ("1 2.12

109.90 o .. .. 7k We'M 574.51 4.7 7 6.6t. 71.91 816. .1 89.1p -.'0

17'. 5( SM1 9.01 F",. Ft 73.R ..9 3.48 77.73 88.57 f ..3 1.6p
17".79 10W .0 9.37 .0 1..9 1.11 1.38 M P 7.1486 9f.8 ;. .9 71

THE MF>::. OUER ALL EFFIC:IENCI.-: I : 83. E:9E

THE MIH. O1.'ER ALL EFFICIENCY IS: 55. 3263
THE MR l'. SIMFRLE D'ISF'LAC:EMENT IS: 2. 93632

I
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POIAEP C:ONVERSION TEST
PItiP ,ilrE1 E MJ;_.52 RUH AT 120 DEGREE'S 'F') INLET TEMP.

Qnrfl FT TF, qFP F F1 (IN TPF1. Ft)jT(CQ (rTPtrIfT HP ITIP MR Ff I W FFF ITCH FFF SJM W.
ITrwF") Fmi (f .r-iD IH-- PI FFF(%.) (Q) (Q) jrftl4t

tmf -? 1 f(4I w 1,7- i If J7.Q'l 31,19 1. 784 Em9 91 f87.29 2,74
I 'l IR Ifm.(f 1..1W,, I'* If1..., 7,.1 j 3i. e 79.4P 92.91 8.,,75 2.77
lif t I q !"'m 1: W~.F% K4 T.1J4 1.992 Z3.77 79.61 94.7( r. 4 7 7.1
I",I ,X Ci. T. 16 !(*0.(@ T'.49 J2,87 16.7F 76,.73 6.48 W(9 2?P4

.71R 1. ,A. f ? W, W 317.7 5.75 9.K 613,46 9P..7 74.7 2.2
t 7, ? 0. 1 W .,11 .9 .(f C .I 7 .7S, 4. G , 4 ,%8.5 18W ,A ,1..,k 7 ..Cif

177..." 144.N I'j.4(., a. Be I .e 94.2, 31.19 77.M PP .4 W..F .(4
I r, 1440, I8-,77 I M,?~ ff 1(49.47 19.5% 25f 7f. c 98.Fi ff-.57 .-
.'w.. I R 144.( 17.K !"fW.R K17."M 14..7 38..8 77J.A 91.79 F"'. 2.7.

IM9.P4 1440, W 17,4 !('4,C ,f7, 10% 1,96 8,3.4? 41.P-4 p8..59 2,77
16F.ri ! 449,. F 7O4 17.1 3E.W. ? 5.24 7.K 74.20 .,C4 ?6.77 ?.F.

171,FO 144(. W !0,,I. 2,8. fC 140.47 2.69 3.21 83.93 97 f, £7.51 7. V
124.7-cl 11498.I9I8 1T4 5.11' I m51 17,11 7L.JR 7U.) Fl. 99 WA7.64r
l'4.744 l[ . 11,97 7f4M. 0 15,. 11 14.16 1 P.59 76.16 R5,.97 R.M .9
i.,r"1 m.fp I. 1 m., m- p. . 18.98 14? 78.,3 W., I.MI 7.64
71iA 1 F". I?.f. I".* T. (Z 7.29 9.1 76. 6 90.EA P.P, 7,0

17.. 1 4,, OF I',4, Fe,?9 2".9 3V. 4.99 .I, 71/ In, P7 92 8.. 4
JW'dp ", PC~49 fi 5%Ki9 1314.51 2.9 2,O XN .29 95.16 77,66 ?.83l
1.>4, w €&, PP 7.94 '9, f , I ,I", T. 1,il J7,17 (I7,9 76.,. 87.61 7.29
I ?r, 48 WOe ',',,4 "1*W.98 10 K1. 7- .5J X 13.7 V. 79,P4 P7V .V

98 T 4 fq ' t.. 77. t 7.7 1(0.11 7 . 3.2 SIX P. 7.4
177,' 30 .98 9.8 , 1" le " 944, 5,49 6..9 78T. P7.. f.. 1? 7.61
I'X,48 Q 8..W 9.4f .. W %.77 3, .0 4. 14 91.71 w."7 .73

Q.'1. pm , w 9.7i ."m.9O 170.T/ IJ6 I I W. (-9.(.7 4.09 77.41 .9

THE M1'I.::. C'lER FILL EFFICIEHCY IS: 90. 2.85
THE M . C'EF ALL EFFICIEC:'-' 1 4 :. , ,- 2
THF R, S.IMF'LE [I)SPLFiC:EMEHT IS: 2.97. 17

I
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P'OWER: COCIH.JEF'SI C't TES~T
P'UMP NUMB1EER MZ 61PUN AT 1,7:0 EGPEES (F .) It ILET TEMP.

CRMFR T(4f. Wr W1 nf OW( 1f> Fi1f FEJV TCf19 (UJTPIT Wf JINUT HP> OnR I iR FIT TI WliT rr ,W'

I P.7j 170 I0MA%4 W4.7 0j. f C IM U. 7.. 'IM. ? -F.191 91,37 rQl 1. CP

IM1.(4 MOP~f* 71, ji W. Jf FAE 2% & .47 MI.F w 17, 3? 77.49 ?Ai

1 X 2(4 144Ei.C(4 " 14 1*0 IIN.(*7 150.L 75.F .. 7 4P9 10.0 -101W. 2 F
M, M ' ' 446, 0 17117 "AN. FOI VA. (5 9.if X 140 E&7 f. FA 71 J5 Ffll .4

194,1 Iw4(U( 14,0 f*1 VC1 JMMP I n M.4 68, 7J29 5~ 77,P 3. FP 2.f~.
! M20 404 (f 17 N. I (4 EMO M3.3 )PIT,~ MR f.F MlIp443

177, 0:I J4f~l j("Fe. IWf i!PJF 1.R 7993 J9 7.5? %.R? 77A

I 7n, 1(4.e 17^ Fm'9 1F* 2 X 7, If.i. fo X,M T-C 79.51

Irvq 10 14eW 177l 74M 2,41 3,7 1 r I.? qSP7 711(t MC
197,1. 1 V.f q, 47 2W 1W.4P I13? 1.4 977k 4l. (A N.7T/

THE I m W.(;( C',I e. ~pw oLL EFICIEH72 13: 95.637
THE~% NYU 0"JE 1 EFIC.C IM: 5. ft.,47

MW TH fE 1F . ?rF'L E:'ISL%).r 4FT I:17 . 91 PN f1.V PA9 24

MlI l I T . fl 4( .8 1) 1,T I 7 7 -

W ' ip IAM. Ki 1. ff, 9m rip ) 'IJO I A 2 r 3 ? %.P ",F( /

lcJ, 74 F, K (110 7mm 1'7,6,71 4 T MI . m CIM t., I, .



POI.ER CO.-IEPSION TEST
F'LMF' NIJME'EP r7,6E2 PUL FIT 12M DEGREES F IiALET TErMIP.

fIr FT 1W. -f RV Ff l TFF P FIW , TMlQ 01r11:1{ If' ItiEH IMR HP M Ffl UI FfT WM4 FF" 53M MIS
Tr'F) TM'~ KID~ IN-Ikc RTM QF(. ') Q) irtlrw

lf FMi JF*W.W 1 IC W R "W.F* 173 247 U 3%.4 OR 7A MISE VA 87.2g. 7.77

.2, 2? I,,. '. 5," .F- .6. 13,43 if. J8 8.99 %,49 P4,34 2M9
19.411 ,1 PMOR 7.W R? ,M 7f., 7 7.f. C.r, W.9 ., (4 77M. 2.9.

1 3,. I 1V ",04 73,4 ;MI. AR 145.20 3.09 4.15 74,62 JI, (Ir "(i ,  7.99
137,20 1440. W% 16. 77 fM RO 13.98q 24.47 IV4I.59 79.82 Rq No .99 2. (P

M3JP 1446,00 J S(, 9 2WfA4 1MAI.4 19. FO 24. 59 FIR. o 9080( P*. 56 27X
, .144 144RF 17,.? 1., R .3. 15,M 18.79 E.S, 92.39 %. 2.77

17, 50 1440,4 17.,5 IW A 7A>$ JR.1? 12,97 77.99 93,. &.% 7.81

121.2T, 144e,. O 18. ., W-00 7.,8 5. 6E8 SIX3 %.70 Eft, 2.89

171.78 - 1440. fI 18. k-2 200.00 14. . 7.7 3.7 8,,5 8.3 74.8 7.94
IN., %44 1"([. 8 11,67 7Wi*. 08 1VO.24 J7.15 7,G7 75.2 3.V 90.7. .50
1 ,37 1IA, 1,74 ' 0 '- 118, T 3.8p9 I8.31 7,., W.8 P .23. 2.,%
ITT, ,0 1"*R..44. 17., 19 I*R.9 %R,0 J1181 13.72 7 .74 O..% 9.q3,' 7.01
;29.44 1F*WA P, 124P If%.444 54?, 9P 7,7 9.3IV 79. 73 M.. N, 7.7N4 261
12,.1 1o 8,98 ,3A o2o93.1 3.19. 5.8 74,A 92.5 81.70 2.79

TE.74 1*8 l3E4P ALL9O 173.1 JIIEFf. 7.11 WOO IV3- 77.43 2.9
9. THE W. OR 7.74 7M, F8 IC11.73 16.02 67.T- 74.59 91.01 7.0

I2,4 F K10108 C'.!9 A". (f 1448.49 9.6.Z 13.31 77.34A 7. 8.9? 7.37
I ',I,9 8.2 "Im MORA 797.9C4 7.48 1044.13 73.83T 79,.P2 89.f6 7.39

172.2 804'. .495 IWOR9 543.4 5. 1? 6.98 74,77 W-1.29 87.704 25
116.M WOO q27" W. 20,7,46 7.7f. T. (.5 71. 60 89q.9 p 2.97,6

*117.98 FM%/i /. * 1 I*I. e 11.6.5l 1.IV J. 57 PA.37 94,99 77.4R9 MA8

THE PlA - ' OER ALL EFFICIENCy, IS: 88. 647'
THE MINi. OY.EPFI LL EFFICIENCY.1  IS: E67. 5771
THE PlfA. SIMPLE [ISPLACEMENT IS: 2. 99467
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POWlER CON'E P ION TEST
PUMP NUMBER MZ661 PLtl AT IS:-O DEGREES 'F*' INLET lEMP.

am RT T., vm Rp n v TR F IRQ TMIRflPf'iPf riPri I VfII MR fFr FIT rr M Dc
TRF'(F) WKN P( K n-i FTFC D) () (5) Pc rrQ)'r ,W
IF), 10 IFM"w 10,P llrf I, "M\ , .31 5.76 M.14 78 ?O W.47 7 16

I,,"% 144,W 70, , .K 1 I (474,V, ?1,9 r T.6 M. 7.0 9.7 6.,. 9.7 E.
MAIN(. , w" 744 1., I l fW* 797,,, I,0.31I (2.2 Pa. W,7.49 (*S. 2.71
I82.T IF,Ci 71.47 IW(* 44, FP. 12,7 1.54 ,.Q14 94,19 ff, / 2.76N
I ,, JW4@ 5I.(, '**(*4 , ,7 (.9 P.10 e M . 97,16 2.09- 2.84
j79,q3 J 72. % I"(,f 1M.,? 3.12 .1r 01.1 178.(* 691,. I,.,
I W,,0 1440. M 15.15 No. '6i.3 . 1 2.25 10.V( 7".45 83.9 5 MF7.77 2.43
IF.J 1440.0 15 ,9 . I2 S 1,,46 17.94 ,4.7V 7.KV PAI W W. T 7.4 .
1M. O 144, W 15.71 Irieic 7972, IT13. I2t4. 74.G7 N-739 8 2.
177.70 1440.((' ( 165? 1(fl* MP, 34 M~. 12. 76 C4.ie.6 G? f3.3 V. .65(I
17.4, 144e,W 17.1 tW. Ft 2,524 4,(4 6.,. 75.1 7,. 93' 4.,f, 2.7T
174 P 1440,00 17.72 ,77, *' M 2.95, 2,67 271 TY. w9 7.17 974 .0
IF.,,,30q IFM8 1.q29 I(S 9.73 1.4. 74 ,/4,.6 (4.21 75.24 %6.7. 24
10.8 1V*R8 1T0"' .55 2W*00 ff-J.76 12.",24 10. 19 67.29 77). r* 876 1.2
1 0.60 Wk.( W 1.99 ,W f WI, 9. ,3 l, 6.46 t... 7.,7 ,
17859 1(*('0 11.41 *SWfl 518P. 31 6..8 pi 0 76., 83. ,42 89.I8F1" 2,44
1 E 0 $.8 17,7. WSM in.C46 3 4.79 .M W52 M.29 2
179. 6e tW3.N 13.0?r W. K, 12'4.89 MR6 2.14 7P. 55 95.21 74,.(k 2.70,
192.7(Ile I"1 (ft 7.47 'W , V 1317,7J1 11. 16.66l a..373 73. 78, 02.6 I",16
197.8 W(4. f9 M 6.1w mWt8 1(04.0 7.8 13.2?T 59.36, 65r.27 8*9.(1 1.91
1 1r. 71 (W4.8 Fe 773 IFM, 7f4.76. 6,44 9.71 66.31 7 139 91.31 2.89q
17.ffi FWFP 7,9 N IVE.t89 21.46 4,5P 6..75 P7. IT, -70.7 87.60 2/.29

V75 "I (f.0 0.2 P f 7MM 74.1 2,47 3.49 'Al.70 PIS.1i3 F4.70 2,49
4 181.10 6**tN~ 9.46 Wf 11 I6.57 1 .29 1.4? M2.16 93-V I 79.8 2.7

THE riA2.' OJEF: ALL EFFICIENCY IS: 92. 0752
THE M.N. OIlEP ALL EFFICIENCY IS: 59.3601
THE HOC. SIMPLE DISPLACEMENT IS: 2. 92506

T I ,2,4/



Fl fIt' t4UIEr ',t FIHFF CT IE1 0 DEGREES ,.IF ' I4LET TEMP.

amr' FT 'r. "w fI ,T if u 1Fo rn r iWV , . TM rTr Irf IfNU' (FR FfI IX FVF PUR FrF 'IM DM

,W 1 11(lp V C "N,, f PIS. 1,,"

I PW , 4 ."; I .p °*7. 44 J9.417 3.W, ? IT, 5.94 .i .-1 2.65

',",. 7 ,- . ,, 7 f.f 19. 6.67 9.47 7k 4? 99.e T72.1 2*.q

*W W '' 7- 4* P 1w. op 14,.91 Mcf 4.E E? 6.77 1PIOf% 9,40 .8
17" C4,: : 1440, W' 1(,, "/ 7Mf'. Fe J449,MR 24. 'Q.,1 72,5 US .W.24, FO2 71 I.7

. i 1440. CIf I t' J W.f P c91.73 J41.f 2. 7.".% n.W.9 *.44 2.7
14 % '44k.* K4 4 17-44 l*e FC Rr4. 25 9. MT 14.9 Ce~ 93l.19 7. f. .

t .'f7 '44(l. 1 17, 73 . 6 ,9. PA 5.17 P.45, O1.2 %.43 (641 2.P7
V.,T l 14(,0 I,: 74 2M F J179 I' 31r~l 541. cqR 97,8 8.7 2,94

~ iffq4 ~ '~ 25M. ( P.4' Jf 45 94 Kfi? (19 R71 ?.
r l Ff w IA M( ;TC* 17. J .71 9.14 UP O 83,67 81J.3? 2.51

I ' . I' - Fe .95 10.44 l.23 M .52 P ,..35 W, I 2,.5
I ,. (V 1',,Ci IM. W 7 7.74 If.B? 74.,3 M, .(%m P.33 2.M0

I .e '".J% I w, feW 315.43 7. F 5.41 71.31 r2.0 75.7f, 7,79
p, .fl. 17, 0 VJ.4 . J9A 41.76 1 .59 2,43 65.," 9.46 (.. 2.R

4", 7P. 70, ff 4,. 'f W 1446.%P -.6 17.72 I. ,' 47.79 W.,57 1.44
1,, ,, ,CW. 6.,5 13.79 47.66 7M K7947 1,74

IP ~ ~ ~ ~ 62 7T f 7 c M e f.1 f- 1.7 (0116 73.77 C2,A617%o ,'P ',e. FF ,".47 l("W.R MC4. 4UP 1.32 (I.91 f",.S 77/.r .(,J

!1. F 70 I(.5.q W.Ff' 3J4.74 2.? 3.175, (PF4 .,7 75.? 2.64
SAS. ,?, FPI f J1.61 0.0 1,5 (,?,4, 93., ..7.!> Me

THE HFi::. C..EP RALL EFFICIENCY IS, 77.54E
THE MIN. C'EF ALL EFFICIENCY IS: 38. :842
THE r;:-::. -IHMFLE [DISPLACEMENT I S: 3.00i287
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POldER COIIERS ION TES-T
PUMP HUME'EP M3,6:2 RUH AT 120 DEGDREES -F) INLET TEMP.

vm r Tr. crmr r n ow , r' FPr TRQ uiwrp t HP triHP M RI uo FFF Fn Ff M rMc
IFW(F) W 1 FMTD IIH P FFF(%.) ,%) %)r

1, CA .I O ,O MvI. N(f I7,? 7T,9. A99 78. , 2. IM PIS3 (I M
IXtV4$~ 910.8 NOS* ?WM IC*$. 68 24.,7r 8. 792. P36 FtIV? 2.I

I"2 lIW.8 PC 1.75 (f S72C &T1? 1.4 7,7 77.E$l 95.i P.13.,
I R%.C IMf ?1, 7 .IWS* 760,2q ).",, 1.' 7,21 .,,6J p 1.31 2,76
T-%,9 IfMS* 711.01 WOF* 789. 76 6? 'IV P.M 71.48 % 50 74 2

117.98* iW,.1 FIR 77-i 7 %t89 147., R 2.82f 4.22 E&F. 189WIN 61747ck
124.1$ 144R.8 I . ..,, 7W.8' 17.89'/.69 38,48 74.43 7. 9 F,7.9 2.91
ISFf 144.f 16.8? ,2. Fe I .., P..4 24. 75.43 9.76 PA.72 7,17
[V7.50 1440. FP 16.20 IFA sil5.m 14.89 18.64 75,62 91,24 3.77 .-1
17,48 1448,89 16.4 1l.S Wtr.e 9.,7 12.76 75.8 9.3, 81.(. 267
1711.7$l 344.Fe I7.ECi, WC*IO .7% .51 4.94 6.8FO 71.M9 T. M 76.31 .74
190, I t44 . t77.' 789.8 145.42 1, 3V 71,M %, 74 62,.66 2.77
'If,, ?m*!"M8 18.51 ?vf.@P 1384.24 15.38 Thli X £8. 47 7S. 54 W7.3 "V 2.25,
!?2,R 1 *1.. 11,43 2M.00 M1M9. 1My IP. , 7 73 M,, 1ff 2,44

I.18 'W.89 1.78, 7.8 N1X.. 1 8.1 7 1. 77.9 W 7.44 4, 2.5
12.10 1I:".89 1. , Iff .8 ,.E64 6..o 9.3? 74,09 I,. Y .I' PC.1
1 I8.6 1"0.00 17.47 W7. "0, w T, S7 5. m 71.3 93.17 7,.8 7,67
1 (0:.88 12.1? 7*4,1* 133.4? 1. r ',. ? %.76 %.9p 68. ," 7..
1"7.4A "2(8 6.r . 7 "? P..179. 4,7 5A. 7 P.4 .6,7.9$ W.. 71 1.93
1.". 7f,40 '.4 0.8P ?K7.' 7.48 11.M V7.44 71.7., P7.7

19, $ f 7, .. 7.70 17W,. W. .7- EA 9.27. 68.54 81.78 4.44 ,74
11 7.7P 78.89 7, Fie 1.819 ,57. 19 4.7 6,14 7.% P4. o p4.81 2.41
117.7 770.8W 7.T .. M 9M.16 , 2.7p 3. 78.6, MB,.7/ m0.73, Z ', 5.4
IW.38, 7 .89. 8,7 298, 137.R,7 8,.9 1.O 59,&. .,74 (9, 2, ,5

THE MR::. DYER ALL EFFICIENCY IS: 79.383
THE MIH. COE.' ALL EFFICIEICY IS: 5 5 . 528
THE MrC. SIMPLE DISPLACEMENT IS! 2.6261
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POtdER C:OHUERSICON TEST
F-IUHF NU.ME:EP M3 RLIN AT 1Si DEGREES (F*) INLET TEMP.

P172.RS I

rM FT TFI. 51TF RVS Fl O TFI'Fd (3 WRQ ( ICP WfT HP jir HP (FR I U I F-FT WMF FF .J M J
ITv() PMi ffl F Ih WL- FFF(%) (Q) (Q) irstwrev

"1,1,(P~ IE1K ?R03K 2W.S*i 1710. 45 'A, 37R. 43 77.64 8W.9 8.P777 2.57
184. 7 1N.tf 20A39 A. S 1045.77 2, (.&, 29.PIS 79.22 90.T fe.93 2.62
179 f. 1 *,.F w% A. )*.M8 ,..EOk 17. ? n.99 FA ?.W 9.18 r(6. 7.66
,1.1 r(4 1?At8 2 1.31 I8.88 !.h9,9T? 1277 15.47 79.99 94.A F1,.20 2.73
I..'10 1&t.8 22.81 .'w. oe 2(f.2. 3 '.IT P.. J 77.90 7.71 k , 2.8F

1F .7 5 449. *( 14, ~ ;,C4 .8 1391.11 25.78. 29.73 73.26 83.28 t8.49 2.41
1 ,. -,T 1440, K1 .J4, "W, 0'0 J",% I 17P, 2q,7l 7.76 S1120 WAO 7A4
1,.0 4P 1440.00 15.7, fie4 ,1% 17,7 73, 1 74.74 PA.(4 r, 2. ?.4e;
1(.7% 1440.8 5.,1 IW.(W 7% .44 13,61 18. 13 75 W (*..(A .* ,N
17.70 1440. 1 67,; ,mm W.29 9.42 1.39 76.61 9,. (6.47 7.E6
J8. 1440.00 J.8 W.(88 81 .E 4.98 6.44 76.13 94.17 81,67 2.74
17T840 144(.00 15.7 VA85 12448 1St. 2.94 %.49 W6..17 71.02 2.49
101.90 1(* .89 9.58 JW.[t 1(.. 13.94 22.84 (1.27 70.A, 89,44 7. W
1A. 1 l.88 10. 7r 2*' t 1943.29 J,25 17.88 (..51 7?8.3 8.2 2W.-
I ,17. 7 WAR 1 ( ,9 JWF.8 793,.i 9.46 1.m 69.50 8177 W,.% 2.35
IF.,I F 1V *$I, 11.4? J115 , 1.62 6.61 9.11 72,,"f % 4.47 (.,54 7,44
188.78 , II*f ".28n 4W.~i 7 4.97 3.51 4.71 74.46 98.83l KIN6 71E1
1 812.88P j1.88 12.7 28:89 fi9,6 J38 7,04 67,8. V 95., 77,2? 277

,4 7-A I m 4.79 ,7,I.8 W I1. 70. 7.8 Fe J4,44 48.46, 5. 13 91.82 J,54
I %, 88 72.88n 5. 16 ?"lee 1 16.~ 6.9 11.61 51.97 57. 31 98570 I1A.
110 77, 88 5.74 1.,88 77J,1 4.6J plj 5,0, ? 59.22 ..E9,,0 1.71

f1f(.,, 770.8 6,3 61,88 IWO Q".31 ,"5 5.97 (4.67 7".59 88.9 2.13
Io4.10 , 729. 7.(4 5f*.88 274,1? 2.n 3.13 71.36 V 85.. K M.92 2.46

OR. .88 , .,9 2t8.88 115.,0 0./ 1.32 69.97 93.7 79,E, 2,.9

THE MAX. CUEP FILL EFFICIENCY IS: 79.9041
THE MIN. QUER ALL EFFICIENC"Y" IS. 48.4565
THE M''::. SIMPLE DISPLACEMENT IS: 2.89077
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POWER CONVERSION GRAPHICAL DATA
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APPENDIX K

ENDURANCE AND DURABILITY TEST PROCEDURES
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MIL-P-;L6Y5A(ME)
22 August 1973

. .-.,SUPENSEDING
V M IL -P - 5§'675

1' January V10

MILITARY SPECIFICATION

P'UMt, HYDRAULIC, OIL, FXED DISPLACR4EAE

2500 F'SI (MAXIMUM WORKING PRESSURE)

. .: 2 c'ation c.:vers the 2500 p:unds per .;2-:-. (:s3

xe. . 'eent, gear or vane, hydraulic pumps for use on stationiry and

1.P Ication. Hycraulic pumps shall be either gear or' vane of the
t';,es, as specified (see 6.2):

?mTe II - EnibIe.

2. AP,'.
, > 813?; :> A >Cu, .rvs

2. ......... wing Izeonents <f te isse In effect on 4ate of I:,vi t' Is-o
t .: ' >eqst for torn a part of tols speci ficat ion to

ti;e <-y< ', ,F; c2! fle:d ' r'e:

C? rT2F!A'V 1 ;

12K-B -?- ':- Boxes, Wood, Cleated-PIywoo..
P'-P-C~l - Boxes, Wood, Nailed ani 1Eck-Cor-cr.
FTPI-B-C 36: - :-CXQz, 8 h'I.inw, Fil-rt .

4 : '
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Tr - C P -&~ 11~j - r'~

Water-proofedi, Flspxible.

, - t* ornt -- d Pa- ti in- cDf ' 1*--! -

C-neral Reouirteats for.

M IL-H-608 3 - Hydraulic Fluid, Fetroleum Base,
for Preser-ivation and TestIng.

M Th -v -5 26 - Valves, Relief, HydraulicFrsre

>T-J§D-i5 - aFpin ror-e,!dures and TA-:.-z >t.

Tnsvection by Attrilbut4es.
*.......'>-i '29 - Mark.i rig for S'riLrr1-nt & r

1A I L SD130 - Ident ifjcatLon Mark rIng of US

Milita-ry Pr-operty.
M~-I-h3- Test M1ethlods for Cans -ruet i on a.-i

Tinustripal Machinery.
M3314 - Fort, Mo1i,itiri7 Face Dimensti,-ns

Type 14.o-e rid Tukibe Con,'-ct ions,

( Cj' )t 1j 1 C i t.I5! ..... ~ -' ~1;~ 1
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( MIL-P-565A(MKE)

P.2 Otlher publications. The following documents form a part of this
specification to the cex'-ent specified herein. Unless otherwise indica±ted,
the issue in effect on azte of invitation for bids or request for pu ~
shall apply.

NATIONAL BUREAU OF STAN1DI

Handbook H23 - Screw-Thiread Standards for Federal1 Servicfen.

(Appilc'ation for copies should be addressed Lo the Superititen.:ent
"Kcewents, Government Printing Office, Washington, DC 20P.

NA1 10NAL FLU ID POW'KR ASSOCITAT ION

p9.o1 -NFPA Recommended Standard Method for Extracting Flui'i ;l

(Appicaionfor copies should be addressed to the Nltional FVi i
Fowei Association, P.O. Box 49, Thiensville, WI 53092.)

SOC TETY OF AUTOMUF lYE ENGTNFMS

P AF TT:7iborok.

(Anl~atlon for cop)Iies should be addressed to the Society of Aut-
7ot lye rn;crTwo Pcnnsylvania Plaza, New York, NY I0001.)

U~iORMCL~t FICAT ION COMM I7PEE, AC ENT

Uniform Freight Classification.

(Application for copi~es should be ad,'ressed to the Uniform Classificati-.-
Ceor)L1rittee, AiT'N: Tariff Publishiing Officer, Room 1106, 222 South vesi
Plaza, Chicago, IL. 60OC 06.)

NATIO)NAL MOTOP PRFIGHff TRAFFIC ASSOCiATION, INC., AGFNT

.>ti1c7na1 "!-tor Prei .-ht Clarss fi cation.

'rpo iat ion for opie-s snouldl le Nddress.-d to the American Tricking
0 c:sHC. , A'1TN: Tariff Order Src. o, lt. P Str-et NW,

-,C ;'cK336.)



3. 1REQUIRI4ENrs

3.1 Qualification. The pumps furnished under this specification
shall be a product which has been tested, nas passed tne qualification tests
speified herein, aol has bc-n listed on or approved for listing on the appl]c-
able Qualified Pruducts Lists (see 6.3).

3.2 Descrijtion. The p,-rxrps shall consist of the housing or body, the
inter:al pumopn: elements, drive shaft an- all other accessories necessary
to form an operable pu'np to produce power for a hydraulic system when
driven by an e a'ne, an engir driven transmission or other type of :).-ive.
The rurp ehall .ei)vir il from its discharge port, into the hydraulic

-v " ., r aL1 be :w "d as sr, eci.'ied crein.
Mater s . t. f*-ited shall be selected by the supplier ai,d shall
be ,ub. *o vill rioviscons o' this specIfication.

33. 1 A AIL !.etals snall be compatible with the oil, temper-
ature, f-action, service, and storage conditions specified herein.
Unless pr.tpctel aga-inst electrolytic corrosion, dissimilar metals as
defined in MIL-T-[0O4 shall not be used in intimate contact with each
other.

3.3.2 M-iterial c -patibility. All ntnmetallic co-onents of the
pumps shall be cc-npatible with lubricating oils conforming to M-L-2104,
,j-nle 10; Qfl J(O Dx-CO1O, type I; E,ry 300; and hydraulic fliids conforyinr
to MYL-Hi-.5606 and -ITL-H-6053.

3.4 Environmental conditlons. The pumps shall be construct, ed to )perate
turoughout the envJ r.7:iental conditi-Dns soecifled herein.

3.4.1 Low -,-.e.ature. After having been stored at a temperature of
minus 650 F. plus or minus 50 F. for a period of not less than 12 hours,
the pumps shall ope:-ate with an oil temperature of minus 500 F. plus or
minus 50 F. The pumps shall also meet the operating and performa nce
requirements specified herein when operated witn an oil temperature down
to minus 150 F. plus or minus 50 F. withut malfuiocti,-n or 'lare.

3.4.2 Cntminamnt uoleroee level. v,ien the purp is tested as
rp.cf . L 00 hou r! ,-rinnt tole.ance profile shal]

not. (irop ,olow or cros s the n;-ofiie -n r - 'e I.

4
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MTL-P-52675A( E)

3.5 Performance. The pumps shall be capable of developing a discharge
pressure of 2,500 psi at rated flow and at all speeds from 600 rpm to
115 percent of rated speed without permanent deformation a-d damage,
when operated with an inlet oil temperature of 1500 F. plus ur minus
50 F. and a minurnum (numerically greater than) inlet pressure of 5 inches
of mercury vacuum The rated speed shall be the maximum at which the
pump will operate continously and meet the endurance requirements spe-
cified herein; and shall riot exceed the manufacturer's maximum -ecommended
continuous operating speed. When required, the operating speed may be
less than the rated speed specified. The rated flow shall be the amount
of o*il expressed in gallons, delivered by the pump, per mlnute at rated
speed. R1ated flow and speed shall be as specified (see 6.2).

3.6 PfflciencY. When operated at 2500 rpm and at an oil temperature of
IrO ° F. plas or 1T us 5* F., tne initial overall efficiency (coobined
hy-draulic output/mec-anical input) of the pump shall be not less than 75 per-
cent for flow rates equal to or less than 15 gpm and shall be not less
than 30 ;ercent for flow rates greater tnan 16 gpo for a pressure range
of 1000 psi to 2500 psi. A maximum drop in efficiency of 4 percent may
be acceptable after endurance test. The efficiency of a dual-puimp (when
applicable) shall be determined by using the combined pump flow. The
efficiency of flow-controlled pumps shall be determined with the flow-
control element removed.

3.7 Proof pressure. The pumps shall withstand a -minu-num proof press-
ure of 3750 Pal when tested as specified in h-.5.5.2.2 without damage or
exter.ral Ieaklge.

3.8 Enduj"-rce. The puonps shall reet the efficlency re-ju>-ements --nd
shall show no evidence of damage or external leakage after 1000 hour, of
contnuous operation as specified in 4.5.2.2.14.

3.9 O11. The pumps shall perform as soecified herein with the following
oils:

MIL-L-2104 - Grade 10 - For 0 F, to plus 220 ° F.
temperature range.

CONOCO DN - 600, type I; - - For 0 F, to mi:ius 650 F,
and Emory 3?0. temperature rance.

3.30 leakawe. Tne pumps shall S.'ow no evidenre of ,xternal lcaJ)ae
when te-sted as seefied herein, except that the -hs f't seal 1eakage
shall not exred 3 -rops re" hour upo)n -!-V:p]eto,, f e::c, tent..

32
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3.11 Mounting flange and drive shaft. The pumps shall have two-bolt
moLitling flange and involute spline drive shaft in accordance with SAE! J744. A combination of a two-bolt and four-bolt configuration in one
adapter may be acceptable for pump two-bolt mounting flange.

3.12 Ports. All ports of 3/4-inci and smaller nominal size shall
conform I-Y J514 strai-nt thread 0-ring boss, and shall be limited
to 1/4-inch, 3/3-inch, 1/2-inch and 3/4-inch sizes. Ports larger thlan
3/4-inch nominal size shall conform to MS39314. Outlet ports shall te
large enough to limit the oil velocity to a maximum of 20 feet per
second. Suction ports shall be of a size to permit entry of oil with
a maximum inlet port velocity of 6 feet per s,-ond.

3.13 Threads. Straight threads conforming to Handbook H{28 shal be
used.

3.14 Lubricti ion. The pumps shall be self-lubricating by meass of
the oil circuloting witin the purnp.

3.15 Direction of rotation. Rotation of the pumps shall be clock-
wise or counterclockwise as specified (see 6.2), when viewed from drive
shaft end. The pumps shall be suitable for operation in both directions
of rotation. Reverse rotation may be accomplished by dismantling and
repositioning internal components as necessary. Change in direction of
rotation should be accomplished without the addition, removal, or replace-
ment of any component pa-rt. Direction of pump rotation shall be pbeca-
nently marked on a reversible metal tag attached by screws to tne mount-

ing flande.

3.16 htercha: pe~bility. All parts having the snme -.-Anufacturer's
part number shall without moification be directly and completely inter-
changeable with respect to inst]l]ation and perfor:ance. Selective
fitting shall be permitted when such fitted parts are identified as an
assembly.

3.17 Seals. The construction of packing glands and characteristics
of the static and dynamic seads shall conform in all respects to the
performance requir-.ents specified :,erein. All 0-ring seals, rets
and back-up ring -mmd installation t-ereof shall conform to perfo:m:::c
and dircns'onl reqo"remer-s of M I,-4

3.] Poi It-irf ee vn 1 ;e. n' t t-?l eonr is ':isec w th I
in :elief v-<I'e,the relief ",' ;lve shra1i , ' ' t Il-V-'.?W,

6I
!
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3.219 Identification marking,. The piumps shall be identified In
accordance with MIL-STD-130 on identification plates conforming to

MIL-P-5l4, type III, composition A, class 1 with the following in-
formation&

Pump, hydraulic, oil, fixed disrlacement.3

L ~Flow _______gpm at 2500 rpm, and 2500 psi.

Rated Pressure 2500 psi.

Rated Speed ________rpm.

Ma~afactar rrSr'ame.

Manfacturer's Part or Model Number _________

Serial Number__________

Puptype; Type I-Single, or Type II-IDnuble ______

Specification mIL-P-526 75

Government Part No. ____ when specified by end

Item drawing (see 

3.20 Work ,ianship. All1 parts and com)rponents of the pumps iiiin
casting, forginq, mold parts, staninns and machined surf _es shall be
clean and free from sand, dirt, fins, pits, sprues, scale, and other
harmful extraneous material. All edges shall be rounded or cnanfered.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in
the contract or purchase order, the supplier is responsible f~r tnie
performance of all inspection requirements as specified herein. Exycept
as other-wise specified in the contract or order, the supplier may use
his own or any other facilities suitable for the perform'ance of the
inspection requirements specifie.-I h.-ereiup unless disa:,proved Jy the
Give7:-_ent. Th-e GoverIent re.serves the iht to ierf:o:'n tiY of' tie
irispectio~is set fo,-r in ',he srpecificatiron whnere ,;uen :is -"tions are
deem-ed necessary to ar-re Fsipplirs Pnd services co-nfornI to prescribed

*requ i re et s.
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4.1.1 Component and material inspection. The supplier is responsible
for insuring that components and materials used are manufactured, exam-
ined, and tested in accordance with referenced specifications and
standards.

4.2 Classification of inspection. Inspection shall be classified as
follows:

(a) Qualification inspection (see 4.3).
(b) Quality confo-.iance inspection (see 4.4).
(c) Inspection of preparation for delivery (see 4.6).

4.3 Quali fication (see . .

4.3.1 Ux,,riuaLio:.. The pumps s:'ail 16e ex&..ined as specified in K..
Presence of one or more defects shall be cause for rejection.

4.3.2 Tests. Thie pa~ips shall be testfi as specifieJ in 4.5.3.?.1
thaough 4.5.2.2.6 in the following sequence. Failure of any test shall
be cause fcr rejection.

(a) Efficiency test (see 4.5.2.2.1).
(b) Proof pressure test (see 4.5.2.2.2).
(c) Performance test (see 4.5.2.0.3).
(d) Fndurance test (see 4.5.2.2.4).
(e) bIw ttcnperature test (see 4.5.2.2.5).
(f) Final efficiency test, run ,iumber 2 (see 4.5.2.2.1).
(g) Contaminant tolerance test (see 4.5.2.2.6).

4.4 Quality confoi'mance inspection.

4.4.1 Examination. Fah pump snall he examined as specified ia
4.5.1. Presence of one or more defects shall be cause for rejecti)n
of the pump.

4.4.2 Tests. Eaci pump shLall be tested as specified in 4.5.2.2.1
Failure of the test snail be cause for rejection of the failed 1ump.

4.5 Inm.[ect ion procedure.

4.5.1 'Y?.'.i riti rn. 'W' rul'-pS s :il b.e -:.t'1J' ,o: f,:" v.; f', i,

defer' s :

4 8)F
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101. Type not as specified.
102. Material not as specified.
103. Use of dissimilar metal not as specified.
104. Threads nut as specified.
1 T;. M,)unting flange not as specified.
106. Ports not as specified.
10'. Direction of rotation not as specified.
lu.3. Seals not as specified.
10n. Identification or special marking missing or

illegible.

140. Identification plate not as specified.
Ill. Technical publications not as specified (see 6.4).
112. Wrkmanship not as specified.

4.5.2 Tests.

Test c~ndltions.

4.5.2.1.1 Oil. Unless otherwise specified, all tests shall be con-
ducted using oil conforming to MIL-L-2104, grade 10, at a temperature
of 150* F. plus or n-nus 5 ° F.

.F iltration. For all tests, the t'st oil shall be filtered
thr--gh a ]t.er eleient having a filtration ratio, at 10 micron, higher

1.. Test a:,aratus. All test appa .us shall be acourate with-

n thtp -its. spec f ed in MIL-STD-448, se on 6.

4.5.,.i.4 Inlet p-essure. Unless ot wise specified herein, the
i.et pressure srall not exceed 14.7 ps'

4.'.?.2 Test pr-.cedure.

4.5.2..I Efficiency test. Install the puwnp in the test system
shown n f Fire 2 a.r on a dynamometer test bench. Measure and record
the overall efficiency (combined hydraulic output/mechanical input) at
2500 rpm speed at an oil temperature of 150* F plus or minus 5e F. and
at a rninam of 7 pressure points at equal Increments starting with
1000 ps and cont'nuing thrnugh 2500 psi. Eff~c'enc'es less than that
spec -fed n .6 sihall cmnstitute failure of this tU-t.

laa



J MIL-P-52675A(ME)

4.5.2.2.2 Proof pressure test. Operate the pump at 3750 psi and

maximum rated speed and hold for not IeEs than 60 seconds. Check for
external leaks at assembled surfaces and the shaft seal. Any evidence
of mechanical malfunction, damage, or leakage shall constitute failure
of this test.

4.5.2.2.3 Performance test. Each pump shall be operated at a dis-

charge pressure of 25u0 psi with a minimum inlet pressure of 5 inches
mercury vacuum for:

(a) 30 minutes at 600 rpm.
(b) 30 minutes at rated speed.
(c) 3C minutes 6t 115 percent of rated speed.

Inabillty of the ; imp to deliver 2500 psi nt 00 rpm ra't"d flow and
2500 psi at rated speed, qnd 2500 psi at 115 percent of rated speed
or evidence of malfunction shall -onstitute failure of thiF test.

4. 5 .2.2.4 Endurance test. Install the purp in the test system for
running the endurance test and cycle as follows: 5 seconds at minimum
pressure and 5 oeconds with pressure limited to not less than 2500 psi
for a total of 1000 hcirs. Oil tem-erature shall be 2200 F. plus or
minus 50 F. during the first 50 rours of cycling. The oil temperature
at the pump inlet shall be 2000 F. plus or min-s 50 F. for remaining
950 hours of the tests. Malfunction p'rior to completion of 1000 hours,
failure to ,-mintain 50O0 psi, rated flow and rated speed or evidence

of leakage greater than 3 drops per hour at _,it saj Lhall -onstitite
failure of this test.

4.5.2.2.5 Low tempnerature test. InF-tall the nydrauliz system wit n
the test pump in the climati- cnar.Ter. Fill the test system with CONOCO

DN-6OO, type 1; or Emory 390 oil. The drive may be lorated externally
to the climatic chamber. iower the pump and test system temperature to
minus 650 F. plus or minus 50 F. and maintain at thiz temperature for a
minimum of 12 hours. At the conclusion of the soak period, raise the cham-
ber temperature to minus 500 F. plus or minus 5* F. and stablilie to this
temperature for a minimum of 1 hojr. Operate the pump as shown in figure 3
as follows: Increase pimp speed ani p resure simultaneourly t.o 1250 rim and
250 psig recpectivel.%. Wnen inlet oil temperatre reacher minis-s 15o F. p]is

or minus 50 F., increase the Fump rpeed ,nl -1i!-crnrwe presszir- rm,l.nneoislv
to rated speed in a t;me interval of 0.2 "cin;ite an-i P500 :.ic in a time In-
terval of 0.1 inute res'.er! iv( ". ( i.-,-a te -th ru-n: 'jntAl in1lit. r'-k i r"..

ture reaches luc 50 F.

11
II
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Obtain the test data With recorder having a minumum response of 13 k~z with
the Drovision for recu)ring pump speed, d.scharge pressure, inlet temper-
ature, and fliv cicnu.-rently. Inability of the pump to rotate WiLhout
damage at m7:us 5Q0 F. pluis oe rn:nus 50 F., inability of the pump to deliver
2500 pDsi over the ent re speed range, Inability o)f the pump to maintain rated
flow at ",aximum rateJ seed at mi'nus 150 F., plus or minus 50 F., or ev'dernce
of mechanical malfuncton, 3aaa~e, or shaft leakage :n excess of 3 dr(Jps per
hjur shail coristtute falure of this test.

4.5.2.2.6 Contani'nant tolerance test. This test shall be conducted as
follbws aid noriconforniance to 3.4.2 shall constitute fa~lure:

1. Equip'nqett and Suppl'es.

(a) Yydraui-c test c rcu't as illustrated in figure 4.
(b) Fac'lity for measurng tne gravimetric level of a

flu Id.
(c) Suppiy of classifed de- iized (silica) corntaminrLn

(AC Fine Test Dust).
(d) Supply of clean fluid sampl- oottles w'th a cleanliness level

belrow 30 particles per m'.1ilite-r.
(e) Supply of clean slurry 'njecto bottles.

II. Test FaclitLy Requirements.

(a) The test system illustrated '.n figure 4 shall
cons~st of a reservo'r, 2:njpct~on chamber, heat exc"oiire.,
fl~w mete-, pressure gages, temperature 'ndrcaLor, cC'1troi_.
f !ter. Lest pump, and pump dr-ve.

(b) Thre reservo r shall be constructed with a c~nical bottom
with a :nrojerv.ed angle of not more than 1.0 de~rees. The
-)' entering the j-eservo)r shall be d'ffused bei-ow the
surface of th-e oi;l. Prov-'sions should be made to pressurize
the rese;'vo'r.

(c) The 'nject or. chamber shall be constructed as shw))vn 'n figuare 4
TYhe volume of thie cha~iber shall be appionx 'mateiy 500 il. , and
the rat o LID shall be 10. The 1ric-luled angle at thle bottom
-)f the c-amber shall be not -nore than 1-1 (iecrees.

(d) The heat eychianger s -,all be mo united ve-t,*caily with) the
o:1 entering fromn t-ie boto%.

(e) Tne contrA fers~iall ne cabihe of rriv- r a -,D:~an
La~krrA f less t;( ]I(ar ds a- ' ''ro

r,: -o s p~m Iii

S33o
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(f) The flowmeter shall be insensitive to contaminant.
(g) The lines connecting the hydraulic components

shall be s:zed such that turbulent flow exists
throughout the system.

(h) The control filter shall be capable of providing a contam-
Inant background of less than 10 mg/liter.

III. System Verification.

(a) Install a pump that is known to be relat'vellf
insensitive to contamination in t.e circuit.

(b) Adjust system oil volume (exclusive of the filter
system) so ohat it is numerically equal to one-
fourth (plus i-r minus 10 pe'cent) of the lowest
vwlue flow -ate to be used for testirn..

(c) Circulate threouch the filtering system until
the cor-taninant background is less toan 10 mg/liter.

(d) By-.ass Lie filter system.
(e) Add a quantity of AC Fine Test Dust to the system

to bring the contamination level to 300 mg/liter plus
or minus 10 mg. per liter. The c ntasiinant should be
injected in the form of well-mixed slurry- t- prevent agglom-
eration of the particles.

(f) Operate tie system at toe -ninurum flow rate to be used
for Lcstin,.

(g) "xt,-act four l sainjles 71t. 15 mi:.ute _nLe-vais from to-e
system 4n accordance wit.n NFPA Stan.9'r'd T2.9.1. Thie system
shalI :en csnously -irin' chis rer 'd.

(hi) Measu'e the :a',Eetric ] ve ,f e-5cn sanmie accordance
wilt SAE /ARP Y'5.

(i) Cumnute the avera,-e of -.he ,ou." :avimetric levcls obtained
in (h) at eaci, size. The system is quellfied for testing
if none of the levels differ from the averare level by
more than 10 percent.

(j) Cii-culnte tnrcuch the fVlter until the contaminant back-
ground is less th:an IC rn. ./iter.

TV. Preliminary P:repaI'ati-r)n.

(a) Install t'.Ie -est . rno t n crt.
(',) .jutt the s2's;.' - . x, (e _IS1.us \e f the f> .er ,zys e:)

so a is -s I -,I, aeic i al 'o , -f r1 h (pus -r
fr 5 :us ! je ue ) 2 ' . ,e V f! .V7 ate o! ue nrip t, ) o
tested.

12i I
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(c) Operate the pump at rated speed and 150* F plus or
minus 5* F. temperature with the filter system in the
circuit, using the following schedule for pump operating
pressure.

15 minutes at 25 percent rated pressure.
15 minutes at 50 percent rated pressure.
15 minutes at 75 percent rated pressure.

Operate at rated pressure until flow rate has remained
constant for at least 60 minutes.

(d) Record the flow rate at the end of (c) as the rated flow
of the pump (Qr).

V. Test Procedure.

(a) Y termine the quantity of contaminant (gi) required for
each size inj(ction according to the following expression:

gi(grams) - 0.3 (volume of system oil
in Liters).

(b) Prppare a slurry containing gi grams of contaminant, of each
of t'ie following size ranges:

/" o-5, 0-109, 0-20u, 0-30P, 0-40P,
C -50i, 0-6<)I/, 0-Y0p, and O-80u

(c) ;,er'e ti system at rated speed, pressure and
t',:-ci-ature of 200*F. by-passing the filter system.
M(-asure and iecord the initial flow rate. Inject the 0-5
slurry. Record the flow rate at 2-minute intervals.
Continue operating until the flow rate remains constant
for 10 minutes or for 30 minutes total, whichever
occ 1L-s first.

(d) Circulate through the filter system until contaminant back-
grnind is less than 10 mg per liter.

(e) Pecord the final flow rate with the pump operating at rated
-nditlons specified in (c). If the flow rate has decreased

less than 60 r-rcent of its original %ralue (Or), proceed
:;tly to steps (g) and (h).

(f) E ,ot :t<.ps (c) through (e) using 0-10, 0-2C, 0-30, C-40,
4 ()-5ol, C- %0, 0-70, anrd 0-80 micrometer co)ntp.7,i,.ant in ,rDi-

res.s4ively increasing sizes.
S( ) Calcu"Ite the flow degradation ratio for each injection

by dividing the final flow rate from (e) by the initial
flow rate fr,rn (c).

13



MIL-P-52675A(ME)

(h) Using the Computer Program, furnished by the procuring
activity (see 6.5), calculate and present a 1OOO-bour
Contaminant Tolerance Profile on the Particulate Con-
tamination Chart Shown in figure 1.

4.5.2.2.7 Production test. Each pump shall be tested for proof
pressure in accordance with 4.5.2.2.2. Each pump shall also be tested
for rated flow at rated speed at an oil temperature not less than 80* F.
and the flow reading shall be taken at 1000 psi, 1750 psi, and 2500 psi.

4.6 Inspection of preparation for delivery.

4.6.1 Qk-dity conformance inspection of pack.

4.6.1.1 inspection stu-es. Lispection shall be in two stages s fc31jws:

(a) The first state shnall include inspection of preservation,
packagirg and unit marking.

(b) The second stage shall include inspection of materials and
marking after closing and strapping of the container.

4.6.1.1.1 Units of oroduct. For the purpose of inspection, a unit

of product for the first sta -e of inspection shal1l be a complete pack

with the box top not in place arid the packages left unsealed. For the
second stage of inspection a uniL of product shall be a complete pack
prepared for shipment.

4.6.1.2 £a-rlirr. ampliriW f r exanination shall be in %ccordnli'e
with MIL-STD-105.

4.6.1.3 Fximinrttiorn Sam:ples sele'ted in accordanvce with h.t.l.? shall
be examined for the following defects. AQL shall be 2.5 percent defective.

113. Materials, nethrds a--i c-ntainers oat. is specified
for levels A, B, or C. Each inc,)rrect material,
method, or container shall constitute ,ne de'ect.

11I.. interior surfaces of the pivmps nDt "_"1jted with
preserv. tive as sp ecified for level A ,)r B.

115. Pumns not wrapped with creaseproof paper for level
A or R.

116. Cr ese r,)f wrap r-,'t sec red wit!l tunI e :t5 r ec 1,,

for level -or B.
117. Tech:: i c i t.- I c t I s i,:t pre, r vrved as soc f'ied

for level A ),r P.
I18. Ciishioo riot, 1)-,)Vi ied to prevent movenrkent of

pumps wi t ia, the boxes :s snerified lor level A or .

ll. Strappin it ,inc coat e' for level A.
170. Fible, oad [" ,'s ,,at s -tiei and rc forced as

speci:iel For level R.

j 14
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MIL-P-5P6'(5A(ME)

( 121. Marking illegible, incomplete, Or incorrect.
122. Number of' pumps to be packed together not Ls specified

f'or level A or B.

5. PREPARAT ION FOR DELIVERY

5.1 Preservation and pack ,ing. Preservation and pack~aging shall be
level AB, or C as specified (see 6.2).

5.1.1 Level A. The interior surfaces of the pumps shall be coated
with pri-servative lubricating oil conforming to MIL-H-6083. Each pump
shall then be wrapped with greaseproof barrier-material coniorcnirn' t3
MIT-2-l?1, type I, grade A, class 2. The wrap shall be secured witb
tape conforming to PPP-T-60, type III, class 1. The teohnic-J :lM
cations ~ralbe preserved -in accordance with MTL-P-116, method I0-1.
Each pump with technical publications shall be packaged in a box con-
forming to P-PP-B-636, W5c. Cushioning shall be prov'.ded to prevent
movement within the box. After closuirel the box shall be waterproof
sealed, method V as specified in the appendix to the box specification.

.12Level B. Each pump and technical publications shall be preserve,!
as speciLfied in 5.1.1 for level A. The pump with technical publications
shall be packa--ed in a box conforming to PPP-B-636, class domestic,
variety SW, grade as applicable, style optional. Cushioning shall je
provided t-) prevent movement within the box. The box siiall be rlo!sed ir.

( ac or-dance w-Ith the apndix to the box specification.

5.1.3 !Level C. F>ch Pumip with technical 7,b ,ications shall e
package_(d "in a fiberboard container that will afford protection i ,airjst
deterioration arid diamage. The supplier may use his comnercia l containe'r
providing it fulfills these requirements.

5.2 Packinrg. Facking shall be level A, B, or C as specified (see j

5.2.1 Level A. The pumps of like type, preserved and rar!,ared as
specified in 5.1, shall be Packed in close-fitting boxes conf~rmini ' I-
FPP-B1601, overseas type, g.rade B; cr PPP-B--?l, class P, ;-ra'Fe R; in
quantities as specified (see 6.2), not to exrceed tne eght -vid .ei
sin-ial _ n 4 atcn f the specification. The 1boxe#s shall bre rl'wv-d
strapped In acerlance with the appe!A(ix to the ",,x se c

2t r~: cc4~l ie zinc c'oted.

5.2.2. F~e . irhe pumps of like type, peev' rit~~~
zlecified in ~T shall be packadelr- tFV>" (f~o~

3_34
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MIL-P-52675A(ME)

PPP-B-636, V3c, style RSC; boxes conforming to PPP-B-640, class 2, style

optional; PPP-B-60, domestic type; or PPP-B-621, class 1; in quantitieE

as specified (see 6.2), not to exceed the weight and dimensional limitatW:rj

of the box specification. The box shall be waterproof sealed with tape anr

reinforced with bands of reinforced tape in accordance with the appendix to

the applicable box specification.

5.2.3 Level C. The pumps of like type, preserved and packaged as sjeci-

fled in 5.1, shall be packed In fiberboard boxes complying with Uniform Fr 4!V.

Classification rules or with National Motor Freight Classification ruleu.

5.3 :-Iarking. In addition to any special marking specified (see 6. ),
packages and shipping containers shall be marked in accordan-e with

vIL-STD- 129.

6. NOTES

6.1 Intended use. The pumps covered by this specifi'ation are inter,

for production use, as spares, and as replacements in hydraulic system (,n

military stationary and mobile equipment.

6.2 Ordering data. Procurement doc.iments should specify the follow-

ing:

(a) Title, number, and date of this specifiration.
(b) Type of pump required (see J.2).

(c) Flow and s eed (see 3.5).
(d) Direction of rotation (see 3.15).

(e) -overri:,ent part. No. ren hcified by end item
drawing (see 3.18).

(f) Level of ireservation and p .okaing and level of
packing reiulred (see 5.1 and 5.2). Level B
preservation ad i:ackawinj i- intended to provile

economical but limited protection srnd snoild be

specified onl when it. nas b-eon determired the

pumps will re ield in cever-Pd ,sto.-n ftr an in-
definite ;period 'rom date rf intial i rf ,.rvtion
and p,

( ) N, ,! er af" i' . ti ',' r- - P i ,,.', n r (reP 1. . arid
5-7.?).

f 16
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MIL-P-52675A(ME)

6.3 Qualification.

6.3.1 When the pumps covered by this specification are procured as an
end item by the Government, only bids or proposals offering pumps which
are qualified under this specification (not necessarily listed on the
QPL) at the time set for opening of the bids or award of a negotiated
contract should he considered in making award.

6.3.2 When tne TurMps covered by this specification are components of
an end i em Uei g orocured by the Government, the requirements of ASPR
1-1107.2.* ) shall apply.

6.3.3 It is intended that inclusion of pups on the QPL may be accom-
plished by famiiies or series. When a pump manufacturer produces a series
of iLemS that are idpntical in design and vary only in dimension, successful
testi cf t:.:: ai . st and largest pup within te series will be considered

as qiaifi-raton of the entire series. Prior approval of the qualification
of tne :erles or families must be requested from the QL authority. Approval
will be laced u;-n rfficient evidence submitted in the form of design draw-
invs, 11crut ire or other documents, to indicate the design within the series
are ilenti-al.

6.3.h The attention of suppliers is called to the above conditions and
manufnctur-ers are irwed to arrange to have the pumps that they propose to
offer to the 2.overrnment tested for qualification in order that they may be
eliwtble to be a-arded contracts or orders for pumps covered by this specifi-
cation. The activity responsible for the Qualified Products List for this
specification is: U, S. Army Mobility Equipment Research and Development
Center, ATTN: .3FSFB- N, Fort Belvoir, Virginia 22060.

6.4 Data require:,ents. The contracting officer should include require-
ments for such date as technical publications, instructional materials,

illustrated Farts list, and supplier's maintenance and operation manual
to be furnished with each pump. Each pump should be accompanied by de-
tailed instructions for changing direction of rotation, and when applicable

include instructions for inlet and outlet port orientation.

6.5 The contracting officer should arrange to furnish the Computer Program
for Contaminant Tolerance Profile required in 4.5.2.2.6 v(h).

Custodian: Preparing activity:

Army - v A - ME

4User interest: Pro~ie~t Nc. 1 4U0-A]03

Army -AT

17
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LEGEND:

ELECTRICAL ------- F-ECTRICAL
POWER ...... HYDRAULIC

I I

CY'CLE TI *-
CO,,NTER t :E

L SOLENOID OPERATED
L CONTROL VALVE

RE. 'EF VALVE X
A -NEEDLE VALVES

SYSTEM
RELIEF VALVE A -,,--

4- TEMPERATURE CONTROL

FLOW ELFCTRICAL
ME TER PCWER

PRESSURE IF~r SgkE - I

HlOUR
METER

TiMPLFkATlRE -I

Pmp- MOTOR
I OIL TEMPERATURE - OT/ U 1 RPM

PRESSURE METER METER

RESERVOIR "-8" 1

TRANSPARENT TuBE i ii

F ' . EF V.'E (* SETT!N .AT 150% CF 'AX S STE . KRK1'G S c RE

- . '.'ET'S HALL IVE AN ACC, .CY OF ± 2 r

Figure 2. TYPICAL IEST CIRCUIT DIAGRAM FOR PUMP,
RESERVOIR, RELIEF VALVE AND FILTER TESTS.
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INJECTION CHAMBER

L

_D

SUPPLY

SAMPLE
TEST PUMP VALVE

INJECTION-
CHAMBER

(SEE DETAIL)

* I BALL
VALVES

CONT ROL
FtILTER

*FiGuRE 4. PUMP CONTAMINANT SENSITIVITY TEST CIRCUIT.

.! U S. GOVERNWENT FIt.TING OFFICE, W~3 7 '3 15 0
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MERADCOM TEST PROCEDURE

METHOD FOR ESTABLISHING THE DURABfLITY OF A FIXED DISPLACEMENT

FLUID POWER PUMP, TESTED IN LOTS

L0 SCOPE To provide a macod for determining the. durabilir7 of a fixed
displacement, fluid. power pump.

Z. 0 PURPOSE To7 verify- the abiity- of a- pump to perform satisfactorily-
during- a. spectfied. period, of time when subjected to cyclic discharge
pressure at specified condltion& of temperature, shaft speed, and.
syst e m fluid.

3.0 DE7NITION

3.1 Pump Durabiliy The abilit 7 of a pump to endure specified operating
conditions for. xL extended period, of. time.

4-..0 PROCEDURE

4.L LataII the pump in the test system a& shown in Figure. L and operat-
nder the following condii s:

4-.1.1 Test Oil: ALL tests vilL be conducted using. oil, lubricating, =.-L-.104,
grade 10 or- fluida conforming to SAE J745

. 1. Z F4Iltratlon: The control f iltar wl 11--' t the total number of particles
in the system fluid. to no more rhan 1000 particles per miliiter greater

than- 10 microns and no less than 800 particlas per md i I!tar greater :an
10 microns.

4.1.3 Instrumentation & Test Parameter Accuracy: Instrumentation and. test
parameter accuracy must be maintaied. within the limits set forth i-
ANSI B93.27.-

4-1. 4. Inlet ?ressure: The pump- inlet- oil. pressure- at the. inlet f ittn-.-ilng
4 be- mai-ntained within 1 in-. H& of atmospheric pressure.

4.1-5 Aeration: The- inlet oil- -,at be visual7 free of entrained. air throug'cuc
testing.

4.1.6 Speed: Test. speeds will be as close to pump manufacturers' rated
values to the extent that standard gears are available from the
gear box manufacturer.

=~BIT 3
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4.J.T ?ressure Range: From 0 to 115 percent of rated pressure.

4.1.8 Temperature: The inlet oil temperature for the durabiliry test will
be. maintained ar 1800F.,

4.1.9 Endurance Cycle Conditions: 60 + 6 cycles/minute. The waveform is
to be consistent with the impulse tes waveform of SAE Standard J343.
The outlet pressure waveform will conform to SAE J343 only to the

extent the ?ump and, other test system elements will allow conformit7.

4.2.1 lfeasur& ad repor= the initalai pump overall efficiency in accordance
with WFPAIT3.9.17RI-.

4. 2- Volumetric efficiencies shall be. masured and recorded at the begInIng
of- each. teas and ac one. hour intervals thereaf ter,-

4.3 Test- Cycles: & total. of 15 pumps shall be tested as follows:

Set U # of pumps test-_ccles

1.Three pumps Of: Ianu-facturezr (P1 500,000 cycles per .pump

2. Three pumps of manufacturer- #P 500,000 cycles per- pump

3 Threa pumps of manufact=rer -:3 500,000 cycles per-pump

SrOne from each of the three. 500,000 cycles per pump

* manufacturers

5. One from each of the. three- 500,000 cycles per- pump
,anufacturers

!2



5. After completing the above tests, disassemble and examine the pump.
Record any evidence of galling, scoring, pitting and structural
damage.

6. Prepare test report with 8 10.B /W photos of each tested pump.
Each report shall have an analysis of the test results of each tested
pUMp.

N
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APPENDIX L

INSTRUMENTATION

ENDURANCE AND DURABILITY TESTS

I
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I NSTRUMENTATION

The instrumentation, calibration methods and procedures used in this contract,
can be referenced to Part 2, of report number 50560, contract DAAK70-77-C-C0214,
dated November 12, 1979. The traceability statement for measurement of flow,
pressure, and temperature are also found in Part 2 of the above mentioned report.

I
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DURABILITY AND ENDURANCE TEST SETUP PICTURES

Data Acquisition System used to monitor arid
record test parameters. The timers used to
trigger the DAS and cycle the outlet pressurt
are located on top of the DAS. The DAS was.
used as a failsafe to shut down the test if
parameters were not within specified values.

Amplifiers and readouts used for "
the pressure transducers and flowmeters.
In the foreground are the orifice
plate flowmeters which were connected 

Of

via hoses to the transducers sitting
on the table.
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APPENDIX M,

CIRCUIT SCHEMATICS

ENDURANCE AND DURABILITY TESTS
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APPENDIX N

TEST SETUP PHOTOGRAPHS

ENDURANCE AND DURABILITY TESTS
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Test pumps mounted on gearbox corne. t';,:
to a 200 HP electric motor with irl.-t
and pressure lines plumbing. The ir,Ut.
pressure transducer is mounted in the
inlet flange on the center pump which
was higher than the other two. This
pump location had the lowest inlet
pressure because of its height.

Reservoir and linet plumbing
for the three pumps. The
inlet temperature probe is
located in the tee at the
bottom of the picture.
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In the foreground is the filter used
* ! to maintain the contamination level in

the circuit. The heat exchanger is mounted
vertically on the left side of the-
reservo. r.

Orife plate flowmeters in the
return 1in s. Sample top is
located in the elbow after the
return lines were connected
together. Relief valves
are on The right side of the
orificf, plates. Pressure
transduuers were installed in
the relief valve gage port. The
outlet temperature probes were
installed in a tee in the pressure
line juSt ahead of the relief
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APPENDIX 0

PRESSURE WAVESHAPE PHOTOGRAPHS
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Of OUT! LT PRESSURE

It' l~ per ifll

P E J Manufacturer Code MI
Pump bWo. 348

Manufacturer Code M-Il
Pump No. 349

4 Manufacturer Code MI

3,5



fJCIILOSCOPE TRACES OF OUTLET PRESSURE

Attl rao- (I 1ifth Tes t

v -r i I A x i .Il - ,' d p i

Hoa 1/U' tcil Axis .5 steconds per cm

Manufacturer a

Pump No. 355

P .M Manufacturer Ccc(
Pump No. 358
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C{"CILLOSCOPE TRACES OF OUTLETPRESSURE

ii\xs lm 1 00 psi
H orotal Axis .5 seconds per cm

~ ~ 4anulacturer Code MI
~W ~ rqw~Pump No. 353

Manufacturer Code M)
Pump Ho. 354

A Manufacturer Code M2
Pump No. 356



OSCfLLOSCOPE TRACES OF OUTLET PRESSURE

Ac,(-0trattd Life Test

Vertical Axis 1cm -1,000 psi

Horizontal Axix .5 seconds per cm

Manufacturer Code .11j
Pump No. 364

Manufacturer Code !1-
Pump No. 366

Manufacturer Code M3
Pump No. 367
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-. -- Manufacturer Code MI
Pump #352

EL 12aJUNal
Manufacturer Code M2
Pump #357

Idflufacturer Code M2
PUrin ;"rcO



APPENDIX P

PJMP FAILURE ANALYSIS
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DURABILITY TEST

ANALYSIS OF MANUFACTURE MI'S PUMP #348

Manufacture Ml's pump #348 completed the Accelerated Life Test without any
failures. The pumping cartridge experienced excessive wear on the bronze side
plates which would account for the 2.3% drop in flow rate. Some wear occurred
in the cam ring and vane section of the pumping cartridge. Contamination generated
from wear probably contributed to the pitting of the shaft end ball bearing and
the bronze sleeve bearing.

-7NA

*00

.0 4 t . , ,' "'"

'x; T

-'' = I ii y.. .



DURABILITY TEST

ANALYSIS OF MANUFACTURE MI'S PUMP #349

Manufacture Ml's pump #349 completed the Accelerated Life Test without ar,j
catastrophic failures. The pumping cartridge experienced extensive dear ir,
the side plates with some pitting; this would account for the 6.9% drop ir
flow rate. Some wear occurred in the cam ring and vane section of the puirnir':
cartridge. Contamination generated from wear probably contributed to the pittTl r
of the shaft end ball bearing and the bronze sleeve bearing.

/V 0
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DURABILITY TEST

ANALYSIS OF MANUFACTURE Ml'S PUMP #351

Manufacture Ml's pump #351 failed to complete the Accelerated Life Test. Failure
occurred at 217,000 cycles, at which time the flow decreased 24.5% from the
original value. Severe wear and scoring of the pumping cartridge side plates
caused flow degradation and eventual catastrophic failure of the side plates.
Contamination generated from wear probably contributed to the pitting of the
shaft end ball bearing and the bronze sleeve bearing. Wear also occurred in
the cam ring and vane section which experienced some overheating.
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ENDURANCE TEST

ANALYSIS OF MANUFACTURE Ml'S PUMP #352

Manufacture Ml's Pump #352 failed to complete the Endurance Test. Failure

occurred at 283 hours into the test, at which time the flow decreased 26.7 ;

from the original value. Severe wear and scoring of the pumping cartridge
side plates caused flow degradation and eventually catastrophic failure.
Contamination generated from wear probably contributed to excessive wear
and pitting of both the shaft end ball bearing and the bronze sleeve bearicl.
Fatigue of the cam ring; along with excessive wear of th- vanes were ,een
in the pumping cartridge.

7s,4 , ,, - ,-1' J-.
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DURABILITY TEST

ANALYSIS OF MANUFACTURE Ml'S PUMP #353

Manufacture Ml's pump #353 completed the Accelerated Life Test without any
catastrophic failures. A 6.5% decrease in flowrate from the original value,
was due mainly to the excessive wear and scoring of the pumping cartridge side
plates. Contamination generated internally contributed to the wear of the bronze
sleeve bearing and shaft end ball bearing. Some wear occurred within the cam ring
and vane section which probably contributed along with the side plates, to the
decrease in flowrate.

; .; . , ' . . . ' 4 0, - l - . 3
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DURABILITY TEST

'NALYSIS OF MANUFACTURE MI'S PUMP #354

Manufacture Ill 's pump #354 completed the Accelerated Life Test without ay ti ' .
The pumpsing cartridge side plates experienced some wear, along with the vane Jr
cam ring. Contamination generated internally likely contributed to the wtar
seen by thu shaft end ball bearing and bronze sleeve bearing. A 2.74'4 ir,:c-
in flowrate from the original value, may be accounted for by the cartridge's
(-ormponents _aring themselves in.

@0

-40

I ..,



DURABILITY TEST

ANALYSIS OF MANUFACTURE M2'S PUMP #355

Manufacture M2's pump #355 completed the Accelerated Life Test without any
failures. The side plates of the pumping cartridge experienced some wear;
along with the vanes and cam ring. Contamination generated from wear probably
contributed to the excessive wear of the shaft end ball bearing and the bronze
sleeve bearing. The pump underwent a 5% increase in flowrate from the original
value, which probably was due to the pumping cartridge's components lapping
themselves in.
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DURABILITY TEST

ANALYSIS OF MANUFACTURE M2'S PUMP #356

Manufacture M2's pump #356 completed the Accelerated Life Test without ar:,
failures. The pumping cartridge side plates underwent some wear, along a tr, *>

vanes and cam ring. A 5.1% increase in flowrate from the original valu! *6-
experienced, which probably could be accounted for by the pumping cartridgt's
components lapping themselves in. Contamination generated internally may hclv
contributed to the wear seen by the shaft end ball bearing and the bronze 9e-,vt

be3ri nq.
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I
ENDURANCE TEST

ANALYSIS OF MANUFACTURE M2'S PUMP #357

Manufacture M2's pump #357 completed the Endurance Test without any catastrophic
failures. The pumping cartridge side plates experienced some wear; along with
the cam ring and vane section. Excessive wear occurred on the shaft end ball
bearing and the bronze sleeve bearing which maybe contributed to the fact that
they had exceeded their normal running life. The pump underwent an increase
in flowrate of 21% of the original value, in the opinion of the writer this
excessive increase was partially due to instrumentation error, but mainly to
the pumping cartridge's components lapping themselves in.
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DURABILITY TEST

ANALYSIS OF MANUFACTURE M2'S PUMP #358

Manufacture M2's pump #358 completed the Accelerated Life Test without any
failures. The pumping cartridge side plates experienced some wear, along
with the vanes and cam ring. The pump underwent a 7.5% increase in flowrate
from the original value, which probably coula be contributed to the pumping
cartridge's components lapping themselves in. Contamination generated internally
probably accounted for the wear seen by the shaft end ball bearing and the
bronze sleeve bearing.
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ENDURANCE TEST

ANALYSIS OF MANUFACTURE M2'S PUMP #360

Manufacture M2's pump #360 completed the Endurance Test without any catastrophic
failures. The pumping cartridge side plates experienced some wear; along with
the cam ring and vane section. Excessive wear ran on the shaft end ball bearing
and the bronze sleeve bearing maybe contributed to the fact that they had exceeded
their normal running life. The pump underwnet an increase in flowrate of 12.6%
of the original value; therefore the extended running of the pump probably contri-
buted to the pumping cartridge's components lapping themselves in.

*l,
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DURABILITY TEST

ANALYSIS OF MANUFACTURE M2'S PUMP #361

Manufacture M2's pump #361 completed the Accelerated Life Test without any
failures. The pumping cartridge side plates experienced some wear, along
with the vanes and cam ring. Excessive wear of the shaft end ball bearirg and
the bronze sleeve bearing, was probably contributed by the internal contamination
of the pump. An increase in flowrate of 9.5% of the original value may be
contributed to the pumping cartridge's components lapping themselves in.
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DURABILITY TEST

ANALYSIS OF MANUFACTURE M3S PUMP W364

Manufacture M3's pump #364 completed the Accelerated Life Test without any
failures. The pumping cartridge experienced minor wear throughout; both the
shaft end ball bearing and the front sleeve bearing also underwent minor wear.
The pump experienced a 3.4% increase in flowrate which was probably due to the
cartridge's components lapping themselves in.
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DURABILITY TEST

ANALYSIS OF MANUFACTURE M3'A PUMP #366

Manufacture M3's pump #366 completed the Accelerated Life Test without any
failures. The pumping cartridge side plates experienced minor wear which
probably accounted for the 2% drop in flowrate. The cam ring and vane
section of the pumping cartridge, along with the bearings in the pump
experienced some wear.

, ';

373

I ''-. * ' 4*



DURABILITY TEST

ANALYSIS OF MANUFACTURE M3'S PUMP #367

Manufacture M3's Pump #367 completed the Accelerated Life Test without any
failures. Minor wear occurred on the pumping cartridge side plates which
probably contributed to the 1.2% drop in flowrate. The cam ring and vane
section of the cartridge; along with the bearings of the pump expereinced
some wear.
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APPEUDIX Q

ENDURANCE AND DURABILITY TEST DATA
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TABULATED DATA OF ACCELERATED LIFE TEST FOR 14AUFACTURE Ml

Test Specimens Consisted Of:

Pump #34L, #349, and #351

* Data points were taken when outlet temperature thermocouple

was malfunctioning; remaining data points were correct.

** Data points are automatically taken when the test is restarted
after the DAS alarm system has shut it down.

*** Pump was considered a failure due to excessive drop in flow;
and removed from testing apparatus. (See Tabulated Durability
Test Results)
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PUMP #348

TIM IIFT RiTFT IlPNW. Rr PRFcr FI w CD
R IITW(*F) FWt(*F) (PSI) (I) (f) (P)

2I4 MI. 10ft F19. 10 J. 3( 34 M, M 22,.97 271(*04

4.00 13,17f,.*1 1.3 .39A 72J .712 77T.,*

Me RIM MOP.E 1. 29 137. O 73, 4 fO 1f.4* 1 7r.P TAt IF. 1.2? FA4.V 21.?, 27T.,*K
7.09"AP r,, 1P.. (it.29 WIN..( 9.? 7SO'4 FmF

F.t J7TI2 - 20 .6.7- 7,1.4 . 2f,2 e7(8.
9,OR 170, J0 JFC,70 i 12,. .94, M 27 , "0, KA

J*3. 17146 , 1 W. ,72 1.24 .. Im ?j 1,59 77(43 r3

* 1.'.9!".4 -3R,2.? 3.9!9". ' 22,,.24? '41*1,0 17.( Fe. Rs. ( L,. 791 12 e .1, 42,79. (10I " l, (4 j50, 40" "I2 NO, w, 0. Xl. f, 97r '1,A, AP

3*1 P2,30r -94.60 1. 20 34134* M 25W471.f
1CM AI 7r"? 1.1? 79 w44I 2.7. ./N

IF.M 169,40 ~-fff1 1.1? w31. 7'245 0

, M8 J M.9 4,0 406 J,,. p 4 17T''. W4 2247 7,f, '. K
17g, J67H ,4 JB K1,. 4, j'F "I.NI A 7, .K/ 'T7 I W

22.*1 1TJ.Ea IF:7.. ; 1,4 ,3414.RR 21.74 '(,R
181W' if95 1 FS F11 7AR13F 242.731%.F

.,,1K 10..? 1f:.J P4,20 ,J, ,2M,', 51 W.477 (4

?oleo1 169,9 10 i34".V 33.742 W22.e21 i( 2 I

*71 17.. T ~ ; 34* I( 11 91 941 '.J.f?5

2."I 1E,9. ,'- JF.E' P 1 1 M ..( 21.97 ',-rk F73, KI' Jf, ,rA MIT7, I.Ap FO A 72 , 77,% X

4.0 1 U., 20 M>470 )F. 17- I F 2.471

00.4 if.,. i j7 I'9 7r', fe :;I . 1 .(7(

,A6,* 00 .992 7 3( e* /24.V.

77, M 169.-Q fG * w I ..' -. 07M 23,.9 (I ' .
179.70 3.19p 3f-74(f 27

7*1C6W RIFI,. r17 " 1 I I.. w

31, 1 IIA17,. 71 IF.7e 1.23 WI. I M4.17 w

*.7. f ] (41.60 I.I' (e , W1 , T.° .O 9 ? ? .€N ;, .K

. *4I. ' I 7e (,,e J 11 T, fe 14N" (V

36.3CI 1 . !M, 110 1.19 7971 w 71 .,? " f

45*T, i7 1 I 3,.4 r. !,. '.74W.. 4 ,113 CC

47 ' .A J k74, 11 .70 48, M8 24, 1,('?. ,"

('.4 P71 .0 '-4, c".0.17 79A4 .73, 2.',' ,
*,(4 1 .40 1'3.4f" -(01..1, 7.,,1 (f

441 If73.50 %9.5o4 *3.;' 192. m114 79.
4(0 61741 191.234 -3.4 J9 "W 2. 0.39i'

**1,9.~g44 !?2.4 -34.,4 175,* 2'4.97 27504.1
CA 169',,l 1 ,'G OR 1C1 .'2. " 7, 4.K

I 46, K, 17 ,f , 4. .. -(f--- IT , ---(
471 M 17,70 11.0 r).- M 17377ff

4P, 4C4 7174 19, Jo-0,17 ' I S M 1111 /7 ,



0 175, rip I .. I . . S " T1. 56 7750.00
SO 144,. 9 15J.70 -(.45 J7.100 X,.47 M7,. O

,6.00 17,VI0 187,0 01,5 W,9.00 ,l.rl 7"0.00
Tjg 1,1090 1 W-1 0 -0.83 V.4710i / W3,9 MO5. W**rf3f80 175,. 1 .-o, M (4,00 3.01 ;fre',4

Ml88 rp18 P7.% 70, 00
**(j,* (.9,70 m7.70 -7 A1,1, 47,T, 27',. 8

(w0 175, 7k 192,0 1. 09 ([R I44900 2.7 2"0.

il,. w.117, SO 1 105 M,7e -AT .FO .7 2 FPTrm I
R(.3.00 178 G",O 1.0 0,74 3450.OR 1,.91r 27M,.OR

24.0 7750.00
(71, c 1'5. 8.4 M38,O 2F.8 27T0,

*fg, K(7.l 17.20 -0.79 1."R 3,.51 27'IBe
(1.9 w 174.K0 191.8 4 0.. F. E. 20.5 275.OR
Ile.0R8 171.50 1 F19.88- 0.48 7..00 5.? '75. 0

71,.OR j-77.40 0.K.5?i61 7370.OR X-119 7r
7.7 OR 17950, 194.00 8.54 77., .2In 275TW0

.0 174.F8 1',o.2 -8 0.23. "9.W 00., 2 758.A
.. P4 174/ (A5 1M 8.0 0. _ " 17MI. 0 5.4 Me. W

79.00 1(,.18 18.,8 8,.? 77,00 2.8,3~ tq 2708

.1.00 17. 71 F S7.0, SO 0 MA 72, -. ?73. 3.
76.0 1040 1 ,. 7e -8. 74 77C, O X,. A .77M. A.O

*2M.M 16,0 f7.0 -1.2 747,(00 7.3 27&OR

'..K4 1-17100 16S 11 .0 -0.44 3wr\.0 27.5 275600
MINif-98 .197.6* -K.7 30.8 Mm5 7 MI.1w

W(0 1 (., 1( I.78 37.00m9.I 1".B
F!0 17,50 1 f65.73 00 'l -0.71~ 717y'.00 2SP 750.8

*I 07.0 I'm P. 10.0 -0.57- 37 .0 2 7. 0 217VIA.0O

I00 r,.2 14.0-0 -e8I7N V:,7.00 23.31 2/750.00
W 0.0 w1(719e0 190.80P -9,69 737.0 2M.1 2758
RA .0 17.804 184.9 T0IMM 3if0 M37 .770.00

Flo0 173.28l I W91 -0.0? 373V4I00 23.07 77a0m
m'0 17270 19?.0 0.914 7,47i.-, OR2Z94 277T0.00

T'. O fe 2.5e I14*450 0.01 344.00 23.09 275.0
0.~400 i172.18 19m2 0.1 3447.0 OR22.9 2q 75A0.88
TIM.0 165.50 183.10 -O.4* 3,444.00 73 7?8 27%08

* 'M0 167. 00 If11 -010F. 7A49,0f r2%. (. 2750.OR
517,00 J69.60 1 W..0 8.18 34S39.0 23.2 r~27T.88R
90.00 1(6.38 2860 0.7 347.0 23 .51 750.00

OR0 172.38 198.9 0.3 4521,10( A3.28 7M0.88
1I0 OR2e17,2.00 r 18.38 elm, 3W O 7%. 77 2758,.00
!01.00 168.00 165.7 mO 343872 'A.0 OR'A P.32q 170
2MAP0 1 (0.5 Fie6.10'J -0.10 749.0C0 n32 2750.00
1RK.00 273.28 1 C2I80'* -0.07 3428.00 23.46 2p75088
1W4.0 16.108 1 6530 7 -0.' A 336.00 23.3 7%.W
2I.00 1(8.88 IC'r,,40 -e0. 342.0, 2.51 750.88e
14*610 167.50 1 M, .10r -8.2?r 34A6.8 M3M37 2170.00o
1K07.00 167,.N; 1 f 'l.10 -0.290 3424.00 25.59 2750. 00

IFO 1 7.50 1(5.2 -0.18 7437.00 71.18 2750.00
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1.M 177.V, J91.1 -. 1o 344.OR 7.45 754.W
310.00 109.00 1 PIS FA3.0 24. S 3.14 756.00
111.00 17780 191.9 T-0170 7474.00 7 , 77541.00
ji"ROO 174A I p8q.6$ -m.1 "MY..(f V 7 0?,.00
M3.0i 169.70 I. -e0.2 W444. 2.24 7F 0. Ki
114.0M 369110 1 ft.. m -P.1 3" 434,0 M27.12 77510,00
115.0 Fe 71.50 M110 -@.1(. 3476.0M0 F.0 7%.00
1 7(.p,.48 19JMAR --8.2 ,k , OR /1.97 790.00
I1.00 171.9J 190.7% -8i.2 ' 49. 12.).4 ;q'0p. Fet
118.0i0' 1IM.0 . -RFO 341 1. A:pl2 27., F.e

J."0100 1660 17,3A I.9 0.63 3420.0 MHO4 I 7970,00'

17 .0 Fe 17.10 J 9. -0.3 .8e.0 23.38 2790 .P

12.00P 172.10 19.48 -0.2? 3'42.0 .237,.35 ?790.%
127. 00 J70,40 MOP.2 0.18 I0 341.0 W. 7ris0w
177/. Wi .70 184.0 -.keo ,. OR 25, 67 ;r9. Fe
124,.W 1(47.10 1.. .2? ell. fi .471.A. 2., 27. W

12'9.0 3'" 697.9 18 !.30 0.3'2 ,'477.0 2 5.9 279.00 8
Im~ WIF177994.00 o.q 4I7.m 25. riI

J2.700 16,9.( 18.40 0.7 4.0m 257.i1 20."Iw
IM.0 Fe4.9 1MT. 0.37 3N~.0 fe76 3 27%0.00

12,. (" 1710 60.9, 0.37 3449.0 25.07 7,.0
130 wThEM 193.20 0. I N F4A.0 25.6 (A 79A.00
1,31.00 169.3 19 . 2 10 0"43. 2.8? 7.%0, M
132.0 1(191.9 1%'V'* 9.2P 1474.00 27.71 Mc Fe
130 m70.M 1%0.20 0.2B 3453. 00 X6.E4 1790.0OR

134,FO 171,.90 192.38 0.23. 3459.00 26.76. Fe9.
135.00 171.66 19.003r37.02.1 700
136I.0e IE6913 IV 0.280 7461. M 2X.95 279F,0.0e
137.00 J170,20 18P9.I00 0.2 1 463.~ 100 75.14 ?9.m

IE.9, 1'0 11(9. I.V2,I 0.19 ,W ,0 - 4, M24.89 ,"7. I
139. re 174.7 193,'T 0.7 4.I 2.71.,4 77e.0F
.49,00 16%70 189.9 7.12 M4,7,0m 71, p9.0,
141.00 174. A194A 0J.25 ,, ?t ,,8 ',
14?.00 169,.40 19.0 el(. 4N 7.042.01 NA, M,-
143, 174,M I .... IT 0.27 NAB.OR 21.1/ 2751.
144. 1 ( 10, 2, I -S I0 0,17 O45.N0 21. 279,.0
145. w 171.,M 19t.9 (.2 74513.0 21. IM? 70. (f
146,0w 3(S,90 1900 0.32 3481.A 18,.37 7 N4.(0
147.00 U77, 1j97,0 0.45 34 (, J0 75 09 M7--.0
14F,.W 7.20 MAO.0 0.376 34W.0 M2 2751e,0O
l49.m 135,7T 153.7- 0.49 1,.? 1.,91 27T0.0
19P. Fe 17.0 1f95.0 0117 7445., M25 F79000
M,.0 F70.00 18,9.0 -0.20 ,141.1 27.74 27'90. m

15.0 100 1.9-03 34.0 . 2790.0
• m, 167,90 1 PA,,3 --6,I. W44,.00 ,4? 4I"T.Flo
1q.Fe 1,9.00 1P4, -0.5 e43.0 2,77 27 .0

I
•r. 11 ,1

' 
In5......(.Mn.5 1Cf
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PUMP #349

TIMF 14 Ff hR FT IN F'f wrr'fs RC n qTMFr

HIM TF(*F) T'MP(*f) (N) (FfID M') (PFM)
I.8 1691 7 18,, n 1.31 31. 1 25,76 7%,00
7.88 ,72,I.18 JR195,8 1. k. ,7,6. e 15. 97 275, 8
3. F 6 1 * IIC 7105 125, 339.88e 95.6 758,
4M . M ,m0 M/4,90 1, '", vJO. I WuT'e 25.28

A 5. 71.88 M. 48 1.29 W.8 I w5. K 2 758,8
FA . M .60 , 347. 95.9 fl 775A, M8

7,88 I.48 17,.28 I.29 M484,8 2,.1 775,8,00
PU'm U10 I PA4.8 1A ..2 37V1. 25.8fr 2758,88w
9.88 170 ,18 1(A8 PA.1. TI98.M8 . 93 77T.88
J8.80 171.6iM .1,70 1.24 37n.0 2.73 27n, m8
11.88 173.4M 14.7le 1.28 3A418.OR 25,773 758.8
V.8MA 1I,4 (A4I7I 8.91 3,54, m 2f.41 27t-,8
131 OR 172187 MIT 1.2 330 79.8M 25. 75 ?7Moo8
14,00 171,M 195.68 1.1S I415,88 25,,,, 275',,
ISM8 16'9.40 . Iv28 . 3399.88 M71 IRS~ 75%.8
t,.8 J6.40 Ir, 1.60 1.11 344,. 25.87 77%.00
1.8 167.40 150 1. R? 3488.8 250M 7.88M

1Ip.8 10 1 T' MAIM 1,14 M74.88 25.77 27T75.
19,00 MR2.1 1e MAP 1.12 3417,8M 25.5, 7%.FO
AIM88 19.180 13.98 1.12 3412?.8 25.61 27%,fO8
21.8 17,..5,8 182,7* 1.17 2, ,.F3 I7,8A
22.00 171, 185.7 1.I4 7447.88 5.93 775.88
23.88m 14 .5 , 11.88 1.8J 3413, A 25.77 27.088

5.M IU.,9 13.68 1.8 3 3454,, 25.92 277, 8*

7M.1 R.I 8 .8, 8.97 3403.88 25.98 775.8
71M 1,70 . ,t 1.88 7441A" 25,8, 27' I .8
,V,, 1',48 1I7 .97 1.3 48.818 .94 2758.88

,'8, 169I.17 383J ,..68' .1J 3441'.8 ,2.74J 27',.'11,

4,8 1I 18.18 9 P319.88 M48 77%,M
.,1 170 141,50 -8,22 ,77.88 24.,8 2Me, Fe

34.88 1(6.78 18.U. 121 - 7 &s,88 29(, 2758,88

M, Fe 1 2.1,8 I1ff. M I 348W.00 28.9. 7T.88

w* e W01,,% I, I..A ,4 7K. ,M .1m. FS '77

368 kf.2 195.88 1.19 34A.8 (f9 IN75'I8Z/%8
37,00 1(22,0 186.1 1.25 347.88 21.M 75%,N

I8 1(6.7 I8.8.2 "IT.8 28. V74 2175.88
3.9.8 1O7.60 186l, .2 1. 17 337. OR 1.38j 2758,8
4.88 IMI 3(7 374.38 1.12 3412.88 21. 1 27541.8O

4.80.1.8 1.19 3.8 28. 94 27508 .8
*442.80 169.1 7( 9.88 3.19 339.88 20186 7T.8

43.80 10.~ 188.68-If 1.20 77'nT.8m 29M 7158.8
444.88 178., 17.5 1.1 33I95.88M 20.1v i. w

45.8 177/90 01818 0,27 37fl8 28.43 75.88
46.8W 171,7ft 1 l -. 13, T"0. M /0.39 758.88

*47.80 174.28 198.5 -e. 16 37m88m 20.71 77%.8M
4.88 173.58 19296p -k r W9 938.8 /8.2 21758.88
49.80 173.58 39.28 48.4, 3374.88 2A. N. 758,88

W t M19.J r8.58r -8.55I WIm 20.52 27,50, 8
***Si0 M8.48 98.8 -3.917 77.88O 4C.45 779R,88

119.48 132.18 -8.44 275.8
* 8 I 8A 137.88 -0.14 898 31.35 2 m 758.88
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*7.0 44,99 IV 4145 MINM.43J 7%..
X. m 1N7-3 MA.8 (tI. r9.8m 2B.39 77% 00
TIM0 178.99 N~~O, -l 1.F 3449.80 20.11 7m0.8w

.7q.1380 158 71,.9 27%.8W59.80 169,9 191 I.3 @,Pp WI.8 m13 27.
(Sloe 17%.48 198.9 012r, 1318. 27.42 790,N

**(j.FO £.9.70 7%q'0 -1.04 275.80 44. P9 7.80

(Z10 178.8 199.99 0.1P 3791. 20,.54 70M.8m
**f8 6770, 7F.48 -11 .6 397.8 45,.32 70.80

(5.800 167A0 18.00 0.74 3443.8 21.43 7758 0
661 (V 1M.10 IMP.6 8.67 341J3.8M 208.3 775(4, 0
£.8 0 1(URI AWM.70 9.14 3114.8A39 27%.8w

1If*7.4$RAR 178. m -f. 79 W. e.A73 7MOR
619.8 1 74.80 194.1 JO8.07 338M.80 21.77 7790,Fe
7AA8 171, ft 193.99 MP. 3&3I. Fe 20,49 75(4,
71.00 173.41 1 CM. m 8.5? 293.8 21.4 200

ThR 175Y Fl 194 .9 8.5 3160.8 21.10 270.8

74.80 174,60 180.80 .23 12r.8A 21.51 7750,8M
SA.0 175.3 IV.2 MIN8 3rE.0 2.2 70.80

N6.8I e !440 j1 ro IT34.4M28.80 20.2X 2171.8w
**?78 7We8 MW. -1.42 NO,.8m 42.22 779e,80

MO.8 172.80 3O97.7M 9.44 444A8 20.68 .7T80
79.80 j(9,1 1067 8~ .22 M983.m 24,06 270.8M
M0.0 67190 184.7P --011 M3. Fe 22. 16( 77%00
p1. 00 W To.~ 182.80 -90.75 297. 25.89 .7W8M
M2.O 1 (6.?A 18 1 Fl -1.19 3&5.80 735f 705$

ON,8 1(e8 1-7.80* -9. M 3FI17 I0 21.87 21710.8w
*~40 ~ 0.M-14.70 -1.29 19.w3.8 208

87.8 16w2 18R,.69O -8.5? '17M.80 24,37 77%,W0

pp 16 M7,20 186.8 9.7W" m4C8 24,22 219%.0w
M100 RJA ~~191.48 19 m1PIm 4 " 1%0

9109 171,20 194,M0 -8.02O 34 772.M801 - 21.%59
* J28 1777 193.M0 9.14 3495.80o 21.219 27%.8w

5 P34 10f 18. .1 J598 2o 0po e.1.64 IMP I.OR
94A8 77, J 192.39 PI0.91 m498 21.71 2-111.I0

K500156 184.51 -0.86. INN8.8 I2 1. 77 270.8I0
%.00 16.7.8 18.3 -8.0 ?398 18 7%-W

* 99.8 177.V8 197.30 8.9 cc4'12.8 21.8 070.m
Ife w~9 177.00 1r.7.68 8IK, 3414. 21.M3 27r.80
181.80 1(0.80 166 -('A 34178I.80 21.91 7.Wf(
IV.00 ri 1Wt.5 187.48 -9.19 741.80 21.91 17%.8w

194.0 10 186.5 -9.1 J4 3423.8 21.99 77T1.8
Mmf.0 1(0.8 186.8 -8.16, 341.0 212.0 &q 0.80l

1865J PI7.5 186.20 -0.r, 344.0A 22.81 27910A
197.0 w675 186,2 SO9A.20 3445.8 21.R@
10.00 167.FO 1%6.40 -(.18 14529, Fe22.0R 779W



180.80 177.50 IC '' 19.3 f. 3423DM 21DM 7M N
1.80 169. IE 1%,70 -q.I 3469DM 72.04 27.,0

31.80m 372. M 193.20 -8.28 3450.8e 71.94 79R.800
332T.80 374,0 189.80 --8.3 2 7,4,.M 23..8 2750,.80

J17.mI 17 , Ol Moo --fl,2 1 "4,rT. Ice 21.AS 77.00 P
11IN M.N 18f.8f --f.2 'W9.OR 21,96 2750.0
134.80 169.18 1'.M . -f. 3479. M2.47 27T5.8
I3.8 71..T 19270 -0.16 W483.8 .91 77 .8
136.8N 373.48 133.48 -6.23 34M~.8 M22.80 75.9A
117.80 171.8 191.At -0.,.. 3445.8 23.83 27ff0.
338.80 1(&0 M4.70 -6.02 3I47.480 2.16 7750.00
319.A 1683% .70 -6.63 MI(.8 Fe 2.47 750.8
320.I0 367.30 18.30 -60.7 348.' 80 22.83 27.150. 8
12.80 172.1 192.70 -0.22 7134. M 2.45 2750.80
372.0 178O I.. ( 19.60 0.28 3.80 24.1 270.80
irl w I (4. 70 138"3I.3 -0.02 3491.800 21.91 7%.M
124.80K FA.4.I S1 16 -6.2 3491.80 21.98 2750.8
1MA8 169.58 1MAO4 e7 349M7.8 23.&1 750.8
12.80 172.90 19C.80 0.39 3494.8 0 21.4. 27.80
37.8M 169,.$ 1I.8 8.39 3495.8 2M1.0 7%.M_
328.0 1.0 18.80 0.37 3503.80 21.1 27M0.8
29.80 J 373.18 1M_.T0 0.37 314.0p 212 2750 .8

1,3..e80 17?.8 393.20 0.3 3497.80 21.29 77%,00
331.8 169.7 IV8R0.907 m 347802.91 MAOO
132.80 6.98q 39AO4 0.2T. 349.. FO21.46 7%.W

.t 17 0 3IB M "90.40 PX. 34qF. M 2.3 270.8 0
I34., 3I 71.90 192.2@ 0.2 7M63.8w 21.34 77..W
13.80e 171,6 192MAP 01, 3496-.8 21.76 7M00
33M6.80 36-9.3 'IT.70 0.2p, 3508.8 21.46 7%.80
W3.8 m7.2 188.00WI 02X "5T0.80 21.5 27%0.00
T693 10,M I9.2IT 019 ,,IR 21,43 27M0.6F
fl9.8 1 74.7$0808 M.2 49.8OR 7,77% 750.

140. Ff 169.70 189.6 0 032 0.. 2.07 27%0.M
141A8 1 74.8 19M.6 0.25, 7497. M 22. 27 750.8
14.N If9.48 97M0 0M6 747100 77.4? 77M.8N
34,.80 J74. p98, .27 34998, 20 2.18 2 77568,0
144.M 3. 110.-I0 8.17 35..00 22.4 27?.80
3(c80 171AT I9.5 T.2 I3501.80V 22.31 7%,8N
14.0 10 .9Ch 1i9. 8.X 353T.8 23.3V M. Fe
147.SO 137. 50 F.T 0.45 3 53 I4.80 20., 77. F
34?,8 M 70 191.E 0.3 3536.80 21.17 775f).80
149.80 17.780 35 .',4"0 0.49 0.80w l .17, 2 75 8
ff0.80 167,0M 1WIN VT 319.08 W, 27%.80
15.0 M7.P 1. -. e 34." . 73. 74 77%. 0
! 17 8.00 1RO0fX37M 23,I TWlF 79 7750.6R
.t8,, 367.5$ 384.'0 -017k. 7471A. T. 73, 7W.80
154 ,8 0 f.,80 3J4 -. 57 347,80 23. 275.80 I
MIN0 1 (11 1 PIT,60 -6.7 IT47(.08 M399 7%00

All --

. . . .. ., 6,



PUMP #351

T~TE THFr (ItTFl W 1HF tir PWV F(W

I'm6 iE9.78 393.6$ 3.33 332.80 24.73 750.6

3.m6 169.66 0150 3 I.35 A 145.6 m24.351 2756. K

rlf 7J.5M I193.469 147 2 9 75,.6

7.66 169.46 JP4.66 3.29 3472.66 73,91 7790A6

el169,706 1F,',4 0 1.26 WIN%76 W3. 7750,00
q.6 7p.36 3P". 1.25; W.4 74.A 2750.6

1.6 171.66 197.66 1-74 34W.6 23If. 91 70

fi.es 07A6 394.46 I3.29 3403.00 73,94 7wq

j?2.66 TA 35.4 ff. 6 09i 3J.00 25,.If 750.66

33.66 3Th3$A 397.6 1.26 7470.08 24.331 7M, M

14.66 1711M6 197.98 1.13 347P.6 24A6 7m,.OR

15.1m 369.40 393.10I6f W11 4.6 m 4.,% /750 6

3E.66 100,40 193.66o I.1s 741P.66 24.20 796

17.66 367.46 WA..6 I AF 3493.6 24.38 2750.A
IF. M 369. R I0So 1.1J4 W4fe6 24,26 '7%,M6

1911M 3E2.36 39.40 IX3 3WA.R 24,19 27%508

20.m6 '69.16 IFISI6 112 347X. FS 24,1 If, 50.66f

23.6$ 176,.5$ 393.80 3.2 W11 . f 24,.1 F 75f6M

fl2,4M 17J.60 397.96 1.04 7574.6 M26 2750.A

7,006 H66.%6 39.76 .6 W46.66 a ~ A 2 . 750.M
24.66~ ~ ~~~jMq 36.8 36361139.6 43 750.6

74.6M 366.20 392.4 Xis3966 3~ 706

7, W 369.46 W9.703.6 47.63.8 25.6
29.6 3E~7$ 13.666.93 34.66 4.2 77T.6

29.6 369.78 r.7 PIC349662. 7
37,0 69.46 1.0 6.97.Fl 34966 243 M706

73.6 Re.7 699.6 -m$211 304A6 3711M 2750.6

34.6 67A 396.3 3.33 347. 24..n 75.6

36.70 1 162 9.0 31.9 M426 24.97 2706

MqIM I6U.6$ 7 W9.3 113i 347,.6 243 27,5.6M

4V.00 169.20 1.50 3.19 W4E4A M 24,67 750.6

42.6 36q.520 394.3 1.39 W467.6M 24,79 27N50.6M

44.66~11 37.6WI3 .5 486 24.70 ?7T66
45.66" 7.6 166.66 6.JX143221 706

46.6M 17.746.e$ -6.330 W3AR6 2378 775T.6

47.00 3749.2$ 166.36 -. 19 33W.7660 24,.9 M706

431~6 FA71.5$ .6 -T.J20 33w.66W 24.62 M76

440 )70.V 1687 -4639.66 R 246F 56.66

45 m 17.46 96436 -1.9 3J.66 19.16 7T,6M

329. f.6 41341.6M -1.74 2%'A6 39..% 27T,34*3

I1-0 13.1 -,4 v, 47 700
12p~ J71 -0.4 2383

A -11-1. ' ONE



q.FI 175,00 1958 08A RI8. 2.819 75000
T. ?A 144,90 14940 4.1 0.00$ IR.69 7?A
S.7 o3 3$ 193. FA -8.6 3431.81 9.68 7790,8
,7, W 107,2, -8.. NZ.8 ff.," ;i'7?.

*** ,-,9.9 74.50 8.8 19.8 4.66 775A.00
*** J72.40 75.0 .8'l 208 2.48 T7A,8
,J.8 (9.78 (7. IT -1.61 43.88 PIN 775,M.8
f,8 lp 1 1.v (,Sq p IN 2.8 2,77 779,8

63.8$ OA.$799 .P. 1.$ f..1 R2759.8$
i4,$ 6.7 7.48 -1.7 1. 42.88 6.75 ,75.08

16,ff N-7.8 8.8$ 8.74 2,88 2,7J 775.,$
U1,010 16F.10 (.9.20 RIO? li. OR 7.V, 759.8$N
P7.8$ 3O.28 7f.M 8.14 17.8 7.5 27,5.88
f., M167,.40 7. -4,79 17.88 8,75 2750,88
9,8 174.8$ 79,V8 8.87 J4.88 9. 7N.8$

78.R8 171. T 70.8 O.4P 19.A ?.79 7.9.8
18 w 173.40 -17. q@012 90 615 77T
772.W 175 S 720 0.11M 3A9 77T9A
71.W 109.So 2.'P 8,38 19.8W (.,2 775A,88
4. 1574,.6 77.8$ M8.2 28.8 .04 25. 8op

7.8 179. I8 7.0 8,$ 21.8 2.77 27 ,0
7,(Cj ?0,48 73.8 0,34 21.88 9.44 779,88
77,.W 7.088 6,.48 -1,47 29.88 3.r, 77%.0?
7.8 17.8$ 7..8 8.44 21.88 6.18 27.9.8

7q.8W 1..11 7.9 0.22 8.m P.76 7750.90
.l !7.18 70.20 -B.12 8.A 7.1 3 ,7'..88

814.88 1,",5, 8 ,.4,7 -f.29 8,$ 8.83 27"9.88r. .9.w$ 8$8 -1.1. 8RA 8.99 275.88
S, IPe6I.R, M f:1.1 -8,4 8488 .7. 275,88
F.88 1.8 R, 7 -).29 (.88 2.97 ?7W fP

&S. * 17,5 A 8., -8.18 ,88 0A7. 2?,
87.88 .2 5 8. -. ( 88 8..A8 2759.88
oJ. 8 7.20 -8,7 8.88 5.01 275,.88

1.. VI F 87.8 -8.69 8.88 1.6X 275..88
qfN167, PA 76'M$ -011.f. 0.00 5,48 7750,00

9..{17 12. 77, -8,? 8,88 ,.8RI 275.88
V, Ole 1u.7708 7..I .14 8.88 4.6 27.88
r.$ 184..51 7S.70 8. 8.el 6.15 2759.8$
94,8 I ".i8 74.48 0.1 8,88 4.95 27%. 8
95.M 1 15.SO 74,8 -01% 8.m 4,166 2'M. 88
%4-I, .8. ,,,f8 -Plop 88 2. PS 7,.8

S97.Ol 16.9.60 74.50 -8.&0 8.8 7. T 7750.00

99,8$ 17 .V 7,,18 883 88 4., 279. 88
WO88 177.A$ 7,.4e 8.4 8.8 4.1o 77T.8,
115.88 768.88 AR-8 -0.0 9.88 e.l. f7..88
107.8$ 56.5 73.I3418~ -. 18 e8 el2.11 %.
1 f. Ol 17.28o 73.5SO -0107 8.8$ 4,74 7750. N

1641010 58.18e 774.1 -4.14 8.8$ 4.1) r.O
Ifil !(1 W6.8 7.8Pe -8.1 8f.8$ 3.44 217%9.8 m
IN., PI '67.5 72.90 -8,22 8.88 1.74 ,7"T.8OR,
WIN 1P.7. 72,8 -8.28 8.8l 3.7 27T, Be

l 1.79, TA 72.90 -8.18 8.8 3.7. 2750.0



M~. M 177. SO 72.88 -0.1( 103 S48 77%88 0
31o.f 69.8 7R M3.8 -, 8.@. 5.RA 7"9R.

111.88 IMPIR 73.20 -8.28 0. FS 3.69 774k,8
117. 31 74INA 73.18 -0.12 o.l .E79P. w
11300. 1% .2 7i..qt 8 -8.elm 3.62 17%. @
114.010 169.11 72.78 -8, 1? 8lm 3.79 279% .8
315.88 171.,* 72.98 -8.16 8.0 4.51 77908.8
Iif.,8w 173.48 72.10 -8.23 8.88 3.41 7O.8
1178 171.90 72.30 --8.73 . 5.elm 278.88
118.010 166.8 71.98 -0.0 . 8..(9 I7', w.
119.010 166.8M 78.%8 -f8.3 8.88 3.66 7%.00
32I.88 I 17..8 73.48 "8. 8.88 4.1 17%.
1211. 172.10 71.8 --8.22 8.88 4.34 ,79.88
172.88 j78.48 73.ft8 .28 0.80 4.34 ;7,.8K
17.88 164.7 7P.98 "8.W 8.0 4.83 7.8.8
J74.88 J14..8 88.3 -f.22 e. 4.89 77F. 88
175.8 16.9.rip 74.9 ! P3 8.8 I.M 7 .88
J16.8O 172.90 73..8 8.3" 8.8 5.1 2790,00
127, M 169.68 T A 8.q 8.88 3.21 778. 0

2R. 88 16.S.9q 72. 8 8.37V 8.88 3.8 2798.8Re
179.88 171.18 72.(8@ 8.1 8.88 3.29 27541. 88
11.88 177. .7.60 8. IV 8.88 2.4 27 w8
131.88 169..v 72.%8 8..3 8.88 5464 279..i
I3.88 1.9.98 72.." 8.28 8.8 5.99 278.0.O
1.331. 78.8 8 72.8 8.2p 8.88 1.91 2758.
!,4.88 171.90 72.9, 0.23 8.88 3,9 2"., 7%
15.881 171.68 72.60 8.3* 8.88 3.76 7750.88
I1,. 1A.39.6 7.70 8.28 8.88 ., 76 2798.8
137.88 178.28 72.48 8.23 8.88 4. 7?-.88
1..i 169.,8 72A 8.19 8.88 4,06 2758.00
M39,R3 174.,M 72.6 8.27 8.8 4,1. 2718,.88
14.88 1.9.78 72.8 8.1. 8.808 4.12 I78.
141.88 174,88 72.728 8,25 8.88 8.8o 7,-f1
142.88 3.478 72.88 8.16 8.88 8.88 2798.8,

144,88 174.88 72.00 8.27 oleo 388 77T. N

145.00 171.8M 72.18 8F.2 m .8 3.99 7.5 @@.8
146.0 169.90 73.98 8.32 8.88 7.21 798. 8
147,.M 177. 71.48 8.45 8.88 .41J 7798. O
148.8 172.20 71.48 8.3. 8.88 2.67 7",8.8
149,.8 1M. .7 7.8 8.49 8.88 3.44 77T8.8O

i I.88 16.7.88 E6..', 8. 8.88 9.26 27."5.818

00,8 1780.00 87.88 -. 28 8.lm.6 77P8.8fk
157.8K 170,.8 74.20 --8.1 8. 7.4 298.f I,

.88 M 167..98 94.18 --8.. 8.88 7.35 7, .R
154.88 19.88 P3.. -8.17 8.88 737 27T.88
1T.8P 1E(I. 1 70.80 -8.7 8.8 7.% 7.88.

3 85

A- -' - - - -I -



TABULATED DATA OF ACCELERATED LIFE TEST FOR MANUFACTURE M2

Test Specimens Consisted Of:

Pump #355, #358, and #361

** Data points are automatically taken when the test is restarted
after the DAS alarm system has shut it down.

64
4

386



PUMP #355

T!P( 1147.r rup rM 17 T1 rirr: Wu nfl 7ru Wr1T

Il 1 T h.6 T'74 ! 1 ' f !r ) ,fM #k
1, ri 165*i77 711571.6 I(f

71.78 ?(:1 cl' .10 4

171.71 187(1 34491 KI7(
F. 192M INS~ 6.P 'I'<' 7,6.48 ',

W30 171.( 94* .1 wRf 64
W i6 119' 187.(4 -6trM. % 35R.71*"74

K1 j 174I V9.6 ('"4 71( ;A . 'l ,71R4 (117

'(4 I ?)( I F26 11 0-6.5 3557.68 (I4 A.1

W58 1 G9.56 17.0 (4 (q7 7ZV6 (-% xi"1( ,r4
17,6 K.54 1 -, 1A .74 -6.fe51n 1 545. W 17 75(i, K4

114'(4 16A5.46iI 1( 76(4 7,567.8 (447.8 (75tr
161W$ 1686 ?4,54 87, 31.8(f W-7.13 27(1,RA

K4.6 174 ,71 jF 17%q* -(C5t' 71 (513 r197 27f5(106
31.6 6 1(9.61 I115 6.85 77.68 28.3 25

(26 17.0117 (-e 57.827
41.6 17.(1 8574 6.74 W556 N1.1

74.0117154 1 FC. 7k - 0.1 35f."J2' 27C6. (

I66( 167.1 16. 7(,1f -1.W1 .'C24 (417 C-3 25 ,
37.6 16?, 40 (. Cf -610 3526.6 27,3 TA7r44

177 4k4 1(0.1 .79,(4 e1.%3 3W.6 2717 25(
4 170,.40 1 7(54 (4.,C 34t8 2716 256

71460 17(8 186-1.3! 7m, C8 27"l1CI ?741. f8

7,.(6 '(_ (T4 i 1(41 1.24 157, 271NA54,
TI9.68 16171( 183.30 74 I ",di "41.7, 27.1 27I56.63 , C4 1 R 17A 6 M7.74f4 ;17 7477.6 277 27(4,

3f:..470 79.7( 1.29 F52W 71.6 77.49 1 7544.99

167.4 i ,4 1N1(14 7.$ 717t6 274 C75408

I, ,K I --.



r4 1G7.V i 1 n74 1 .67 704 70%.C* Th7
II .7. N. ,-, ,( T -, , 7 t .77..'r..
74, (4,7( ,, ,,:- w 97
5.1. T,7k 1.1 75

("I*I ft7-, 17, -, ".2 -7% K 27 ," 74 K,
(.0 (C ' 1'77, ,fj -fr ,.,;,4 (1,

5" 1, 1 , -A ',fi ,7.29
( 54(4 167.56 ux'1- r(4 .(CS'/444

f( I7, (i 1',* , A " 77,71 ,,

K-( ~~1 It' 7 '6 AE601256

( 4 63 ."("I75 7 1.41 Wl, 0N., K

t, 1(j! T k1 I11 ,'?. - 27,93 ,", i
172.6 17(4 .'AV% T99 75K(4(TEE, 1'65(,.% ,'9.30D 1.6,6' 776,.',' '" 77.,93 2,"5,6,(1'

7J(.r t7, 5f1 I 17.,{(1] ,1/i, 3,"*,(",(1- A7, 27 . ...iS
72,'. 16,996 17:.(ft 0.,<., 5rf*'.((i 2.:,42:

;rr

17', f( ! 177, ,C 3 Wf" ' '7.,1 1,. 1'
74,( 1 0 1 74.' , ,", ?, ,K, 2756 '

.1,67 N.J 1737( X1r 14QC54 7r(4,
1 Z I U 17641 1,7 126C 41f952Ni6' 1 .1,70 176, ,T ,(f, 3 , 2,7, X4 1,C

91* (46 74 1.2 14, (4291
935, 166.26 f12,:1.74,1f -1,.(4- 3418.,(4( .24 27,5"6.(%:4

:,I f7, ! ",,f'i MJ 7",T, ,6i 'M I'" (f 77 M,,' {

,0 M, 56 177 (1.2 3 .I i 27.44 . ,', ,
16, '6 (,A, 1.,.. ,37 ,.- ,

CI6 ,... 1..7(1 1 .7. 7c. (A, 16,,"
C' (4! : ;'' J,3 5'.. 47 1 : 'f.',? 2 ,'.{

**,°,,WC. l,3 1," 24.1("4 -.,," 241 ,*' -,.." .',1 l,
,t,"EE,, 1(4.,, 7 .7,4 1,.23' 34",6, f' .'5:{" , Tl,(-"

-1- 1tE*1 '9,.7,• 1, 74(., ' 27 . ."

.91, 1" 1(7,1 .l,.1 6, 46 . ,11 ,"5(.W, 275.,',,,.,'".; 65 0 (,
92,.'96(g 166.2 1.56 ?' -1.4 ,?P 7(, 4 'r.45  77,56'.96i(
f9,5"*" .,67.7,1 1,".,6" 1., Y I7 .ft ; 46 55'f'

5(4' 1(4.4( 1 J76,.7 41 - 3.!454,.(4 .', t4 , t~,t¢

q7 , 4  M(,6 I765f, - . 7474, ' "' 75?.,'

'.A , 16A.96 17,,"(4 1 .'745*. ,,(15.7
14*17.6. , 347,,f* " 4"2'69

1(*, 6'4 :165,., 6f 177,. (1.11; 74,94,, -, 77,7,f 6,'(9,f6
5'0 1 i 4 ,"'7 177, 1,21 75.("' 27,4(4 21(Ill'

16.0165 -5 45* " ,.4., 27',5-.96a

" (, RK" I 71 124' ,f F 1 (4(K-1 A" :i ,,K,' "

cP4. i 1 67.7' 1,. " -107 3479.', 27,",

P. ip V . i 171, 710 2 .,7, 27 T0

"7388

"A4 .f r,£76



118.00 W5.1 1.2 35?fof 40.1 M25I0.0(,0K
I110.(00 ("T1 M,8. e4- 3.9) 7AG?. ,ff l 27 A-NE
I1 11. (0 W(3. IM 177 1 L1 X4(. i 77. (413 4

133.0 j3f-.40 17.20 2. 1? 341". (0 2e.00Ci 770.0W
114, OF 1, 3$ 74.-V -1.24 33EC'.004 77,97 1#750.00(
115.((4 J(4.CM 1177.90 J.4? 3467.00f 27. 71 7 74, (p

1(17.0 3(4.40 I7T. 40 -5.79 3483i. C 00,I( "79 276,
117. K4 170.70 171,A0 -*7 74M,.00 77.5T0if,

119.00 1650 390 -1.17P 34M,0 (4(.6'

11Ci 167,9 3901.43 j0 -1.37 3*5.0',? V7. 11,74j(

I2.0 1(4,7 I376.5v0 -ISCj 3A0.0 I 27, ,K

C4(4 I 365.70 176.40f 1.48 "t..0 1,63 1 7(i 5*
1260 -1760.I(A 70 1767.70- 1.10 70(1.0 (f7.37(
1747 ie U6.0 77142 IJ 1S7: MON.0 2734 "N4, (fl

*125.0 77.7 It7 2.14, > (( rrqe JAR 77%jM ,j
IX, .00 1 (P I7l J17, 7e -1.36 M. K34 27,.67, 2-774.(I

W3.0 I(0 17.7I0'l - . ?47110 R7-14 7'(. W

37.0 14.2 0 3 4 -T 76. 4 -1.9 394* cis7,7 2 7A. C0
I135P.00: 164 I Ill.I7 11 A 1,711 1 K4 2735 217560(f
13.0 36.9 7 1. K A P 474 .4 Wi w430 2779A ,7i f

1395'0o 1(.3 G379.30-(if -1.4 K400f 27.52 N-1.K4
110.00 1 7.0 13Wt. 10 J. 47 34.00 K427.6 2-75,0.
147A. C 167.20 17601 -1.75 17%71.00 7.13 17 (
t 1(4 1694 310 I '1.M 742.0 (f27.21 27505*
13, 17W2 3 Il4 I7T,9. r 11 - A.3 MI3. ff 73,9 217505*f

14.0 If5* 18 9 1.44 744?S(I flW 17.2) '27711(A

M4.00c 16792 17,7 R43.50 L 74577.0 273,6I 27Ct.00f
14.0 I1-7430 179R.70 ME1.A3,8( '. 2 270.0(fl

1400I 1.0 390.70 ZA2?, 348.e 76 2757
1400 1,N 67.X0 178f. 50 I'M4 34320 27.4 .7t ff

147.0M0 1968.70 110 -317 ((64 2 71.29
14"'. (0 171.20* .90.90A -. 36T 345910 2 f777!5.0
14,00 1 R.1%0 17M.0 -1.4 -.4 27f C. W r(0.00

, -4,

4 f r. 34o.(



PUMP #358

TIMU II FT (Ar(Ti I N F.9 (WTi.t  " nl( oT T
flf( k.S TlW(f) ll4F1. kf) rs.t; (Jf.; kPl) "IF$ID
1100 170.. 1. 0.14 4V30. 00 2t4 ;'r, w0
2.00 1O.R 0,,W7. 04 11.,7 *, ,,4q.

3.0 173., 101.00P @. 4P W q4~c. 0 T5.9 W70E
4, K4 177,f i f.7 --.00. G? I, I ,6 .f.. I " ?7&,
50,4 1714P 171. 10 - 71 , J .OR ,73, 61 7fl F(

171,2 3., -. q., .4.., ; ,'7-5T. K
7.M. 37.70 177,7 - TT1. w 77'. OP.008,00 170,50 381l.50 -0A. 2' .7.003.Sq ;''f"

9.00 169. TA I..A 0.5 9 ;(ff. 0 '7.23 7.O
1.0 17,3.10 14.ff -0.7, Wf W. K W.. ,q /,. (f
13,00 170.0' 1W.20 -0.4? ,W37. OW107 7 W
PI.00 l ., P 11 I .ip -01:7 7-160( Kf 2710W
133.OR 173.20 IE 1%9 -0.1j2 "A7. 00 26,0 1000
14, 1.2.0 1791 -m 0. 2M1.00 W.. , 7 ,0. K
15.00 16920 179,.% -0. er3 %I.0 N".2 '.'0.
16, .19 10.10 -0.07 WORW29. .2, "'-.0
17.AR 177,.% ,83.00 -0.2, 1Iff.00 O.R w0.,
38.0 I3U. 10 37,. -.. '? (A 71. ( 11C. 4P '70.0 R
1W 176,3 I8 1ff.30 -P.T 279.00 X6.47 -, OR
20.0 0 J174.60 3l.. -0.4 2. "17.0 X..1 "I .0
21.0 169. 1 . -0.IS 71f.0pK X. P'70@

I I:.47 175.90 -0.7, ?7.( '. 270.0
73, M 174,f 5085.40 -6.57 790.0AR X6.15 756,00

H4.0 79.40 i 0.. 3f -0. 71 AT-C. 00 ... '7,. F.
?25.00 i(I 150 1 7770 -0.74 3251.00 2S.9T? 15A. K
X.00 175 .7f J c%577 -M1 31J4. A, 64,,

77,.1 CI,7 i l[q S34.M -ll I.n. (f 3)A 77;, 4.'q, '

??, fl ,'AO 1 ,1.10 -. 40 ,', M ,'A. ffi- 2,..97 7l,. K4

MAR I70c0 17.00 e,43.- 70.1115 O.R. 707.

2IN 16,.70 111, -0., 74 417. f?? 2',,v
38.0K 17.7,0 lf,4 -0o,49 4. , A 2,, ,,

3510 16.,0" 181.0,. -0,95 342.00 ,,, 2-0.00

330 713 ft 10 480 258 271.0

47. M J71,90 I R' , O -J (4, F. 7i. 0 o 7, R;7 77,"t m

34.00 W. I168o 183.00 .1.11 34 7, . (IR ?5,.94 1/76. A A
6, 7.70 JRIni. -1.14 T41, .I 'XI (f .017A,

3V.00 K 167.1J0 100 -12 341.0 Coo0 47.

7.00 17,. 8 1.00 1,17 -4!, 2R;,.'-,, 20 7 ^1

V,).. I K i'q M.7 i JfJ. ' 7T4 M4 7, 4 ;.", 0WO 7'ilf

39.00 1170.00 18.5 -3.2 3 4 707 71 (. 00
40.004 1681.003 I0.5 -1. 342"I3.0 26.4 2760K
431.0 (fl9 100.3 -1.30 3414.00 X.2A 75.0(f
42.00 I 1., .J1.8 3, ,15. X.3 227A.0P
430 AS H1010 -3.33 3411.00 X.24 6"II 7f "
44.00 170.40 11.0 -1.19 -A4I.0 OR 36 274k.00
45.00 67.0 108 -1.38E '4.A0 26.15 77(41.K
46.00 367.I5(0 113 -1 .7 'A4R,.OR 26. 28F 27,0.f(
47.00 1(6%9 1400.Po -1.6 34 13. 00 X,524 2750.K
4F.00 6.0 184'l .20T -1.26 341.0 26.28R ~ 2750,.00
49.0 16Jf7.40 J179. 7( -1.47 3400.10 26.31 M7O,.K0
5100 l 1(M10 174.50 -2.1 7 c15.00f X.7 2750.0 If l
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TABULATED DATA OF ACCELERATED LIFE TEST FOR MANUFACTURE Ml AND M2

Test Specimens Consisted Of:

141 - Pump #353 and 354
M2 - Pump #356

* Data points were taken when outlet temperature thermocouple

was malfunctioning; remaining data points were.

** Vata points are automatically taken when the test is restarted
after the DAS alarm system has shut it down.

? Suspect data point due to flowmeter transducer reading.
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TABULATED DATA OF ACCELERATED LIFE TEST FOR MANUFACTURE 143

Test Specimens Consisted Of:

Pump #364, 366, and 367

* Data points were taken when outlet temperature thermocouple
was malfunctioning; remaining data points were.

** Drive coupling in gearbox failed therefore pump shaft was not
rotating.
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PUMP #364
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PUMP #366

OF ~ IRS ~ r 134m IN 5 (U c P FES FLCJ qPVF
RS TFMP(*F) TFWP(*F) (PSI) (PSI) (GPMl) Ona)

1.90 167.90 177.68 L.6 2916.90 19.61 im8
2.90 14J.%0 390.78 1.42 29%00 19.69 lo.0
3.m0 1 Oi.90 174.%0 1.51 2943.90 39.54 1I.90
4A9 144.96 154.38 1.40 299.9% 22. 1".8
8.0 J46.70 156. 1 1. IV 2903.90 19.18 flWJ
6.90 IT4.0 16.38 1,77 2924.90 39.6 &r% i"J
7.90 1 a.3 1% 75.08 11 2932.9 19.59 3w.900
R.9 3O 61.10 176A 1.21 2984.00 19.77 1w.fo
9.00 167.,q@ 169.90 J.26 29.019.9.9 1900.

19A0 172.V8 182.908 1Z 12.00 19.62 1t".
13.90 363.90 1.10 1.28 29. .Jo 19.72 j8.K4

32.90 369.3IV 179.90 1.31 2914.9 19.66 1".88
17.9A 162.28 172.V8 1.33 289.90 19.70 I"A9
14A9 178.90 179.70 1.3i 29Mo.o 19.57 m0
15.0 199.40 169.90 1.24 293.00 J9.78 1(WA9
16.90 13.108 17.3V 1.314 2914.9 19. IT 3m.90
17.60 170-V8 10. 18 116 2898.9 19.(Zi..F
IR.A 1Q.4 178.70 .4 2WA.9 19.95 1"0.00
19.00 169.48 07.00 1.38 7.08 19.51 1e.fe
2.0 165.18 175.6 1.28 27W.88 19.19 1(W.9
21.A 174.60 184.18 1.36 2W8978 19.61 18.Fe
22.A I167.-V 176.90 1.IV 293.90 19.51 IMA.9
23.90 06.40 173.90 1.28 2913.00 19. 59 190.90
24.00 173.6 183.1 1.33 232l).9 W3 9.3'7 IWA.
25.90l Ol9 166.9 1. 17 2WR.9 19.43 ifWAO9
2A.9F0 fl Fe.9 17f6.6 1.24 2924.0 19.37 Ift.90
7.A 16J.48 178.50 3.24 2949.9 19.73 IB.9
28.90 f~ 15.6361.5 1.18J 29.90o 19.77 JENA0

*29.90 145.38 J43.98 1.2Z 3m3.@@ 28.48 IWA9
38.90 60.68 J76.90 1.92 29.01.4 .0

431.90 W4.20 127.28 1.6 3M47.908 19.47 I"A.9
*,~e 151.A 148.5% 1.22 3818.9 19.22 i"Ife

139 54,26 160.90 1.46 2%1.90 19.4 1J.90
34.90 16R.90 I7T.% 1.57 29M.90 19.M5 lt(.
7. A0 174.00 3n89 1.54 ?WE.90 28.7 i"A9
X.9 op 368. 70 1RO.O 3152 2959.90 19.31 Imee~9
RAO9 150.90 166.2e 1.44 292.90 19. T WA

3890 197.28 -6.814 2044A9 I9R Im.90

39.00 195B.28 367.9 1.46 2442.9 19AN 190.9
48.90 I1.70 1(4.70 1.3A 29..90 19.86 lIWA
43.9 0~.30 164.08 1.2 2932.9W 20.2? WAR.
42.90 1 50. 78 J60,70 1.24 292.A 1.7 )"he
43.90 MI.1 363.90 1.28 294.90 28.10 1V".9
44A9 IT.3 3 67.908 3.31 2939.90* 19.95. IWA9
45.9(0 1 T. FO 363.90 1.3 IV941.90 19.48 1908.90
46.90 17.20 162.90 1.28 293W.90 J9.97 i*.900
47.90 1T(.9 166.40 1.32 29..90 19.~ 1C. 90
4&W9 152.88 162.A 1.27 2924.90 19.63T 3(eS.fe
49.90 1527.98 162. 18 1.29 2913.90 28.18 If.90
9.B.00 152.3 162.90 1 .25 )R17.906 19.72 mf

52.90 152.8 36.28 1.24 m92.9 39461e
TAB0 352.1 361.48 1.24 292.0 19.46 1"A9



1.8A J%.60 16.78 1.79 293. 08 MT9.261

%..80 V54.10 iE. 1.29 291 .800 19.08 1JI*~8
6.8.8 115.20 162.8if 1.22 2951.8 Of9. %Imf

m. OR I , 1.3 293f 19.6 s

6'7.88 35.98 366.4 1.22 291.88 19.2? PP.

C.88 161.59 169.0 IX.2 2922.01 19.2 I .
9.88 11. 164.20 1.28 295M.00 19.51 WP.W
61.08 1,,.8 1.70 1.29 2914,A 19.2, MA.

74,88 15. 2 167,1 1.76 291.0 19.86 I -'. K,

161S.1 OR J7,0088 Id? 292.8 7294 W
7388 15.28 167.12 1.16Z M32.008 1 8%.1 4*.8

46.88 J5.78 172.0 J.2 29.80 19,47 1 E.8
67,00 1T.7., 16.40 1.40 2913,0 19.22 J oW,¢,
68.8 35.78 369.28 1.3.2 2929.00 19.8 ),(
69,. 159.9 1M.8 1.28 2974NF 19.71 800A
70.001 1,9.7 168.70 1.26 2917.00 19.42 Im.1c

7J.88 161.38 166.7 1f.7A 2904.08 39.6JW

71.00 16J. is 17J,0 1.27 2929,0 19.76 [WA

P34.88 15.. 78 365.59 1.28 2931.8 19.461tK(3.808 16.68 17&1. 2 1.1 2964.88 19. 59
74.0 M70.8 16&S.9 1a.185 291.0 19.48 JW
7N.08 154.880 164.88 1.78 29M.00 19.2' o

76.8 162.20 J21.00 0.83 2,2. F 19.48 :.

S7,00 J9978 167.28 1.14 2929.8 19J.691 800

M8.A8 159.80 167.68 .7 2945.8 19.6M 8A
79.0 J1..2 1W.70 J.26 297.08 9.42 .1.
8.00 361.I' 171.7 1.3 299.08 19.88 (:K l

A8 98.1 166.20 1.16 293.8O 19.64 S.
82.00M 16 2.8 17258 1.8 2923.88 19.74 1 A.
83.00 161 .60 171, 1.15 2974.00 19128 J01.00

4. 154. A J64.58 1.7 2914,8 19.25 tM. (
86.88 1 1%.68 166.00 .2 2927.00 19.&1 3t-5o. Pe
87.00 IV.28 267,20 3.14 293M.08 19.69 l .
97.88 15M.88 164.40 1.7 297.88 919.6 -. ff
9.88A 19.20 161,88 1.13 2933.88 19.4 9Ef .88

99.00 1K]. A 17.8 1.87 2918.8 19.7 1F4*.,8
1.00 15. 167.6 1.12 2M23.00 19.491 cw, I *

18.8 162.88 173.78 1.89 291.00 19.78 1W.k

182.88 1677 167.0 I.1 29,.88 19,, 13%.3991 .8 J54.7 164,1 1.84 2916.00 19.,39 1Me. e
UT4. Of 151.6 161.20 1.42 29.. m 19. 1 88
96.00 17.68 154.70 1.39 29R9.8 19.% %4,@
%.88 35,. 1 1,8 1.43 2917.8O 19.43 I Fo. W

168.00 148.9 166.60 1.3 2938.8 8 19.,8 JEW .@@
182.88 143.18 '51. 1.32 2W87. 88, 19.9 i".
1. m 9.9J0.0 157 JO19.. 91 .3'RA)11



18988 15238161.9 1,3 2158.88 19M5 MAP.8
l18.@@ 137.88 246.8 1.3V 2946.A 19.79 1888.8
111.88 141.08 145. 98 1 1%. 2924.A 21.10 J1W80
112.8 143.28 152.70 1.27 2 9M8.8 1e9.41 1W.fe
113.88 J47.70 157.18O 1.9 2M5.00 19.43 1888.8
J 14.00 17.78 1298 0.93 MUM.8 27.F4 1888.00

*115.68 MA1.8 145.28 J,22 299.88 J9.27 1m.88
116.88 152.168 161.98 1.137 2948.06 19.8 1~w.ea
117.88 Ji1.5 168.20 1.44 29M.00 20.78 Ifo.88
118.8 136.5 1T 46.00 1.17 25*0.00 19.37 0 0
119.88 15%6.w J16S. 78 1. 2941A8 19.2 1I.88
128.88 146,58 15.88 1.19 N%4.00 19.2?. 188.8
121.88 119.8 v16.68 1.3 129/43.8 19.8 MR JMIF
122.R 161.98 1659.5 1.7 JI 918.88 21. 19 IMA8
123.88 1T.280 161. 48 1..% 29J 9.88S 19.26 iffil88

V124,08 161.08 128.18 0.91 MA.8 72.62 1888.8
125.8 142.88 1V2.%8 1.21 2943.88O 19.24 MIN8
126.88 145.00 1M.40 J.22 294.08 I8.8 j~.ep
127.8 1IMAM 161.2% I Z 2921.8 19.47 JOIN8
1MA.88 152.5 162.18O 1,2 2928.88 19.28 MAO.8
J29.88 146.88 156.18 1.21 292.88s 19.18 JW.00
138.88 17.88 166.3V 1,3 I94.8 1" f 8.q4 1w.8
131.8 131.78t 147. 101 06 295.88 19.64 MIN8
i132.re 165.18o 115.48 017 319.8 22.1J 1888.8Fe
133.880 144.28 M5.20 M.W 29.8 1B9.51 1888.88
J34.88 153.V8 162.88 1.78 297.8 18 .76 1J.88
MIA.8 142.98 151.68p 1.14 2922.88 M9.1 1EW.88
136.88 14e.20 19.8.98 1.39l 2913.8 39.28 im.60
137.8 144.708 159.88 1.1J9 291.88e 19.13 jwf
13.88 158.58 168.58 1. 19 2988.8 19.23 JWA.8

13.8 161.18B 17.T. 1.29 2914.88 J128 1888.88O
J48.88 145.88 15 4.3M 3.3 /M2.00 19.8e i"
141.08 168.20 169.28 3.31 293.88 1O 9.%8 j".00



PUMP #367

HF I14 FT arflF.I IN PFSS F(T F $C f Ow Jf F1,
WIPIC TFMP(F) TFP(*F) (PST) (FSD)((t) "

A.8 167.9$ 176.10 1. UR Wk..8F 19. 16 w
28 J41.9 J90.40 J.42 ". 8 JPI..9 I -W I
3.8$ 1 k5 8 173.4 1.51 W112.8 w39.87 1 %IK
4.80 144.% T.48, 1.40 31..W J:.99 1 8".99.

51w146.7R 1R97$ il38 W'(.8 1 9.2$t JWC
6.08 17, 962.V. 1.77 .7.8 18.93 W.W
7.00 16.t. 1 4T8 1.5 1.3 1 .88 19.82 K K.

9.08 162.80 1 659. 1.26 -. 1188 19.8
JI.8 177.3.% J88.91 1.3- W,7.8 1,.89 J?, :
1J.8I 1(3.8 17J.% 1.28 M4.88 18.88 ; )
12.8W 169.3' J77.90 1.31 .. 88 # 1 %'
13.8 162,2 178. 80 1 9 ,5.88 8I.77 Icw.* -

14.A$ 1 O.8$ 17P.60 1.31 'i71.8 IP. 1 ),8.,
15.8 15A.41 167.90 1.24 .1.88 19.15 F. w,
16,8f )11.38 173..$ I.. ."2.8 19.15 I i. *
17.8 17I. 178.90 1.6 M .' 19.18 1 0WK
1W.8 16,.40 176.1 1.40 2M37.8R 19.15 Jw'.
19.8 169.4$ 177.8 1.$ 33. 88 19.13 W FO
28.8 I. J1 173.8 1.28 2998.88 19.2. 5,1w -.
21.8I 174.60 182.9$ 1."6 WI.8N 19.23 I c'i
2.8$ 167.-V J. 311R.8 19.;'3 1 .A

?2,8 16.,40 17J.% J.2 I48.88 19.20 W. *
24.8 173.66 181.4$ 1.31 I.88 19.24 I (,i
25.00 IT.Fe 162,S 1.17 Wa7.8 19.8$ ) f
X2I.Fe 166.8 179.8 1.74 3188.8 18.75 IOX
27.8 J6.1.40 169.6$ 1.24 2964.88 18.01 1". (
O.O IM.60 179.9$ 1.18 ;W*R." 8 19.8$ ; W. Ki

29.8$ 145.4M 143. 78 133 7079.00 19.81I -4
Wee8 6.68 174.3$ 152 384.8198

, 31.8 149.2$ 126.1$ 1.. 3171.8 19.33 1 F ,
VOR 151 1 W 140,20 1.22 312.8$ 19.(163IWR

. 154.20 162.10 1.46 W'.-I88 19.8$ 4 I I
7488 1WN.8 176.8 1. 3",94.88 18.9T 10.(
M. 8 174.8 18J.9$ 1.4 INs1.8, 18.% I W
3%. 8 168,70 165.9 " 1.5? 3841.8 19.5 (f. *"C
.7. 8 1,., .% 16.88 1.44 27J1.8 19.A F .8
3I.8 17.2 166A.8 1.45 388,. 19. , ,

9.m 1f.. 1 2 16610 1.46. 39.88 19.07 I 1wI
40A I M~.7'R 164,70 1.74 MIN.8 19.87 F,
41.8 . 1.64. 1.32 MA7P9.88 19.1$ h
42.A 19. 159. 1.24 841.88 19.14 ,
43.f 10.IN 1A.8 1.2 3843.88 19.14 IMK
44A 1. 1$ 1,6618 1.31 .S P I9.. IF,Ki
45. 88 irk1 ,61.88 1.3, W74,8 19.A. 1',8$
4(.M M.28 161.. 1.28 3i7. m 19. KI I PM. K
47,A IFt.8W 165.8 1.32 3832.88 19.Kl tI~f.
48. I5.88 J61.3$ 1.27 ,'"3, I88 19.-. iFWS,88
49.8 192.9B 1,8.81 .219 W24.88 19.2 1FW. (8
T .8 12.3, 18.71.2, 332.88 18.99
51.8 1... 159., 1.2$ 7798.88 19.8 FW.(f
97.A 15.3$ 1(18.90 1.74 WIN,8$ 19.. 1,1,
F. w 15.1R 168,.4$ 1.24 2943.88 19.IM2 JgIS,

" -- - -, - " -3 . -



rA4.9 jr..66 1(12. o.9.96 19.[64 I *M M IN
M.R 1V. I,.,70 1.21 IN42.9 19.F6 JEWFO
%.. m 1%4.20 JUMP9 121 2544. f 19.~ WMOP
57.96 M5.20 199.90 J 122 W I9.W6 9.11 FII
,T.9 ISS.9 if,?.5 I.V3 WfIN.96 19.16 If,I
99.96 16J,40 J64.60 1.32 3674. It 19.A5 1if*l.9
MI.9 IC&.' 162.2% 1.3M 96,5.@ 19.15 1&W.9,
61. 1M3.70 162.54 1.19 "M612. W 19.31 i,1A
2.9 1,9.,R 164.40 1.39 262,MIN 18.% Ifo,

K&.9w 165.-26 165MV6J.26 MIR.9 18.81 1(41.9
64.06 165.,6 1 12.5 1.29 ,' IN9 29.6I 1F.96
,5.9 1,59.96 167.76 1.35 7642.A6 18,78 (I4.9

gl.ee 16,.5 1.,AI 1.28 1047.M 18.89 i1.9
67.A 1.% 164.9 1.40 3'*..9 18.9 1841.FI9
M.R6 1%.,T 19.5F6 I3 Wrn4.0 18, 9 1WWi.fe
69.M6 I,.% 164.% 1.28 29.7J.00 19.15 I.
7.96 J97.80 1f..96 1.2f. 3,7.9 19.21 1i1*.9
71.,6 1 ..9 164.46 1.18 ,WI7N9 J8.73 ! 9A
7. 161. I 169.,6 127 ,'789, 18.9, IFI.K4
73.96 1M5.20 16'.B 1. 16 247 M. i.95 im.08
7.9 M.76 164.2 1MM5 ,64,2.t 18.98 1(41.K
75.M6 J74.70 16..2 1.28 WIN2A1 18.95, 1(i.

*7f.. 162WIN 121.66 .83l 3166.9 23.76 1MIN.9
77.96 J159.70 1U8.60 1.32 2?4o.o 23.53 i"A.9
78.96 199.96 1(8.% 1.28 2M.9N 26.49 i(m.f
79.96 T9.7 164.36 1.76 7972.96 7.0.4P~ 1(41.
M6.9w6 1 36 169. 1.31 3W22.9M 19.f7 MAI1.9
81.96 1,. ',' 16.6 1.26 2W2I.7t 19.22 iw.96

A2.6 195.76 164.,T 1.28 ,73 B.9 19.18 IF.
M3.AP i61.66 169..6 1.15 W1.IN 19.20 1(41.@@

4.9M 196.M J64.56 1i8 ,'75. 9 19.04 18L1.96
Ft 1 %.96 1., 17 ,V78.9 19.14 1 .0

9 I %9..,90 165.96 1.26 2924. J8M 1966.9
P-7.9 6 1.26 I,.36 1,14 ,672.96 19.K. IM0.00
FS.m I .96 1I.N6 1.7 2954.96 19.FO 1MW11,
89.96 15.2 1629 1.17 3"W2.f6 19.04 IN,.9
9.96 161.96 170.10 1.14 3"74.6 18.9 J(,11.9
91.N 154.6 06..40 1.12 ,W,9 18.9. 1i".9
92.00 162A. 1712,A6,F .67 , 9 18.95 CF.9
3.P 162.90 165.46 1.13 ,'11.9 18.96 1841.00
4.00 154.26 1 .,6 1.67 ,' .9 19. 1(*.9

T- Fa9 197. R 166.36 1.12 2947.96 18.9? 1(4*1.9

96.96 157.6 166.66 1.11 31.96 18.93 1(411,96%9.ORB JWI. P J(,'.6 J Il WI I"9 SP. T. 18MA.
97.96 15M.9 167.5 1.06 WI2N. 18.91 i(1.oo
96.9 1MI.76 162.# 1.13 WIN 18.92 1(411.9

9.96 I6.96 169.76 I.96 WI96.N 18.8. M.R6
196.9 M-60 1W5.76 1.11 WIN1.9 24.6 1(411.96
161.96 166.96 168.56 1 .9 36.90 18S.97R 1(41.ff
162.9 197.76 1 ff..56 1. 13 2994,96 19.6 K(4*1MIN

IN 1M.76 1326 1.4 W IN9 18.M 1J.96
16496 151 ,1 1,99.26 1.42 7791A.9 18.77 1(41.f
WAS 1 54.V. 1M3.1 1.39 294.00 18. 1(".00

18M.96 I5V.16 166.66 1.431 282.96 18.75 16(11.9
1WI.9 148.90 157.29 1.3 MS2.96 18.74 IMA9
196.96 14316 1051.80 1.3 2961.9 19.20 MOIR6



12. E, 1.3 5.I. J8.74 (f. K,
4, L) ,3. J8.F:;V 1 -- ,

JJARI .A.LM 146,, 40; 1, r.% 2 21 1 f'e P. Ro W (f(

IV?,R 143.28 M524O J.27 7794, W 18.76 W P (

l15,2 12.60 161.20 1.37 .@824 A I.91 . .,
117. @0 159.8 .44 294,B 18.4 M4,0
MA MvrJ {l  .50 14. W' J.J7 W. @@ 1J?,7o I f !
IT/. 1 rl,,So 1651 4(. , .7 ;2m, @ IP. ':4'- , -7,

123.f8 15F2..2 1 5p, 1..38 724.(* i c',.N.;, KC,.-
~124.00 161.66 121,0 0(4(.91 313.@8 19.3? f4'(

12,@ 142.98 151.80 1.21 3(*i9 1w.ORP.7?1K
126.0 145,8 J.78 1. 22 W-7.80 19.89 .w' f
12.7.00I F8. IA. 1 .7 29%100 J8.91 .(

J i,, 12.,i J61 .20 1 .x, ,"W"I J F.74 W ,~l

17, OR 146,W ,t F4.9' 1 .21 3(,09.98 O1. 71 JF%' Ki
I K57. 7.00 1 ( 5.3. v I .3. .I f 19 . .

I',1, 131,7 14, .40 J.. 2%7. @ 8, -7

I .'?.98 14.IcI 113,48 1, ( 4.7 31 4 4f, 191 f,
1331. eo 144.20 M.7M 1.3IV 2l73.9 18.7,?z 1 C IK
134.8 150 J02.18 12 .(41.N9 ,'84 ; F , 19
1,7-10 142. 90 1F1.5T 1. 14 M,29 ORF8.75 I l"(
ik4 .e 1 48, 21 5 7.7e 1.39 9 .-, w ? ""*. ci; 117.90 149.70 159.40 1.19 ?I4.9 MN 28i
1Mt9 SO 11158 1719.3-N 1.119 840.9 1SI.76 1Wf
1MAR9 16(1.19Ic 169.20 1.29 W89.9 1e.P7-(7
140,008 145.98e 15 11.5 O3( 7K14,9 008.4 KI (
J41.00 1 68.l2 1 U. 4 3.31 W86,9 18.98hi X

I

I
I

I

!,~ ..



TABULATED DATA OF 1 ,000 HR. TEST FOR MANUFACTURER M11 AND M12

Test Specimens Consisted Of:

fMl - Pump #352
112 - Pump #357 and 360

A jm-



Pump #352

Ti ME LihLET O4UTLET ih FP.ESS OUT IFRESS FLO(,t :,FEELt
H CL . *EFI+ WI'v TEfHP':,F.' 'F.':' 'FS i., kGFMt pfHL

I .1pJ74,M, -1.21 W(lJ I W 1.
13717,W-11?9 WWI~% M ?.3 I

q ~ I (A2.40 i 7.EW -w6 OR1. W94

P. K 1816IMf -J.41 '74Af* ?r2j i4 K

1(9.Fo 17EIV -bJll 25,44A 775E,
3'i IEw1(.60( 1714, -J,49 1140A.( OR ;F775,

I EA SO M -13 21. E IT,1.6w O

I 31-1 ? f-1.1 MA"(M Ki(
4 39A~ IE4.4@ PA.n -@4.E4 WIN. ~ 22(

4t. Fe 1651 1 181 70 -1,A 110A A17

46f41(4,%( 179.4(4 -iX AX

If9lff i6. FO.9IV -j'0 714 1 K17( 77WO

IT(( 1(A, J140( -1 A( 38%').Rp 22I.29rlA

4UI MIA 7j~ ?7, JR FlK

73, FO I.R.J7,0 I



57.M IR 1$?.V -1,49 7/47,5J 227% M7.

169.(4 1 -1.49 3(*l.t4 22.5

HRMWN-1.40 W?.ft 71.4 97 7M2
57A W,4 l1i. -J.45 3IWs.4 22.3l"9 WIN4

w I K. O 1801%( -J.47 3V19.( 72.47 4
1Efe W.74 18M2.I -(4,79 3 1 P4, W 2,39 27?fi.(

66I4 1W,2( J1J('e. - 17 17.3 723 Z27.
(12A R1AI 3%' -1OX( WAR. ;r/04 ?79.0
(11M167,604 1(43.6 -017 3(7.( M22r1 7%

(16A J710 JR4.2( -1.48 WN 2I.39?,F

MOR. WE9. r 1844.204 -1,794 WIN8. 2.1J4 m
7JA~ 1696( 1414 -139 WIN1. 72.74 779.A

71 W17F4 I7. 1M4. 20 -ft.23 31M~IMt 223 79.
740(f JR7.3( 18740( -1.1(4 0093N 2(49.4(74.

75A JAIN 185-20 -4.91 OR99(( 22,. 9.

77A4( 1-0M A .44 W(41. 72. 5A MW
7P7 J.74 1fN.E4 1.41 WIN7A X1.& Ff7
7qm171.104 1843P7( 1.76 W.JI r/. 1 ?
PRM 71.104 1 N 470 1.2f6 W1.( 71'. 9 OI
81 N F., C 17.1(4 1.37 IMIN. 72,.7 7%M.

871m~ J72. 74 1(47.2( 1.49 ?q19.M 22.9(4 79.

MM fPC11I . A J11.2 MIM.( 2. 87%,

KIM(R7A IP.%( 1.2A MCj9.00 73. 29 790,M

MIN WIS J1%P ~ 1.43 MIA&( 22.927P.
l6lm1 7 41 41.7(4 1.4 FI273.117%0
167.40 1(41.3( J.IM M.~ I2IM72 mool.

1IN6f7.40 1P.1.NJ 114 293.4 22.997. F

4 4(Im J 661( 179V. 1.3 m-?. 23.24 7-
16(.( WIN MIA 1.34 ?q1(olm 73.J2 27M.

%M 1(4.2 1871. IT 1.'29 7") 1 00 23.1? 7?.O
9,M169.3( IV3.( 1. IO 24 ?7WOR 23.12WO

9RM171,M~ 1%4470( 1.91 2(46A4 22.7(45 7?

17(4.7(4A 184,720 1.99 3I474,m 72.83 7TU
1041.0'6.0 1(41.(I4j 1 .39 3(49.F~ 23.1 is752
lI4. lM 1774,M( 1.44 f4 m6.ftl 22.89
I(43.M 171.90 WIN7. 1.8 32lop A3.19 79.94

164. M2IR 1877110 1.44 3irlm8( 23. 7 7%
WA16(4.3( im4.4le 1,46 W(E.. m33 nm WWO

('P.' JMA i X VI-As v. 790,
14A

- d *i



101.,0 lJ7.2 1.4, ,WN. 23.2. 7,. M
WI 7,M194.90 1. Av f M~2 f. M0

SI3A 167. 182.8$ 1,47 118.8 7 8, M., *

114.8 1?.7,9e WIN. 1,41 WIN.8 23.8f$ 7C
1118, 167.3 18 .I , 44 1IN r,14 73..1

MIN f A *6.F 181.1 1,46 WUM.8 2?.1 RE; MAIN

I I 'It. m 67, 0 MOR J .40 MiIN Z. 74 7?V ,

114A , 6.F4 I8$.V 1. 3892.8$ 23.4 758,
1i.tf 1f7.,% 1jI8.6 1.34 M ,'. 9 27*,

11q .0 168.41 188 3 W,- I .8 23.14 77W
WI8.N 166.7 1fj8$ I1.V 31 Be/nP2. 75 8 ,.
MIN8 167, SA I.RM 1. 34 WIN6,$ 72.7w 775'. 8

16,9l., 184J.58 1.24 3874.8 23.8$ 275--8,$

193. OR 168.98 183.90 1.28WI 7l,.8 143716. M788

120.00 166. m M. 1.41 31 OI N 7.W 27%. 8
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2MAS 736 194.28 8.9 399.88 VX.132788

7K6.00 148.88 187.96 8.77 3127.48 29.99 796.88

WAS.4 179.48 189.8 fe M 3136.4 as8.@6 2?.88
M4.88 171.88 182.%6 1.65 3154.48 31.85 V9..8

789.4 169.% 188.48 1.5.9 3193.48 X892 2796.6
218.48 171.18 182.1.8 1.59 31884 ap.84A 25.06

211.48 178.48 198.90 1.59 3152.48 31.8 2796.48

212.8 169.8 J13.60 1.22 .& t 32.77 279.4

213.8 178.88 148.40 1.54 3169.48 3B.97 7M.8
21.48 172.88 WAS. J.52 3162.48 31.64 279.88
715.8 175.48 1896 I.T 329.48 31.82 279.88
716A4 178.98 181.28 2.14 M175.48 31.1 2o RMA



217.A 173.9 184.98 1.52? 3136.88e 33.16 759.8
218.88 171.90 28.7v 1.47 M819. W 34,.57 77%,@@8
239.88 367.80 177.6 ". K " 3193.Be 26.8K' 7750.90

M".8 J6.7.00 176.70 1.M 3192.8 V8. 77 775,8.88f
221.06 1 &A,70 1TKAS 1.46 WIN8 N8. 57 2790,88
272.88 163.8 173.60 1.39 3139.8m 38.44 758.88
223.8 16.2,.S 173. 40 1.26 389.88 10.54 71M. 8
274.08 1K3. 48 173.28 1.24 3149.A '18.5 2- 750A8
29. OR 16.4,.1 174.80 1. 1? C15.8 38 .3?2 758.8
226.00 176.50 182.5 1 .40 3151.00 M,.79 7758.88i
277.00 175.408 382.37% 1.38 31M8.88 31.2f. 75.88
728.08 171.08 18J.40 1.34 31 ' g 31.7 7 758.8p
MOO.8 372.10 1,80 1.37 317S.88 31.22 7790.88e

723*.0@ 1713 1 8.'%1P.38 13 3M"194.8 31.MIX 7758.W
751.00 171%5 187.00 J.3M 7157. N 31.38 7%.8
M3.88 174.q@ 185. IT 1.7) '3131.00 31.37 77%.8
7Mt.00 M73.T J81180 1.32 73384.88 31.26 7750.00
234.8 16.8 IRM.4 I.3 I31P43.00 31.77 758,.88
MIN.8 170. 91 181.88 1 .Z5 3168.00 31.03 77,98.88

2T6.8N 170.68 181.88 1.31 3147,00 31.16 27%.8
237.08 177.88 184.98 1.351 3J64.00 31 .5 Ir2750.A
2%8.88 172.80 383.88 1."% 3194.08 31.2f. 27%8
M39.0 1M.88 183o. 58 1. 31 3138.88 31.599 2758,.88
48.88R 176.8 1I 87.%58 1z 3361.88 31161 790.00

2431.8 M370.78 188 1.30 M112.88e 31.1J9 2758.88
242.88 176.1 186.60 J.49 3168.88 M8.89 7750A8
243.8 174.88 185.70 1.4? 3162.88 31.66 27%,.00
244.08 171.78 182.68 1.46 3145.88o 31.64 7,8.8N
245.08 174.18 1MI.N 1.47 3M77.88 31.83 7,8.88
WIN.8 74.88 184.88 1.46 31180.88 31.12 2750.88
247.88 377.88 38&S. 19 1.91 3146.00 31. 8 27,58.88
248.88 376.08 186.68 .43 3399.8 Be8.51 758.88
249.88 371.88 182.68 1.41 3 134.8 N3'I.92 2758.88
2"8.80 175.9 J187.88O 1. 43 7182.88 31.37 77%.88
251.88 172.00 382.38 1. 47 3M37.88 8%. 75 758.8
25.88 17I.7 182.88 1A, W1A.8 IV. 715 775%.88
r-3.08 J72.90 187.88 1.41 3172.8 31.22 75.88
254.00 174.8 1MI.8 13 33177.88 IV.w 7%.88
2Mi.8 177.88 188.28 1.44 W11.88 3M.43 758.88O
7%.W8 176.90 187.68 1. 43 3284.88 V8.66 75.88
257,00 J66.78 3177.88 1 .'1 33197.88 M8.9 2q7M8.00
298. N 174. 88 188.58 1.42 328.8 30.77 758.8
2Mee8 178.40 18.8J.44 3V04.88 X.7 2758.8
268.08 16-6.88 176.28 1.38 3155.00 31.8 79.8W
261.00 175.88 188.58 1.42 321.8 38.88e 275..8o
262.08 378.5 T189.06 1.44 3193.88p 38.8 7758.88
MI3. W 174,.58 179.08 1.40 319f.88p 38.94 77MA.8
764.00 173,.88 184.88 1.38 3399.88 30.84 758.8
7&C'. W 177.80 388.4e 1.43 321.V I38IW.86 77%8.88
WC.8 OR.8 1IN.MR 1. 41 321.8 38.83 758.88
267.8 3l 66.78 M 173 1.28 3199.88 1. 77M. 8
268.8 375.-T 388.880 1.M 3216.08 'IT.Be 7 M-W
769.08 378.3M 188.90 1.v8 323P.88 M8.78 7%.88
2M.8 179.3% 198.20 j.% 158.88 31.24 7M00
71.8 178.18 398.38 1.3 3195.so M8.6 2;758.88

q17



272.9 179.50 102.08 1.78 3154.98 38.61 7 A
273.06 173.98 184.8 1.8 31RM8.08 V8.6 R77.88
74.98 179.28 183.6 1.95. 7167.00 V8.79 7,98
M75.08 174.78 184.98 2.r3 7m2.(0 29.63 750.08

V76.00 174.98 184.58 3.98 WA4S9 79.07 750.8
77.9 174.60 181.38 2.4 M3281.88 V8. 89 2758.90
278.98 167.88 177.0 2.80 M16.98 38.82 75.98
79.98 167.5P 177.V8 2.715 189.98 V8. 31 775&00
29.00 167.A 177.10o 2.74 3182.00 V8.22 7508
281.08 169.0N 198.8 2.72 3121.88 IBIP8.12700
28.008 1JR.48 176.90 2.69 31618 3e.9 es75.98.0
2M.08 166.90 176.78 2.78 317.98 IN. 15 77.9.8
284.9 167.9.0 17n.4 2.72 3167.88 38.1? P5.8
285.8 171.90 178.50 2.72 3161.98 38.74 275608

mee9 26-6. 50 176.68 2.72 3165.08 3B.06 2P.90
287A9 J66.20 176.A 2.71 3152C.98@ M8.5 75608
288.98 168.28 179.28 2.69 3168.0e X8.95 275808
289.98 169.6 18.5 2.78 3137.88 30.62 2750.880
298.08 178.18 18.8 2.67 3178.98 31.82 275.A
291.98 178.9FS 188.48 2.68 3109A8 31.17 77.9.8
M-140 168.3 179.20 2.(,1 3144.8 V8. 79 27508

2M3.98 167.88 178.48 2.63I 3162.8 M8.5 1 275.988
MA.9 165.50 175.78 2.67 31508 V8.38 7%&9
?"A.8I 25.3IV 175.T0 2.68 3105.98 18.03 279

MOR8 171.508 179.40 2.63k 3153.00 X841 7750.98
29.8 17.9 176.9 2.62 3145.88 1B.56 750.88

298.88 169.68 198.98 2.99 3134.88 31.21 2750.98
299.98 171.9,8 178.28 2.98 3187.8 380.66 750.98
I"A8 165.28 175.58 2.99 3116.88 " 086 750
V311.00 169.78 18.68 2.98 3161.98 M.93 27.00
M8.88e 168.9 179.78 2.90 3140.88 38.71 7M.08
IV.00 168.1J8 176.70 2.7 315.88 380 275.98o
NA I 165.78 176.5.0 2.56 3 139.8 m3N.82 750.98
18.90 168.78 179.3 2. 07 3178.9 31.14 7M.B.0
.. 8 1S65.60 175.98 2.5 31M8.88 31.17 2750B.98

387.8 165.9FS 175.50 2.a VIM.9a8 M.% 750.98
.. 8 1o69.08 198.68 2.58 3122.88 31.36% 279.B08

1.89A9 169.50 198o.5f 2.5,7 T313.88e 31.15 75808
318.88 171.50 281.70 2. 57 3181.88 31. 15 279,B.08
311.8 19 .0 175.9q8 2.5 7 3129.88 1.1J9 2750.88
322.S 168.00 178.78 2.57 3177.08 31.03 75B09

4313.98 170.60 181.88 7. 57 3159.A 31.68 7 MO.B
314.98 170.958 198.8 2.5!8 3126.08 31.71 77500

4315.98 168.60 379.90 2.99 3158.88 351,. 75.98
316.98 170.9B 108.98 2.57 3174.08 31.959 27%,A
317.98 169.40 175.90 2.5 3,898.98e 31.24 77509
318.98 165.318 J76.08 2.53 3134.08 31.1J2 2750.9
319.88 J67.20 1MA9 2.49 3118A8 31.57 7598
329.9 168.98 179.00 2.49 32780A 31.13 75.98
321.08 165.70 175.68 2.5t 31.68 31.2 750.98
M2.8 165.50 1715.90 7.48 389.0 31.17 2750.8A

T323.9m 165. 68 176A6 2.49 3114.8 31.21 750.88
324.00 169.6 208.3 2. 54 3254.96 31.20 750.8
V5.08 166.50 179.78 2.50 3153.88 31.14 2?5.@B
MA.9 165.1J8 J175.10 2.53 3187.88 32.1 is275L.9



I - I

IV 7. (M 17.98 l,.6 2.51 3164.00 1.19 7%.8
32.e ,66.1. 177.T 2.- M17.00 31.75 790.00
V9.00 17.16 174.7 2.47 317.7 31.27 7758.80
TI. 265.58 176.68 2.48 M119.8 31.3, 7750.A

!71.66 166.10 174.98 2.4e 313 .8 1.33 2790.8O
. 1&S.1W 169.9 2.45 17%.08 .%.2? 7%.00
Moo8 178.80 181.58 2.4 3165. 31.48 7758A8

MI A 1.3 .. 2.47 7.00 31.68 7798.08
W. op,16. Fe 17Ps. 787.46, 318.00 3.68 B'e

W3R.88 165.20 174.* 2.48 3827 ,A 31.42 798.00
.AP 169.A 17.68 2.46 ,'73.8B 3. 74 758.88

7,9.08 166i.8Be 176.88 2. 46 1118.80 32.215 7750.88
348.0 169.5S 176.9@ 2.. f,.31. 31.26 77.90.8
,-1.88 16.8 27.7$ 2.46 3143.0 31A. 77.
342.1 .In-% 192.4. 2.79 Me4. V.24 27T.A
343.08 174.88 185.18 2.82 3152.88 M.84 2758.8
344.8 00 7?,% 183.7$2M 828 82 788
345.8e 172..% J11.20 2.82 0.-8 7%. 56 75.

W46.8 178.7 189.88 3.81 1156.08 31.372588
'147.88 173.A8 I 3.3% 3.8? 3107.08 1.83 75.88

48.88 173.I 183.80 2.89 1119.88 38.84 7,.8
349.00 174.50 183.98 24.81 3153.88 118A 7%.8e
wO.so 176.38V 196.%8 2.13 189.88 31.31 7M.00
51.8 174.90 14.2 2.81 152.0 "%. 6 7758.8

3W2.8R 176.20 187.88 2.M 3167.8 8 363 2".&177%
,3. 0 179.60 19.0 2.81 3149.8 ,%.99 775B.88

1w.88 177.M 183A8 2.8 3J9.88 3.88 2758.W
.88179.1$ 1896.8 2.8 1141.00 31.4z 27%.@@

,Z6.08 70,4% 185.78 2.78 31751.8N 31.48 2758.88
,W2.08 173.78 163.78 2.78 3150A.8 31.42 77%8.0@
W1.88 174.38 1831 2.78 3151.A 31.43 27%8.8

"Moo88 I7MT,8 189.88 2.77 317.88 31.42 27%.8
36.8 17.3T$ 183.20 2.79 3188.88 31.47 7798.00

"61.00 177.2$ 185. 8 2.78 3151.88 31.1% 7 .98
X2.08 175.F 186.68 2.79 31283.88 3166 7 .8.8
IT.88 180.7@ M9.40 2.77 1!81.0e 31.79 775.88A

W-.488 174.08 181.08 2.81 3145.3 .7%.88
365.88 171.68 181.88 2.74 3139.8 31.9K 7%5.00
366.8. 170.18 188.10 2.7n 3111.88 31.79 "78.98

%67.op 172.90 182.68 2.75 1120.A8 V.P4 275.80
3.8 173.18163.2$ 2.77 3199.8 . 77%. 8
19. 8 172.7.9 27 3141.88 31.9 9.00
37.8 1M7.8 177.68 2.75 3147A. 1.9 758.88
371.88 167.2$ J77.8 2.72 3123.88 1.98 2798.8
372. 17.18 183.88 2.74 3156A 32.04 77%.88
T7. to 174.08 179.4$ 2.74 31599.88 31.9? 7M8.00
P74.00 167.A 177.88 2. 75 3121.88 IV.1J9 77958A8
T75.8Fe 167.% J78.00 2.74 3119.8 .19 77%.8
376.88 I161 178.48 2.72 ~ W3.. m32.12 77.8
377A8 1PR.A 181.8 2.7; MO6.88 32.1 2758.8
378.00 171.88 181.40 2.7 3147A8 37.27 758.A
V79.8so 171.V. 181.70 2.74 W19.98 IV.11 758.8
I.880 168.5 179A8 2.74 158W.8 32.1I 5 7M.90
31.'88 17.1 8 18.78 2.74 3173.88 3.85 7 .758.

IIA._



382.8m 172.98 183.28 2.74 3171.8 3V.1J3 7758.00
383.8IM 101 181.48 2.78 31671.08 V.f 722758.8
384.8 IV, A6 177.5 2.78 3148.80 I2. 16 7598.8
V-00 167.10 177.88 2.70 3l106A 32.2J 77&S
396.00 169.28 188.88 2.70 3119.88 32.19 77580.8
W-7.0 169.80 188.58 2.71 3152.88 V2.15 775M. 8
MAP.8 172.90 17r,. 7@ 2.71 W89.88 3V.14 7 .@@

3%9.00 174.20 183.28 ?.72 1159.08 32.197N.0
MA8.88 168.48 177.78 2.71 376. 88 V2.31 7758.8
391.A 167.70 177.20 2.7? 31S7.00 3V. 13 7754.8
.192.A 169.88 179.98 2.72 3181.A VAB~ 7750.A
3.88 A HMO5 179.5t 2.72 3151.88 V-.13 M7e.e
T94.88 178. 18 181.88 2.72 313.%.Be 32,17 7%.00
TM5.8I &R8.Fe 179.80 2.74 3134,00 V.2.6 2M,5Be
11%. p 171.28 181.80 2.79 3117.08 32.14 2.880
397.8 168.78 179.98 2.7 33.M N32.28 758.88
3MO.B 167..V 177.38 2.76 3176.88 IV. 12 77.90.0
399.8 169.5 180.40 2.76 3143.8 f62.28 758,.88
4%.00 171.O 181.78 2.7- 3182.88 32.14 75.88
481.88 166.80 176.n8 7.7f. 3178.88 V2. 1? 758.88
402A8 167.28 17.7.SO 2.7f, V877.00 32.3X 7598.88
483.88 168.98 179.18 2.77 3120.08 32.18 758.88
484.88 169.88 179.88 2.88 3146.08 V2.28 758.88
405.88 168.18 179.38 2.79 3145.A 32.21 775.180

WAS8 167. 18 177.88 .77 3149.00 32V.t1 758.88
487.08 166A5 177.10 2.7 3143.88 V2.98 758,.88
488.88 168.28 179.8 %.7 31n8 28 788
409.88 166.40 176.880 2.77 31M8.08 3V.801 7756.8
418.08 166.68 177.88 2.78 31M.00 V. 7.8.00
411.88 166.18 176.60 2.77 3147A8 32V.4 758.880
412.88 166.28 176.28 3.8 3169.88 31.6.7 27%.8
413.88 171 .318.9 2. 97 3187.88 11.9,3 77.90.0
414.08 J174.00 184.38 2.9q7 3145.88 31.44 27598.88e
415.88 178.8 176.90 2.94 3M~.08 3 1.36M 278
416.88 178.3 188.58* 2.91 3148.8 31 .43 27598.88
417.8 167.8 J77,20 2.98 W.97F88 31.49 758.@@
418.88 170.18 188.58 2.87 31 77.88O 31.37 791. Be
419.88 166.780 176.8 2.91 31 M.op 31.37 775.00
420.88 171.88 181.738 2.9q8 3171.88 31.88 75,9.88
421.88 165s.88 1751. (8 2. FS 3166.88O 31.45 7,9.88
422.08 172.48 182.58 2.P9 3174.8 31.78 279..0
423.00 1W.76 176.48 2.91 W-08.8 31.A 2758.88
424.88 172.911 182.70 2.91 3167.88 31.48 275.8
425.00 171.88 176.98 2.% 3181.8 31.76 2751&08
426.08 167.8 J77.20 2.915 3116.00 31.4? 275.988
427.88 17.38 179.78 .95 3168.8 31.77 2758.88
428.88 167.8 176.78 2.87 3154.88 31.198 758.88
429.8 179.%8 181.18 84 3182o.IV 31.5 2I. 758.88
438.88 177.80 18Er.9.8 2.94 3171A8 31.79 2758.8
4311.88 172.28 182.3 N2.94 3144.88 31.75 758.88
432.88 171.6 18.9 .91 3166.00 31.71 758,.88
MOR8 172. 18 182.48 2.89 3146.90 1.. 7,8.8

434. 88783 188.9 2.89 3133.08 31.36 758.8
435.08 172.88 182.950 2.89 3156.88 31.43, 775.8
436.08 169.98 175.0a 2.8P9 3152.88 3 1 .3 21975&.88

q430



4..00 166.%8 176.6 2.89 3104.68 31.35 27%8.00
48.6. f69.98 1H0.8 2.84 3146.0 31 78.A.8
4'19.8 171.98 182.40 ?.89 3166. 31. 32 7758. 8

148.68 173.18 183.40 2.88 3199.68 31.42 2750.0p
441.FS 173.2A 183.40 2.89 317.88 31.F7 775.08
442.08 J 72.8 18 2.. 2.91 3146.&0 31. 7 .9
443.0 17.68 I8. 18 2.98 3159.88e 31.77 7750.68
444.88 171A. 175.78 2.3 316,.88 31.1 2?58.6B
445.A8 J66.38 176.80 2.98 3109.88 71.637 278.88
446.68 173.08 18.18 2.91 3189.08 31.48 77%.S8
447.08 166.68 175.78 2.92 3158.6B 31.61 27?.68
448.00 M7.10 182.20 2.9r 3123.8 32.7 2758.@@
449.60 168.08 176.70 2.92 394.88 31.69 275.68
4,.00 17.,I8 1898 2.94 3175.98 31.57 2750.A8
451.08 173.68 176.68 2.92 3118.88 31.K5 275.80
4T.00 J66.5 176.8 2.91 3172.8 31.63 7758.68
413.00 P.1B 181.68 2.%8 3171.88 31.47 2758.08
454.6( 172.6 182.C8 2.9 3119.88 31.68 7750.A8
45.00 173.68 177.16 2.91 38.68 31.M' 77M-.00
4%6.e@ 165.18 175.48 2.91 3131A.6 31.6.% 7M.68
457.68 172.28 182.3 2.92 3146.8 31.31 2758.68
458.80 168.60 178.A8 2,91 3123.00 31.43 2758.60
459.@@ 168.% 179.V 2.93 3136.68 31."8 2758.8
468. 173.88 IS8.20 2.91 3166.6 31.51 758.88
461.00 166.20 176.68 2.93 315.08 31.48 7758.68
462.6 1 73.f 177.78 2.92 3172.68 31.38 2750.8
463.M 172.18 182q. 9@ 2. 92 3130A8 31M8 77% e 0
464 8 168.3V 178.5SO 2.93 3130.88 31.42 7758.08
465.68 172,T5 182.78 2.92 3113.8 31.51 2758.68
46. . 17.2e 178.5 2.93 3165A. 31.61 7/50.68
467.8 178.F8 181.%8 7.9% 3128.8 31.7 2758.68
468.A 173. F9 178.18 2.94 3133.88 31.59 758. P
469.68 168.9 189 2.94 W 08.88 31.64 7750.6P
478.68 172.70 178.8 2.9, 3153.88 31.57 2758.00
471.00 17.40 183.9 2.94 1.88A 31.81 2758.90
472.6 178.08 181.68 2.95 3163.88 3.82 7,
473.68 1 . 175A.8 2.94 3.68 31.69 2758.68
474.8 169.e8 179.8 ?..% 5168.52 275.68
475.08 173.7% 182.28 .% 3179.88 31.59 275B.W
476.68 17e.7, 181.2 2.93 3171.A8 31. Y75.68
477.68 169.20 179.10 2.% 3158.8 31.7 77%.00

4 478.68 172.68l 182.68 2. 9 3106.68 31.94 2758. 6
479.00 164. % J74.68 2.94 3171.68 31.46 758.6

4 48 .0 172.8B J79.20 2.q1 3894.8 31.29 7"9.B.6
481.88 17.18 18A.68 3.18 3177. 8 8 .5 7M.68
482.68 166.38 176.78 3.17 3181.68 30.76 279%.68
483.88 178.98 175.9e 3.16 3108.68 3%.81 7I.889
484.6, 169.8 18.68 3.14 3104.0 .98 2758.0
485.8 167.% 178.78 3.12 3132.88 M.95 2758.98

486.08 I.66. 176.8 3.15 3123.08 , 27%.88
487,A 166.'8 176.28 3.12 3124.08 38.99 7758.6
488.08 167.68 177.28 3.11 3132.88 le.75 7,.09
489.0 166.% 176.78 3.13 3142.08 38.76 758. 8
496.00 166.68 176.58 3.11 3147,8 3.17 77958.0@
49J.00 166.60 17..99 3.18 31M.00 31.22 758

L/' .9



49P,.80 16.M.9@ 1799 .12 3116.A 13 7758.88
4r3.08 166.20 176.28 k.8 3156.00312 7M.00
494A9 168.88 17P,.40 3.89 3161.88 31.26 75MOP
495.88 170828 l81.38 3.88 318A 31.46 7758.88
4%.@P 1 E..78 176.18 3.8 31139.08 31. 37 2758.08
497 .88 1722 182.68 3.88 3146.08 31.1% 27%8.8
498 .88 166.7@ 176.88 3.89 3158.88 31.33 7758.00
499.o@ 167.10 178A8 3. F6 3144.88 31.45 27%@.@
908.88 168.A 377.88 3.95 31rl75.88 31.46 7..06
519.880 .10.2% 181.3% 3.87 3174.00 31.33 7.8.8
58W I 16.98 179.%8 3.A 3172.08 31.83 758.88
593. F6 171.88 177.q'R 3.11 3132.8Be 30.87 2758.00
TW4.8 176.90 189.38 -,%.09 3172.8 2 7.49 7M.8
qW.68 166.%8 176.8 3q .89 3169.88 38.95 75888
W*.Be 173.1 183.70 3. 08 3176.00 31.88 75.8
91r7.88 166.40 176.5 3.89 3128.00 31.84 2758.88
"'8.80 171.10 182.3 3.1 MI 89.88 M.99 7M.86
T89.80 1-73.88 179.38% 3.89 3111.88 371.88 7758.00
518.88 169.28 1IBM5 3.07 31T2.00 31.38 7758.88
511.88 166.50 1I6.A 3.9 3146.08 31.20 27%8.FS
512.88 168.88 177A6 3.9K5 W89.08 31.31 2750.8
513.00 167.68 177.80 3A9 3143.88 31.77 2758.@@
514.88 167.20 177.10 3.84 314.88 31.48 758.88
515.88 166.28 176.8 3. M, 3188.88 31.33 758.88
516.88 166.40 176.88 3.84 3107.08 31.31 7M.88
517.88 166.98 176.78 M69 310.08 31.37 758.88
518.88 166.58 176.88 3.8P4 W8-0.8 31.1% 775.88
519.88 166.0 J76.%8 Ma8 3 111.88 31.48 27958.88
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MA.8 369.00 179.38 3.@5 3188.88 M8.64 27%,00
K6.88 169.,0 179.80 3.06 3121.88 ,8. 67 27-.% N

M3.88 167.90 177.9 3.97 3131.88 3.71 2- 70.88
838.88 17.19 389.18 3.98 3143.88 ,50. U. 7758.
89.88 1.8 178.3V 3.F6 7162.00 3e... 268-. 8
840.88 166.90 176.90 3.01 31(I.MCA M.7 775e00
94J.88 166.48 175.79 3.05 3121.8 3.2 2"78.I 8
842.88 169.40 179.48 3.82 31,37.88 8. 78 77r0.88
843.88 171.46 181.8 31.04 315.88 3.74 27T0.
844.88 172.88 383.6 3.03 3140.88 X8.95 7%.8@
84. 172.80 181.88 3.88 3128.88 38.82 27--0,
8.88 172.38 182.88 3.1! 3112.88 ,%. 93 2750.00
847.88 172.18 1 81.70 2.97 3398.88 31 .f2 275(tC @0
me8.88 171.38 181.88 2. .6 313.88 31.94 7750.88
849.08 171.88 18.99 2.98 31.88 31.@7 77% .08
IM59j 67.8 1 78. 3.01 3122.88 31.15 7e0.8
851.8 J67,90 17P. 90 3.88 3152.880 -*1.79 2790.8K4

52.88 368.7e 178.88 3.92 3139.08 31,8 2750.0
M. PA 167.48 177.48 2.97 3148.8 38.6 2%%,7 ,0-

954A8 lb?.,68  177.% 3.2 3y-143.8 38.92 7750.00
SM.66 167,79 177,48 2.99 3139.0 31,88 27% .

.,v 167.29 176.90 2.9 3-9.. 80 3%.95 275,0. 00
W574 1 67.78 377.50 2.9% 3179.88 'X8.79 2750.88
MA 168 .19 178.18 3.15 3,992.8 370,47 27%.00
059.88 17.% 181.% 3. 16 3113.808 M.49 275,. W8
W40.08 169,18 1Pa.88 315 N76.8 38,41 27.A
863.8 168.68 178.1 3 .18 136.88 38.31 27%.8o
% 82.06 169.99 188.88 3.15 3135.88 383 27%00
863.8S 168.9 178.38 3.16 3892.88 ,. 52 2756.8
864.88 17.88 182.29 3.13 31k.88 3.67 7"0.88

i.88 171.90 I8.50 3.e 7154.0 8 3., 77%0.8@
066.88 378.50 19.78 3.89 W&6.88 M.8.49 27,0.08
867,88 175,1 182.88 3.9 3128.88 X.39 2756.88
%8.8 169.1 178.48 3. . 3119.88 X8.59 70. 8
869.88e 171.99 182,8 3.12 3137.8 38.49 7 0.8
M.88 169.48 179.19 3.8 3141.88 38.61 77.98
8718 375.08 384,6 3.97 3115.88 ,1.,1 275.8
872.88 173.70 383.68 3.06 315.2.08 3,74 275.08
M73.O 174,3a 184.18 3M3 3'877.88 31.01 7%,00
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W 74.0 173.);8 18.",. R@.7 3)48.9 P.@, 2%
79w 69,44 179.90 W", -. 3115.0* 3.7 7'?%.

081..9 169.80 179.680 .t, 301M.' 31.* 2750.
877.00 169.6( 1798 7. ,1 0 .72 ) 2758. K4
88.9W 167. 176. f 3.97 31M71. W .65 7796.90
079.90 167. W 177. 4 3A ~ 3115.88 3A6 79.9 F
fe.fe 166.,60 176.38 3.9K. 314,. M.6f2 7756. W
887.90 167.,8 177.00 2, I .0 3b.62. K?
90,188 1V.8 l70 .81 308.08 3.6,7 7798.90
93.9 172.58 181. T' v.82 712E.9 3.7 4 K4.

894.0 171.4A 181.48 3.4R 3.. ,,,6.
pe 167. 176.58 2.8 3%.9 3.65

,,0 17., 176.38 21.96 7189.90 38.79.
897.8F 167.50 17.9 7.97 3T8,.90 ,..
908.e 170.2 177.38 2if 3119.8 528.5,
909.8 173.708 3128.9 ,".69 2K,..0

USA0 175.90 17.38 3.82 -1908.00 M8.72 2-f. 0
.91.,A 17.58 183.8 1.1 9. Re .3.83

.i1fe.10 17,,.9 3.70 313.9 38.T7 27r.0 -T
8.908 17'. 8 180.6 3.04 3118.% 3.e8 7M.49.
94.8 17.M i18.,i8 3.84 3138.90 3.59 27?,8. f
89590 169.,? 17w.8 3.01 3111A M9 56,? 27,.

.171.9 181.68 3.8 3129,9 31,2 21M0.90
997.9M 174.70 J18438 3.82 31.O 3.7", ?2.
890.0 789 179.9% 3.X 31118.9 3a80 798.8
9,88 173.90 183.60 2.97 3148.0 'X69 7 e.%
908.0 17,.98 18268 2.% 3125.08 38.7 1 70 i,,
901.8 175.20 184.% 2.9 1986 3..4 7"75.9
902.9 166.70 17.48 31.0 8 38.94 .75,.90
9-0.8 166.1 176.% 2.9, .1391 .0 31.48 275. 0
9q04A. 167.7,0 177.2 A3.15 212S.0 N31.97 6..
9.5A 166.10 175. 90 3. 71 3132.0 31.72 27, W
90.0 177.48 8.3 2 315. 00 3,1.44 K75.9
900 171.9 181.90 3.6. 3897.9 3 1.3IV 7'79. OA
908. 171.5 181.68 ,* 7141.0 3 1.3k 27'7.
909900 166.90 176.80 3. 65c 3132.90 31 .313 2758. KI
91 .9 171.58 181.%, 3.64 ' Tj.o 3I.,72 27M.9P

911.90172.90 178.58 3.6f5 129.9 31K02989
9190A 166.58 176.90 F., 3184.90 31.2M 279.9O
913.9 171.,0 18.8 7.44 7121..7 3.41 27kA. 0
914.A 165.9 18 2389.90 ,1.798.9K
915.9 171.80 381.%836 189 31.73 279B.00

4 91f-Ai 170.68 198@371389% 31.(Z" 775B. 00
917,A0 170.50 190.7 N.5 39.0316 789
918.9 170.90 I8:.fe 3 .71 31Kl52.9% 31.48 779B.9W
919.9M 16&5.7N 175A4 '.2J92@.W8 165.90 174.90 3.6 76.9 W14 2798.9P@
921.90e 166.18 175. % T.9 7132.\ 3.(f 27%8.00
92% 1 E-9. 60 179.950 .4%c 1*A03.67,788

9279016.1 18.8 .6 714 1. N 31. (- 2798.90
924. KA 167.90 176.9* M.67 31@l.9 (V1.39 27%8.@@
925A9 167,M8 177.w2 T.59 74. C* 31.f6 Z7%.0@

* 2688167.88 176.40 3.57 370 31.35 2789* 9277.9 7'.01.9 .44 PIT..9 3179298

92090l7.~188.48 Fe732.9 12 2750.90ei
iL,- b



929.81 177. 17..P 3.3 3119.88 .'A. 27@8.t
9.6. 17F.5. IM8. 3,46 76f. 31. 15 27M,.80

.00 179.10 1 T.8 .".. 43 319.8@0 31.8 275%. N
J8.18 1.48 MI76 3.33 31 I.8 3.91 27156.8

9M.06 10 .e J75. 3.Fe V.3 ,22, 31.48 27M.0
T34,00 165015.80 3NO .54 M14.A 11.7z 77595*'
.5.88 179.,9 188.88 3.F 3887.8@ 31.44 275.N8
9 O6.88 171.% 181.29 3.44 31W.88 31.74 27%.@@
937.o 172.48 182.88 3.48 .868. 32." 2759.88
938.00 172.68 182.48 3.44 3116,8 31.59 275.88
J398 172,,% J82.88 3.,' 'wt97. 8 31.53 279. 88
q488A 2 7T 189 .2 - 3.44 3189.88 31..1 M75. 88
941.09 172.A 181.68 3.41 138% . 31 57 7759. 8
942.A 174.98 179.90 4.88 I 18.88 31.45 75*. 88
943.8 167.(f 176.2 4. 8 3 .88 31.66 275'.88
44.00 148 183.8 3,3 3131.(8 31.69 27t. 88

945.98 169." 176. N.36 W76N 31.62 275.88
9 o46.9 166.9 J76.18 3.44 3138.88 31.72 2758.88
947.W. 166.5 176.00 2.44 W8.4.8 31.52 27%.8@
948.A 164.58 174.29 7.52 3124.88 32.J9 2750. 80
949A.9 171.18 180. 22.49 3113.88 31.42 279. OF
.88 176.40 1%.10 2.46 3118.88 31.20 2759. 8

951.JB J83.4 193.16 2.41 7972.80 11.6 275.88
952.8 10.48 195.29 2.4W 3888.88 31.63 2'7,9.K
953.88 184.59T 194.40 2.39 3888.8 K38.6(W 2759.8
954.A 184.88 J91..9 2.44 3893.88 3..9 271. 8
M.0 I71A. 180.? 2.46 3184.88 31.58 270.88
9. J269.2 179.."8 2.47 WW, 7. 31.45 270.L" 8
9'7.88 182.780 2.45 3114.88 31.42 275.88
9 . U 1..6 J 75.7T 2.49 3122.88 31.46 27%9.00
959.88 172.80 182.29 2.4 3132.0 31.47 27 .00
9'8.08 166.48 175.78 2.49 31,21.88 31.38N 2759. 8
961.88 178.88* 179.18 2.51 3188.883.9 798
9W2.8 1 72.8 176.48 2.45 198.88 8.71 2759.88
963.88 164,SO 174."@ 2.51 3130.8 31 .38 2759.98
964. 165.5 17.88 2.3 3'81.8 31.74 2759.9

W65.88 J172,5 182.88N 2.65 3135.8 31.% 275.98e
966.88 1H8.58 178. 7 2.67 712n.88 31.81 2759.88
%78 165.78 175A. 2.67 M-4.8 3.1.37 27.98
9%8.08 168.98 17.29 2.51 7m5. 8 31. 39 2759.98
969.8 1e65.%9 174. 9 21.53 8 83.4 798A ,' W .0 3 1. 45 7r-*.

97.9 178. 198.2@ 2.52 3122.88 31.39 2759.88
971. I U..380 175.,0 2.5 5 W ,99.0 31.72 275.8
9"72, 167.590 176. R 2.53 38.793. 8 31.55 2759.8
97t3.9 174.88 182.79 2.3 3157.88 1.9. 2759.8
974.88 167. 8 176.48 2.(5 3123.8 38. 4 27%,.00
975.08 266.5 176.18 2.61 3136.00 31.13 27,.88
976.8 1643 173.99 2.64 3811.8 ".99 7%. 98
q77.8 171.8 177.88 2. .5 134. 8 31.18 2759.88
978.9 263.88 173.68 2.61 3124.88 31.3 7,. 8
979.8 164.88 168.88 2.39 31M.88 ,8.14 7759.88
98. 8 165.88 175.29 2.79 3116.9 31.73 2759.8
91. 164A.8 173.88 2.67 3847. 8 31.& 2759.8
982.98 171.56 188.592.66 3186.88 31.67 27%.8
9M3.60 267.16 177.8 2.68 3143.88 31I.65 270. 8
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904.8 166.70 176.A8 2.A 3146.00 l. % K.
965.00 169.8 178.88 2.70 3J51.88 31.71 27(6.00
W.N8 J67.10 176,6 2.8 3114,00 V.F9 275.8@
987.00 169.88 J79.20 2.67 3117.08 31.72 2750.88
98.00 167.2 176.70 2.r65 397.88 31.9F, 275%. @
989.A8I 18. 18 178.18 2.65 ... 8 71. W 2750.8
998.88 k..89,* 1.78 2.4 IN96. 31. 7 27F.0. 0
991.88 172.7B J82.90 2.K 3128.31.83 2750.O@
992.88 168.6 178.60 2.65 3104.88 31.72 270.@88
993.8M 167.00 176..6 2. 66 3W1.N 31.% 7"0. @A
994.88 172.08 175.9 2.5 3115.08 31.91 MO. w
995.88 166.r* 176.28 2.62 3124.8 31.79 27.w
996.8 15.9@ 175.10 2.6A 3128.88 31.43 270.8,
997.88 168.%8 17.8IN .11 3 I 6.8 31 .3T 2756. @
998.A 173.8 178. 3.8 3125.A 398 V ."
999A 166.78 176.% 3A 014.88 78.81 77t.8 8

1888.88 165.98 176.98 3.88 3182.8 3.-1 273-2.0

I
I

iI

I
I
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Pump # 360

TiNE IhLET OUTLET ih FRESS OUT rEE'S, FLC4, SPEEr
HOURS TEMr-IF iF .' TEMF '.:F 'PS i.' '.Si. 'G'.Ph.

.8 164.20 J175, 0.12 W-1.80 2P.71 2750,80
2,80 J 64.2 1 76.30 -f.P1 2976,80 28,19 750.8
3.00 165K,"8 178.20 -@.94 2974,80 2P., 2 275f,080
4.80 1648,0 RRJ77. -5 -1.04 V02.80 2,,K 275.8
580 1 64.,8 17.5 -J.21 297. 28. 16 2"7,,. 6,
6.0 163,78 J 76, 80 -1.28 29M. 8 2P. 15 2758.80
7.A JSf4.40 J77.80 -1 2f 971.80 28.24 7F50.80
SA80 168. 10 J176.(At -1.41 Mi8. @@ .8s 7M0. W
9.80 J62.68 174,20 -1.61 294.8 28.8K 2756. 80

10.8 16,.50 17P.80 -1.4 2M82.80 27.7 27,.0
11.80 162.68 174.68 -1.49 W .,0 27A 27 0 8
12.80 14.50 J76,68 -1f.8 2966 8 24.J 275M.8
13.00 163.70 175.M -1.51 W801.8 2ik3. Pk 275i00
14,80 16,.50 J179.-V -0.41 2.l8, 27,93 2750.8K
1MOB 1Sf5. 10 1 717.40 -1.81 V2818.8(0 27.87 27%,.@@
1..8 164.q 177.10 -L.83 21M. -0 27.87 270.8
17.8 I4A 177.80 -1.R9 2979.8 27If', 270.80
18.80 16.68 177.W -0.76 297.0 28. 11 27N50.8
J9.00 164.3, J76.58 -l.89 298.8I0 28.07 2710.8
20.80 1(4.% 176.-M -1.01 2t.0@ 28.8 79.80
21.80 166,40 177.8 -1.20 2967..8 28.92 7.0.80
228 64,70 176,2@ -0.02 97.f8 28.34 2 ,70.80
23.8 1.6.68 18l.68 -. N1 2976..8 27.71 275/ .80
24,8 FO71080 1 80 J.70 -61.89 7*4.8 N ;-,14 7% fe
25.A0 168,68 J81.40 -1.27 2"W4. 0 27.% "1 ,*.8
26.8 1f4. 8, 177.0 -1.67 2977.8 28.07 27.'0W
27.8 167.50 176.40 -1.44 .'95 2. 0 27.*- 27...8
20.80 168.68 I.8 -1.59 29?77.8 27.91 70. @0
79.80 165.68 17. 18 -1.54 297'2/, W ?.7 2750. 0

.80 16.38 7.80 -1.81 .92. 8 27.69 7,O,8
31.8 166.80 1742'0 -I , 2947,80 '7.5 T8
32.8 16.8 174.68 -1.92 2%7.8 28,.47 27k0.O8
-.80 18. 80 179.A -J.93 9.8. 28.12 275f.K0
4.8 J65.68 178.18 -. 8 %9-5.8 28. J 27e. 8

M5.80 1,7.0 180.38 -8.93 295.80 28.84 2.',.80
3 .8 14A.68 176.6 -1.04 497. 28.23 2M75.8

37,.0 165., J79.8 -J.18 2992. 2 7.94 27, .8
3M.8 63.8 176.70 -j152 2%6.Fe 28.1 275.8
39.80 168.40 180.5 0 -0.%k. ', 28. 5 2750.8
48.80 169.68 179 .8 M., 2947.8 28.3M 7750.8
41.80 165.'0 1 .77, 38 -1.14 298. 28.51 275080
42.80 168.80 179.,0 -1.2 7 .6. 0 28.42 279B.80
438 J67. 0 J79.40 -1.37 294.8 28,2 7%.8
44.80 i64.68 176.70 -1.40 2AM.80 28.72 27T.8
45. 8 169, 180.68 -J.24 2i2 I 28. 59 2,,%.8
46.8 1,70 176.20 -1.45 2F. 0 28.52 2758. 80
47.80 e 14.% 175.C -1.52 7948.80 28.61 2750. 0
488 I 6.,40 180.70 -1.59 "9T'.8 2.3 8 27541. 8
49.8 Sf5.50 177.79 -1.64 294.8 28.5, 27M.80
W.0 166-T8 178.68 -1.1 2941.0 28.48 275.8
53.80 167.80 179.50 -1.48 29478 28.07 275 8.8

" . . .. " . . . . ,-



52.8 167.8 179.5 -1.49 2%1, 28.48 27..
%70,8 1 6517 1?.18 -1,59 2942.98 28. 25
54.8 I K-,(I 1,7.-' -1.48 74'4 2P. 2751,. iw
5.8 J67.% 179.70 -1,51 2918.90 28.4, 2?r,.8A

.. 8 168. w I79. % -1.48 2937.8 27,99 275(. K
57. 14, 40 -72. 1. 45 2n. w At. 24 ?9.(

%. St,76. w -1.49 2919.@ 2828 2fi R

I89 US5.7 N7.9 T-iW 2937, K 7 i8. I- 76.
61A. 1,, 178. -1.1, 2945.8 28. ,

2.8 171. , 1-.40 -@.hT 295(t. 08 28. ,,
f3.Z. 17. M Q S., -"I.5 293. 7.7 "7k

fI, ,. -1.18 2287.9 5 1
.,, 1. 11 182.W, -w2 7,. 7,

(7,W ",9. IJ,1 -11,.8 ?2 8 72. 40 A6
68.8 1. IO., - 1.5(1 2911.K8 21.77 275T,.W
69.F8 6,.% 176.68 -1.48 2?., 98 21.24 775.8
78A. K , 1A J177,68 -1.F4 M.0 .18 2 77(. (8

(1,17.7.9C -12-9 ;'!14.9W8. 7.75k.2
72.8 169.48 179.o -1.5] 282. I8 21.ri 27541, 9
7,.8 173.- 1,4,28 --0.2 "1911. 9 J.9 29A. (
74.98 1 U,7. 179..8 -1.1 ".8 28.47 ?75(. t
(5.00 A7'. 2 1-.5(' -8.91 291. , 8 19. 275(4.,
76.00 169.. 181.q68 -1 .8R9 . ., K4 19.16 27 Of4.9
,Th7,8 !78 1-PP .C 1.44 298.98 22.16 75I,3

78,8 ,170. FS.,O 1.44 W 2l1,8 21, 1'.21

79.98 371. 1@ 198.98 1.26 .98 12 2AN-@. f

4.98 ~~~ 148.9 17.2 1.3 lie.827P.A .F f p' 17, 1T.,2BI I.,,  72,94 00 1,11. 71 27(.

,PIA,98 jw. 17049, 1.49 ',7.9 N 27,.A 2. .8,7

i3.9i8 177.8 I, .28 1.35 XV.8 27.7

M.9. 1R8.98 1799.6 1.20 .9,1.8 27., 27f.
.A 16179. 1.43 287:.98 27.70 275-4.98

F7,8. 7. 184.0 1.57 2%O.9 79.297 -N,.1 .6
We.8 ' -7, 2. 17.8 1,4 298.98 29.79 2, .298
P9 0 , 1,7. 179. 1 1.48 2704..8 29.9 27:6.8

9i %.6 .4; 178.28 1.,38 2882.98 7'9,7 2, ,5(,4. 9
*97,98 16, 78! .28 1.14 2769,.98 2'9,6 /77 ?,.8

I .77 171".5 , 1 2798 ,

1 T1.8 f7 ,.4 178.18 I1 X ,.98 7245 2..'-(4.AI[
I94.98728 178.10 1.44 ,' 3.98 ,29.84 27.9 r8

1715 18.908 1.A ,89.8 227 .
%.Re8 I fag9 MA1.1 24 /V.K4 2,9.82i 2709

97.A 1671.A 18J.20 1.14 2'k.-9 2, K 275-. feI99.@@ 170. V4 182.1 1. f8 W88.9 @@.6 27% 00
IN,.A 17.7 1.1 1.4I AA2. 00 ,2.48 2 ,7c-.8,08
181.@@ 14.40 178.10 1.39 2W. W8 32. 46 2 K4

1.8172.00 188.10 1.44 1.. 32 1. 41 27%09
183.9 171.V 184,00 1. 4%q 1. 28 3N2.27 7%.N
104. @@ 167. W 179.40 1.44 79.981 32.36 21758..0
I I(I. P 168.2N 18.40 1. 42 2882.K98\2 37 275098.(4

1168.30i so8. r 1. 36 Ak. 0 1\2. ' 2750A



187.98 171.20 1 P.. T1.46 K482.V8 3. 7569K
198.98 17.I 1r9I8.ISo9K 1.46 ?2,*K.9 2.3 75..9K
1049.00 1U..4 178?.@ 1.42 297. % 2.37 776. 0
118.96 167.28 179.4 1.41 29199 33.83 27W6.8
111.00 167.98 188.98 1.44 2M98.00 32.33 7 .98
112.00 1.' J8.50 1.48 9 ".3 275M.900
113. 8 167,1 J79.@ J.48 2873.9M 31.89 7750.P@
114.98 J 67.!8 J179. 90 1.39 2878.9K8 31.91 779A
115.98 167.'% 178.(Z I .I M.0 31.88 2756.0
116.09 166.% 1718.9F 1.3 28%898 V.23 27M.00
117.98 J 66.%. 78.38 1.3V M87.9@@ 32.27 7750.980
li1l8 167.8 179,68 L.3A 2861., X.8 27%5M.9*
119.@9 16R. 4 18B.58 1.25 2%4.9 32.15 27M. .e
120.98 J E9.Y 18L.9 1.31 MA7.O V2.08 7.9Re
121.08 171. . iCq, 1.34 9W.0 31.9 2750.00
12. 169.,fi 181.68 1.28 2M. P@ 'M06 2-5. 8
123.98 168.98 1CO.6 Q.2 292.9 M2.f(A 77-.8@
124.08 J(6.60 177.78 1.41 2911.0 7.72 7"T.9
125.08 J66.48 17. 1.1 289.00 28. 13 275. 8
126.98 177.50 11,.70 1.34 2M.00 28.60 2756@.98
127.00 166.98 177.8 1.2 3166.88 77,24 279. K
128.98 171.40 184.5 1.15 3 A92.9 31.72 27%,8
129.98 168.78 181.56 1. 2@ 3166.00 28.31 275%.
130.98 166.18 178.9% 1.69 7&7.08 28.23 799,00
131.00 167.98 18.50 1. .. 3132A. . 15 27%. 8
132.8 16.7,00 179,68 1.13 ,8381 29.68 7"5, 6.9
17.980 J7.J8 179.78 1.14 W.4.Fie 58.7 2756.98
134,98 17,.20 182.48 1.24 ,WA18 .78.99 7",
J70 171.70 183.381 ills W.J98f 31.81 2750.98e
13.9 168.9, 184.48 1.16 3161.98 35.59 2750.
137.9Be 167.48 179.06 1.14 3W9.9M V8.2 27%6.98
13M.08 1 6. 28 179. 1 J15 ,8F27. VI8 77598K
139.00 169.7 12. 1.47 7879. 27.65 27%.98
148.00 177,009 1., 1.47 WIN.9 29.68 2759.9R
141.00 169.56 18 .98 1.43 3327,K9 9, 27,.00
147.00 174.37 18,.98 1.41 W'81.4 %.5 27;,9. W
143.98 174.50 198.36 1.42 TV1.8 ,8.1 J2 275B.
144.00 1691.3 )I82.5 Fl1.37 W. w318.23 7750,00
145.98 167.4B 18.4$ 1.U. ,,4. 1 08 78.36 275,9K4
146.08 168.98 179,38 1.48 3144.9K -. 15 275.@
147.98 178.28 W.90 1.41 ,WtE. 80 31.25 27,5.98
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APPENDIX R

Li DURANC[ AND DURABILITY TEST GRAPHICAL DATA



GRAPHICAL DATA OF ACCELERATED LIFE TEST FOR MANUFACTURE Ml

Test Specimens Consisted Of:

Pump #348, #349, and #351

Every other data point was used to plot the graph in order to
improve readability.
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GRAPHICAL DATA OF ACCELERATED LIFE TEST FOR MANUFACTURE M2

Test Specimens Consisted Of:

Pump #355, #358, and #361

Every other data point was used to plot the graph in order to
improve readability.

* 4



Ajr

__ ".~xL" ~<i~z~It

isnEil n I- I T _ _ _

I W I I[t -J - .. . -t I I- L i c-+ ' -+ "- --- '+ - L + ) i
*"' + . . .L, . .+ . .-- . . . .

._ + , N, ± , , , +  I
' . ..m ---I------- -t - - .. -4 - "- ... r -, -t+-"---r.........--- .-..... P---

i 0 0I 0 F + .0 F 0 1 C Go

4 4~ 
.

e 0K- - : ' li i 00 IQ~f
T 7" "

__. 
I _ i--

4- - i , +'- r- -. . .. . . . .-1- _ ; - '.. . .. . . .. . ... - -- "+ ' I < - 1 u . K 
° ' - { 

+

... _ -' -- -- ---I--- . ....I 4 ..-7 ... .. .. .. I ...- --r, --- - - .~ ....... ...........

c_ ; +os+ 0*, .I~'.' bog 0I$I , 00__ __

-- i -- - F wdr"'" F-] d , h _00' 0OQt - , _ ,0 ,0~ CCL +_.

_ i - ,- ' u . . 7 4+.I . !

" I. 
. . . +7+ . ..'. .

-

I . I , ! , , , , .I



.J0

i~litz~ - El -

C4 E3 .

I - 11 ff-i -. 1  x1
I i o .7j4l -- -(&LN1 *-V-

I7i 7 0
-T 7D.

-4-

I E)

OrO £ oW0

El j O j ~ 00
I d

T0 IE) 0cZlO-A?#00? ~ ~ 0I Q'0

DO Ic ip 0 0 E 0,O o l 0 1 o S ctOs --O .



+- -- -~- -.-- -

_____ I C7

-4 r ,-4 I

14 1

~7~ jI7K .+ 0- Iu o0"1 n 0 0od ' i - *--.I i (lii0

100'. rok1 j 0t~ -Oq 0- t ---1 0 d;,l

Iit I !a Z4d -ifl
00. 4 0 02~ J b- .- _

14 00d 0,C C



GRAPHICAL DATA OF ACCELERATED LIFE TEST FOR MANUFACTURE Ml AND M2

Test Specimens Consisted Of:

Ml - Pump #353 and 354
M2 - Pump #356

Every other data point was used to plot the graph in order to
improve readability.
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GRAPHICAL DATA OF ACCELERATED LIFE TEST FOR MANUFACTURE M3

Test Specimens Consisted Of:

Pump #364, 366, and 367

Every other data point was used to plot the graph in order to
improve readability.
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GRAPHICAL DATA OF 1,000 HR. TEST FOR MANUFACTURER Ml AND M2

Test Specimens Consisted Of:

Ml - Pump #352
142 - Pump #357 and 360

For pump #352 every data point was used to plot the graph.

For pumps #35? and 360 data points at 20 hour intervals were used
to plot the graph to improve readability.
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APPE14OIX S

ORIGINAL THERMAL STABILITY SURVEY



THERMAL SURVEY

Revised 3/23/81

ATO Hyd. Product Div. Mike Merick 6i4/224/3394
527 W. Rich St.
Columbus, OH 43215

Abex Denison Div. R. Smilges 614/481/7341
1220 Dublin Rd. Dir. Vane & Valves
Columbus, OH 432i6

Adan Hydraulics, I,-. Terry Sulian 91 i 7/ 1
5630 Shattalon Dr., Chief Engineer
Box 11946
Winston-Salem, NC )7 1b

John S. Barnes Corp. Floyd E. Carlson 815, 100
2222 15th St. Director of
Rockford, IL 61125 Engineering

Cessna Fluid Power Div. Loren Alderson 316/663/5751
BOx 1028 Mgr. New Product Eng.
3401 E. 4th
Hutchinson, KS 67501

Commercial Shearing, Inc. Edward J. Ratkay 216/ 746/0j8
Box 239 Mgr. of Quality
1775 Logan Ave. Assurance
Youngstown, OH 445(ji

Continental Hydra'ilc' Div. A.D. iills 612/890/3300
12520 Quentin Ave. S. Chi;f Engit-r
Savage, MN 55378

Cross Manufacturing Cv. Dave Johnson 316-942-1295
1300 Sierra
Wichita, KS 6720)

Delavan Corp. 515/274/1561
811 4th St. Mgr. F.P. Eng.
West Des Moines, IA 50265

Double A Products Jim Gill 313/428/8311
715E Duncan St.
Manchester, MI

i48



Dowty Corp. Edward Rock 00/336/3727
P.O. Box 500U, Dept. S Mqr. Hyd. Div.
Sterling, VA %'-7C

Dynapower John E.G. Young Hi'J/788/8181I
Starbuck Ave. Mgr. of Engin- .. ring
Watertown, NY 13601

Dynex/Rivett it,. Allan E. Heinrich 414/691/0300
770 Capitol Dr. Mgr. of Enqineering
Pewaukee, WI '0(i72

Eastern, Ind. W.J. Walker 103/281/813?
LFE Flds. Ctrl. DWv. Project Engineer
11O Skiff St.
Hamden, CT 06514

Eaton Fid. Pwr. Operations Ken Knapp 712/264/3216
Spencer Div. Engineering Mgr.
32nd Ave. West
Spencer, IA 53,i01

Energy Mfg. Co., Inc. R.R. Landis 319/465/3537
100 N. Main St. Engineer
Monticello, IA D2310

FMC Corp. Tom Gifford 612/560/9201
Northern Ordnaue Div. Sup. Pump Eng. Ext. 2505
4800 E. River Rd.
Minneapolis, MN 55421

Federal Brase Mfg. Co. James Dugan 607/732/6620
16 Cedar St. Chief Engin ,,r

4 horning, NY 14 ,30

General Signal Hydreco James L. Glidden 616/349/1511
Box 2676 VP - Engineering
9000 E. Michigan Ave.
Kalamazoo, MI 49003

Gresen Mfg. Co. Bob Olen 612/623/1960
Box 313,
600 Hoover St. N.E.
Minneapolis, MN 55440
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HPI-Nichols Jack L. Johnson 614/224/3394
7900 Durand Ave. Engioevrinq Mqr.
Sturtevant, WI 53177

Heil Co. Norman Glomski 414/647/3256
3042 W. Montana St. Cnief Engineer
Milwaukee, WI 53201

MTE Hydraulics Inc. Robert Ernst
4701 Kishwaukee St. Chief Ergine;er
Rockford, IL 61101

Monarch Road Machinery Co. John JaKobu.- tu 16/4 1 '/ , 3
P.O. Box 1764 Chief Ingiretr
Grand Rapids, MI 495(A

W.H. Nichols Co. Dr. Earl ilarorey 617/d94//CLC
48 Woerd Ave. Engineering MI(r. Ext. 259
Waltham, MA 0 2154

Oilgear Co. Kerry Kdnies 414/327/i70c
2300 S. 51st St. Eng. Lab Sup. [xt. 364
Milwaukee, WI 53219

Owatonna Tool Co. Jan Boers 5071'451/53ib
Precision Hyd. Div. Mgr. of Eri'ir.ririq
Eisenhower Dr.
Owatonna, MN 55060

Parker Hannifin Corp. John Wright 616/694/94il
Ind. Hyd. Div. Chief nqineer
100 Parker Dr.
Ostego, III 4?:i78

Parker Mobile Hyd. Div. Peter Willmer 216153113GLL,
17325 Euclid Ave. Chief Eriqi .tt:
Cleveland, OH 44112

Permco, Inc. John Bates 216/626/2801
Box 68 Dir 'ctor. of [ng.
1500 Frost Rd.
Streetsboro, OH 44240
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Rexnord Inc. Gary Smith 414/554/7100
Hyd. Components Div. Chief Engineer-Pumps
Racine, WI 53401

Rexroth Corp Ted Lincoln 215/694/8300
2315 City Line Rd.
Box 2407
Bethlehem, PA 18018

Ross Gear Div. of TRW Dave Shropshire 317/423/5377
Box 60 Engineering Mgr.
800 Heath St.
Lafayette, IN 47902

Scnrader Bellows Div./Scovill, Inc. James D. Bowman 216/375/1349
Box 631 Sales & Engrg.
200 W. Exchange St. Mgr.-Hydraulics
Akron, OH 44309

Sperry Vickers Ashir Ahmed 313/280/2244
1401 Crooks Rd. Sect. Head
Troy, MI 48084 Vane Pumps

Stone Hydraulic Industries, Inc. Bruce Olson 815/633/7215
2130 Harlem Rd. Chief Engineer
Rockford, IL 61111

Sundstrand Hydro-Transmission Div. John Pinkerton 515/239/6000
2800 E. 13th St. Chief Eng.
Ames, IA 50010 Hydrostatics

Tyrone Hydraulics, Inc. Jim McBurnett 601/287/1481
Box 511 VP-Engineering

4Corinth, MS 38834

4

Webster Electric Co., Inc. Walter Marietta 414/633/3511
1900 Clark St. Mgr. Engineering
Racine, WI 53403

S. _ . ,L
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January 28, 1981

Mr. Tom Kendall
Chief Enginee
Abex Denison Div.
1220 Dublin Rd.
Columbus, OH 43216

Dear Mr. Kendall:

The Milwaukee School of Engineering has been contracted by the US Army
MERADCOM to investigate thermal stability in hydraulic pumps in order to
develop criteria for a universal test procedure. The findings of this
survey and the resulting test procedure, if one can be developed will be
given to independent standards writing bodies such as NFPA, SAE, and ISO
for consideration as a national standard. Before proceeding with the

development of a thermal stability test procedure, we are surveying pump
manufacturers to determine the best course of action.

IRealizing that some of the information maybe proprietary, I want to give
you my personal assurances that the specific results of yiur response
will be held in the strictest confidence. The Army has requested and
will receive only a statistical summary of the individual returns.

If you would take a few minutes to complete the enclosed survey
questionnaire regarding your thermal stability test procedures of
hydraulic pumps, we will send you a copy of the summary and the proposed
thermal stability test procedure. Please return your response before1 February 23, 1981.

Your help is greatly appreciated.

I Sincerely,

4Thomas S. Wanke
Ii " IDirector, Fluid Power Institute

TSW:wp

I
• I

I
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HYDRAULIC PUMP THERMAL STABILITY

TEST PROCEDURE SURVEY

MSOE FLUID POWER INSTITUTE

* Complete and return by 23 Feb., 1981 *

Instructions:

Please circle the appropriate response to the following questions and/or fill
in the required information.

1.0 Definition: Thermal stability is a point where the combination of high
outlet pressure and slow rotational speed causes the outlet temperature
to run away burning up the pump in a matter of minutes while the inlet
temperature is held constant. In other words, what is the minimum
rotational speed of the pump at a certain pressure that produces enough
flow through the pump to prevent it from burning up?

2.0 Does your company currently use a test procedure to determine thermal
stability as defined in section 1?

YES NO

3.0 General

3.1 Is your procedure based on developmental

YES NO

laboratory
1YES NO

or fi'eld studies?

YES NO

3.2 Has your procedure evolved over time and experience with the product?

YES 1O

3.3 Was your procedure arbitrarily arrived at?

YES NO

3.4 Is the procedure performed at one fluid temperature?

YES NO

If not what other temperatures do you run at?

OR.



4.0 Describe the test procedure that you use.

4.1 Uo you use different procedures for different pump types? i.e. gear,
vane, piston.

YES NO

If yes, please describe the other procedures.

.

I

I



5.0 If a universal thermal stability procedure could be developed do you
feel that it would benefit your company?

YES NO

5.1 Would you use the procedure to qualify your companies pumps?

YES NO

Thank you for your interest in our project and any recommendations or guidance
your experts make regarding this inquiry. Additional comments may be attached
if desired.

A statistical summary of the survey and the proposed thermal stability test
procedure will be distributed to the respondents.

If any questions should arise, please contact us.

(Company)

(Name and Title of Respondent)

(Phone Number)

(Date)

.00

!I
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