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1. INTRODUCTION

1 c
AJ-" o ]

The objective of this study is to define the requirements
for an in-line contamination monitoring device for aircraft
hydraulic systems to be used with existing ground support equipment.
In support of this objective various tasks were performed which in-
cluded laboratory and field test of particulate measuring equipments,
construction of a field simulator to be used with an AHT-64 hydraul-
ic test cart to provide flow demand requirements, and the use of the
simulator as part of a test loop for the in-line contamination moni-
tor. Two aluminum oxide hygrometers were also tested to determine
their ability to measure water contamination in MIL-H-5606 hydraulic
fluid. With the information derived from this testing the require-
ments of the in-line contamination monitor were incorporated into
a specification which could be used for procurement of suitable
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2. SUMMARY OF PROCEDURES AND RESULTS

2.1 PARTICULATE CONTAMINATION MONITORS

2.1.1 PROCEDURES. Laboratory testing of the Millipore Micro-Scan
and HIAC PC 120 was done to check their sensitivity to particulate
contamination, to establish a method of calibration which could be
adapted for field use, and to determine the effects of such para-
meters as flow rate, temperature and other flow conditions on the
accuracy of the instrument readings. These findings were incorpor-
ated into the procurement specification. Laboratory test was to
simulate field conditions to the maximum extent possible, and was
followed by field test using an AHT 64 ground test cart and a
simulator which represented an aircraft hydraulic system. Finally
the units were tested at NAF, Warminster, Pennsylvania with aircraft.

2.1.2 RESULTS. Although measuring different contaminant character-
istics, both the Millipore Micro-Scan and the HIAC PC 120 can be

used as in-line contamination monitors. Both require controlled flow
rate through the sensors, are susceptible to error due to entrained
air or water, and are also susceptible to electronic interference.
The Millipore Micro-Scan does not sense small particles, and the HIAC
PC 120 does not sense large particles. They can be field calibrated,
but more refinement of technique is necessary.

2.2. WATER CONTAMINATION MONITORS

2.2.1 PROCEDURES. Both the Millipore Micro-Scan and the HIAC PC
120 have an ability to detect free water, but there is need to
quantitatively determine the amount of water present in aircraft
hydraulic fluid. A potential means of doing this is the aluminum
oxlide hygrometer. Two different units were laboratory tested.
These were the Panametric Model 2000 and the VeeKay Model VK 36.
Test samples of MIL-H-5606 hydraulic fluid were prepared with known
amounts of water and were checked using the Karl Fischer method of
water determination, ASTM procedure D1744-64. The known amount of
water was compared with the instrument readings and was checked for
repeatability, effect of fluid temperature and speed of response.
Neither in-line testing nor field testing was done. |

2.2.2, RESULTS., Both hygrometers gave nearly a linear response to
dissolved water, but calibration could not be maintained since the
callbration curve shifted inexplicably from day to day. Both instru- 1
ments were affected by fluid temperature, and both had a relatively
slow response to abrupt changes in fluid condition.
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3. CONCLUSIONS.

3.1 IN-LINE PARTICULATE CONTAMINATION MONITORS

a. Micro-Scan 2 does measure particulate contamination in
MIL-H-5606 hydraulic fluid, but has the following deficiencies:

1) Insensitive to particles less than 10 micrometers in size.
2) Instrument calibration changes with time.
3) Sensor is sensitive to pump pulsations and must be isolated.

b. HIAC PC 120 does measure particulate contamination in
- MIL-H-5606 hydraulic fluid, but has the following deficiencies:

1) Insensitive to large particles.
2) Instrument calibration changes with time.
3) Low flow rate through sensor.

c. Both Micro-Scan 2 and HIAC PC 120 appear to be affected
by electronic emission, and are sensitive to mechanical vibration.

d. There is need to learn more about particle generation
in hydraulic systems and to learn more about the effects of contami-
nation on system wear. i

l 3.2 ALUMINUM OXIDE HYGROMETERS

i a. Because of its interaction with chlorinated solvents, water
[ in aircraft hydraulic systems is becoming an increasing problem. This
is true for the P3 aircraft now, and may extend to other aircraft.
If it does, there will be need for a ready means of detecting, measur-
[ ing and removing excess water from aircraft hydraulic fluid.

b. Current aluminum oxide hygrometers are not suitable for
measuring water content of MIL-H-5606 hydraulic fluid for the follow- |
ing reasons:

A

| 1) The meaning of the meter reading changes with time.
2) Speed of the response of the sensor makes it unsuitable for ;

: {in=-1ine monitoring.

| 3) Henry's Law constant of the hydraulic fluid changes for diff-

‘ erent fluid sources.
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3.3. CALIBRATION OF IN-LINE CONTAMINATION MONTTORS .

a. The method of calibration which requires a circulating
loop and the addition of a known weight of contaminant to the fluid
in the loop gave satisfactory results with both the Millipore Micro-
Scan and the HIAC PC 120. It is more appropriate for laboratory
calibration than it is for field calibration, however.

3.4. FIELD SIMULATOR

a. Test of the contamination monitor with actual aircraft is
adequate, but the design could be improved. A study of the effects
of turbulent versus non-turbulent flow would be helpful for estab-
lishing design parameters for the sampling section.

3.5. PROCUREMENT SPECIFICATION.

a. Specification tests and reliability and maintainability
design parameters are based on best judgement and have been selected
from requirements of reasonably similar equipments. A particulate
contamination monitor is a unique equipment, not falling into any
existing category.
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4. RECOMMENDATIONS.

G ——————

4.1. IN-LINE PARTICULATE CONTAMINATION MONITORS

a. Continue the development of contamination monitoring
equipment to remedy deficiencies in existing equipment.

b. Study particle generation in aircraft hydraulic systems,
its sources and the effects on component wear.

4.2. ALUMINUM OXIDE HYGROMETERS

a. Maintain close liaison with NARF Alameda and NAVAIR to
keep updated on extent of problem with chlorinated solvents and
need for support equipment to detect and measure water content in

hydraulic fluid and to recondition the fluid.

b. Encourage the correction of deficiencies in present methods
of measuring water in hydraulic fluid.

4.3. CALIBRATION OF IN-LINE CONTAMINATION MONITORS

a. Develop a method of field calibration of whichever con-
tamination monitor is selected for procurement.

4.4, FIELD SIMULATOR

{ a. Study the effect of turbulent versus non-turbulent flow on ;
the performance of in-line contamination monitors.

b. Improve the design of the sampling section of the contami-
nation monitor.

4.5. PROCUREMENT SPECIFICATION

a. Verify validity of tests specified in procurement specifica-
tion, and in reliability and maintainability design parameters.
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8.  REPORT TEXT

8.1 Introduction The objective of this study is to define the
requirements for an in-line contamination monitoring device for
aircraft hydraulic systems to be used with existing ground support

equipment (GSE). In support of this objective various tasks were
performed.

8.F.1 Supporting tasks Supporting tasks include the following:
(1) Laboratory test of various contamination monitoring devices,
such as:

(a) Microscan 1

(b) Microscan 2

(c) HIAC, PC 120

(d) Panametrics Hygrometer, Model 2000
(e) VeeKay Hygrometer, Model VK 36

(2) Construct a field simulator, using GFE aircraft parts, for
simulating flow demand requirements for an aircraft hydraulic
test cart, AHT-64.

(3) Using the field simulator conduct field test of selected
contamination monitoring devices to assist in the definition
of system requirements of these units.

(4) Prepare a procurement specification for an in-line contamina-
tion monitoring unit to be used with present GSE to measure the
cleanliness of aircraft hydraulic systems.

8.2 Background
8.2.1 Previous work Reference (a) reports the results of field

test of an in-line contamination monitoring device installed on an
AHT 64, Aircraft Hydraulic Test Cart. Field test was conducted at
NAS, Patuxent River, Maryland and at NAS, Cecil Field, Florida.
Testing at Patuxent River was with several types of aircraft.
Testing as NAS, Cecil Field, was limited to A7E aircraft. Patuxent
River testing was conducted first to insure that no unforeseen oper-
ational problems existed with the modified AHT 64. This testing was
conducted by Service Test Division personnel under controlled
conditions, and test results were verified by both Service Test
Division and by laboratory test of field samples of hydraulic fluid
at Villanova University. Testing at NAS, Cecil Field was under
normal operating conditions of Squadron VA 37 and served a dual
purpose., It tested the behavior of the contamination monitoring unit
under field conditions, and checked how the condition of hydraulic
fluld In an alrcraft system varied over a six month period. Field
test results were again verified by laboratory test of field samples
at Villanova University. The contamination monitoring unit used in
these tests was a Micro-Scan Continuous Contamination Monitor manu-
factured by Millipore Corporation, Bedford, Massachusetts. This

unit will subsequently be referred to as Micro-Scan 1.

[~
7

9
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815d o2 Results of previous work Micro-Scan 1 measures particu-
late contamination by measuring the change in capacitance of a fluid
asit flows through a restricted orifice. The change of capacitance

is due to both the volume and nature of the contaminant present in the
fluid. The results of previous test of this unit at Villanova Univer-
sity were reported in reference (b). The testing reported in reference
(a) showed that in-line contamination monitoring was practical, and
imposed no unexpected operating problems for aircraft maintenance
personnel. Micro-Scan 1 was capable of performing its function with-
out excessive maintenance, and did measure particulate contamination.
In the measurement of particulates there were some anomalies in the

data which could not be satisfactorily explained. Certain conjec . s
were possible, however. Laboratory testing had to be done on fluia
samples taken from the hydraulic system, and the danger of contamina-

tion of such samples inadvertently is well known. Further, since
Micro-Scan was sampling on-line, there was always the possibility

that the distribution of contaminant throughout the system was not
homogeneous so that the fluid sample for laboratory test, and what
Micro-Scan 1 was seeing were not necessarily the same. The next step
in the cycle was to develop a procurement specification for an in-line
contamination monitor, taking into consideration what had been learned
in these previous studies and allowing for new developments in the
field of particulate measurement, and exploring what further capability
could be introduced into the contamination measurement system.

8.3 Present Work

8.3.1 Early planning The current contract was received early in
January, 1975. The early stages of work consisted of planning the
testing and putting the test facility in order. John Kahrnak at the
U.S. Army Mobility Command, Fort Belvoir, Va. was contacted for back-
ground material on what the Army had done about in-line contamination
monitors, and John Zweers of HIAC was contacted to learn more about
their latest development in contamination monitors, the PC 120. These
contacts were most helpful in determining the future course of our
effort.

After talking to Kahrnak and Zweers, it became evident that
HIAC had an instrument which could be used as an in~line contamination
monitor as well as Microscan, although a different parameter was being
measured. It was readily available, could be set alongside the Micro-
scan, and they could be used to check each other. Accordingly, a
HIAC PC 120 was procured with a 4-120 micron sensor.

The fenny which had been modified for use at NAS Cecil was
put back into its original configuration since it had been decided
to keep the contamination monitor a separate unit which might be used
with any jenny. The considerations of the laboratory test loop for
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additional testing were also considered, and it was decided to use
the loop which had been used for previous laboratory tests, but to
arrange to tap that loop from one of the quick disconnect fittings
which were available on it. Flow to the contamination monitors would
be assured by throttiing the main loop flow downstream of the tap to
the monitor loop flow. Preliminary testing of Microscan showed it to
be sensitive to flow rate, and it was decided to install a flowmeter
in the monitor loop to insure steady flow conditions. An existing
flowmeter was modified for this purpose by constructing a new float
which permitted a maximum flow in excess of 1.0 gpm,

8.3.2., Preliminary testing The HIAC PC 120 was received on

March 5, 1975 and it was decided to install both it and the Micro-
scan in series in the monitor loop. Since the two units had different
flow requirements, a by-pass of the HIAC sensor had to be provided,
and since special piping arrangements had to be made, provisions were
also provided for backflushing the HIAC sensor, and for calibrating
the sensor using premeasured test samples of fluid which could be
procured from HIAC. Initial testing of Microscan and HIAC PC 120
showed a lack of sensitivity in the Microscan unit to AC fine test
dust. This was the same experience noted in previous laboratory test-
ing. Other contaminants were considered for lab testing, but in view
of ANSI acceptance of AC fine test dust for its specification on the
calibration of particle counters, it was felt that the Navy should use
the same standard. About this time Millipore advised that it was
developing a more sensitive version of Microscan which would have
better capability in detecting ACFTD. This was expected to be avail-
able in September, 1975, and so further test of the contamination
monitors was shelved at this point, and more emphasis was put on water
measurement and the development of an aircraft hydraulic system simu-
lation device for use in field test with the jenny which was available.

8.3.3. Test of Aluminum Oxide Hygrometers In the testing at NAS
Cecil, one of the causes of erratic data was believed to be water in

the hydraulic fluid. The Microscan sensor is very sensitive to the
presence of free water. Also, water is one of the contaminants present
in hydraulic fluid which should be measured. The only reliable way

now available to measure total water content of hydraulic fluid is

the Karl Fischer Method, ASTM test method D1744-64. This is a lab-
oratory type procedure and of no use for field testing. The alumi-

num oxlde hygrometer is a possible candidate for field test of water.

It is made by two companies; one is Panametrics, a division of Esterline-
Angus, and the second is VeeKay, Ltd. Both use the same type of sensor,
but their output displays vary.

The Panametrics hygrometer is also,used by the Navy for
measuring the water present in Nitrogen gas in aviator's breathing
systems. One of these units was borrowed from NAEC, and its capabil-
ity tested in the laboratory and compared with Karl Fischer measurements.

S S
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The NAEC Panametrics hygrometer was received on May 5, 1975
and subjected to test. It was returned to NAEC in July, 1975. Arrange-
ments were also made to borrow a VeeKay hygrometer from the local
representative, Mr. Scott Hazel, and test it under similar conditions
to those of the Panametrics hygrometer. The VeeKay hygrometer was
tested from July 29 to 31, and returned to Mr. Hazel on August 6.

8.3.4. Construction of hydraulic system simulator During the summer
months of 1975 work continued on the design and construction of the
aircraft hydraulic system simulator. It was built from spare hydraulic
system parts provided by the NAEC. The simulator was completed and
used for the first time on September 19. Considerable trouble had been
experienced with operating the ground test cart. The blower drive

belt was a continuing source of trouble, and several belts had to be
procured. The belt had a tendency to slip off the pulley. When this
occurred the belt stretched on one side and couldnot be used again.
Eventually this difficulty was overcome.

8.3.5. Specification development A rough draft of the procurement
specification for the contamination monitor was completed in late
October, 1975. Several meetings with NAEC were held to discuss

various aspects of the procurement specification. One was on

December 15, 1975, another on August 7, 1975, and a third on Febru-~

ary 22, 1976. The next specification revision was put out on April 30.
1976.

8.3.6. Test of In-line Contamination Monitors Although the new
contamination monitor from Millipore, Microscan 3, was expected in
September, 1975, it did not arrive until January, 1976. After its
receipt, testing of the new unit with the HIAC was accelerated. This
testing phase culminated with field test of both units at NAF War-
minster on May 3 and 4.

8.4. Testing of In-line Contamination Monitors Testing of
Micro~Scan 2 and the HIAC PC 120 for sensitivity to contamination
began after receipt of Micro-Scan 2 on January 5, 1976. Prior to
this time Micro-Scan 1 had been subjected to various tests to check
variation of meter reading with flow rate and temperature. It was
found that both contemination monitors have a meter output which
varles with flow rate. Variation of meter output with temperatures
in the range of 90°-130° did not occur. Because of the sensitivity
of flow rate a flowmeter was installed in series with Micro-Scan.
The HIAC was dellvered with a flowmeter.

The test set-up for this testing is shown in Figure 1 and
Photo 1. The Micro-Scan 2 and HIAC PC 120 were installed in series.
Because of the disparity of flow rates of the two instruments, Micro-
Scan 2 18 0.3 gallons per minute and the HIAC sensor is 30 milliliters
per minute, a by=-pass was provided for the HIAC sensor The special
plumbing for the HIAC sensor allowed not only for bypass flow, but
also back-flushing, and calibration flow as shown in Fig.2 and Photo 2.

L _ '
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Back-flushing provisions are necessary to clear the sensor
orifice should flow be restricted by a large particle. The normal
method of calibrating the HIAC sensor is by flowing hydraulic fluid
with a known particle count through the HIAC sensor and recording
particle count and potentiometer setting. The calibration procedure
is discussed in more detail elsewhere in this report. The calibration
chart for the HIAC is shown in Figure 3.

The test loop pump was an Eastern Industries Model 2J34E,
a two stage centrifugal pump Style CZZCAT, serial number CB-0792.
It was driven by an electric motor Type 40000Z MP, 115/230 volts,
12/6 amperes, 1 horsepower, 3450 RPM. A centrifugal pump was used be-
cause of the requirements of Micro-Scan. The centrifugal pump is free
of pressure fluctuations which might affect contamination meter readings,
In addition a small accumlator was installed upstream of Micro-Scan to
smooth out the flow even more. Details of Micro-Scan 2 and HIAC PC 120
are given in the following paragraphs.

8.4.1 Micro-Scan Continuous Contamination Monitor Micro-Scan is
made by Millipore Corporation, Bedford, Mass., 01730. Micro-Scan is
designed for the determination of particulate contamination and free
water in both hydraulic fluids and fuels. The basic principle of op-
cration is the measurement of the capacitance change of a fluid flow-
ing through a restricted orifice. Particulates and free water in the
fluid cause this capacitance change. The amount of the capacitance
change is proportional to the volume of the contaminant. This change
is translated into a voltage pulse of fixed duration and height. The
resultant pulse train is processed through a series of amplifiers to
yield a measure of the contaminant level on a meter. The meter can be
set to a predetermined threshold value; and, if this level is excecded,
a warning alarm 1is activated.

There are two variations of Micro-Scan. NMicro-Scan 1 (Photo 3)
was designed to be used for monitoring aviation fuel. It continuously
samples the main stream flow at a ratc of 1.3 pallons per minute and
requires a 20 psi pressure drop. This unit was modified for use with
hydraulic fluld to have a smaller gap between capacitor plates, and
it is finer tuned electronically to increase its sensitiviity. Flow
rate of the modified unit is 0.9 gallons per minute and requires a
25 psi pressure drop. Micro-Scan 2 (Photos 4 and 5) is a redesigned
unit of lighter weight, small size, simplified construction and re-
quires 0.3 gallons per minute flow with a pressure drop of 50 psi.
Principal specifications are shown (n Table 1.

Output of both models is a meter and paper tape recorder if
desired. The meter scale is graduated (rom 0-100 and has two ranges
0-100 and 0-10. Both models have warning lights for ''No Power'',

"No Flow" and contamination in excess of pre-set value. These warn-
ing systems can be used to control other electrical equlpment.
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MICRO-SCAN SPECIFICATIONS

Overall dimensions

Weight
Sampling flow rate
Pressure drop

Operating voltage

Operating current

Temperature range

Sensitivity - by weight

NAEC- G31D=105

PAGE 20
—' |
i
1
1 2
14 3/4 in,. 7 dni.
1177 SAS hale 10 in.
10 L/4 dn. 14 .4n.
78 lbs. 12 1bs.
1.3 029 0.3 gpm
20 25 50 psi
110 Vv 12 VDC 110 v
60 Hz 60 Hz or
12 VDC

.25 Amp - -
-20° to +50° (all models)

0.1 mg/gal solids (Note 1)
0.01 ppm (entrained water) (Note 1)

Note 1 - These are specifications for Model 1 from handbook and are
dependent upon electrical characteristics of contaminant.
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8.4.2  Model PC~120 Contamination Monitor The Model PC-120
Contamination Monitor (Photo 6) is made by the HIAC Division, Pacific
Scientific Company, PO Box 3007, 4719 West Brooks Street, Montclair,

California 91763.

It is a single channel particle counter with an adjustable
particle size threshold and a continuous analog output proportional
to particles per second through the sensor. Outputs can be used for
analog meter display, strip chart recorder, automated data acquisi-
tion system, and the alarm system (panel light or remote device.) The
automatic alarm circuit signals when upper or lower pre-set concentra-
tion limits have been exceeded.

Input may be from the standard HIAC "CM" sensor powered by
the PC-120 or by other HIAC counters. Sensors are rated to 3000 psi
and 200°F. They may be located as far as 1000 feet from the PC-120.
No adjustment is required for varying colors of liquids. Selection
of particle size sensitivity is directly dialed on a potentiometer
located behind the front face of the unit.

Output analog meter display has four size ranges: 0-100,
0-300, 0-1000, and 0-3000 particles per second. Flow rate through
the sensor is dependent upon the sensor size. For this application
the 4-120 micrometer sensor was used and the flow rate chosen was
30 milliliters per minute. There is a saturation limit to the unit
which will be discussed later. !

The principle of operation of the HIAC PC-120 with sensor is
to electronically measure the amount of light blockage which occurs
when a particle passes between a light source and a phototube. The
fluid passage chamber is so small that particles flow through one by
one, Light is collimated by the long, tunnel-shaped window into a
parallel beam through the chamber window. Whenever a foreign particle
passes by the window, a fraction of the light beam is interrupted.
This causes a momentary reduction in the output signal from the photo-
tube which is proportional to the size (projected area) of the par:icle
passing through the light beam. This signal change is then sent to
the counter sensitivity control which has been preset to a specific
threshold limit,

.

The PC-120 without sensor weighs approximately 20 pounds and
is 6" x 8" x 14" (n size. 1Its power requirements are 100-240 VAC,
50-60 Hz.

8.4.3. Test Procedure and Results On January 6, 1976 Micro-Scan 2

and the HIAC PC 120 were connected in series as shown in Figure 1.

Flow through each sensor was at the recommended rate: 0.3 gpm for
Micro=Scan 2 and 30 ml/min for the PC 120. The PC 120 sensor by-pass
valve was adjusted to regulate flow through its sensor. Flow to Micro-
Scan 2 was regulated by throttling the main loop flow so that there was

4
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a pressure differential between ‘the monitoring loop inlet and outlet.
The main loop flow was filtered through existing Micro-Tube filters
until a minimum reading was obtained on the Micro-Scan meter. This
was used as a base level of cleanliness.

AC fine test dust (ACFTD) was added to the main loop reservoir
and agitated with an electric stirrer. When Micro-Scan meter readings
stabilized, meter reading of both Microscan and PC 120 were recorded.
Gravimetric samples and samples for PIMC analysis were taken from a
sample tap in the main test loop. The results of these measurements
are shown in Table 2.

Gravimetric analysis, although it does not accurately reflect
the dirt added, still shows that the fluid at the beginning of test
was excessively dirty. This was further borne out by PIMC and PC 120
particle counts. It appears that the contamination level of the
hydraulic fluid at the start of test was in excess of 10 milligrams
per liter. Class 5 cleanliness is in the 1 to 3 mg/l range.

As dirt was added to the test loop the Micro-Scan meter ad-
vanced as shown in Figure 4. Agreement between HIAC and PIMC readings
is as shown in Figure 5. The HIAC and PIMC particle counts confirm
the gravimetric measurements. It should be noted that a lower limit
of sensitivity of 13 micrometers was chosen to avoid reaching a satura-
tion limit of the HIAC counter which occurs at a concentration value

! of about 2600 particles per milliliter.

Although there appears to be good agreement between HIAC
and PIMC readings at the greater than 10 micrometer level, at 25 mi-
crometers and above, HIAC readings are much lower than PIMC particle
counts. The HIAC meter reads counts per second. At a flow of 30 ml/
min it takes 2 seconds for 1 ml to pass the sensor. Readings in
Table 2 have been corrected to counts/ml for comparison with PIMC counts.

Because of the high level of background contamination at the
start of test it was decided to repeat the testing, taking care to

1
eliminate the problems encountered. Changes in test procedure include
the following: E
a. Substitute a three stage centrifugal pump in the 1
main test loop to insure turbulent flow conditions.
E

The 3 stage pump is an Eastern Industries, Hamden, Conn.
Model 3J-34E, Type 107-2, Style CZZIBATJT, Serial CI 3-003,
driven by a 1 HP, 115 Volt AC motor at 3450 RPM.

b. Replace micronic filters in the main hydraulic loop to
insure system cleanliness.
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c. Install a pre-filter upstream of the Micro-tube filters
to remove greater than 10 micrometer particles and reduce the amount
of contaminant reaching the Micro-tube filters.

d. Use the present two stage centrifugal pump for circulating
fluid through the Micro-Scan and HIAC sensors.

e. Provide a sample tap for PIMC and gravimetric samples just
upstream of Micro-Scan 2.

A line diagram of the test loop incorporating the above changes
is shown in Figure 6.

During the testing of January 5 and 6 it seemed that the
HIAC count was influenced by the degree of by-pass around the HIAC
sensor. To check this further tests were conducted. The HIAC sensi-
tivity was set to measure particles greater than 10 micrometers, and
the following counts recorded: particle count - 1025 cps, by-pass
closed, HIAC flow - 30 ml/min, total flow - 30 ml/min; particle count -
950 cps, by-pass open, HIAC flow - 30 ml/min, total flow - 0.3 gpm.
The difference does not appear to be significant.

Testing was repeated on February 9 and March 4 using the modi-
fied test loop. Test results are listed in Tables 3 and 4. Because
of the tendency of both sensors to experience flow blockage from
particles which would not pass through, it became evident that a better
method of back-flushing was needed so a four way valve was obtained and
installed as shown in Figure 7 and Photo 7. This test arrangement was
used for test at NAF, Warminster, Pa. and for laboratory test on May 12.
The testing at NAF, Warminster will be discussed later. Test results
of the May 12 testing are shown in Table 5.

o Srdy

e O

8.4.4. Discussicn and Analysis The testing of 2/9, 3/4, and 5/12 was
to check the accuracy and repeatability of measurement of Micro-Scan 2
and HIAC PC 120.

-
oy

T

8.4.4.1. Comparison of HIAC and PIMC Particle Counts Agreement between
HIAC and PIMC readings on 1/9 for particulates greater than 10 micro-
meters in size appeared reasonably good. A check on this particle

slze on 2/9 and 3/4 {s shown in Figure 8. There is some deviation at
contaminant concentrations exceeding 400 counts per milliliter, and

the Initial slopes of the curves appear to vary somewhat, but in the
Class 5 cleanliness range the agreement is good. The data of 5/12,
however, shows wide disagreement between HIAC and PIMC counts. This

{s shown in Figure 9. The HIAC count appear< to be excessively high
and the slope of the line through the data peints is 0.5. For agreement
between the two counts the slope should be 1.0. This agreement was
further checked at greater than 6 and 15 micrometers respectively, and
{# shown In Figures 10 and 11. The greater than 6 micrometer counts
are well Into the saturation level for HIAC and are of little value for
comparison. The greater than 15 micrometer data shows closer agreement,
but the slope of the line approximating the data points has a slope of

» J
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.225 which is very much less than the desired 1.0.

8.4.4.2. Comparison of HIAC and PIMC particle counts with Contamination
Level in mllllgrami_ptr liter. Figures 12, 13, and 14 show particle
counts pluttcd against contamination level for particle sizes greater
than 5, 10, and 15 micrometers. In Figure 12 only the PIMC count is
shown because the PC 120 could not count that small a particle. For
comparisoa a standard distribution count is also plotted to show what
the slope shwould be. Data for the standard distribution is from Table 3
of reference C. The fact that the actual count started at greater than
2000 particles shows that the Micro-tube filter was unable to clean the
test loop below this level. What is important is the slope of the
curve. The slope should be 517 particles per mg/l. The actual slope
was 1000. This indicates a greater ingestion of contaminant than
planned if the counts are accurate and the contaminant used had the
desired distribution. Figures 13 and 14 show counts for greater than

10 and 15 micrometers. HIAC counts, although high, show slopes which
are close to the standard distributions. The PIMC counts, on the other
hand, although closer to the expected count, show a definite change of
slope in the vicinity of 2.5 to 3.0 mg/l. The reason for this change

of slope is not known. The contaminant which was added to the test loop
reservoir was pre-mixed in one concentrated solution, and added in
measured quantities to achieve the desired level of contamination.
Between times for measuring volumes for adding to the test loop, the
concentrated contamination mixture was continually agitated. 1In the
5/12 test the only other difference in test procedure was that HIAC

and Micro-Scan were in parallel instead of in series in the contamiantion
monitoring loop. Figure 15 shows PIMC particle count against contamina-
tion level for particles greater than 5, 10, and 25 micrometers. The
fact that initial contamination level was not absolutely clean will be
reflected in a count level vertically displaced from the standard dis-
tribution level. This was not taken into account for the 10 and 25

size levels, but 1000 was added to the 5 micrometer count to bring the
standard distribution up closer the the actual particle counts. The
aberrations of the 5/12 particle counts are evident in this portrayal

as well as that seen previously, but no additional light is shed on the
reason why.

8.4.4.3. Comparison of Micro-Scan meter readings with PIMC count and
Contamination Level in milligrams per liter. Figure 16 compares
Mi{cro-Scan meter reading with PIMC count for particles greater than

10 micrometers. The data of 2/9, 3/4, and 5/12 are plotted on the same
chart with the Class 5 cleanliness level also shown. It appears that
two different sensitivity curves result. On 2/9 Micro-Scan was much
more sensditive than it was on the other two dates. It seems that the
electronics of Micro-Scan are susceptible to detuning with time. This
characteri{stic {s also apparent in the plot of Micro-Scan meter reading
against contamination level {n mg/l which is shown in Figure 17. Pre-
vious testing of Micro-Scan, references a and b, are shown in Figure 18
with present test results superimposed. In reference b, the sensitivi-
ty of Micro=Scan 1 was shown for two different contaminants. The
sengitivity to ACFTD was shown to be very much less than the sensitivity
to iron oxlde. Reference a described testing of Micro-Scan 1 at both
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NAS, Patuxent River, Maryland and NAS, Cecil Field, Florida. The -1 ;
sensitivities at these two sites were different when exposed to actual 4
service type contaminants. Now we have the results of this most recent
testing of Micro-Scan 2 with ACFTD and have found two different levels
of sensitivity which appear to match somewhat closely the Patuxent and
Cecil results. It would appear that the performance of Micro-Scan as
measured by its sensitivity to ACFTD has improved markedly, but the
sensitivity is not constant.

8.4.4.4. Field Test of Micro-Scan 2 and HIAC PC 120 at NAF, Warminster,
Pa. oz May 3 and 4, 1976. The first use of the four way valve for
back-flushing was during field test at NAS, Warminster. The two stage
centrifugal pump was used to provide flow to the contamination monitors,
and they were paralleled for this testing. The testing procedure had
first been tried using the AHT 64 and field simulator at Villanova, and
no problems were encountered using the simulator.

On May 3 an AHT 63 was connected to the utility system of

1 CH-53A, BuNo 161590. The contamination monitors connected to the

{ return line from the aircraft to the ground test cart. The CH-53
has three separate hydraulic systems. Operating system pressure is
3000 psi. The only components connected to the utility system which
could be operated were the loading ramp doors. Flow in the return line
was less than 2 gpm. With a fluid temperature of 126°F and a sampling
pump pressure of 45 psig the following readings were obtained:

3 Micro-Scan 2 Flow - 1300 ml/min (.34 gpm) p
‘ Meter reading 26

HIAC PC-120 Flow - 30 ml/min

Counts/second - 100 greater than 6 micrometers

4 greater than 10 micrometers

The Micro-Scan and HIAC readings were not in accord. The
former indicated a much higher level of contamination than the latter.
The return line flow rate of 2 gpm was too low for meaningful results,
and so it was decided to test another aircraft.

On the afternoon of May 3 test of US-2B, BuNo 133054, began.
The US-2 has only one hydraulic system which operates at 1500 psi.
This was an aircraft which was undergoing routine maintenance, and
the contamination level was expected to be higher than that of the first
aircraft. Before testing could start several incidents occurred:

a. The hydraulic test cart reservoir overflowed

b. Alr got into both the aircraft and contamination monitor
systems. The source of the air was not known, but everything had to
be bled to remove It.

Testing for the day was suspended.
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On May 4 testing resumed on the US-2, and more incidents
occurred:

a. A section of the aircraft hydraulic system had been removed
for maintenance during the evening work shift, and the hydraulic lines
had not been capped. When pressure was applied to the aircraft system
a considerable quantity of hydraulic fluid had been lost, and had to be
replaced.

b. The HIAC sensor gave evidence of blockage. Back-flushing did
not clear the condition. The sensor was removed and blown out with
compressed air with no improvement. The lamp adjustment did clear the
condition and the warning light went out.

c. Just before lunch both the Micro-Scan and HIAC gave spurious
signals for no apparent cause. One possible explanation is that high
frequency emissions were affecting both electronic circuits. This might
also have been the cause of the high Micro-Scan reading of the previous
day.

After lunch, reasonably stable readings were obtained on both
instruments. By operating the bomb-bay doors, tail hook and flight
controls a flow of 3 to 7 gpm was obtained in the test cart return
line. Pump pressure in the monitoring loop limited the Micro-Scan flow
to 500-550 ml/min (0, 1%gpm). HIAC flow was 30 ml/min. Meter readings
and corresponding PIMC counts for typical readings are given in Table 6.

It appears that the aircraft hydraulic systems cleanliness was
somewhere around Class 5 cleanliness level. For Sample 1 Micro-Scan
gave an abnormally high reading. For Sample 2 the HIAC meter reading
was unsteady. Several times during test the Micro-Scan meter exceeded
the full scale reading of 100 for no apparent cause. It might have
been either air or electronic interference. It took about 1 1/2 minutes
for the results of an actuator movement to reach the monitor. The
bomb-bay door actuators appeared cleaner than either the tail-hook or
rudder actuators. This could be detected on the contamination monitors.
When hydraulic flow from the aircraft ceased, Micro-Scan readings would
decrease to a meter reading of 2 while the monitor loop flow recirculated.
Several times during test the sensitivity of the HIAC was set to measure
particles greater than 10 micrometers in size. A particle count of about
10 particles/ml was a typical reading.

The testing at NAF, Warminster showed that both contamination
monitors can be used to measure cleanliness in aircraft systems, but
there were several problems:

a. Adrcraft return line flow should be in the turbulent
range for representative sampling.

b. Both contamination monitors give erratic readings under
certain conditions, possible due to air or electronic interference.

¢, Micro=Scan 2 must have a pump of sufficient capacity to
provide design flow requirements regardless of return line pressure.
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d. Operating personnel should be more familiar with the
ground hydraulic test carc.

e. The hydraulic hoses and pump of the contamination moni-

toring unit should be designed so that they are readily transportable

and store easily so that they are not a hazard to maintenance
personnel.

o m——
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8.4.5. CONCLUSIONS.

a. Micro-Scan 2 does measure particulate contamination in
MIL-H-5606 hydraulic fluid, but has the following deficiencies:

(1) Insensitive to particles less than 10 micrometers in
size.

(2) Instrument calibration changes with time. i’
(3) Sensor is sensitive to pump pulsations and must be

isolated.

b. The HIAC PC 120 does measure particulate contamination
in MIL-H-5606 Hydraulic fluid, but has the following deficiencies:

(1) Insensitive to large particles.
(a) Instrument calibration changes with time.
(3) Low flow rate through sensor.

c. Both Micro-Scan and HIAC PC 120 appear to be affected by
electronic emission, and are sensitive to mechanical vibration.

d. There is need to learn more about particle generation in
hydraulic systems and to learn more about the effects of contamination
on system wear.

8.4.6. RECOMMENDATIONS.

a. Continue the development of contamination monitoring
equipment to remedy deficiencies in existing equipment.

b. Study particle generation in aircraft hydraulic systems,
its sources and the effects on component wear.

T —————
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B.5. TEST OF ALUMINUM OXIDE HYGROMETERS

8.5.1. Hygrometers - General! The quantity of water in petrojeum
products is customarily measuared by the Karl Fischer method (ASTM
procedure D 1744-64). This is a laboratory method of determining

4 the total water content. It is highly desirable to find a simpler
method which might be used at the flight-line level of maintenance to
, determine water content in MIL-H-5606B aircraft hydraulic fluid. One
| possible approach to this is the use of a hygrometer similar to Pana-
metrics Model 2000 or VeeKay Model VK-36 for measuring water content.
% Both of these make use of a sensor which consists of an aluminum strip

which has been anodized by a special process to provide a porous oxide
layer. A very thin coating of gold is evaporated over this structure.
The aluminum base and the gold layer form the two electrodes of an
-aluminum oxide capacitor which provides a measure which can be related
‘to vapor pressure and dissolved water content in an organic liquid.

i This is not the same water content measured by the Karl Fischer reagent
method. The Karl Fischer method measures total water content which
includes both dissolved and free water content of the fluid. The
hygrometer measures only the former. This lesser capability is accept-
able for field use. Visual inspection will usually, reveal saturated
fluid. The hygrometer has the potential of measuring water content in
| excess of specification limits, but still unsaturated.

To determine the weight content of water within an organic
fluid Henry's Law must be applied. Henry's Law states that the mass
k| of gas dissolved by a given volume of solvent, at constant temperature, '3
is proportional to the pressure of gas with which it is in equilibrium.
The parts per million by weight of water in organic liquids is equal
to the partial pressure of water vapor times a constant. Thus, Henry's
Law constant must be computed separately for each fluid. It is the
saturation percent of water for the solvent in question divided by the
saturation vapor pressure of water at the temperature of measurement.
Once this constant is known, the weight percent of water in the organic
fluid is computed by multiplying this constant times the vapor pressure
of water measured by the probe.

8.5.2. DESCRIPTION OF EQUIPMENT, TEST PROCEDURE, AND RESULTS. o

| 8.5.2.1. Panametrics Model 2000 Tests were made on MIL-H-5606B +
| hydraulic fluid using a Panametrics Model 2000 hygrometer and M2 probe,

serial number 2114-H. Specifications for this hygrometer are given in
Table 7. A picture of the equipment is shown in Photo 8. The results
of the test are shown in Figure 19.

8.5.2.1.1. Test Procedure The Panametrics hygrometer was borrowed
from the Ground Support Equipment Division of the Naval Air Engineering
Center, and a calibratlon curve for the probe was not provided. To
correlate scale reading with the water content of the fluid, samples

of hydraulic fluid were prepared with various water contents. A

Karl Fischer type analysis was performed on each sample to determine
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the actual water content. Hygrometer readings were taken on the

same samples, and the resulting relationship found is plotted in
Figure 19. There were 23 data points covering a range of water con-
tents from 38 to 442 ppm. The Karl Fischer tests were reproducible

to within 2 ppm for the same sample. The relationship was linear,

and correlation was excellent. This testing was done about the middle
o~ June.

8.5.2.1.2 Determinat ion of Dew Point The calibration curve relates
meter reading to dew point. Since no calibration curve was provided,
it was decided to prepare a calibration curve using a fluid for which
the Henry's Law constant is known. Normal hexane was chosen for this
purpose. Twelve hexane samples of known water content, measured by

the Karl Fischer method, were also measured by the hygrometer. Knowing
Henry's Law constant and water content, the dew point was calculated.
The relationship is graphically portrayed on the nomogram shown in
Figure 20.

At this point the hygrometer was returned briefly to NAEC.
When it came back again to Villanova, the meter readings for the
previously prepared samples were significantly different. Readings
for July 9 are also shown on Figure 19. A meter reading of 3.0 meant
a water content of 250 ppm in mid-June, but only 93 ppm in early July.
No cause for this aberration was apparent. It vitiated the dew point
calculations of the preceding paragraph. Shortly after July 9, the
Panametrics hygrometer had to be returned to NAEC for other use which
precluded further testing. However, a VK-36 hygrometer made by VeeKay,
Ltd., became available for test. The VK-36 makes use of the same
principles for determining dissolved water as the Panametrics Model
2000.

8.5.2.2. VeeKay Hygrometer, Model VK-36 Specifications for the

VK-36 hygrometer are listed in Table 8. This hygrometer had Probe

No. 74085. A calibration curve for this probe is sown in Figure 21.

A plcture of the hygrometer is shown in Photo 9. Both hygrometers

had been used for water measurements on July 9 before a meter failure
on the VeeKay hygrometer prevented further measurements. A comparison
of readings of the two instruments are shown in Figure 22. The Pana-
metrics hygrometer has a pointer and scale for measuring, while the
VK-36 has a digital readout. The scale readings only have meaning

when calibrated against dew point or the partial pressure eof water.

On July 28 testing was resumed on the VK-36 hygrometer after repair of
the digital output meter. The results are shown in Figure 23. The
same shift of calibration noted for the Panametrics hygrometer was also
noted for the VK=-36.
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8.5.2.3. Effect of Temperature on Hygrometer Reading. Further test

of the VK-36 hygrometer was conducted. First, the effect of tempera-
ture on the hygrometer readings was measured. The hygrometer probe

was inserted in a three necked flask partially filled with MIL-H-

5606B hydraulic fluid with a water content of 204 ppm. A thermometer
was inserted through the second neck of the flask, and the third neck
was stoppered so that the fluid was not exposed to the atmosphere during
test. Tests were conducted on July 31 and August 5 with the results
shown in Figure 24. Once again the calibration changed between tests.

8.5.2.4. Variation of Henry's Law with Temperature Using the results
of testing on August 5 a Henry's Law ccnstant was calculated using

the nomogram, Figure 20. The results appear to be quite close to the
results obtained by taking saturation values from previous tests
conducted at Villanova and reported in Reference d. The constant was
obtained from the VK-36 measurements by taking the known quantity of
water in the fluid, 204 ppm, obtaining the dew point from the probe
calibracion curve and reading the constant using the left side of the
nomogram. The constant was obtained from reference d. data from the
saturation concentrations at known temperatures and using the right side
of the nomogram. The variation of Henry's Law constant with temperature
is shown in Figure 25.

8.5.2.5. Time Response of VK-36 Hygrometer. Another test made on the
VK-36 hygrometer was a measurement of the time it takes to get a final
reading. This is shown in Figure 26.

8.5.3. Discussion and Analysis The measurement of water content of
MIL-H-5606 hydraulic fluid did not appear to be a problem in a previous
study made by Villanova University, reference e. However, recent exper-
fence with the P3 aircraft, overhauled at NARF Alameda, has revealed
that water in combination with Freon, a solvent used in aircraft main-
tenance, appears to be the cause of excessive corrosion in the hydraulic
system of this aircraft. The extent to which this combination is
affecting other aircraft is under investigation by the Navy. Water is
also detrimental in that it can affect the additives which are present
in hydraulic fluid, can cause degradation of the fluid, and can be the
breeding ground for undesirable organisms. For these reasons the water
content of hydraulic fluid should be controlled; but first, it must be
measured.

The laboratory method of measuring water content is not readily
adaptable for fileld use. The aluminum oxide hygrometer appears to have
this potential although there exist some inherent problems. One of
these I8 the dependence of the aluminum oxide hygrometer on Henry's
L.aw which relates to the saturation concentration of water in hydraulic
fluld. A previous study, reference d, showed that the saturation
concentration of water in hydraulic fluid varied not only with temp-
erature, but also with the source of manufacture of the fluid. In
spite of this, the simplicity of operation of the aluminum oxide
hygrometer makes {t attractive for field use. This hygrometer only
haw to be immersed in the fluld being tested to obtain a meter reading

L 4
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which can be related to water content. Unfortunately, laboratory test

of the Panametrics and VeeKay hygrometers showed other failings, common
to both.

The major deficiencies of the aluminum oxide hygrometer revealed
by this testing are two. First, the inability of both instruments to
give consistent meter readings from day to day which is seen in Figures
19, 23, and 24 is a major drawback which must be corrected before any
practical use of them can be made. Second, the response time of both
instruments to a change in water content is excessive. For the VeeKay
instrument this is hown in Figure 26, but it was experienced with
both hygrometers. The Panametrics specification states that the in-
strument has a response time of less than 5 seconds for a 63 percent
step change in moisture content in either wet up ¢r dry down cycle.
This specification was not met.

The variation of hygrometer reading with temperature is a
lesser problem if the variation of the Henry's Law constant with
temperature can be determined. The variation of the water saturation
limit of hydraulic fluid which also affects the Henry's Law constant
is also a problem, but could be relieved by tighter fluid specifica-
tions.

8.5.4. CONCLUSIONS AND RECOMMENDATIONS.

8.5.4.1. Conclusions

a. Because of its interaction with chlorinated solvents, water
in alrcraft hydraulic systems is becoming an increasing problem. This
is true for the P3 aircraft now, and may extend to other aircraft.

If {t does, there will be need for a ready means of detecting, measuring
and removing excess water from aircraft hydraulic fluid.

b. Aluminum oxide hygrometers are not suitable for measuring
water content of MIL-H-5606 hydraulic fluid for the follwing reasons:

(1) The meaning of the meter reading changes with time.
(2) Speed of response of the sensor makes it unsuitable for
{in=11ine monitoring.

(3) Henry's Law constant of the hydraulic fluid changes for
different fluid sources.
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8.5.4.2. RECOMMENDATIONS

a. Maintain close liaison with NARF Alameda and NAVAIR to
keep updated on extent of problem with chlorinated solvents and need
for support equipment to detect and measure water content in hydraulic
fluid and to recondition the fluid.

b. Encourage the correction of deficiencies in present alum-
inum oxide hygrometers, and continue to look for other methods of
measuring water in hydraulic fluid.
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8.6.  CALIBRATION.

8.6.1. General Calibration is necessary to insure that equipment is
measuring E;Bsistontly each time it is used, and when compared with
other similar equipments. A satisfactory method of calibration is
necessary for an eifective quality control program. Until the last
few years in the science of particulate measurement there was little
accord between individual researchers for lack of an agreed upon
standard. Recently, nowever, progress has been made by the American 3
National Standards Institute in publishing a standard method for the
calibration of liruid automatic particle counters using "AC" fine test 4
dust, reference ¢. This was further extended to microscopic type auto- S
matic particle counters, and in a 'round robin" type test involving
both type of particle counters, use of the calibration procedures re- ,
sulted in agreement in count of common samples within 20 percent, 3
reference f, For the in-line contamination monitor being considered f :
in this study an additional problem is presented. -

Our present problem is two-fold. First, the desired output ;
of the in-line contamination monitor is a simple indication of "clean" k|
or "dirty", and is not a particle count. Second, the instrument which
might be used for measuring cleanliness is not necessarily a particle
counter. It might be an instrument similar to the Millipore Micro-

Scan which is not a particle counter. The Navy standard for acceptable
cleanliness is based on allowable number of particulates in the range
of 5 micrometers and greater, but the present test method for field

use requires no count, only a color comparison with a given standard.

The two equipments tested for suitability as in-line contam-
ination monitcrs are good examples of the two different methods of
measuring fluid cleanliness. The HIAC PC 120 is a particle counter,
and the Millipore Micro-Scan is not. Any procedures developed for
calibrating these instruments should be adaptable both for field cal-
fbration and for measuring conformance to specification requirements
for procurement.

8.6.2. Calibration Procedures Several calibration procedures were
tried. First, the HIAC particle counter was calibrated using the
manufacturer's recommended procedure. HIAC provides fluid with a known
particle count which can be passed through the sensor and meter read- ] ;
Ings recorded for given sensitivity settings. This method is not
applicavie to the Millipore Micro-Scan. For the latter, a gravimetric
method of measurement is more appropriate. Two gravimetric methods
were tried. One method uses matched weight filters and measures the
welght change for a given volume of fluid passing through. In the
second method, the meter reading is noted for different contamination
levels of the fluld and the results plotted to show the sensitivity of
the Instrument to known changes of contamination level. Since clean-

| fness 18 defined by particle count, fluid samples at each contamina-
tion level are also subjected to counting to insure that cleanliness
standards are satlsfied. This last method is applicable to either

type of contamination monitor and forms the basis for the requirement

4
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which was eventually incorporated into the procurement specification, b
Appendix A.

8.6.2.1. HIAC PC 120. The contractor's recommended procedure for
calibrating particle counters had to be modified to meet the unique
requirement of the PC 120 which is an analogue type particle counter.
The conventional particle counter counts the total number of particles
of a given size in a specific volume of fluid. The analogue type
counter measures the rate of counting, in this case, particles per
second. For the analogue counter the flow rate must be controlled.
This was accomplished by putting the test fluid with the known particle
count into a pressure chamber, pressurizing the chamber using a minimum
of 40 psig to force the fluid through the PC 120 sensor, and recording
the meter reading for different potentiometer settings. Photo 10

shows the pressure chamber and Figure 27 shows a cross-section of the
test set-up. A magnetic stirrer is used to agitate the fluid during
calibration. For this reason the base of the pressure chamber should
be non-magnetic in nature so that it does not interfere with the stir-
ring action. With a known flow rate through the sensor, the meter
reading of counts per second can be converted into particle count per
milliliter. Since the test fluid has a known particle count per milli-
liter for particular size particles, the potentiometer setting for a
given size partic'e can be determined. A typical calibration curve

is shown in Figure 28.

8.6.2.2. Millipore Micro-Scan. The Millipore Micro-Scan lends itself
more to gravimetiic methods of calibration. The usual technique for
gravimetric analysis is the matched weight filter. Two cellulose
filters of a given pore size are contained in a plastic holder. A
volume of fluid {s passed through the two filters and the increase in
weight of the top filter is measured and recorded. This gives the
weight of contaminant present in a specified volume of fluid, usually
milligrams per liter. The results of these measurements were not
precise as can be seen from the data in Tables 2, 3, and 4. For the
volumes used, the quantity of dirt was very small, and subsequent check
showed that the matched weight filters as received from the manu-
facturer and weight differences which were in excess of the weight of
contaminant.

Gravimetric measurement of contaminant cannot be related
directly to particle count except a specific contaminant which has
a known particulate distribution. "AC" fine test dust is such a
contaminant which makes it a aseful standard for testing. This is
one of the reasons that it is used by the American National Standards
Institute for its calibration procedures. Table 3 of reference €
1iats the particle size distribution for 1 mg/l of "AC" fine test dust.
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The next method considered for the calibration of the Milli-
pore Micro-Scan was to add a known weight of contaminant to the circu-
lating fluid in a test loop, and then pass a portion of this flow
through the Micro-Scan and record its meter readings for each contam-
ination level. A sample of fluid was drawn just upstream of Micro-
Scan for a particle count to verify the contamination level that the
sensor was experiencing. This last method gave satisfictory results,
and was also used for the HIAC PC 120, and was used as the basis for
contamination measurement in the procurement specification, Appendix A.

8.6.3. Conclusion The method of calibration which requires a test
loop and the addition of known weight of contaminant to the circulating
fluid in the test loop gave satisfactory results with both the Milli-
pore Micro~Scan and the HIAC PC 120. It is more appropriate for labor-
atory calibration than it is for field calibration of the instruments,
however.

8.6.4. Recommendation It is recommended that further study be given to
a method of field calibration of whichever contamination monitor is
selected for procurement.




LND-NAEC-5215/4A (REV,3=70) NAEC-G.. 11 =1C5
PLATE NO. 20404 PAGE 142

r g

8.7. CONSTRUCTION AND USE OF FIELD SIMULATOR. It was intended to

test the in-line contamination monitors under conditions which approached
service conditions as closely as possible. The purpose of such testing
was to discover any problems which simple laboratory test might overlook.
To accomplish this field testing, it was planned to use the AHT 64
hydraulic test cart which had previously been modified for use at NAS,
Patuxent River and NAS, Cecil Field, and to connect the cart to a field

simulator which would represent the aircraft hydraulic system.

8.7.1. MODIFICATION OF AHT 64 TEST CART. The AHT 64 test cart, as
used previously, had been modified to have Micro-Scan 1 connected
internally to the test cart return line. A pump was installed to pro-
vide flow to Micro-Scan 1. Power for Micro-Scan 1, the pump, and a
recorder was derived from the test cart batteries. Micro-Scan 1 had
been modified for this purpose. Since the concept of use had changed
since the previous testing, all of the installed equipment was removed
from the AHT 64 test cart. It was now the intent to keep the contamin-
ation monitor a separate unit, apart from the test cart and connect into
the test cart return line externally. As now envisaged, the in-line
contamination monitor was to consist of three units:

a. Sampling unit. This included the adapter for the test cart
return line, connectors and hoses for supply and return lines to the
contamination monitor, and a pump to provide the required flow volume.

b. Sensor unit. This unit is installed in hydraulic lines
and provides a signal to the analytical unit which is proportional
to the amount of contamination detected.

c. Analytical unit. This unit receives the signal from the
sensor and has the circuitry to transform that signal to a form which
can be displayed on an output meter.

8.7.2. CONSTRUCTION OF A FIELD SIMULATOR. To simulate the aircraft
hydraulic system a field simulator was constructed of excess aircraft
hydraulic parts. Photo 11 is a picture of the aircraft hydraulic system
simulator. Figure 29 is a schematic drawing of the unit. It consists
of two linear actuators controlled by an electrically operated four way
valve. Power for the valve was provided by the batteries of the AHT 64
test cart, and a timing switch was installed in the power line to the
valve so that the linear actuators could be electrically cycled. A
second hydraulic circuit included a rotary hydraulic motor with an
on-off valve, manually operated installed in the line. The rotary hy-
draul {¢c motor was coupled to a small DC generator to provide loading
for the motor. The AHT 64 provided hydraulic fluid flow to the simu-
lator, and return flow from the simulator was to the hydraulic test
cart. The adapter of the sampling unit of the in-line contamination
mon{tor was located between the return hose from the field simulator
and the AHT 64 return coupling. Photo 12 is a picture of the return
line sampling section.
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8.7.3. USE OF THE FIELD SIMULATOR. The field simulator functioned -

in a satisfactory manner, but did not provide a useful check of the
in-line contamination monitor. Approximately 7 to 9 gallons per minute
flow was provided to the field simulator, but it circulated very quick-
ly through the 3 micron filter of the AHT 64 so that the contamination
monitor was always looking at clean fluid, and the clean-up process
could not be observed. When the opportunity presented itself to
conduct tests with actual aircraft, use of the field simulator was
discontinued. The field simulator was very helpful in establishing

the requirements for the return line sampling section.

8.7.4. DESIGN OF THE CONTAMINATION MONITOR SAMPLING SECTION. The
contamination monitor sampling section has quick disconnect fittings

on either end so that it can be quickly connected to a ground hydraulic
test cart and the aircraft return line hose. These fittings are
AEROQUIP part numbers 145-S5-20D and 014519-S4-20D. A flowmeter is
provided to insure that adequate return flow is coming from the aircraft
to prevent recirculation of the monitored fluid. On either side of the
flowmeter 1/4 inch quick disconnect fittings are provided for hose
connections to and from the contamination monitor. The sampling section
functioned satisfactorily, but was constructed by assembling standard
"of f-the-shelf'" connectors. It is cumbersome and the design could be
simplified. Also, turbulent flow of the hydraulic fluid past the con-
tamination monitor inlet is required to insure that the flow to the
contamination monitor is representative of the return flow from the
alrcraft. Close attention should be paid to this aspect of design.

8.7.5. CONCLUSIONS.

a. Test of the contamination monitor with actual aircraft is
preferable to test using a field simulator.

b. The sampling section of the contamination monitor is ade-
quate, but the design could be improved. A study of the effects of
turbulent versul non-turbulent flow would be helpful for establish-
ing design parameters for the zampling section.

8.7.6. RECOMMENDATIONS.

a. Study the effects of turbulent versus non-turbulent flow
on the performance of in-line contamination monitors.

b. Improve the design of the sampling section of the contam-
ination monitor.
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Preparation of Procurement Specification |

could be used tor measuring particulate contamination in aircraft hydraulic
syvstems, none of them are ideally suited to the organizational maintenance
task of insuring system cleanliness. For this task the flight line mechan-
ic needs a reliable indicator which gives an uncomplicated measurement of
clean or dirty. It should be easy to use, consistent in its measurement ,
and sufficiently durable to withstand the rigors of normal usage. Finally,
the cost of the device should not be excessive. The testing which was

done under this contract was for the purpose of determining those charac-

teristics of a monitoring device which must be clearly defined in a procure-

ment specification if these objectives are to be achieved. A device like
this is electro-mechanical in nature, but is unique in that no equipments
exactly like this have ever been procured previously.

8.8.2 Work Accomplished -~ To prepare the procurement specifica-
tion, four conferences were held at the Naval Air Engineering Center.

a. On August 7, 1975 Messrs. P. Senholzi, D. Mayer, J. Merino,
., ott and J. Coyle met to discuss the general requirements of the specit-
ication., It was agreed to follow the general format of specification :
AV 4000, At a later date Purchase Description Number 27B for a Frequency
Changer was selected as a more appropriate format. MIL-T-21200 Class 2
wias chosen to be the guide for environmental requirements.

b. On December 15, 1975 the first draft of the specification
was reviewed, several changes were agreed upon, and incorporated into the
speclfication,

¢, On March 3, 1976 the maintainability and reliability portions
of the procurement specification were subjected to further review and
maintainablility and rellability design parameters were agreed upon, and
the environmental test specification was changed to MIL-STD-810. A second
draft of the specificatlon was prepared.

d. On June 14, 1976 the second draft of the specification was
reviewed, and with the agsistance of Mr. D. Mayer the specification took
final form. The final draft of the specification is Appendix A of this
report,

8.8.3 Discussfon = In their present form there {s strong doubt

that any of the equipments tested can meet the procurement specification
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requirements for a contamination monitor. Both the Micro-Scan 2 and the
HIAC PC 120 reveal performance shortcomings which must be overcome before
they are satisfactory. They must be packaged to meet the specification
requirements, and redesigned for the environmental test requirements.
Either instrument has a potential for fulfilling these requirements.
Because of the uniqueness of the contamination monitor some of the
specified requirements are only best estimates. Some lecway may be
possible, and actual test and usage will be necessary to confirm the

accuracy of these first requirements. An update of the specification

should be made after a reasonable period of service experience.

8.8.4 Conclusion - Specification tests and reliability and
maintainability design parameters are based on best judgement and have
been selected from requirements of reasonably similar equipments. A
contamination monitor is a unique equipment, not falling into any existing
category.

8.8.5 Recommendation - After a reasonable period of service
usage, vérify validity of tests specified in the procurement specification,

and in reliability and maintainability design parameters.
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TABLE 7

MCIFICATIUnS Fur PAVAL WTRICS HYGRCMETER

[02]
rre

»:0DEL 2000

RANGLES: Four ranges in a sequence of 1, 3,10, 30 units
full scale. Standard probe messuies dew point range of
+20%€ o -1167C.

ACCURACY: +17° or better, referred to full scale, on all
four ruanges.

POWER SUPPLY: AC - linc voltage 100; 115 or 220 volts
SO/60 Lz, less thon 1 watt. DC Nickel-Cadmium re-
cliargzable baticiy pack (s2e Options).

READABILITY: Better than 40.3% on all four ranges.
OPLERATING TEMPERATURE: -10°C 10 +559C.
STORAGE TEMPERATURE: -35°C 10 +75°C.

WARMUP TIMI: Less than 5 minutes.

CALIBRATION: Console clectranmes are sell culibrating by
a CALIBRATL switch and rear pancl potentiometer udjust-
ment. Probe calibiation curves are supplicd with each
SCNSOr.

INPUTS: Six probe input jucks sclectad by [ront pancl

switch.
SHOCK AND VIBRATION: Stundard Stlupping specifica-
tions.

RECORDER OUTPUT: 0-100 mv

DIMENSIONS: 13"W x 9-3/4"D x 9"H.

PANEL MOUNT CUT OUT DIMENSIONS: 14-1/2"W
X 11-1/27H.

SHIPPING PACKAGE: 15-3/8™W x 14D x 16" H.
WEIGHT: 6-3/4 pounds net (9 pounds full packed).

CONSTRUCTION: Aluminum Formed Case Panels. Unit is
designed for bench, pancl or portalle use.

FINISIE Black anodized aluminum with clear anodized rim.
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TARLE 7 (CONT.)

CALIBRATION: Fach sensor provided with individual
calibration curve.

DEW POINT RANGE: +20°C to-110°C (+70°F 10 -170°F).
Special high dew poimnt probe calibrated to 160°C offered.

OPERATING PRESSURE: Depends on Fitting.

M2 oo o s e Simticrons Of e to 75 psig
M22 ... ..., ... Smicronsol Hato 3000 psig
M320 . . . SG00psie max.

OPERATING TEMPERATURE: -110°C to +70°C.

STORAGE TEMPERATURE: Muximum ot +70°C.

FLOW RATE:  Guses. ... From Static to 5000 cm/sec
lincar velocity & 1 ati,

Liquids .. From Static to 5 cm/sec @

density of 1 ein/ec.

RESFONSE TIME: Less than 5 seconds for a 037 step

change i moisture content in erticr wet up or dry down

L')'k“C.
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SPECIFICATIONS FOR THE VK-36 HYGROMETER

2.1 ELECTRICAL

: I.  AC Power Supply: 100-, 110-, or 220-volts ac. S0 to 60 Hz.
i 20 watts at maximum output. Unit wired at
factory tor one of the above voltages.

2. Range: 0.0000099 to 150 mm Hg (-110°C to +60°C
Dew Point)
: 3. Accuracy: Electrical: better than *1 percent of input
2 signal.
H 4. Readability: Better than $0.35 percent of input signal.
5. Operating Temperature: -20°C to +60°C.
6. Storage Temperature: -559C to +75°C.
| 7. Warmup Time: Meets specified accuracy within 30 minutes
| of turn-on.
i '
' 8. Calibration Self-calibrating by means of internal calibra-

tion signals.

Intrinsic Safety: The Model VK-36 Hygrometer has becn
designed to meet the requirements of the
Underwriters Laboratories and the German
PTB specifications for an intrinsically safe
circuit with respect to the PROBE AND
CABLE ONLY in hazardous locations. This
design is intended to provide the capability ot
placing an active probe in Class 1. Groups A,
B, C. and D or PTB zones 0, I, and 2.

Transportation: Meets National Safety Transit type of test
when packaged as shipped from Veekay. Ltd.
One hour vibrations slightly in excess of | g.

Package Drop: 30 inches on any corner. edge,
or flat surface.

Altitude: 25.000 feet operating. S0.000 feet nonoper-
ating.

1 (. .
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TAELE 8 (CONT,

N ——————

P

Inputs: Maximum of six probes connected to barrier
strip at rear.

Signal Outputs: Continuous on all active points.

Temperature Measurement: Optional. Maximum of six channels. Tempera-
ture is displayed in ©C on digital panel meter

. AR

from -20°C to +60°C.
| 2.2 MECHANICAL
: Dimensions: 6 inches wide by 6 inches high by 23 inches
T deep (behind rack panel).
Weight: 25 pounds.
Construction: 0.090-inch-thick sheet steel case with alumi-

num front panel. Plug-in electronics chassis.

Finish: Black armorhyde case with grey front panel.

Shipping Package: 10% inches by 9% inches by 25-3/4 inches. 3
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T SCCFE - This specification covers the requirencnts for a port-
able hydraulic contawination monitor for both flight line and ship-
board use to measure particulate contamination in the return flow
from an aircraft tc a portable hydraulic stand,
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el The following specifications, standards, drawings, and pub-
liecaticns of the idssue in erffect on the date ¢f the invitation for
bids, form a vart of this specification tec the extent specified herein,

onflict with the tabu-
1 specification will

Dravings, Tngineering and issociated Lict

Lampholders, Indicator Lights, Indicator Light Housings,
and Indicator Light lenses, Gencral Siecifications for

Connector, Electric, AN Type
Wire, Electric, 600 Volt, Copper
Jire, Aircraft, Installation of

Testing, Environmental, Aircrart Electronic Equipment

Hydraulic Fluid, Petrcleun Base, Aircraft, Missile,
and Ordnance

Hydraulic Fluid, Petroleur. Base, for preservation
and Testing

Mctorsy, DC, 26 Volt System, Aircraft, General Speci-
ficaticn for

quality Frogranr Requirencents
Plate; Icentification Set or Grouy

Nomenclature and Identification for Electrcnic, Aero-

nautical, and Aeronauticsal Support Equivment Ine-
¢luding Grouna Supprort Zgui 'ment

Semiconductor Device, General wrecificaticn for

Tost Equiprent for Use with Electronic ond Electrical
Bquiprent, General Suecification for

ilose Assenvly Tetrafluorcethylene, High Temperature,
lledium Pressure

Mlerocircuity, Ceneral Sjpccificuticn for
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r-ﬁIL-C-45662 Calibration System Requireuents -1

R

MIL-H-83%282

STANDARDS

Federal
FED-STD-595
FED-STD-791

Military
MIL-STD=-130

MIL-STD-143
MIL-3TD-454

MIL-STD-461

Hydraulic Fluid, Fire Resistant, Synthetic Hydrc-
carbon Base, Aircraft

Colors for Ready Mixed fraints

Lubricants, Liquid Fuels, and Related Products;
Methods of Testing

Identification Marking of U.S. Military Property

Standards and Specifications, Order of Precedence
for the selection of

Standard General Requirenents for Electronic
Equipment

Electronagnetic Interference Characteristics,
Requirements for Equiprent

MIL-STD-462 Electromagnetic Interference Characteristics,
Measurements of

MIL=-STD=-470 Maintainability Program Requirements

MIL-STD=-471 Maintainability Demonstration

MIL-3TD-701 Preferred and Guidance List of Semiconductor Devices

MIL-STD-756 Reliability Prediction

MIL-STD-781 Reliability Test Exvonential Distribution

MIL-STD-785 Reliability Program for Systems and Equipment
Development and Production

MIL-STD=-810 Environmental Test Methods

MIL-STD-808 Finishes, Protective, and Codes, for Finishing
Schemes for Ground and Ground Support Equipment

MIL-STD=-831 Test Reports, Preparation of

MIL=-8TD=847 Format Requirements for Scientific and Technical
Reports prepared by or for the Departrment of Defense

MIL-3TD=-1562 List of Standard Microcircuits

MS=33656 Fitting End, Standard Dimensions for Flared Tube
Connection amd Gasket Seal

M8=3364¢9 Bosses, Standard Dimension for Gasket Seal Straight
Thread

Naval Adr Syeteps Copgand

NAVAIR=-01=1A=17 Aviation Hydraulics Manual

l-?AVAIR-lé-l-SZS Preferred Standard Test Equipment (Avionics) -3
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[Drawings |
Naval ee Center
NAEC GSED DWG. S5SE00363-3 Modification Plate
Other Publications
MIL-HDBK-472 Maintainability Prediction
MIL-HDBK-217B Reliability Predictiom of Electronic
Equipment
ANS1 B93.28-1973 Method for Calibration of Liquid Automatic

Particle Counters Using "AC" Fine Test Dust

¥hen requesting applicable documents, refer to both title and num=~
ber. Copies of document: may be obtained from the Commanding Of-
ficer, Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, Pennsylvania, 19120.

Caopies of the ABBI publication may be obtained from the American
National Standards Institute, 1430 Broadway, New York, New York,
10018,
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. REQUIREMENTS 1
3ol Inspection - The hydraulic contamination monitor

furnished shall be a product which has been tested in accordance
with the quality assurance provisions specified herein.

A Safety - The safety engineering criteria of
MIL-STD-454 Requirement 1, shall be incorporated into the design
of this contamination monitor,

Hel Design and Comstruction - The design and comstruc-
tion of the contamination monitor shall be in accordance with
MIL-T-21200, class 2 and the detail requirements specified herein.
All requirements of MIL-T-21200 for class 2 equipment apply unless
specifically deleted, modified, or waived herein or in the comtract.
Additional detailed or supplemental requirements may be specified
herein for a general requirement listed in MIL-T-21200., This does
not constitute a waiver of the general requirement. If a conflict
exists between this specification and any document specified herein,
this specification takes precaedence.

36201 Selection of parts, materials, and procesges - The

selection of parts, materials, and rrocesses shall be in accordance
with MIL-T-21200. It is intended that whenever industrial or com-
mercial specifications are applicable, they may be used when they
are technically suited and provide for economy. The order of pre-
cedence for the selection of these specifications or standards
shall be governed by MIL-STD-143,

3¢2¢1¢1 Compatibility - The contamination monitor shall
be constructed of materials that will not adversely affect or be
affected by hydraulic fluid conforming to MIL-H-5606, MIL-H-6083,
or MIL-H-83282, even when these fluids are contaminated by halogens
and chlorides up to a meaximum of 1000 ppm. These contaminants are
produced by freon and trichlorethylene.

3¢201.2 Fupgi putrients - Materials which are not nutri-
ents for fungli shall be used wherever possible. Where fungus-
nutrient materials must be used, they shall be treated with a fungi-
cidal agent acceptable to the procuring activity.

Je2e1+3 Hydraulic fittings - All fittings and threaded
bosses in all components shall be as specified in Standards MS-
53649 and MS-33656. The use of taper pipe threads shall be held - "¢

to a minimum. Where quick disconnects are used, they should seal
at each ond and be provided with dust covers.

Se2elel Wiping - All wiring shall conform generally to
aircraft wiring practice using wire ''hich conforms to specification
MIL-W-5086, and using AN/MS terminals, and connectors in acecordance
with MIL=C=5015 where applicable, Quick disconnect type splices
shall not be used., Mechanical strength as well as electrical
characteriotice shall be considered in the selection of wire
gauges uped, Installation and wire coding shall conform to MIL-W-
5088, All electrical comncctions shall be marked in accordance

L <
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r-;ith MIL-STD=-130. Insofar as practicable, all connectors on the -1 .
front panel shall be mounted along the lower edge of the pamnel and ?
in no case shall their location be such that the connecting cables
will interfere with the operating controls.

342e1.5 Microelectropic items - Choice and application of
microelectronic items shall be im accordance with MIL-STD-1652 and

MIL-M=-38510.

3e2¢1.6 Semi-conductor devices - Choice and application of
semiconductor devices shall conform to MIL-STD-701 and MIL-8-19500,

5¢2.1e7 Electron tubes - Semiconductor devices are pre-
ferred to electron tubes, wherever practicable. If electrom tubes
are used, they shall be in accordance with MIL-STD~454, Requirement
29.

3.2.2 Functional umjts - The hydraulic contamination
monitor shall consist of three units: a sensing unit for detecting
particulate contamination, am analytical unit for measuring size
and quantity of particulate contamination, and a sampling unit. The
sensing and analytical units shall be combined in one enclosure as
specified in paragraph 3.2.6.

3¢2.2.1 Sensing unit - The sensing unit consists of a re-
stricted orifice and some means of detecting particulate contami-
nation, Power for the sensing unit shall be provided from the
analytical unit., The contamination monitor shall be provided with
a flow measuring device to insure that flow requirements are met,

3e2e2e1e1 Flow regquirements - The flow rate to the sen-
sing unit shall be such that it shall be reading fluid passing
through the sampling unit within 20 seconds after opening the valve
connecting the sensing unit with the sampling unit, If this re-
quirement cannot be met, then a bypass of the sensing unit shall be
provided to expedite flow to the sensing unit. The sensing unit
shall be provided with a pump to satisfy the liquid flow require-
ments,

342420162 QOperating pressure - The contamination monitor
shall meet the test requirements specified in paragraph 4.5.6.1 of
this specification,

3e2e24143 Screen - A protective screen shall be provided
upstream of the sensor of such mesh size to prevent large particles
from clogging the sensor orifice., The screen shall be removable
for replacement or cleaning in such a way that the taask of removal
and replacement can be completed in five minutes or less.

3e24202 Agalytical upit - The analytical unit shall be
designed to receive the input power for the contamination monmitor.
It shall analyse the output of the sensing unit to determinme if
contamination limite are exceeded, and provide a suitable display
to show the condition of the fluid being monitored.

<
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r-}.2.2.2.1 Power input - The contamination monitor shall be oper- -1
able from both 110 volts AC, 60 Hz, and a DC power source which may
vary from 22 to 28 volts. The performance of the contamination moni-
tor shall not be degraded by the aforementioned voltage variations.
The analytical unit shall be provided with a method of selecting
either AC or DC power and shall provide electrical power for the

rest of the contamination monitor.

302020242 Contamipation measurement gauges - Cortaminatiom measure-
ment gauges shall de dial-indicating instruments and meet the ac-

curacy requirements of MIL-STD-454, Requirement 51. Instrument
dials shall have a white background with a nameplate for imsertion
of service information. The contamination measurement gauges shall
show the acceptable operating region by a green bar, and the unaccept-
able operating region by a red bar. The dividing line between the
two regions shall be at the mid-point of the scale as specified in
paragraph 4.5.5.1.8. The usadble gauge length shall have a minimum
length of 3 inches and a minimum needle movement of 90 degrees, and
be subdivided into two equal parts. All indicating instruments,
dials, and sight tubes shall be flush panel mounted, and illuminated
for night use.

3020202.3 Warnjng light - A red light mounted on the operating
panel shall be provided to indicate when the instrument saturation
limit has been reached.

3020243 Sampling unit - The sampling unit shall consist of a section
of hydraulic line to be inserted in the recturn flow line to the
portadle hydraulic test stand, Sample fluid will be drawn from re-
turn line flow of zero to 30 GPM., It shall have quick disconnect
fittinge at either end, These shall be mounted at each emd AERO-
QUIP (Code Ident 00624) Part Numbers 145-5S5-20D and 014519-54-20D
equipped with Dust Caps AEROQUIP Part Numbers 145-S9-20D and 145-
87-20D, The direction of flow in the sampling unit shall be from
quick disconnect P/N 014519-84-20D to QD P/N 145-55-20D and shall
be marked and labeled, There shall be provision on the sampling
unit for two sample ports; ome, a supply line to the contamination
xonitor and the second, a returm., The two connections shall be of
hose assemblies per MIL-H-25597 class 1 and shall be from 6 to 10
feet in length,

30242.3.1 Samplipg pump The sampling pump shall be electriecally
driven and operated from power input as specified in paragraph
3,24242.1, Power shall be provided from the amalytical wait, The
motor shall be drip-proof and shall be rated for eomtinuous duty
service at the aspecified horsepower., The motor shall confora to
MIL~M=8609, It should be of such design that it will not gemer-
ate particulate contamination that affects significantly the
cleanliness determination of the monitor. The location of the
sampling pump shall be determined by the detail design parameters.

-
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[-3.2.5 Circuit Protection - The contamination monitor shall be de- "
signed to operate without damage, or blowing fuses during the condi-
tions of the source power listed in paragraph 5.2.2.2.1. Fuses shall
be provided as necessary to preclude damage to assemblies or com-
ponents due to a failure of any other assembly or component,

3¢2.4 Monitoring - The contamination monitor shall incorporate test
points and indicators to show operational status, Operational status
shall include input power, circuit functioning, and a self-calibra-
tion feature to insure accurate measurement of particulate contamina-
tion. Any malfunction of the momitoring system shall not impair the
operation of the contamination wmonitor,

3e2ele1 Test points - Internal test points shall be provided in ac-
cordance with Class C and D requirements of MIL-STD-415.

3e2elte2 Indicators - The indicators used for the test panels may
consist of status lights, multi -legend indicators, or dial indica-
tors. Status lights shall conform to MIL-I-3661 and shall have
push to test provision.

3e24443 GQrounding - The contamination monitor shall be grounded
in accordance with MIL-STD-454, Requirement 1.

3e2¢5 Accessibility - The contamination monitor shall have ac-
cesst 11@, 5f components in accordance with MIL-STD-454, Require-
ment

3.2.6 Enclogure - The sensing and analytical units of the comn-
tamination monitor shall be comtained in a combimatiomn case as de-
fined in Paragraph 3.2.3¢3 of MIL-T-21200,

3e2¢6e1 Finish - The contamination monitor and its case shall be
finished in accordance with the requirements of MIL-STD-808. The
color of the exterior finish shall be glossy yellow, color 13538 of
FED-STD=595,

3,27 Stand - The contamination monitor shall be mounted on a
wheecled stand with a configuration and sizec as shown in Figure 1.
Exception to this configuration can be made only with the approval
of the procuring activity.

3.2.8 Electromagnetic Interference Characteristics - The contami-
nation monitor shall be designed to conform to the electromagnetic
interforence requirements in accordance with MIL-STD-461 class IIB.
In addition to the requirements of class IIB, the contaminatiom
manitor shall be designed to meet the susceptability requirement of
RS=03 in accordance with MIL-STD=461.
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r-3.2.9 Interchangeability - All parts having the same part number -1
shall be directly and completely interchangeable with each other,

with respect to installation and performance, Matched parts or

selective fits shall be used only where absolutely required, amnd
only aftcr approval of the procuring activity. Changes im part

numbers shall be governed by the drawing requirements of MIL=D-

1000.

3+.2.10 Endu ce _requirements - The contamination monitor shall
meet the test requirements specified in paragraph L.5.6.2 of this
specification.

3.3 Performance characteristicg - The contamination monitor shall
measure the quantity of particu*ates of S to 150 micrometers in
size over the gravimetric range of 0.1 to 5.0 milligrams per liter.
The monitor shall be designed and constructed to perform the ecen-
tamination measurements, provide the sensitivity, and be capable
of calibration as described in the test in paragraph 4.5.5 of this
document.

3.3.1 Lnvirompmental - The contamination monitor shall meet the
follovwing operating and non-operating environmental requirements
and shall be tested in accordance with envirommental test methods
of MIL-STD-810C in the order listed below:

3.30141 Low temperature test - Method 5C2.16 Procedure I. The
lowest required operatimg temperature is ~20°C,

3¢3+1.,2 High temperature test - Method 501.1, Procedure II. The
highest required operating temperature is 490C.

3.3.1+3 Shock - Method 516.2, Procedure II, The height of the
drop for Procedure II shall be 15 inches and eight drops on each
corner,

3s3+.1e4 Vibration - Method 514.2, Procedure X, equipment cate-
gory g. The contamination monitor shall be tested in accord=-
ance with curve AW of Figure 514.2-7 for time required in table
514+2~VII transport mode, rail, air, sea, and truck only,

3.3.1.5 Humidity - Method 507.1, Procedure II/

3e34146 2351 - Method 510,1, Procedure I, Test times for
steps 1 and 3 shall be reduced to three hours; for step 2 to
eight hours.

3.3.1.7 Raip - Method 506,1, Procedure I, except that the rain-
fall rate of five inches per hour will not be required. Total
tezt time shall not be less than two hours,

e ————
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r-B.B.e Orientation - The contamination monitor shall be operated -1

and demanstrate full performance when tilted in any directionm from
the normal operating positiom at an angle of 30 degrees.

3«4 Reliabhjlity - The contractor shall conduct a reliabdlity pro-
gram in accordance with MIL-STD-785. The specified mecan time be~
tween failure (MTBF) for the contamination monitor is 1000 hours.
Circuits and components shall be chosen so that the stress limits,
specified in the manufacturer and/or vendor's technical data de-
scription, are of sufficient margin to ensure the proper operation
and reliability required to support the MTBF and 1ife expectancy
of the subject circuits and components. The equipment furnished
under this document shall successfully vass a reliability de-
monstration as specified in paragrarh 4.5.10.

304el Reliability Program - The contractor shall conduct am ap-
proved reliability program as set forth in 3.4 of this document.
The format of documentation shall be in accordance with MIL-STD-8.7.

3.401s1 Program plapm - A Reliability Program Plan, in accord-
ance with 4.4 of MIL-STL~785A shall be submitted to the procuring
activity as part of the design proposal. The content of the Re-
liability Program Plan shall be in accordance with Sectiom 5 of
MIL-STD-785A., The contractor shall include in the Reliability
Program Plan methods to insure that results of reliability analy-
sis will produce confirmation of, or change to, the design., The
contractor shall include in the Reliability Program Plan a sched-
ule of the reliability tasks indicating significant program mile-
stones. Provisions shall be included which will assure timely
completion and application of interim and final results of each
task.,

3eLkele2 Program reviews -~ Scheduled Formal Program Reviews per
5.1ls4 of MIL-STD-785A, shall be conducted commencing 60 days after
contract award, and whenever the situation indicates the necessity
for additional reviews., Procuring activity personnel shall bde
notified of such additional reviews at least ten working days
prior to the review., An agenda shall be proposed to the procuring
activity at the time of notification. The Program Review shall in-
clude, but not be limited to, the status of each rcliadbility task,
an assessment of the reliability progress, results of the reliabil-
ity design reviews, results of testing, and resultant planned and
implemented design changes.

3elhele2s1 Status reports - The contractor shall prepare momthly
reliadility program status reports as described in paragraph 5.6
of MIL-STD=785A,

3ebhele? ﬁiglgn :gg;g!g - Formal Design Reviews in accordance with
5.2.7 of «STD=-785A shall be conducted in conjunction with the
regularly scheduled Program Reviews and whenever the situation in-
dicates the necessity for additiomal reviews, The design reviaw
shall be conducted by contractor personnel indepcndent of the

equipment design team. Procuring activity pcrsonnel shall be in-

-
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r;ited to varticipate. Procuring activity p:crsonnel shall be notif£:1
ed of any planned or additional reviews at least ten working days
prior to the review., A detailed report of all Formal Design Reviews
shall be prepared and submitted im accordance with 5.2.7 oaf MIL-STD-
785A. As a minimum, one review shall be held before start of the
first article test report.

3elte1el4 Subcontractor and supplier reliability programs - The con-
tractor shall be respansible for all subcontractor and vendor reli-
ability programs., Applicable reliability requirements shall be es-
tablished for inclusion within subcontractor and supplier procurement
documentation.

3ehe1.5 Program imterface - The contractor shall be responsible for
interfacing efforts in accordance with 5.1.2,2 of MIL-STD-785A.

Je4e2 Reliability analysis - The contractor shall perform a reli-
ability analysis commencing with contract initiation and shall in-
clude the requirements of 5.2.2 of MIL-STD-785A and subparagraphs
thereto. The analysis shall include a reliability apportionmment, a
mathematical model, and a prediction. The reliability prediction
shall be in accordance with MIL-STD-756A, Design Predictiom Proced-
ure. MIL-HDBK-217B shall be utilized as the source of reliability
data wherever applicable, Work sheets shall be utilized, in the
computation of part failure rates, which list all factors necessary
to substantiate the results, The prediction shall be updated when-
ever the design is changed or test data is available.

3elie2e1 [Fallure modes and effects analysis (FMEA) - A FMEA shall t
be conducted in accordance with MIL-STD-1629 and will serve as a

tool in further developing the mathematical models, in reapportion-

ing and updating predicted reliability, and determining weak areas.

The technique to be used in performing the FMEA shall be described
in the Reliability Program Plan.

Jelke202 Failure reporting, analysis, and corrective actiom - Pro-
cedures for fallure reporting, analysis, and corrective action

shall be included in the Reliability Program Plan as called for
by Seltel of MIL-5TD=-785A., Failure summaries shall be included in
the Reliability Status Reports and be continuously upcdated.

3el4e2e3 Fg};u§e reports - Any and all failures (both relevant
and irrelevant) which occur during equipment tests shall be re-
corded and reported in accordance with the applicable reliability
test specification and the failure reporting, analysis, and co-

rective action requirements of the approved Reliability Program
Plan,

Jehe2.4 Fajllure analysis - An analysis of the cause of each
failure ahall be made in accordance with the applicable reliabili-
ty teut opecification and the failure rcporting, analysis, and
cgrroctive action requirements of the apprroved Reliability Program
Plan,

L 4
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(5.5 Maintainevility 3

3¢5.1 Gene equirement - The contamination monitor shall have a
Mean Time to Repair (MTTR) at the intermediate level of 1,0 hours
or less. Maximum Mean Time to Repair, 2.0 hours. Time to Repair
shall be defined as time necessary to return the umit to operat-
ing status, exclusive of time spent in transit to and from the ser-
vice area, The contractor shall take steps to insure ready access
to all components to be adjusted in order to maximize utility of
the equipment. Maintenance will require only equipment foumd in
NAVAIR 16-1-525.

3.5.1.1 Maintainability program - The contractor shall develop

and implement a maintainability program in accordance with MIL-S8TD
470. The maintainability program shall be responsive to the mission
requirements together with the specific maintainadbility require-~
ments set forth in 3.5 of this specification,

3.5.141,1 Program plan - A Maintainability Program Plan shall be
sabmitted to the procuring activity as part of the design proposal.
This program plan shall be in accordance vith 5.1 of MIL-STD-470
and have paragraph headings similar to Section 5 of MIL-STD-470.
The contractor shall include in the Maintainability Program Plan,
methods to insure that results of the analysis will produce con-
firmation of, or change to, the design.

3e5+1.1.2 Program reviews - Scheduled Formal Program Reviews shall
be conducted commencing 60 days after contract award and whenever
the situation indicates the nececsity for additional reviews at
least ten working days prior to the review. An agenda shall be
proposed to the procuring activity at the time of notification.

The Program Review shall be combined with the Reliability Program
Review required by paragraph 3.4.1.2.

5¢5.1s1.3 Program interface - The contractor shall be respons-
ible for interfacing efforts im accordance with 5.1h of MIL-STD-
470,

345.2 Maintainability predictions - Maintainability predictions
shall be in accordance with Procedure IT, Part A of MIL-HDBK-472.

The contractor shall submit the technique o f Maintainability Pre=-
diction to the procuring activity for approval along with the Main-
tainability Program Plan., The prediction technique shall identify
the assumed maintainability distribution., Additional predictionms
shall be made whenever a significant design change occurs that
would appreciably increase repair time for any subasaemdbly., These
predictions shall represent the current state of the design at the
time when they are made,

3e5e3 2%3;‘[_:3*1115 - Formal Design Reviews per 5.9 of MIL-STD-
470 shall be conducted by contractor personnel. Procuring activi-
ty personnel shall be notified of any planned or additional re-~
views at least ten working days prior to the review. The design
reviews nhall be combined with the Reliability Program Reviews re-
quired by paragraph 3.4.1.2 and equipment design review,

- 4
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TE.e Operating and maintenance jinstruction ~ A brief set of operat--1 ”

ing instructions including schematic diagram shall be attached where
readily accessible to the operator. The operating instruction plate,
or plates, shall be made of aluminum in accordance with MIL-P-15024
Type H, Style III, and shall be mechanically attached to the unit,

3.7 ldentifjcation and pomenclature - The contamination monitor
shall have an identification plate conforming to MIL-P-15024/1,
Type H. Nomenclature assignment shall be in accordance with MIL-N- |
18307. The plate shall contain the NAEC part number, the contract |
number, and the manufacturer's part and serial numbers.

3.8 Workmamship - Workmanship shall be in accordance with MIL-STD-
454, requirement 9,

3.9 Modification plate ~ A modification plate in accordance with
NAEC GSED Drawing 5SE00363-3 shall be installed on the fromt of the
unit. This plate shall be readily accessible and used to record in-
corporation of changes into the individual contamination monitor,

3410 Utilizatiom - The contamination monitor shall be assumed to
have a duty utilization time of 0.5 to € hours,
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rﬂ. QUALITY ASSURANCE PROVISIONS -1
4.1 Responsibility for inspection ~ Unless otherwise specified in

the contract or purchase order, the supplier is responsible for the
performance of all inspection requirements as specified herein, Ex-
cept as otherwise specified in the contract or order, the supplier
may use his own or any other facilities suitable for the performance
of the inspection requirements specified herein, unless disapproved
by the Government. The Government reserves the right to perform any
of the inspections set forth in the specification where such inspect-
ions are deemed necessary to assure suppliers and services -perform to
prescribed requirements specified in Sectiom 3.

4.1.1 Contractor's quality assurance system - The contractor shall
have in effect at award and shall provide and maintain an effective

inspection and quality control system in accordance with MIL-I-45208A
during the 1life of the contract. All quality assurance operations
performed by the contractor will be subject to Government verifica-
tion at any time.

4s1,2 Test plan - A proposed test plan shall be prepared by the con-
tractor for approval and shall be submitted 90 days before the start
of testing. The test plan shall detail all test procedure, calibra-
tion methods, identify instrument and equipment, and describa test
set ups which are required to meet the test requirements specified
herein. The test plan shall be organized into separate parts to
match the group of tests listed in paragraph 4.3, including reliabil-
ity and maintainability demonstration.

Lele2.1 Test equipment - Test equipment used in conjunction with
the testing speciffea herein shall be of the laboratory precision

type. Permanent records shall be made of all tests with light beam
recording type instruments having a minimum frequency response of
not less than 1000 cps. Pen type recorders may be used for speci-
fic tests as authorized by the procuring activity,

Lele2.2 Test equipment calibratjon - Test equipment shall be cali-
brated in accordance with MIL-C=45662.

4.2 Test conditions - Unless otherwise specified herein, all
tests shall be conducted under standard amb;ens conditioga as de-
fined in MIL-STD-810C paragraph 3.la, (77° = 5°F, 29.92 = 0.3 in-
ches Hg and 40 to 50 percent relative humidity).

Le3 est - Unless otherwise specified
therein, e rst un produced shall be subject to and must
pass all four classifications of tests listed below. Subsequent
units will be required to pass Group A test and any other tests
specified in the procurement contract.

Acceptance test Group A
Qualification test Group B
Reliability tecst Group C

Maintainability tect Group D

A it bttt i s i st
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Tests

Examination
of product

Flow test

Operating
pressure

Power input
Wiarning light
Grounding
Endurance
Size

Contamination
measurement

Low temperature
High temperature
Shock

Vibration
Humidity

Dust

Rain

EMI

Inclined
operation

Reliablility
Mointainability

TABLE I
Requirement Test
_paragraph paragraph
3. 4o5.1
3.2e24101 be5e3
202026102 4e5.601
362e2e20l 4eDaliad
Belulele’ L.5.6.3
3v2ekte3 4.5.4.2
2.2.10 4.5.6.2
3.2.7 Le5.2
3.3 4e5.5
Je3elel 4e5e71
3.3e102 4o5e762
3e30163 b4e5¢7.3
3¢3e1el LeSe7els
3036165 Le5e765
3.3.1.6 4.5.7.6
3e301.7 bhe5.7.7
30248 4Le5.8
3e302 be5.9
Sely L.5.10
3¢5 4.5.11
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uirements - Table I shows a tabulation of the tests™ |
required for each ¢lassification.

Note 1 - Shall be perfo rmed both before and after test ae required

in tost procedurcs,
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4.3.1.1 Test Report - After the satisfactory completion of tests, the
contractor shall prepare a test report for each unit in accordance with
MIL-STD-831 and furnish three copies to the procuring activity for review
and acceptance per contract terms. The report shall contain complete
detailed records of the tests including data sheets, performance curves,
chronological test records, photographs, sample calculations, description
of test instrument. set-up diagrams and conclusions and recommendations.

4.4 Failure - A failure is classified as any condition that will preclude
acceptance of the equipment for compliance with test/inspection requirements
specified herein. Failure actions of paragraph 5.5 in MIL-STD-781 shall
apply.

4.4.1 Failure Definitions - All failures shall be reported and defined in
terms of the failure types and categories listed below:

Failure Types

Type I:  Must stop operations to fix or repair. The equipment is unable
to go through one more operating cycle or a condition exists where the safety
of the equipment, operator or plane would be i1 jeopardy if operations were to
continue. Failures in this category result in abort of remaining mission.

Type II: Operations may continue, but monitoring of the failed, or
malfunctioning component (or subsystem) is required.

Type III: Failure or malfunction is not serious in terms of continued
operations, and repair or replacement can be safety deferred.

Type IV: Equipment has experienced a catastrophic or major failure.
System required extensive repairs and are of type not normally accomplished
by local maintenance personnel. These repairs are generally characterized by
high repair manhours and long downtime periocds.

Failure Categories

Relevant Failure - A relevant failure is the inability of the item to
perform any one of its intended and specified functions within the specified
limits. Type I and Type IV failures defined herein are considered relevant
failures. All failures are considered relevant until classified as non-
relevant by one of the following provisions and subparagraph (e) below:

Non Relevant Failures - Non Relevant failures are those due to the
following causes:

(a) A secondary or dependent failure that is caused by the failure of
associated items. For every secondary failure classified as not relevant,
a primary or independent failure shall be identified. Only one secondary
non relevant failure of the same part (same drawing number or other unique
identifier) shall be allowed during the test. The second and later failures
of the same part shall be counted as relevant and corrective action shall be
taken to reduce the failure rate of such parts to acceptable levels.

(b) A test operator or test facility-indiced failure may be classified
t: non relevant if it can be substantiated that the equipment was subjected |
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to operation or stress conditions beyond specified limits.

(c) Changes to the item to correct a deficiency that caused a failure
shall not classify such a failure as not relevant until the change has
been demonstrated as a fully effective correction to the satisfaction
of the procuring activity.

(d) Preventive maintenance, servicing, and adjustments may be counted
as non relevant if such actions are specified as normal maintenance in the
existing or planned technical manuals to be supplied for use with the
equipment.

(e) Complete data shall be taken and retained for the analysis, tests,
and other actions taken to fully justify each classification of a failure
as non relevant.

(f) Type 11 and Type III failures defined herein shall be considered
non relevant failures except in the event that they degenerate into a
Type 1 or Type IV failure.

4.4.2 Equipment Failure ~ Should a failure occur during test, the following
actions shall be taken:

(a) Determine the cause cf failure.
(b) Determine if the failure is an isolated case or design defect.

(c) A component failure analysis and an engineering analysis of the
problem shall be provided to the procuring activity.

4.4.3 Rejection and Retest - When a contamination monitor fails to meet
specifications, acceptance will be withheld until the requirements

of paragraph 4.4.2 have been met. After correction of a failure as specified

above, tests to the extent deemed necessary by the procuring activity shall
be repeated.
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rz.b.k Defects in equipments already accepted - The investigation 021
a test fallure could indicate that defects may exist in units al-
ready accepted. If so, the comtractor shall fully advise the pro-
crring activity of all defects likely to be found and methods of
correcting them,

4.5 Test Procedures

4.5.1 Examination of product - Parts of assemblies and completed
units shall be examined as specified in 4.5.1.1 and 4.5.1.2 to de-
termine conformance with this specification.

4e5.1.1 Major parts - Examination shall be conducted to determine:

a. All of the following items conform to applicable specification
and that the size, type, and rating are shown on the approved draw-
ing/specification.

1, Resistors and rheostats

2. Instruments, instrument transformers, shunts, and other associ-
ated accessories.

3, Capacitors
4, Switches
5. Semiconductor devices

6. Terminal boards

7. All laminated materials, such as glass mica glass (GMG),
glase silicon glass (GSG), used for terminal boards; sub-panels,
and so forth.

b, All materials used in the construction of wound components
comply with the material requirements as shown on the approved
drawing/specification.

1, All windings were given varnish impregnation in accordance with
the procedures shown on the approved drawing/specification.

2. The resistance of all windings is as shown on the approved
drawing., Number of turns shall be as specified on approval draw-
ing/especification,

ke5.1.2 Completed contamipatiop monitor - Examination shall be con-
ducted to determine that:

a. All parts or sub-assemblies are mounted as shown on the approved
drawing/specification.

L -
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1

be All parts which require servicing, repair, replacement, or peri-
odic adjustment during the life of the equipment are readily access-
ible.

Ce All parts and asscmblies are marked with identifying symbols,
and these symbols agree with those used on the approved drawing/
specification.

de All terminals of all parts and subassemblies and terminal boards
are marked with identifying letters and numbers, or both, and this
identification agrees with those used on the approved drawing/ speci-
fication,

e, Wire used for interconnecting parts or subassemblies are of the
type(s) shown on the approved drawing/specification.

fo All wiring is neatly formed into groups and laced with flame-
resistant tie or glass cord amd supported or clamped in a manner
which will prevent chafing of the insulation due to vibratiom and
shock.

g. Cable clamps used are of flame-resistant material.

h. There are no splices in any of the wires.

i. Wire groups from hinged doors and panels are formed and clamp-
ed in a manner that sharp bends do not occur with the panel or door b |
in the open or closed position.

Je Sufficient slack in wiring is allowed so that the weight of
the harness is not supported by the terminal connectiomns; and, so
that at least two replacerents can be made if lugs are clipped off
at the wire end,

k., Cable entrance provisions and receptacles are as shown on the
approved drawing/specification.

l, Sufficient space is provided for these receptacles and suffic- {
ient cable support within the enclosure, and connections made at
the appropriate terminals.

m. Wherever wires run through holes in metal partitions or chassis,
grommets are provided for mechanical protection.

n, Wires are not bent around sharp corners which may injure the
insulation,

0. All wires are connected by either bolted or soldered connect=-
ions,

Pe All bolted connections are provided with locking devices,
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r3~ Both ends of all wires are marked with designations as shown ‘1
on the approved drawing/specification.

r. Hinged doors and panels do not bind when opening.

| s. All identification and instruction plates are furnished as
shown on the approved drawing/specification,

4.5.2 Size - The contamination monitor shall be measured with di-
! mensions recorded to show conformance with paragraph 3.2.7. The
“ monitor shall be weighed and the weight recorded in test report.

Le5.3 Flow test - The contractor shall submit to the procuring
activity a flow analysis to verify that the flow requirements of
paragraph 3.2.1.1 are satisfied,

L.5.4 Electrical tests

LeSe4e1 Power input - The contractor shall demonstrate operabili-
ty of the contamination monitor from either 110 volts AC, 60Hz, or
24 volts DC (+4/~2). The contamination monitor shall be operated
at the extreme limits of voltage without degradation of perform-
ance,

LeSe4o2 Grounding - The contamination monitor will be examined for
compliance with paragraph 3.2.4.3. A checklist shall be prepared
and utilized to identify specific area of compliance.

L.5.5 Contamination measurement - There shall be three parts to
this test, The first part consists of checking the sensitivity of
the contamination monitor over a range of contamination levels.
Parts two and three are verification checks of the cleanliness
setting of the contamination monitor during clean-up operation of
a hydraulic system, All tests shall be conducted at standard am-
bient conditions as defined in paragraph 4.2 of this specification.

Le5¢5.1 Meter sensitivity test - This test shall be conducted
using a continuous flow, hydraulic loop. The fluid in the loop

shall be MIL-H-5606B hydraulic fluid. AC fine test dust shall be
used to simulate the contaminant. The AC fine test dust shall have
a particle size distribution which conforms to Table 3 of ANSI
specification B93,28-1973. The fluid in the test loop shall be
circulating at sufficient velocity that it is in the turbulent

flow range at the point where sampling line connects.

4,5¢5.1.1 Preparation of cggtgg%gant - Determine the total vol=-
ume of fluid in the test loop. Weigh accurately, within % 0.1 mg,
a sufficient quantity of dried AC finc test dust as determined by
calculation shown in Table II, AC fine tgst dust shall dbe dried
in an oven heated to a temperature of 300 F, for a period of 4
hours. It shall then be stored in a dessicant chamber until used.
Deposit this contaminant in a clean sample container and add 1000
ml of accurately measured filtored hydraulic fluid. Place a clean
plastic film over the container opening and cap it.

L 4
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r:.5.5.1,2 Disperse and suspend the dust in this concentrated con- -1
taminant mixture by violent agitation. This agitation shall consist
of five minutes in a paint shaker, thirty seconds in an ultrasonic
bath, and another fifteen minutes in the paint shaker.

4e5¢5¢1.3 Divide the concentrated contaminant mixture into tem por-
tions. The volume of each portion is determined as shown in Table II.
These will be added to the test loop in sequence to obtain contami-
nation concentration levels of 0,5,1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0,
“05’ and 5.0 .5/1.

Le5.5¢1e4 As each of the portions of the concentrated contaminant
mixture is added to the test loop, allow sufficient time for the con-
tamination monitor meter reading to stabilize. Record the meter
reading in percent of scale deflection,

LeS5e5¢1.5 After recording the meter rcading, draw a 100 ml sample
from the test loop in the vicinity of the sensor unit for subsequent
particle count.

4e5.5.1.6 Repeat steps 4.5.5.1.4 and 4.5.5.1.5 until a test loop
concentration of 5.0 mg/l is obtained.

4e5¢5.1.7 Perform a particle count of the ten samples takem imn para-
graphs 4.5.5.1.5 and 4,5.5.1,6 for particle size ranges of 5, 10, 25,
and 50 micrometers. The particle count may be visual using the
method 3009 of Fed-Std-791, or using an automatic particle counter
which has been calibrated according to ANSI specificatiom B93.28~
1973. The particle counts will be used to verify the contamination
levels specified in paragraph 4.5.5.1.3. The procedure and parti-
cle count limits are as specified in Table III.

4e5¢5.1.8 On standard coordinate graph paper plot percent meter
reading versus contamination levels in mg/l. The resulting plot
shall be linear over the range 1,0 to 3.0 mg/l, and this range shall
extend over a minimum of 4O percent of the contamination monitor
meter scale. The dividing line between red and green bars of the
contaminatjon monitor meter shall commence at what corresponds to
1.7 mg/1l (= 0.2)
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Table I1 14

or preparing volumetric portions of the concentrated

contaminant mixture as required by paragraph 4.5.5.1.3.

The total contaminant required to achieve a given contamination

level consists of two parts:

a.

The part required by the test loop volume, V-liters, and the

amount of change of contaminant level.

b.

The part which replaces the amount of contaminant drawn as

required by paragraph 4.5.5.1.5.

CW

P
Contaminati
level, mg/1l

0.5
1.0
1.5
2.0
Z.5
3.0
3.5
4.0
4.5
5.0

Notes: 1
a

= ( P(N) - P(N-1) ) * V + (P(N-1)/10)

CW -~ weight of contaminant to be added, mg.
P(N) - present contaminant level, mg/l.
P(N~1) - previous contaminant level, mg/l.

R - Volume of portion of concentrated contaminant mixture.

CwW R
on Calculation Contam. Volume,
Wt., mg ml
0.5 * 10 5.0 96
((1.0-0.5)*10) + .05 5.05 97 '
((1.5-1.0)*10) + .10 5.10 98
((2.0-1.5)*10) + .15 5+15 99
((2.5-2.0)*10) + .20 5.20 100
((3.0-2.5)*10) + .25 5.25 100
((3.5-3.0)*10) + .30 5.30 101
((4.0-3.5)*10) + .35 5.35 102
((4.5-4,0)*%10) + .40 5.40 103
((5.0-4.5)*10) + .45 5.45 104
Total contaminant required, mg 32.25
Total volume, concentrated
contaminant mixture, ml 1000

. Calculations are based on a test loop volume of 10 liters.

. Volumes shown in column 4 are the volumes of the concen-
trated mixture to be added to the test loop to achieve
the desired contamination level.
. Calculation of Volume R Ry = EEE_ x 1000
Total Contaminants required
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r_ Table 111 _1

Particulate Count Limits

Contamination Particle size, micrometers
level, mg/l Number Greater than/ml

5 10 25 50
0.5 Max 284 79 8 1
1.0 Max 569 158 15 2
1.5 Max 853 238 22 3
2.0 Max 1136 317 30 4
2.5 Max 1421 396 37 5
3.0 Max 1705 475 44 6
3.5 Max 1887 554 52 7
4.0 Max 2274 634 59 8
4.5 Max 2557 713 66 9
5.0 Max 2838 792 73 10
Procedure -

1. Record particle counts per ml greater than 5, 10, 25 and 50 micrometers
for each gravimetric level from 0 to 5 mg/l.

2. Subtract the O mg/l count from all other particle counts.

3. The resulting particle counts should be within the limits listed
in the above table.
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r:.5.5.2 Contamination clean-up test -~ 5ince the contamination moni:1
tor vill be used most frequently in monitoring the clean-up of an
aircraft hydraulic system, it should be tested in this operating mode.
This test shall consist of two parts, a laboratory tect and a field
test. These tests should follow the meter sensitivity test of para-
arﬂ}:h u.s-s.].

Le5¢5.2.1 Contamination clean-up; laboratory test - With AC fine
test dust as contaminant, and starting at a contamination level of
5.0 mg/l or higher in the test loop, the test fluid shall be filtered
through a depth filter with an absolute rating of 3 micrometers or
less until the contamination monitor indicates a satisfactory con-
tamination level within 5 percent scale reading of the satisfaectory/
unsatisfactory scale boundary. At this point a 100 ml sample of test
fluid shall be drawn from the test loop, and a particle count shall
be made using one of the methods specified in paragraph 4.5.5.1.7.
The particle count should be within acceptable limits as specified

in the Aviation Hydraulics Manual, NAVAIR-01-1A-17.

Le5.5.2.2. Contamination clean-up; field test - Using an aircraft
and hydraulic test cart the contamination monitor shall be connected
to the return flow line as it will be used in service. The air-
craft hydraulic system should be contaminated beyond the limits of
class 5 cleanliness under conditions representative of normal ser-
vice. Draw a 100 ml sample of fluid from the aircraft hydraulic
system to verify the condition of the system prior to clean-up, A
particle count shall be made as specified in paragraph Le5.5.1.7.
Circulate the aircraft hydraulic fluid through the ground test cart
until the contamination monitor indicates that satisfactory clean-
liness has been achieved. At a point in time where the contamina-
tion moritor meter reading is within 5 percent scale reading of the
satisfactory/unsatisfactory scale boundary, draw a 100 ml sample of
hydraulic fluid from a sample port in the vicinity of the point
where the contamination monitor is connected to the test cart re-
turn line, A particle count shall be made on this test sample as
specified in paragraph 4.5.5.1.7. The particle count shall be with-
in the acceptable limits specified in the Aviation Hydraulics Manu-
al, NAVAIR Ol-1A-17.

4.5.,6 Cperating tests

4.5.6.1 Pressure test - Using a laboratory tect loop similar to
that described in paragraph 4,5.5.1, and with the monitor operat-
ing, the pressure in that portion of the test loop containing the
sampling unit described in paragrarh 3.2.2.3 shall be varied from
10 to 17C psia in 10 psi increments every 5 minutes without caus-
ine physical damage, leakage, or change in meter reading exceeding
- 5 percent of the reading recorded for the 50 psia pressure setting.
Subsequent to this test, the sampling unit shall be subjected to a
pressure surge of 350 psi for a period of time not in excess of 1
second. The contamination monitor meter reading after the pres-
sure surge test shall agree within - 2 vercent of the meter read-
ing recorded at the 50 psia pressure setting.

- o
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r:lS.G.a Endurance test - Using a laboratory test loop similar to -1
that described in paragraph 4.5.5.1, the complete contamination moni-
tor shall be subjected to a 50 hour endurance test under the follow-
ing operating conditions. The test shall consist of tem 5 hour cycles.
Each cycle shall start from ambient conditions as specigiad in para-
graph 4.,2. The fluid temperature shall be raised to 65 within one
hour from the start of the cycle, mainta%ned at that temperature for
one hour, and then allowed to drop to 50°C for the remainder of the
cycle. At the end of the cycle, power to the contamination monitor
shall be turned off while the unit is allowed to cool to ambient con-
ditions for the start of the next cycle. After completing ten cycles,
the contamination monitor shall satisfactorily complete the contami-
nation clean-up test of paragraph 4.5.5.2.1.

4L.5.6.3 Saturatiom limjt test - With AC fine test dust as a contami-
nant start at a contamination level no greater than 5.0 mg/l in the
test loop and increase the concentration level in steps until the
saturation limit is reached as indicated by the activation of the
saturation warning light. Record the saturation level and determine
that the level 4ig .elow, or at, the saturation predicted for the de-
vice. The test is failed if the monitor fails to show increases in
contamination reading prior to the activation of the lights or the
light does not function. The test shall be performed two times and
the results be within 10% of each other.

Loe5.7 Environmpental - Environmental testing shall be done after the

contamination measurement testing of paragraph 4.5.5. When required .
during environmental test, the contamination monitor shall be con- o
nected to a hydraulic test loop as specified in paragraph 4.5.5.1.

The contamination level of the test loop shall be within - five

percent scale readigg of the satisfactory/unsatisfactory scale bound-

ary. Deviation of - 10 percent of scale deflection during test shall

be considered a failure unless exception is granted by the pro- |
curing activity. All environmental testing shall be by the speci-
fied test methods of MIL-STD-810C.

Le5¢7.1 Low temperature test - All components of the contamination
monitor shall be subjected to the test conditions specified in para-
graph 3.%.1.1. After the monitor has stabilized at the low operat-
ing temperature, sampling from the test loop shall be begun. The &
temperature of the fluid in the hydreaulic loop shall not exceed SO °C.
After sumpling has begun and the temperature of the sensing unit has
otabilized, the scale reading of the contamination monitor shall be
recorded, The monitor shall be operated a minimum of 10 minutes at
this condition., It shall be within - 10 percent of the scale de-
flection recorded at the start of test for ambient conditioms and
the same test loop contamination level.

beBe7.2 H;fn_iglgggggggg - All components of the contamination
monitor shall be sudbjected to the test conditions specified in para-
graph 3,3.,1.2. The temperature of the fluid in the test loop shall
be stabilized at the same temperature as the operating temperature

during teut, Sampling of the test loop shall be initiated and the
scale reading of the contamination monitor shall be recorded. The
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r;onitor shall be opgrated a minimum of 10 minutes at this condition?]
It shall be within - 10 percent of the scale deflection recorded at
the start of test for ambient conditions and the same test loop con-
tamination level, At the conclusion of temperature test the contami-
nation monitor shall be subjected to and meet the accuracy require-
ments of paragraph 4.5.5.2.1.

Le5.7.3 Shock ~ The contamination monitor shall be subjected to

the chock tests specified in paragraph %.3.,1.3. Operation of the
equipment is not required during shock test, At the conclusion of
the shock test the contamination monitor shall be tested as specified
in paragraph 4.5.5.2.1. The contamination monitor shall be consider-
ed to have passed the shock test if there is no evidence of deforma-
tion of any part of the unit, and it meets the accuracy requirements
of paragraph 4.5.5.2.1.

Le5.7.4 Vibration - The contamination monitor shall be subjected to
the vibration test specified in paragraph 3.3.1.4. Operation of the
equipment is not required during vibration test. At the conclusion
of vibration test the contamination monitor shall be tested as speci-
fied in paragraph 4.5.5.2.1. The contamination monitor shall be con-
sidered to have passed the vibration test if there is no evidence

of mechanical or electrical fatlure, and it meets the accuracy re-
quirerents of paragraph 4.5.5.,2.1. The contamination monitor which
is selected for vibration test shall be the same one which has suc-
cessfully completed the shock test.

4e5.7.5 Humidity - The contamination monitor shall be subjected to
the test specified in paragraph 3.3.1.5. The contamination moni-
tor shall be operated during test as specified in paragraph 4.5.7.

4.5.7.6 Dust - The contamination moritor shall be subjected to the
test specified in paragraph %.3.1.6. The contamination monitor
shall be operated during test step 5 for a period of 10 minutes as
specified in paragraph L4.5.7.

4Le5.7.7 Rain - The contamination monitor shall be subjected to the
test specified in paragraph 3.3.1.7. The contamination monitor
shall be operated during test as specified in paragraph 4.,5.7 for a
minimum Of 10 minutes. The same contamination monitor shall be sub-
jected to the humidity, dust, and rain tects. At the conclusion of
these tests, the contamination monitor shall be subjected to the
meter sensitivity test of paragraph 4.5.5.1. A shift of scale read-
ing for the various contamination levels, in excess of ¥ 10 percent
shall be considered failure of the environmental tests.

4,5.8 Llectromagnetic interference, emission, and susceptibility -
An electromagnetic interference, emission, and susceptibility test
shall be conducted in accordance with MIL-STD-462 to determine con-
formance with paragraph 3.28. Te«ats shall be conducted on the con-
tamination monitor and all cables connected to it. The contamina-
tion monitor shall be operated as described in paragraph 4.5.7
during this test.

L -
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r:.5.9 Inclined operation - The contamination monitor shall be test:1
ed for inclined operation at 30 degrees from the horizontal to deter-
mine compliance with paragraph 3.3.2. The unit shall be rum at test
conditions specified in paragraph 4.2 for a period of not less than
one hour at each of the following positions:

a. 30 degrees forward
b. 30 degrees backward
c. 30 degrees to the left side
d. 30 degrees to the right side

Meter readings shall be taken during each of these test conditions,
At the conclusion of each phase of the test the contamination momi-
tor shall be returned to level conditions and after the meter read-
ing reaches a stable condition, it shall be recorded and compared
with the meter reading during inclined operation. Meter readings
shall not differ by more than - 10 percent of the scale reading.

4¢5.10 Reliabiljity demonstratiom - The contamination monitor pro-

vided under this purchase description shall be made to demonstrate
its conformance to the reliability requirements set forth in para-
graph 3.4, The demonstration test shall follow the contractor's
approved test plan in accordance with Test Plan VIII, Test Level A,
of MIL-STD-781B. The cycling on-time will be 12 hours vice 3 hours.
The ability of the contractor to furnish a contamination monitor
that passes this reliability demonstration shall be demonstrated
during the Reliability Test.

4.5.10,1 Test procedure - The contractor shall prepare a detailed
test procedure to accomplish the Reliability Demonstration Test
program for approval by the procuring activity in accordance with
56143 of MIL-STD~781B, The procedure shall include: the facili-
ties required to perform the tests; articles to be tested; a test
schedule with expected decision points denoted; measurement end-
points; in addition to the requirements of 5.1.3 of MIL-STD-781B.
These tests will be performed at the contractor's facilities. Peri-
odic maintenance shall be performed only during the time before or
after a test cycle.

445,10,2 Failure categories - Failure classification shall be in
accordance with paragraph 4.4 of this specification and paragraph
5.5.1 of MIL-STD=-781.

4e5,10,3 ty te ) ts ~ Reliability Test Reporte shall
be in accordance with é.ll.l ans 5¢11,2 of MIL-STD-781B.,

4e5.10,4 Egglg;giéggégg_gggsgng - In addition to the failure data
required as per MIL-STD-781, the contractor shall provide by writ-
ten notice a data element representing the total time elapsed to
isolate and repair test equipment for each failure occurrence,
This shall be provided as part of the monthly summary,

The contractor shall provide parts for all repairs and maintenance
ond will repair the equipment., Reliability testing shall be re-
l-?umod following repair implomentation, When a test equipment

-
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r?ails tc meet any specified requirement, equipments on hand or lat;:1
rroduced shall not be accepted until cause of failure is determined
and corrected., The contractor shall explain fully to the Government
representative the cause of failure and the action taken to preclude
recurrence,

4.5.11 Maintaipability demonstration - The contamination monitor

shall be made to demonstrate its conformance to the maintainability
requirements set forth in paragraph 3.5. The demonstration test
shall follow the contractor's proposed test plan in accordance with
Method (1), Plan B of MIL-STD-471A. A MTTR of 1 hour and a maximum
corrective maintenance down time (Max mean ) of 2 hours, shall be
used with Method (1). The producer and consumer risk shall be equal
to 10%

Maintenance actions resulting from the reliability demonstratien
tests can be applied as elements of the maintainability demomstra-
tion.

The techniques for meeting the MTTR shall be limited to repair as
defined in 3.5 of this document.

4.5.11.1 Verification and demonstration test - The contractor shall

conduct a coordinated maintainability testing program in accordance
with Phase II requirements as defined in 4.1 of MIL-STD-471A.

4.5.11.,2 Test procedures - The contractor shall prepare a Main-
tainability Test Procedures Report in accordance with 4,3 of MIL-
STD-471 prior to starting the test.

L.5.11.5 Maintenance Task Selection - The contractor shall prepare
a list of realistic and representative maintenance tasks to be used
in the Maintainability Demonstration Test in accordance with MIL-

<TD=- 471, Appendix A, and included in Maintainahility Demonstration

Test Flan.

L.5.11.4 Maintainability test report - The contractor shall pro- 4
vide a firal demonstration report in accordance with 4.8 of MIL=-

STD=471.

L.5.12 Dispositicn of tested eguivment - Tested equipment shall ’

be put into operable condition by the contractor prior to delivery.
It shall ve calibrated, functionally tested, and submitted for
government inspecticn,
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r-B. Preparation for Deljive ‘1 b

5.1 Gemeral - All major units and parts of the equipment shall be
preserved, packaged, packed, and marked for the level of shipment
specified ir the contract or order in accordance with MIL-E-17555
and MIL-STD-794, In the event the equipment is not covered in MIL-
E-17555, the method of preservation for level A shall be determined
in accordance with the selection chart in Appendix D. of MIL-STD-794.

Rl
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Appendix A
AND-NABC-5215/AA (NEV,3-70) GSED - 105
PLATE NO. 20404 “ 29
rZ. NOTES -1

€.1 Intended use - The hydraulic fluid contamination momiter is a
piece of aircra%i ground support equipment which will sample hydraul-
ic fluid flowing from an aircraft to a portable hydraulic ground cart.
The sample fluid will be drawn from the return line by the momitor

and passed through a sensor or particle counter and then circulated
back to the return line and on to the ground cart.

The monitor will determine the particulate contamination level in the
sample and provide a read out to the operator on a continuous basis.
This read out will be calibrated in such a way that the class of
particulate contamination can be determined as a go/no go reading.

6.2 Ordering data - When ordering, the following should be specified
in the contract or order, when applicable.

(a) Title, number, and date of this specification.

(b) ?pecify the number of program reviews (3.4.1.2; 3.5.1.1.2,
34543

(c) Contract Data Requirements

l. Reliability Program Plam (3.4e1.1)

2. PFailure Modes and Effects Analyses (3:4:2.1)
3, Test Plan (4.1.2)

4, Test Report (4.3.1.1)

5. Reliability Test Procedure (4.5.10.1)

6. Reliability Test Report (4.5.10.3)

7. Maintainability Test Procedure (4.5.11.2)
8. Maintainability Test Report (4.5.11.4)

(a) Lgéveielb?bﬂ‘}&{n%":gégﬂ%i Soaet)

(e) Additional data requirements (6.2.1)

6.2.1 Q&E&IL&BIRII&&&QR - The following additional informationm
should be considered in the preparation of the contract,

(a) Technical Manual Contract Requirements (TMCR)

1, Technical Manuals.
2. Maintenance Requirements Cards.
%« Ground Support Equipment Illustrations.

(b) Provisioning Technical Documentation : f

(¢) Item Identification
1, Tederal Stock Number (FSN)
2+ Military Type Designator
3« Type Equipment Code

(d) Engineering Drawing Package per MIL-D-1000
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the basis for a procurement specification
the basis for a procurement specification for an in-line contamination monitor.
for an in-line contamination monitor.




