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1. IN ’I ’ROD I JCT ION

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
simula tor as par t of a tes t 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—56O6 hydra ulic
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

j equipment.

• 5. .5 - ,- .  ..——~~~
. /

‘~ •t .• C ..I

SbI * SIcII ~I 0

A* PIOUICED 0
JIIIIICAflOI..— -

¶1 ‘C 
IIfTIIIIIhI1I IV* RISIL! ~~ COlE)

Liii, iIsL~~~~~*VA ~L s.d si~~P( CI J

L- 
~~~~~ i.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~
• .  5- - -~~-~~~~~~~



—- -- - S - - _ _  ~~~~~~~~~~~ - -~~~~ - — 5 -

/~$D—1IL1c—5215/4A (~~V.3—7O) NAEC— (3:; - :j, - 1~ ~
N O .  1 04 0 4  PAGE 2

r 1
2.  SU~41ARY OF PROCEDURES AND RESULTS

2.1 PARTICULATE _CONTAMINATION _MONITORS

2 . 1 . 1  PROCEDURES . Laboratory  testing of the Millipore Micro—Scan
and LIlAC 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 find ings 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 hydraul ic system. Finally
the units were tested at NAF , Warminster , Penn sy lvania with aircraft.

2.1.2 RESULTS. Al though measuring different contaminant character—
istics, both the Millipore Micro—Scan and the lilAC 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 wa ter , 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 ,
bu t 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 abil ity to de tec t f r ee wa ter , 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
oxide hygrome ter. Two different units were laboratory tested.
These were the Panametric Model 2000 and the VeeKay Model VK 36.
Tes t samples of MIL—H—56O6 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, effec t of fluid temperature and speed of response.
Nei ther in—line testing nor field testing was done.

• 2.2.2. RESULTS. Both hygrometers gave nearly a linear response to
• 5 

dissolved water , bu t calibration could not be maintained since the
calibra tion curve shifted inexplicabl y from day to day . Both instru—
men ts were affected by fluid temperature , and both had a relatively
slow response to abrupt changes in fluid condition .

L __
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3. CONCLUSIONS.

3. 1 IN-LINE PARTICULATE CONTAMINAT I ON 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 t ime .
3) Sensor is sensitive to pump pulsations and must be isolated .

b. HIAC PC 120 does measure p2rticulate contamination in
• MIL—H—5606 hydraulic fluid , but has the following deficiencies:

1) Insensitive to large particl es.
2) Instrument calibration changes with t ime .
3) Low f low ra te thro ugh sensor.

c. Both Micro—Scan 2 and HIAC PC 120 appear to be affected
by elec t ron ic em ission , and are sensitive to mechanical vibration.

d. There is need to learn more about particle generation
in hydraul ic systems and to learn more about the effects of contami-
nation OTt system wear.

3.2 ALUMINUM OXIDE HYGROMETERS

a. Because of its interaction with chlorinated solvents , water
in aircraft hydraul ic systems is becoming an increasing problem . This
is true for the P3 aircraft now , and may extend to other aircraft.
If I t does , there will be need for a ready means of detecting, measur—
Ing and remov ing excess water from aircraft hydraulic fluid .

b. Curren t aluminum oxide hygrometers are not suitable for
measuring water content of MIL—H—56O6 hydraulic fluid for the follow—
ing reasons:

1) The meaning of the meter reading changes with t ime.
2) Speed of the response of the sensor makes it unsuitable for

[n—line monitoring.
3) Henry ’s Law constant of the hydraulic fluid changes for diff—

er en t f l u id  sources.

(
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3.3 .  CALIBRATION _OF I N — L I N E  CONTAMINATION MONITORS .

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 Milli pore 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-
l ish ing des ign parameters for the samp ling section .

3.5. PROCUREMENT SPECIFICATION.

a. Specif ication tests and reliability and ma intainability
design parameters are based on best jud geinent and have been selected
from requiremen ts of reasonably simi lar equipments. A particulat e
contamination monitor is a unique equipment , not falling into any
existing category.

‘1
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r 14.  RECOMMENDATIONS. ;~

4 . 1 . IN-LINE PARTICULATE C O N T A M I N A I T ON  MONITORS

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

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 measur ing wa ter in hydraul ic fluid.

4.3 . CALIBRATION OF IN—LINE CONTAMINATION MONITORS

a. Develop a method of field calibration of whichever con—
taminat ion 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 samp l ing section of the contami—
n~ c ion monitor.

4.5. PROCUREMENT SPECIFICATION

a. Verify valid ity of tests specified in procurement specifica-
t ion , and In reliab ility and ma intaii~ab i1Ity design parameters.
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8. REPORr TEXT - - 

-

8.1 Introduction The objective of th is s t u d y is to define the
requirements for an in—line contaminat ion monitoring device for
aircraft hydraulic systems to be used with existing ground support
equi pment (GSE). In support of this objective various tasks were
performed.

8.1.1 Supporting tasks Supporting tasks include the following :
(1) Laboratory test of various contamination monitoring devices,

such as:

(a) Mic roscan 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 CFE 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 specific ition for an in—line contamina-
tion monitoring unit to be used with present GSE to measure the
c leanl iness of air craf t 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 , A ircraft Hydraulic Test Cart. Field test was conducted at
NAS , Patuxent River , Mary land and at NAS , Cec il Field , Florida .
Testing at Patuxent River was with several types of aircraft.
Testing as NAS , Cecil Field , was limited to A7E aircraft. Patuxent
Riv er testing was conducted first to insure that no unforeseen oper-
at ional problems existed with the modified AHT 64. This testing was
conducted by Service Test Division personnel under controlled
cond i t ions , and test results were verified by both Service Test
fli v I-~1on and by labora tory tes t o f f ie ld samples of h ydra ul ic f l u id
at Villanova Univers ity. Testing at NAS , Cec il Field was under
norma l ope ra t i n g condi t ions of Sq u a d r o n  VA 37 and served a dual
purpose . It tested the behavior of the contamination monitoring unit
underfi eld conditions , and checked how the condition of hydraulic
f l u i d  in an aircraft system varied over a six month period. Field
teat results were again veriged 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—
fac tured by Millipore Corporation , Bedf ord , Massachuse tts. This
uni t will sub~ equently be referred to as Micro—Scan 1.

L a
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8.2 .2 Results of previous work Micro—Scan I measures part icu—
late contamination by measuring the change in capacitance of a fl uid
asit flows through a restricted o r i f i c e .  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 refe -rt-nct -
(a) showed that in—line contamination monitoring was pract i c il , and
imposed no unexpected operating problems for air craft mainte :iin
personnel . Micro—Scan 1 was capable of performing i t s  t u f l i t Ion ~~i t h -
out excessive maintenance , and did measure  part  i c u 1 i t~ cont o t in a t  I ii .
In the measurement of p a r t i c u l a t e s  t h e r e  wi- re  sem i- inoma l j u s  in  th t
data which could not be satisfactoril y exp lained. (ert ii:i n~ t-
were possible , however .  L a b o r a t o ry  t i - s t i ng had t o  H0 d e t i 2  Ofl i l U l l I
samples taken from the  h y d r a u l i c  svs  em , and h o- d ing t - r ot con t  am
t ion of such samp les i n a d v e r t e n t l y  i s  w e l l  known . Further , since
Micro—S can was sampling on—line , there W . I C  a l w a y s  t l i ~ p e - e - i h i l l t v
tha t  the d i s t r i b u t i o n  of c o n t a m i n an t  t h r o u g h o u t  t H -  -, y ct  -r. W , L - , not
homogeneous so t h a t  the  f l u i d  samp le  I c r  1 ab ora t or v t o -  t , and ~~I L . I  -

M icro—Scan  1 was seeing were not  n e c u s — ,ir  i l v  t h u  cant- . the nex t s t A l l

in the cyc le  was to develop a p r o cu r i - n en t  s p ec i f  I at  i o n  i c r  an I n — l i n t -
contaminat  ion mon i to r , t a k i n g  in t o  • -o n s i d & ra t ion w h i !  had been I t -a t - n o d
In these previous studies and a l l o w i ’g Ic r new developments in the
field of par ticulate measurement , and ex p l o r i n g  what further capabilit y
could be introduced into the contamina t ion measurement system.

8.3 Pr esen t Work

8.3 .1  Earl y planning The cu r ren t  c on t r a c t  was received earl y in
January ,  1975. The early stages of work  cons i s t ed  of p lanning the
testing and putting the test facility in order. John Kahrnak at the
U . S .  Army M o b i l i t y  Command , For t  Be lvo i r , Va. was contacted for back-
ground material on what the Army had done about in—line contamination
moni tors , and John Zweers of HIAC was contacted to learn more about
their latest development In contamination monitors , the IC 120. These
con tacts were most help ful in determining the future course of our
effor t.

Af ter 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 , al though a different parameter was being
measured. It was readil y availabl e , could be set alongside the Micro—
scan , and they could be used to check each other . According ly ,  a
HIAC PC 120 was procured wi th a 4—120 micron sensor.

The jenny which had been modified for use at NAS Cecil was
pu t  hack into I ts original configura t ion since it had been decided
to keep the contamination monitor a separate unit which night be used 

- 
-~

with any jenny . The considerat ions of the laboratory test loop for
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additiona l test ing were also i o n s  id i -re d  , a nd i t  wa s dcc Idt-d to use
the loop w h i c h  had been used for p r ey  tou s  lahorat ( l r v  t o - s t  • h u t  to
ar range  to t ap  t h a t  io op  from one of  t he q u i c k  d i  s& - o i r n o c  t I i t  t i n
w h i c h  wer e  a v a i l a b le  on i t  . Fl ow t o  t h e  c on t a m in a t  i on  m o n i t o r s  w ou l d
be assured b y t h r o t t l i n g  the  ma in  loop  f l o w  down st  ream of th e  t a p  to
the  m o n i t o r  loop f l o w .  P r e l i m i n ar y  t i - s t  in g  o t  M i c r o su a n  showed I t  to
be sen s i t iv e to  flow rat - , and i t  was dec ided  t o  ins t all a flowmt-t&- r
in the  m o n i t o r  loop t o  insure s tea dy  f l o w  c o n d i t i o n s .  An exist ing
flowmete r  was m o d i f i e d  fo r  this purpose by c o n s t r u c t i n g  a new I b i t
which p e r m i t t e d  a max imum flow in o - x c o - s s  of 1.0 gpm .

8 . 3 . 2 .  P re l im ina ry ±~~~~~& 1he I l I A C  PC 120 was receIved on
March 5 , 1975 and it was dec ided to i n s t a l l  b o t h  i t  and the Micro -
scan in series in the  m o n i t o r  loop.  Since the  two u n i t s  had d i f f e r e n t
f low requ i rements , a by—pass  of the H I A (  sensor  had to be provided ,
and since special p ip ing  a r r angemen t s  had to 3- u made , p r o v i s i o n s  were

4 
also provided for backflushing the lIlAC sensor , and for calibrating
the sensor using premeasured test samp les of fluid which could be
procured from HIAC. I n i t i a l  t e s t i n g  of Microscan and HIAC PC 120
showed a lack of sensitivity in the Microscan u n i t  to AC f i n e  tes t
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
calibra tion of particle counters , it was felt that the Navy should use
the same standard . About this time Millipore advised that it was
develop ing a more sensitive version of Microscan which would have
better capability in detecting ACFTD. T h i s  was expected to be avail—
able in September , 1975 , and so f u r t h e r  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 H y g r o me t e r s  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  sensi t ive to the
presence of free water. Also , water is one of the contaminants present
In hydraulic fluid which should be measured. The only rel iable way
now available to measure total water content of hydraulic fluid is
the Karl Fischer Method , ASTM test method Dl744—64. This is a lab-
oratory type procedure and of no use for field testing. The alumi-
num oxide hygrometer is a possible candidate for field test of water.
It is made by two companies; one is Panametrics , a div ision of Esterlinc-
Angus , and the second is VeeKay , Ltd. Both use the same type of sensor ,
bu t their output displays vary.

The Paname trics hygrometer Is  also, used by the Nay for
measuring the water present In Nitrogen gas in aviator ’s brea thing
systems . One of these units was borro\~ed from NAEC , and Its capabil-
It>’ tested in the laboratory and compared with Karl Fischer measurements.
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The NAEC Panametrics hygrometer was received on May 5, 1975

and subjected to test. It was r et u r n e d  to  NAEC in Ju l y ,  1975. Arrange-
ments were also made to borrow a VeeKay hygrometer from the local
represen tative , Mr. Scott Hazel , and ti-st it under similar conditions
to those of the Panametrics hygrometer. The VeeKay hygrome ter was
tested from July 29 to 31 , and ri-turned to Mr. Hazel on August 6.

8 .3 .4 .  Cons t ruc t ion  of hyd r a u l i c  s y s te m  s imula to r  Dur ing  the summe r
months of 1975 work con t inued  on the design and construction of the
a i r c r a f t  h ydraul ic  system s imu la to r .  I t  was b u i l t  f rom spare hy d r a u l i c
system par t s  provided b y the NAEC . The simulator was rotnp le ted and
used for the first t ime on September 19. Considerable trouble had been
experienced with opera t ing  the ground tes t  ca r t .  The blower dr ive
belt was a continuing source of trouble , and several belts had to be
proc ured . The belt had a tendency to slip off the pulley . When this
occurred the belt stretched on one side and could not be used again .
Eventual l y this  d i f f i c u l t y  was overcome .

8 .3 .5.  Specif icat ion development A roug h draft of the procurement
specification for the contamination monitor was completed in late

• October , 1975. Several meet ings  w i t h  NAEC were held to discuss
var ious aspects of the procurement specification. One was on
December 15 , 1975 , ano ther  on Augus t  7 , 1975 , and a t h i r d  on Febru —
ary  22 , 1976. The next  s p e c i f i c a t i o n  rev i s ion  was put  out on Apr i l  30.
1976.

8.3 .6 .  Test of In—l ine  Contamination Monitors Although the new
contamination monitor from Millipore , Mi croscan 3 , was expected in
Sep tember , 1975 , it d id not arrive until January, 1976 . After its
rec e ip t , testing of the new unit with the HIAC was accelerated . This
testing phase culminated with field test of both units at NAF War—
m in s t e r  on May 3 and 4.

8.4. Testin& of In—line Contamination Monitors Testing of
M icro—Scan 2 and the HIAC PC 120 for  sens i t iv i ty  to contamination

j began a f t e r  receipt  of Micro—Scan 2 on January  5 , 1976. Prior to
t h i s  t ime Micro—Scan 1 had been subjected to various tests to check
var ia t ion of meter  reading w i t h  f low r a t e  and temperature. It was
found that both contamination monitors have a meter ou tpu t  which
varies with flow rate. Variation of meter output with temperatures
In the range of 900_ 1300 did not occur .  Because of the sensi t ivi ty
of f low rate a flowmet er was Ins ta l led in series wi th  Micro—Scan.
Thc’ IlI AC was delivered w i t h  a f lowm eter .

Th e test  set—up for  th is  t e s t i n g  is shown in Figure 1 and
Photo 1. The Micro—Scan 2 and I l IAC PC 120 were ins ta l led  in series.
Because of the d i s p a r i t y  of f low ra tes  of the two ins t ruments , Mic ro—
Sc~in 2 is 0 .3  gallons per m i n u t e  and the Il IAC sensor is 30 m i l l I l i t e r s
per m i n u t e , a b y—pass was provided for  the  HIAC sensor The special
p lumbing for the HIAC sensor allowed no t only for bypass flow , but
also ba c k — f l u s h i n g ,  and calibration flow as shown in F i g . 2  and Photo 2.
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Bac- k—t I t i sh  1 ng j ) r o V  i S  ions a re- Iu-ce -ssa ry to  i_ I  ear  t he  sensor

o r i f i c e  shou ld  f l o w  he - r i - s t  r j e t  t -d by  a large part ic 1€~ . The norma l - -
met hod oh cal  ib r a t  ing  t h e  H lA G s e n s o r  i s  by f l o w i n g  h y d r a u l  Ic f l u i d
w i t h  known pa r t  i c I e Ct ) LI f l  t t h r o u g h t he Ill AC sensor and record ! ng
p a r t  it - le c o u n t  and p o t e n t  one t e r se t t l u g .  The ca l  i b r a t  ion procedure
Is d i scussed  In more d~- t a i l  e- I s e w h ie  re i i i  t h i s  r e -p o r t  . The i-al i b r a t  ion
ch a r t  t o  r t h e  H IAC is shown in F I gu ri- 1.

The tes t  loop pump was an V a s t e - r n  I nd u s t  r ic -s Model 2 J 34 l -
a two stage c e n t r i f u g a l pump S ty l e  CZZ CA T , s e r i a l  number CB—0792.
It was driven by an e l e c t r i c  m o t o r  Type 40000Z MP , 115/230 v o l t s ,
12/b amperes , 1 horsepower , 3450 RPM.  A centri fuga l pump was used be—
cause of the  r e q u i r e m e n t s  of M i c r o — S t an . The c en t r i f u g a l  pump is f r e e
of p r e - s s u r e  f l u c t u a t  ions w h i c h  mi g ht  a f f i - u t  t - on ta m i n a t  ion met er  r ead ings .
In a d d i t i o n  a small  a c c e i m l a t o r  was i n s t a l l e d  u p s t r e a m  of M i c r o — S c a n  to
smooth out  the  f l o w  even more .  D e t a i l s  of Micro—S ean 2 and I l IAC PC 120
are g iven in the  f o l l o w i n g  p a r a g r ap hs .

8 .4 . 1  Micro—Scan C o n t i n u o u s  C o n t a m i n a t i o n  M o n i t o r  M i c r o — S c a n  is
made b y > l t l l i pore C o r p o r a t i o n , B e d f o r d , M a s s . ,  01730 . Micro—Scan is
des igned  for  the determination of particulate contamination and free
w a t e r  in both h y d r a u l i c  f l u i d s  and f u e l s .  The basic  p r i n c i ple of op-
er a t i o n  Is the  measurement  of t h e  c a p a c i t a n c e  change of a f l u i d  f low-
ing t h r o u g h  a r e s t r i c t e d  o r i f i c e .  P a r t i c u l a t e s  and f r e e  w a t e r  in the
f l u i d  cause t h i s  c a p a c i t a n c e  change .  The amount of the capacitance
change is proportional to the vo l ume of the contaminant. This change
Is translated into a voltage pulse o f  fixed duration and height. The
resultant pulse train is processed throug h a series of amp l ifiers to
yield a measure of the contaminant level on a meter. The meter can be
set to a predetermined threshold valu e- ; and , if th is l eve l is exceeded ,
a w a r n i n g  a l a rm  Is a c t i v a t e d .

There are  two var la t  Ions of M i c r o — S c a n .  -
~ t i -r e—Sc - an  I ( l ’ho t  it  3)

was des igned to he used fo r  m o n i t o r  Ing  av I a t  ion f u e l  . I t cent  i nu ou s l v
samp les  the main  s t r e a m  f l o w  a t  a r a t e  o l  ]~~3 g a l l o n s  per m i n u t e  and
r e q u i r e s  a 20 ps i  pressure  drop .  Tb I t i n  I was m o d i f i e d  f o r use w i t h
h y d r a u l  Ic f l u i d  to have a s m a l le r  ~a p  be t  we-cu cap ac  I t o r  p 1st  es , and
I t  i s  f i n e r  tuned  electronicall y t o  i n c r e a s e -  i t~ s e n si t l v l i ty .  Flow
rat e-  of the mod I f  led u n i t  is 0 .9  g a l  I o n s  per  m i n u t e  and r equ i r e s  a
25 ps i  pressure drop .  Mic ro—Scan  2 ( P h o t o s  4 and 5) is  a redes igned
u n i t  of l i g h t e r  we i ght , sma l l  s i ze , s i m 1 l t f  led construction and re—
q u i re s  0 .3  gallon s pe r minute  f l ow w i t h  a pressure  drop of 50 psi .
Pr inc ipa l  s p e c i f i c a t i o n s  are shown to Table I

Output  of both models is a m ot or  and pap er tape r ecor de r if
desirud . The meter  scale is g r a d u at e d  Ir om 0—100 and has two ranges
0—100 and 0—10. Both models have wa rn Ing l ights for “No Power ’ ,
“No Flow” and contamination In -xrcss of pr o—set  value . These warn-
ing syatemi can be used to c o n t ro l  o the r  e l e c t r i c al  equ i pment .
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TABLI-: 1

MICRO—SCAN SPECIFICATIONS

1 2

Overall dimensions 14 3 / - ’o i n .  7 i n .
17 5/8 in. 10 in.
10 1/4 i n .  14 . i n .

Weig ht  78 l b s .  12 lbs .

Samp l ing f l o w  r a t e  1.3 0 .9  0 .3 gpm

Pressure  drop  20 25 50 psi

Operating voltage 110 V 12 VDC 110 V
60 Hz 60 Hz or

12 VDC

Operating current .25 Amp — —

Tempe r a t u r e  range —20 ° to +500 (a l l  models)

Sensi tivit y — b y we ight 0.1 mg/ga l 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.

L
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8 . 4 . 2 Mode- I P C — 1 2 o  ( t l n l a n h i I l . i t  i on  M o n i t o r  Thu Model P C— l 2 0
C o n t a m i n a t i o n  M o n i t o r  ( P h o t o  h )  i s  made by the H I A C  D i v i s i o n , P a c i f i c
Scie n t i f i c  Compan y , I’O Rox 300 7 , ~7 I 9  W e s t  Brooks S t r e e t , M o n t c l a i r ,
California 91763.

I t  i s  a s in g l e  chann e l p a r t  i c l i -  c o u n t e r  w i t h  an a dj u s t a b l e
pa r t i c l e  s i z e  t h r c -sh ol .1 and  .1 C O f l t i f l h i o u s  ana log  O u t p u t  p r o p o r t i o n a l
to pa r t i c l e -s per se- 1- o n l  t h r o u g h t h e - si-ri ser . O u t p u t s  can be used fo r
analog m e ter  d i s p l ay , i t  r i p c h a r t  r i - c orde r , a u t o m a t e d  data  acquis i -
t ion  sv s tem , and t h e  a l a r m  sy s t e m  ( p a t t i - I l i gh t  or r emote  d ev i c e . )  The
a u t o m a t i c  a l a rm  c i r - u i t  si g n a l s  whe n up p e r or lower p r e — s e t  c o n c e n t r a —
t ion l i m i t s  have been exceeded .

I n p u t  may he f r o m  t h i - s t a n d a r d  I l I A C  “CM ” sensor  powered b y
the P C — l2 0  or by o the r I I I A (  c o u n t  i r s . ~~- I t s o r s  a r e  r a t e d  to 3000 psi
and 200°F. They may be l o c a t e d  is ir ;is 1000 f e e t  I ron the  PC—120 .
No a d j u s t m e n t  is r e q u i r e d  f r  v a r y i n g  c o l o r s  of l i q u i d s .  S e l e c t i o n
of particle size sensitivi~ v i s  d i r e c t l y  d i a le d  on a p o t e n t i o m e t e r
located behind the  f r o n t  f i c e  t i f  t hu  u n i t .

Outp ut  analog m e t e r  d i s p l a y  ha~ t o u r si~ i ra nges :  0— 100 .
0—300 , 0— 1000 , and 0— 3000 pa r t  i c l i s  p e r  -~t - c on d . Flow r a t e  th roug h
the  sensor is dependen t  upon the  s en so r  si ze- . For this app l i c a t i o n
the 4—120 m i c r o m e t e r  sensor was used m d  t h e  f l o w  r a t e  chosen was
30 m i l l i l i t e r s  per m i n u t e .  There  is  a s a t u r a t i o n  l i m i t  to the u n i t
w h i c h  w i l l  be discussed l a t e r .

The p r i n c i p l e  of o p e r a t i o n  ol t h e  F h1- \ C }‘ — i 2 ( )  w i t h  sensor is
to e l e c t r o n i c a l ly measure  the amount  of l i ght  b l o c k l g i - which occurs
when a p a r t i c l e  passes between a l i gh t  sou rc e  and s p h o t o t u b e  The
f l u id passage chamber is so small t h a t  p a r t i c l i - s i l o - ~ t h r o ug h one b y
one.  L ight is co l l ima ted  b y the  l o n g ,  t u n n e l — s h a p e d  w i n d o w  i n t o  a
p a r a l l e l  beam th rough  the chamber window. Whenever a f o r e i gn p a r t i c l e -
passes by the window , a fraction of the li ght beam is  i n t e r rL lp t e d .
T h i s  causes a momenta ry  r educ t ion  in the  o u t p u t  si gnal  f r o m  t h e  pho to -
tub e  w h i c h  Is proportional to the size (projected area) of the par ’ i d e
passing through the light beam . This signal change is then  sent  to
the  coun te r  s e n s i t i v i t y  con t ro l  w h i c h  has  been p rese t  to a sp e c i f i c
t h re sh o l d  l i m i t .

The PC—120 without sensor weighs approximatel y 20 pounds and
Is (~~

“ x 8” x 14” In size .  I t s  power r e q u i r e m e n t s  are 100—240 VAC ,
50— 60 Hz.

8 .4 . 3 .  Test Procedure and Resu l t s  On J a n u a r y  6 , 197 6 M i c r o — S c a n  2
a nd the H IAC PC 120 were connected  in series as shown in Figure 1.
Flow through each sensor was at t h e -  recommended rate: 0.3 gptn for
Micr o—Scan 2 and 30 mi/mm for the PC 120. The PC 120 sensor by—pass
val ve was a d j ust e d  to r egu l at c  f l o w  t h r o u g h I t s  sensor .  Flow to Mi crc ’ —
Scan 2 was regulated by throttling the main loop flow so that  there was

L
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r 1
mm pressure d i f f e r e n t  m l  b e t w e e n  t h e  moti f t o r i n g  loop inle - 1 and o u t l e t .
The ma in loop f l o w  was I it t ered  t l ir oug li ex i st  ing M i c r o — T u b e -  f i l t e r s
u n t i l  a m i n i m u m  r e a d i n g  was ob t a  m e d  on t h e  M i c r o — S c a n  m e t e r .  This
was used as a ba se-  l i -ye I of  c l e a n  I m ess -

AC f i ne  t e s t  du st (A CI-’TD) was a d d e d  t o  the  ma in loop r e s e r v o i r
and a g i t a t e d  w i t h  an el i - c t n e - at i rrer . When M~ e ro—Scan  m e t  e r  read ings
st a b i l  ized , m et e r  r e a d i n g  of b o t h  M i c r o s e - a n  and PC 120 were  r e -co rded .
C r i v i m e t r i c  samp l e -s  mind samp les f o r  P l~ lC a n a ly s i s  were  t a k e n  f r o m  a
samp le  t a p  in t h e  simm in t e at  i o op .  The r e s u l t s  of these  rn e -a su remen t s

m ri - shown in ‘l ab 1€ -  2 .

; r av ime -t  n e - m n m l  a is , a i t  t oug h i t  does n o t  a c c u r a t e - I  y r e f l e c t
the-  d i r t  added , s t i l l  shows t h a t  th e-  f l u i d  at t h e  beg i n n i n g  of t e s t
was e x t -e l m s ivi - l v  d i r t  v . T h i s  was  f t m r t  her  b o r n e - ou t  b y PIMC and PC 120
p a r t  i d e  c o u nt s .  It a p p e a r s  t h a t  t h e - c o n ta m i n a t i o n  I c - v o l  of  t h e
h v d r . n m l  i c  11 u iii a t  t h e  start of I t - st  was in ex c e s s  of 10 m i l l i g r a m s
p e r  l i t e r .  C l a s s  5 c l e a n l in e s s  i s  in t h e  1 to  3 mg/i range- .

As e l i  r t was m i d d i d  to  t he  t e a t  l o o p  t he ’ M icro—S e-an meter ad—
vanced  a a shown i n  F i gem ru  4 . Agr - i-m ent  b e t  we e-n I l I A C  and P1 MC r e a d i n g s
is  is shown in l - i gur e - 5. -r i t e - H I A C  and P I M  p a r t i c l e -  c o u n t s  e- onfirm

lie- g r ay  ime t n e  m e a s u r e m e n t  a .  i t  s imon I d be n o t e  d t h a t  a l ower l i m i t
of s e n s i t i v i t y  o f 13 m i c r o m e t e r s  was  c-ho se-n to a v o i d  r e - a c h i n g  a s a t u r a —

j on I i m i t  o I t h e -  Ill C\(
’ coi n, t er wit icli e ’ & e ’ Ur s at a c o n c e n t r a t i o n value

ri a b o u t  2111)0 p a r t i c l e s  per  m u  I i  I i  t i - n .

A l  I boug h t lie re appear s  ~ l be good m g r u e -m t -n t  b e t  we-en Hi  AC
and I’!  MC read ings a t  t lie g r e - a  t e n  t h a n  10 m i c r ome - t e r l e v e l  , a t  2 5 is i —

rome- t e-rs  mind above -, H IAC ri -ad i r igs  1 re m i me - li I t h ee r t h a n  P 1 M m  pa r  t i e -Ic
count a .  The I l I A C  m e t er  r e-ads co u n t s  per se- c-end . At a f l e w  of 30 ml!
m in i t  t m ike - s 2 seconds  I or I m l t o  pass  t lie s e n s o r .  Re a d i n g s  in
l a b  1 e 2 have been e~o r rec t & ’ cl t o  c o u n t  a / m i  f o r  e - I ’mp ar  i soil w i t h  P I MC c o u n t s .

Because of  t lie lu g hi l ev i - I  o f  bae - k gr o u n d  c-on t a m  m a t  ion a t  the
s t a r t  of t e s t  i t  was d c-c  id ed  to  r e - p ea t  t i l e ’ t e s t  i n g .  t a k i n g  c-a re- t o
e l i m i n a t e - t he  problems en c oun t e -r ed  . C l m a i i g e - s  in  t e s t  proc e - dur e -  inc ludi-
t h e  f o l l o w i n g :

a.  Suhst  I t u t e  a t h r e e  at age- c c i i  t r i i  uga I pump in  t h e
main  t e s t  loop to I n s u r e -  t u r b u l e n t  f l o w  c o n d i t i o n s .
The 3 s tage pump i s  an E m m s t e rn I n d u s t r i e s , Hamden , Conn .
Model 3J—34E , Type 107—2 , St y le- CZZIBATJT , Serial CI 3—003 ,
dr iven  by a I HP , 115 V o l t  AC motor at 3450 RPM .

b . Replace micr onli- f 11 ti -r a In t h e  main hydraulic loop to
Insure system cleanlines s.

L. j
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_e . Install a pre—f ilter upstream of the Micro—tube filters -

to r emove greater  tha n 10 microm e t e-r p a r t i c l e s  and reduce the amount - ____

of c o n t a m i n a n t  r e a c h i n g  the  M i c r o — t u b e  f i l t e r s .  -

d. t’su- the- present two stage- c e - l i t  rifuga l pump for  c i r c u l a t i n g  -~

fluid through the M i c r o — S c - mn and H I A C  s I - l i s o r s .  ~ - _____

Pr ovide  a sample  t a p  ~or  i’ I M( mind g r a v i m e t r i e ’ sam p le- s lu s t  ~~~~
- -

upstream of Micro—Scan 2.

A line diagram of the test l o o p  incorporating the above changes -

is shown in Figure 6. •
- -~~ *- ‘ -

During the testing of January 5 and 6 it seemed tha t the ’
HIAC count was influenced by th i- degree of b y— pass a r o u n d  the HIAC
sensor.  To check th i s  further t e s ts  w er e  conducted. I n c  HIAC sensi— ~~ _____

-

t i v i t y  was set to measure  particles greater than 10 micrometers , and .; ‘ I
the following counts recorded : particle count — 1025 cps , by—pass 

_____

cl osed , IlIAC f l o w  — 30 ml/ min , total flow — 30 ml/min; particle count —

950 cps , by—pass open , HIAC flow — 30 mi/m m , total flow — 0.3 gpm . -

The d i f f e r e n c e  does not appea r to be- significant.

Testing was repeated on February 9 and March 4 u s i n g  the modi— - -

fied test loop. Test results are listed in Tables 3 ~.‘d 4. Because -

of the tendency of both sensors to experience flow b l o c k a g e  from -

part icles which would not pass through , i t  became evident that a better — - _____

method of b a c k — f l u s h i n g  was needed so a f o u r  way valve was obtained and ~
Ins talled 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. -

8 . 4 . 4,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ the  testing of 2/9 , 3/4 , and 5/12 was
to  check the accuracy and repeatability of measurement of Micro—Scan 2 - 

-

and H I AC PC 120. 
-

R . 4 . 4 . i .  Compar i son  of HIAC and P1MG P a r t i c l e  Counts Agreement b~ rween - -

HIAC ’ and PIMC readings on 1/9 for particulates greater than 10 mIcro-
me te rs In size appeared rea~ onab1 y good . A check on t h i s  par t ic le
-mtze on 2/9 and 3/4 is shown in Figure 8. There is some deviat ion at
con t aminan t  concen t r a t ions  exceedIng 400 coun ts  per  m i l l i l i t e r, and
t he I n i t i a l  slopes of the curves appear  to va r y  somewha t , b u t  in the
C lass 5 c l e an l I n e s s  range the agre ’cment Is good . The data of 5/ 12 , ‘

however , shows wide  d isagreement  between H I A C  and PIM C coun t s .  This
1— i t i l m c ’ l  I n  F igure  9. The HIAC coun t appea rc to be excessively hig h 0

and t he  slope of the l ine throug h the dat i paint s Is 0.5. For agreement - -t
between t :i( ’  two counts the s lope  should  be 1.0. This agreement was
fu r t h e r  checked at g r e a t e r  than 6 and 15 mU-rometers respectivel y, and rr~~Is Nho wn In Figures  10 and 11. The g rea t e r  than  6 micrometer  counts -

are well In to th e saturation love] for I l I AC and are of l i t t l e  value for
co m p a r i s o n .  The grea ter  than 15 micrometer data shows closer agreement ,
hu t the slope of  the line approxim ating the data points has a slope of

I 
I 
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. 2 2 5  W h j c h  is v e ry  m u c h l e s s  t h an  t h e  d c - s i r e d  1 . 0 .

8 . 4 . 4 . 2 .  C om p a n i s on  01 H I A C  and P 1M G j i a r t i c le  c o u n t s  with Contamination
Level  in m i l l i grams_per l i t e r .  Fi gure a 12 , 13 , and 14 show p a r t i c l e
counts p l o t t e d  aga ins t  c o n t a m i n a t i o n  leve l  fo r  p a r t i c l e -  sizes greater
t h a n  5 , 10 . and  15 mi cre )me t e r s .  I n  Figure 12 only the PIMC count is
shown becaus~- the PC 120 c ould n o t  count that small a particle. For
comparis ea -i standard distribution count is also plotted to show what
the slope - - mould be . Data for the- standard distribution is from Table 3
at reference- C. The fact that the actual count started at greater than
2000 part ic le -s 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 part icles 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 m icrometers. HIAC counts , althoug h high , show slopes whic-h
are close to the standard distributions. The PIMC counts , on the other
hand , alth ough closer to the expec ted count , show a definite change elf
slope in the vicinity of 2.5 to 3.0 mg/i. The reason for this change
of slope is not know-n. The contaminan t which was adde-d to the test loop
reservoir was pre—m ixed in one concentrated solution , and added in
measured quantities to achieve the desired level of contamination .
Be tween times for measuring volumes for adding to the test loop, the
concentrated contamination mixture was continually agitated. In 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
mon i toring loop. Figure 15 shows PINC particle count against contamina-
t ion level for particles greater than 5 , 10 , and 25 micrometers. The
fac t that initial contamination level was not absolutel y clean w i l l  be
refl ected in a coun t level vertically disp laced 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 par ticle counts. The
aberra t ions of the 5/12 par ticle counts are evident in this portrayal
as well as that seen previousl y, but no additional light is shed on the
reason why.

8.4.4.3. Comparison of M i cr o - S c a n  meter readings with PIMC count and
C o nt a m i n a t i o n  Level in milligrams 2er liter. Figure 16 compares
M it-rn—Scan meter reading with PTMC count for particles greater than
10 mi crometers. The data of 2/9 , 3/4 , and 5/12 are plotted on the same
char t with the Class 5 cleanlIness level also shown . It appears that
two different sensi tivity curves result. On 2/9 Micro—Scan was much
more sensi t ive than It was on the other two dates. It seems that the
electronics of Micro—Scan are susceptible to detuning with time . This
charac teristic is also apparent in the plot of Micro—Scan meter reading
agaIns t contamination l eve l in mg/I which is shown in Figure 17. Pre-
vI ou s  t e s t i n g  of Micro—Scan , references a and b , are shown in Figure 18
w it h p resent t e st  r e su l t s  supe r imposed .  In r e f e r e n c e  b , t he sensit ivi-
t y  of M I c r o — S c a n  1 was shown for  two different contaminants. The
sen sit ivity to ACFTI ) was shown to be very mu ch less than the sensitivity
tu I ron o x i d e .  Hi’ fc ’r en ce a desi- r ihe d I e at  ing of M ic  r n—Scan 1 at both

L
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NAS , Pa tuxen t  River , Mary land and NAS , t e ch  F i e l d , F lo r ida .  The H
s e n s i t i v i t i e s  at  these two s i tes  were d i f f e rent when exposed to actual
service  type  con taminan t s .  Now we have the r e s u l t s  of th is  most recent
t e s t i n g  of M i c r o — S c a n  2 w i t h  ACFTI) and have f o u n d  two d i f f e r e n t  levels
of s e n s i t i v i t y  which appear to match somewhat closel y the Patuxent and
Cec i l  r e su l t s .  It  would appear tha t  the performance of Micro—Scan as
measured by i ts  s e n s i t i v i ty  to ACFTD has improved markedl y ,  but the

• s e n s i t i v i t y  is not c o n s t a n t .

8 . 4 . 4 . 4 .  F i e l d  Test  a f  M i c r o — S c a n  2 and I l IAC PC 120 at NAF , Warminster ,
Pa. ot~~~~y 3 and 4, 1976. The f i r s t  u se- of the f o u r  way valve fo r
b a c k — f l u s h i n g  was d u r i n g  f i e l d  t e s t  a t  NAS , W a r m i n s t e r .  The two stage
cent r i f u g a l pump was used to p rovide f l o w  to the contamination monitors ,
and they we re pa ra l l e l ed  f o r  t h i s  t e s t i n g .  The t e s t i n g  procedure  had
f i r s t  been t r i ed  using the AHT 64 and f i e l d  s imula tor  at Vil lanova , and
no problems were encountered using the simulator.

On May 3 an AHT 63 was connec ted  to the  u t i l i t y  system of
CH— 53A , BuNo 161590. The- c o n t a m i n a t i o n  moni tors  connected to the
re tu rn  l ine from the a i r c r a f t  to the ground test  c a r t .  The CH— 53
has three separate h yd r a u l i c  systems . Operating system pressure is
3000 psi. The onl y components connected to the u t i l i t y  system which
could be opera ted  were the loading ramp doors .  Flow in the r e tu rn  l ine
was less than 2 gpm . With a fluid temperature of 126°F and a samp ling
pump pressure  of 45 psig the  f o l l o w i n g  readings were ob ta ined : F

Micro—Scan 2 Flow — 1300 ml/min (.34 gpm)
Me te r read ing 26

HIAC PC—l 20 Flow — 30 ml/m in

Counts /second — 100 grea ter  than 6 micrometers
4 grea ter  t han 10 micrometers

The Mic ro—Scan and ilIAC read ings  were not  in accord.  The
former indicated a much higher l evel of contamination than the latter.
The r e tu rn  l ine f l ew ra te  of 2 gpm was too low for  meaningful  resu l t s ,
and so I t  was decided to tes t  ano the r  a i r c r a f t .

On the a f t e rnoon  of May 3 tes t  of US—2B , BuNo 133054 , began .
The US — 2 has only  one h y d r a u l i c  sy s tem which  opera tes  at 1500 psi.
This  was an a i r c r a f t  which was undergoing routine maintenance , and
th e contaminat ion  leve l was expected to be hi ghe r than tha t  of the f i r s t
a i r c r a f t .  Before t e s t i ng  could s t a r t  several inc idents  occurred :

a. The h y d r a u l i c  tes t  ca r t  reservoi r  overflowed
b.  A ir  got Into both  the a i r c r a f t  and contaminat ion moni tor

sy st em s . The source of the a i r  was not known , but  eve ry th i ng had to
be b led to remove I t .

T e s t i n g  for  the day was suspended .

L
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On May 4 t e s t i n g  resumed omi t h e  i ’ S—2 , and more i n ci d e n t s

occurred :

a. A sect ion 01 the  a i r c r a f t  h y d r a u l i c  sys tem had been removed
for maintenance during the evening work s h i f t , and t h e  h y d r a u l i c  l ines
had not been capped.  When pressure  was app l ied  to the a i r c r a f t  sy s t em
a cons iderable  q u a n t i t y  of h y d r a u l i c  f l u i d  had been lost , and had te be
rep laced.

b. The HIAC sensor gave evidence-  of blockage . B a c k — f l u s h i n g  d id
not clear the condi t ion . The sensor was removed and blown out w i t h
compressed a i r  with no improvement .  The lamp a d j u s t m e n t  did clear the
condi t ion and the warn ing  l i ght went  o u t .

c.  Just before lunch bo th  the  Micro — Scan  and ilIAC gave spur ious
signals for  no apparent  cause .  One possible explanation is that high
f r equency  emissions were a f f e c t i n g  bo th  e l e c t r o n i c  circuits. This might
also have been the cause of the  hi gh M i c r o — S c a n  reading of the previous
day .

A f t e r  lunch , reasonabl y s table  read ings were obta ined on both
ins t ruments .  By ope ra t ing  the bomb—bay doors , ta i l  hook and f l i ght
con t ro l s  a f low of 3 to 7 gpm was ob ta ined  in the test  car t  r e tu rn
l ine .  Pump pressure in the m o n i t o r i n g  loop l imi ted  the Micro—Scan f l o w
to 500—550 mi/ mm (0~~~ gpm) . HIAC f low was 30 mi /m m . Mater  readings
and correspond ing PIMC counts  fo r  typ ica l  read ings are given in Table 6.

It appears that the aircraft hydraul ic sys tems cleanliness was
somewhere around Class 5 cleanliness level . For Samp le 1 Micro—Scan
gave an abnormall y high reading.  For Samp le 2 the ilIAC meter  reading
was uns teady .  Several t imes dur ing  tes t  the Micro—Scan meter exceeded
the f u l l  scale read ing of 100 fo r  no apparent  cause . It might  have
been e i ther  air  or e lec t ron ic  i n t e r f e r e n c e .  It took about  1 1/2 mInu tes
fo r  the resul ts  of an ac tua to r  movement to reach the monitor . The
bomb—bay door a c t u a t o r s  appeared cleaner than e i ther  the tai l—hook or
rudder  a c t u a t o r s,  This  could be de t ec t ed  on the con tamina t ion  mon i to r s .
When hyd rau l i c  f low f rom the a i r c r a f t  ceased , Micro—Scan read ings would
decrease  to a mete r  read ing of 2 w h i l e  the moni tor  ioop f low r ec i r cu la t ed .
Several t imes dur ing  test  the s e n s i t i v i ty  of the ilIAC was set to measure
par ticles greater than 10 micrometers in size . A particle count of about
10 p a r t i c l e s / mI  was a t yp ica l  read ing .

The t e s t i n g  at NAF , W a r min s t e r  showed t ha t  both  contaminat ion
m o n i t o r s  can be used to measure c l e a n l i n e s s  in a i r c r a f t  systems , but
there were several problems :

a. A i r c r a f t  r e t u r n  l ine f l o w  should be in the t u rbu l en t
r ange for  represen ta t ive  sampl ing.

b. Both contamination monitors give erratic readings under
c e r t a i n  cond i t ions , possible due to a i r  or e lec t ron ic  i n t e r f e r ence .

c. Micro—Scan 2 must have a pump of sufficient capacity to
provide design flow requiremen ts regardless of return line pressure . 

-
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d. Operating personnel should be- more familiar with the

ground h y d r a u l i c  t e s t  c a r L .

e. The hy d r a u l i c -  hoses and pump of  the contamination moni—
t o r ing  u n i t  should be designed so t h a t  t h ey  are readily transportable
and store easil y so t h a t  they  are not a hazard  to main tenance
personnel .

L
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8 .4 .5 .  CONCLUS IONS .

a. M i c r o — S c a n  2 does measure particulate contamination in
MIL— H— 56 06 hy draul ic f l u i d , but  has the following deficiencies:

( 1)  I n s e ns i t i v e  to p a r t i c l e - s  less  than  10 mic romete r s  in
size.

(2) Instrument calibration change s w i t h  t ime .
(3) Sensor is s e n s i t i v e  to pump p u l s a t i o n s  and must  be

isolated .

b . The ilIAC PC 120 does measure - p articu late contamination
in MIL—H—5606 hydraulic fluid , hut he- t h e  f o l l o w i n g  de f i c i enc i e s :

• (1) I n sens i t i ve  to l a r g e  p a r t i c l e - s .
(a) Ins t rume nt  c a l i b r a t i o n  e -h a n g e - s  w i t h  t i m e .
( 3) Low f low r a t e  th roug h s e ns or .

c. Both Micro—S can and r I JAC Pc: 120 appear  to be affected by
e l e c t r o n i c  emission , and are s e n s i t i v e  t o  m e c h a n i c a l  v i b r a t i o n .

d.  There is need to learn  more a b o u t  p a r t i c l e  generat ion in
h ydrau l i c  systems and to learn  more about  t h e  e f f e c t s  of contamination
on system wear .

8.4.6. RECOMMENDATIONS.

a. Cont inue  the development  of -o n t a m i n a t i o n  mon i to r ing
equipment  to remedy de f i c i enc ie s  in e x i s t i n g  equ ipmen t .

b. Study pa r t i c l e  genera t ion  in a i r c r a f t  h ydraul ic  systems ,
i ts so urces and the e f f e c t s  on component wear .

L j
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8 .5 .  lES t OF A L U M I N U M  OXID F.  H’i ,R OMI- - I F ~RS

8. 5.1. ~~z!~ nete rs_ — Genera l  The q u a n t i t y  of w a t e r  in p e t r o l e u m
products  is cus tomar i l y meat ared by t he  K a r l  F ische r method (ASTM
procedure D 1 7 4 4 — 6 4 ) .  T h i s  I ; a l a bo r a t o r y  method of determin ing
the to ta l  wa te r  c o n t e n t .  I t  is h i g hl y d e s i r a b l e  to f i n d  a simp le r
method w h i c h  mig ht  be used at the flig ht—line leve l of maintenance to
determine wate r  conten t  in M I L — H —5 6 06 B a i r c r a f t  h y d r a u l i c  f l u i d . One
possible approach to t h i s  Is the use of a h ygromete r  s imi lar  to Pana—
m e t r i c s  Model 2000 or VeeKay Model V K —36 f o r  m e a s u r i n g  wa te r  c o n t e n t .
Both  of these make use of a sensor which  c o n s i s t s  of an a luminum s t r i p
which has been anodized by a special  process to provide  a porous oxide
laye r.  A very thin  coat ing  of gold is evaporated over th i s  s t r u c t u r e .
The aluminum base and the gold layer  form the two e lect rodes  of an
-aluminum oxide capac i to r  which  provides  a measure which  can be re la ted
to vapor pressure and dissolved wate r  con ten t  in an o rgan ic  li quid .
This is not the same water  conten t  measured by the Karl  Fischer reagent
method .  The Karl  Fischer method measures t o t a l  water  content  which
inc ludes  both dissolved and f ree  wa te r  con t en t  of the f l u id . The
hygrometer  measures onl y the f o rm e r .  This  lesser capability is accept—
able for  f i e ld  use.  Visual inspection will usually, reveal sa tura ted
f l u i d . The hygrometer  has the p o t ent i a l  of measur ing water  content  In
excess of spec if ica t ion l imi ts , but still unsaturated.

To de te rmine  the weig ht  conten t  of water  w i t h i n  an organic
f l u id  h enry ’ s Law must  be app lied . Henry ’ s Law s t a tes  tha t  the mass
of gas dissolved by a given volume of solvent , at cons tan t  temperature ,
is propor t iona l  to the pressure of gas w i t h  which  i t  is in equilibrium .
The p a r t s  per mi l l ion  by weight of water  in organic  li quids is equal
to the pa r t ia l  p ressure of water  vapor t imes a cons t an t .  Thus , Hen r y ’s
Law constant  must be computed separate ly  for  each f l u i d .  It is the
sa tura t ion  percent of water for  the solvent in quest ion divided by the
satu rat ion vapor pressure of water  at  the temperature  of measurement .
Once this  constant is known , the weig ht  percent  of water  in the organic
f l u i d  is computed by m u l t i p l y ing th i s  constant  t ime s the vapor pressure
of water  measured by the probe .

8 . 5 . 2 .  DESCRIPTION OF EQU IPMENT J TEST PROCEDURE, AND RESULTS.

8.5.2.1. Panametrics Model 2000 Tests were made on MIL — H—56 0 6B -4
hyd rau l i c  f lu id  us ing a Panametr ics  Model 2000 hygrometer  and M2 probe ,
se r I a l  number 21 14—H.  S p e c i f i c a t i o n s  fo r  t h i s  hygrometer  are given in
Table 7. A p i c tu r e  of the equipment is shown in Photo 8. The r esu l t s
of the  test are shown in Figure  19.

8 .5 . 2 . 1 . 1.  Test Pro cedure The P ana metr - lcs  hygrometer  was borrowe d
from the Ground Support  Eq uipment Divis ion of the  Naval Air Engineering
C e n t e r , and a c a l ib r a t i o n  curve for  the probe was not provided . To
cor re l a t e  scale reading wi th  the wate r  content of the f l u id , samples

L 

of h y d r a u l i c  f lu i d  were prepared w i t h  var ious  wate r  con ten t s .  A
Kar l  F i scher  typ e ana lys is  was performed on each samp le to determine

L
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t h e  a c t u a l w at e r  c o n t e n t .  H y g r o m c -t er  r e a d i ng s  were taken  on the
same samp les , and the  r e s u l t i n g  r e l a t  i on s h i p  found is p lo t t ed  in
Fi gure 19.  Ih er e  w er e -  23 da t a  p o i n t s  c o v e r i n g  a range of water  con-tents t rom 38 to 442 ppm . The Karl Fischer tests were reproducible
to w i t h i n  2 ppm f o r  the  same samp l e. t h e  r e l a t i o n s h i p  was l inear ,
and c o r r e l a t i o n  was e x c el l en t .  T h i s  t e s t i n g  was done about the middle

- J u n e .

s .5...l.2 Determination of Dew Point The calibration curve relates
m i t e r  r e a d in g  to dew p o i n t .  Since no c -a l  i b r a t i o n  curve was provided ,
i t  was d ec i d e d  to prepare  a c a l i b r a t i o n  curve  u s i n g  a f l u i d  for  wh ich
the  Henry ’ s Law cons ’ ant  i s  known . N orma l hexane was chosen fo r  t h i s
purpose .  Twelve  hexane samples of known w a t e r  c o n t e n t , measured by
the  Kar l  F i scher  method , were a lso measured by the hygrometer. Knowing
H e n r y ’ s Law cons tan t  and w a t e r  c o n t e n t , t he  dew p o i n t  was ca l cu l a t ed .
The r e l a t i o n s h i p  is grap h i c a l ly  p o r t r a y e d  on the  nomogram shown in
F Igu re  20.

At t h i s  poin t  the  h y g r o m e t e r  ~~~is r e t u r n e d  b r i e f l y  to NAEC .
When It  came back again to Vi l l anova , t h e  m e t e r  r e a d i n g s  fo r  the
p r e v i o u s l y  prepared samp les were s i g n i f i c a n t l y  d i f f e r e n t .  Readings
f o r  Jul y 9 are also shown on Fi gu r e  H .  A m e t e r  r ead ing  of 3.0 mean t
a w a t e r  content  of 250 ppm in m i d —j u n e , b ut  o n ly  93 ppm in ear ly  Jul ’..
No cause for  t h i s  a b e r r a t i o n  was a p p a r e n t .  I t  v i t i a t e d  the dew po in t
c a i c-u l a t i o n s  of the p r e c e d i n g  p a r a g r a p h.  S h o r t l y a f t e r  Ju ly  9 , the
Panamet r ics h yg rometer had to be returned to NAEC for other use which
prec luded  f u r t h e r  t e s t i n g .  However , a VK—3 6 h ygromete r  made by VeeKay,
L t d . ,  became available fo r t e s t .  The VK — 3 6 makes use of the same
p r in c ip le s  for  determining dissolved water  as the Panametr ics  Model
2000.

8 . 5 . 2 . 2 .  VeeKay Hygrometer,  Model VK — 3 6 Specif ications for the
VK— 36 hygro ’m ete r  are l i s t ed  in Table 8. This  hygromete r  had Probe
No. 74085. A c a l i b r a t i o n  curve fo r  t h i s  probe is thown in Fi gure 21.
A p i c t u r e  of the hygrometer  is shown in Photo 9. Both hygrometers
had been used fo r  water  measurements  on Jul y 9 be fore  a meter  f a i l u r e

- 

- on the VeeKay hygrometer  prevented f u r t h e r  measurements .  A comparison
o f readings of the two In s t rumen t s  are shown in Figure 2 2 .  The Pana—
met r i c - s hygrometer  has a pointer  and scale for  measuring,  while the
VK— 36 has a d i g i t al  readout . The scale readings only have meaning
when ca l ib ra ted  against  dew point  or the p a r t i a l  pressure of wa te r .
On Ju ly  28 testing was resumed on the VK— 36 hygrometer  a f t e r  repair of
the d ig it a l  ou tpu t  me te r .  The r esu l t s  are shown in Figure 23. The
sami’ s h i f t  of c a l i b r a t i o n  noted for  the Panametr ics  hygrometer  was also
noted for  the V K— 3 6.

L 
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8.5.2.3. E f f e c t  of Temperature on l~y~~rom et€- r Reading~ F u r t h e r  t e s t
of t he  VK—36 h ygromete r  was c o n d u et e d . F i r s t , the  e f f e c t  of tempera-
t u r e  on the  hygrome te r  readings  was measu red .  The h y g r o m e t e r  p robe
was inser ted  in a three-  necked f l a s k  p a r t i a l l y f i l l e d  w i t h  M I L — H —
5606B h y d r a u l i c  f l u i d  w i t h  a w a t e r  c o n t e n t  of 204 ppm . A thermom eter
was in se r t ed  t h r o u g h the-  second nec- k of t he  f l a s k , and t h ~ t h i r d  ne c k
was s t oppe red  so t h a t  t h e  f l u i d  was no t  exposed to th e  atmospher e- d u r i n g
test. Tests were conducted on Jul y 31 and A u g u s t  5 w i t h  t h t  r e s s l t , ~
shown in Figure 24. Once again the calibration changed between t e s t s .

8 . 5 .2 . 4. Variation of Henry ’s Law w ith 1~~ perature Using the results
of testing on August 5 a Henry ’s Law constant was cah-ulated using
the  nomogram , Figure 20. The results appear to be quite close to t h e -
r e s u l t s  ob ta ined  b y taking saturation va1ues from previous tests
conducted at Villanova and reported in Reference d. The constant was
obta ined f r o m  the VK—36 measurements  by taking the known quantity of
w a t e r  in the f l u i d , 204 ppm , obtaining the dew point from the probe
c a l i b r a t i o n  curve and read ing  the constant using the left side of the
nomogram . The cons t an t  was ob t a ined  f r o m  r e f e r ence  d.  data f r o m  the
s a t u r a t i o n  c o n c e n t r a t i o n s  at known t e m p e r a t u r e s  and us ing  the r i gh t  s ide
of the  nomogram. The v a r i a t i o n  of Henry ’s Law constant with temperature
is shown in F igure  25.

8 . 5 . 2 . 5 .  Time Response of VK— 36 ll’.’groii~~ometer .  Ano the r  tes t  made on the
VK — 3 6 hygrometer  was a measurement  of the  t ime it takes  to get a f i n a l
reading .  This is shown in Figure 26.

8.5.3. Discussion and Analysis The measurement of water content of
M I L —H — 5606 h yd raul ic  f l u i d  did not appear to be a problem In a previous
s tudy  made by Villanova University , reference e. However , recent exper-
ience wi th the P3 aircraft , overhauled at NARF Alameda , has reveal ed
tha t  w a t e r  in combinat ion  w i t h  Freon , a solvent used in a i r c r a f t  main-
te nance , appea rs to be the cause of excessive corrosion in the hydraulic
sys tem of t h i s  ai r c r a f t .  The ex ten t  to which this combination is
a f f e c t i n g  o ther  a i r c r a f t  is under inves t iga t ion  by the  Navy . Wate r  is
a lso  d e t r i m e n t a l  in tha t  it can a f f e c t  the addi t ives  which are present
in h y d r a ul l .  f l u i d , can cause degrada t ion of the fluid , and can be the
breed ing  ground f o r  undesirable  organisms . For these reasons the wate r
c o n t e n t  of h y d r a u l i c  f l u i d  should be controlled; but first , it must be
measured.

The l abora to ry  method of measur ing  wa te r  conten t  is not readi l y
adaptable  for  f i e ld  use . The aluminum oxide h yg rometer appears to have
t h i s  p o t e n t i a l  a l t h o u g h there  ex i s t  some Inheren t problems . One of
these  is the dependence of the aluminum oxide hygrome ter on Henry ’s
Law which relates to the sa tura t ion  concent ra t ion  of water  in hydrau l i c
f l u i d .  A p rev ious  s t u d y ,  r e f e r e n c e  d , showed tha t  the  sa tu ra t ion
con eent r a t  Ion of w a t e r  In hy d r a u l i c  f l u i d  var ied not onl y wi th  temp—
erature , but alsc, with the source of manufacture of the f l u i d . In
sp i t e  of t h i s , t he  s imp l i c i t y  of o p e r a t i o n  of the  a luminum oxide
hygrome ter makes It attractive for field use. This hygrometer only
ha~ tc, be immerst’d In the fluid being tested to obtain a meter read ing

L
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- an he re- I at eel t o  wa e r  e~Ofl t c-n . J u l  or tuna t e I ~
- , l abo r ato ry test

.) t t h e  Panam e-t  r is  s and V -eK iv hygrometer s showed ot her  fail ings , conuno n
t o  b o t h .

The m a j o r  del ~~e l e ns  ies oJ t h e  i l  u m i n u m  o x i d e  hygromete r  revealed
by t h i s  t e s t i n g  are two . F i r s t , t h e  in ~ h i1 it’.’ of bot h instruments to
give c o n s i s t e n t  m et e-r r e a d i n g s  fr - Tm da\ t o  day  w h i c h  i s  st-en in Fi gures
19 , . 3 , and 24 is a m a j o r  d rawback  wh i - - h e  must be c o r r e c t e d  be fo re  any
practica l use of them can be n a d e .  ~ e - , -~~nd , t he  r e sponse- time of both
instruments to  a chang e-  in water c o n t e n t  i s  e-xce s s i v e - . For the V eeK ay
instrument this is ~iown in Fi gure- -~~h , but it was exp-rienced with
both hygrometers. The Panametrics spe- eifi c ation states that the in-
strument has a response t ime of less t h a n  5 soconds for a 63 percent
step change in moisture content in e i t h e r wet up er dry down cycle.
This  s p e c i f i c a t ion was not  met .

The variation of hygrometer re ading with temperature is a
lesser  p r o b l e m  if the variation of the  Henry ’s Law constant with
temperature can be determined . The- variation of the water saturation
u nIt of hydraulic fluid which also a f f e-cts the Henry ’s Law constant
is also a problem , but could he relieved by tight er fluid specifIca—
t Ions.

8 . 5 .4 .  CONCLUSIONS AND RECO~~€N DATII ?NS.

8.5.4.1. Cunclusions

a. Because of i t s  i n t e r a c t i o n  with c h l o r i n a t e d  solvents , wa te r
in a i r c r a f t  hydrau l ic  systems is becoming an increas ing problem . This
Is true for the P3 airc raft now , and may extend to other aircraft.
I f  it does , the re wi l l  be need for  a ready means of detecting , measur ing
and removing excess water  f rom aircraft hydraulic fluid.

b . Aluminum oxide hygrome ters are not suitable for measuring
wa ter content of MIL—H—5606 hydraulic - fluid for the follwing reasons:

(1) The meaning of the meter reading changes with time .
( 2 ) Speed o f r espo n se of the sensor makes it unsuitable for

I n — l i n e  m o n i t o r i n g .

(3) Henry ’s Law constant of the hydraulic f l u i d  changes for
diff e rent fluid sources.

L
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8.5.4.2. RECO~~4ENDA I 1uNS

a. Maintain (-lose- Liaison with NARF Alameda and NAVAIR to
keep updated on ex t en t  of probl em w i t h  ch lo r ina ted  solvents  and need
for support equi pment to detect and measure water content in hydra ul ic
f l u i d  and to recondition the  fluid .

b. Encourage the correction of deficiencies in present alum—
m u m  oxide hygrometers , and continue to look fo r  o the r  methods  of
measuring water in hydraulic f l u i d .

L 

~~~~-~~~~~~~~~ - -- - -~~~~~~~ -~~~~~~~~~~ - -



—5215/4A (i~~V.3—7O) NAEC— c- . :- i~
‘* O - PAGE ‘o

1 ~~~~ P L A T O

8.6 .  C A L I B R A T I O N .

8.6.  1. General  Cal ib r a t  ion is nee -essary  to  i n su r e  t h a t  - q I i i J ’m e- ~~ I
measur ing  cons ist  t -n t  l v  each t ime i t  i s  used , and when compared ~~i t h  

—
other  s i m l l ~~r e- qu i r m c n t s .  A sat i s f a c t o r y  method of c a l  i b r a t  ion  is

ne cessary for an e l l ec t  ive quality c o n t r o l  program . l n t  ii the i .ist

few years in t h ~- sc~~-nc e-  of  parti culat e- measurement there was li t i  le-
accord between i n d i v dua l r e sea rche r s  f o r  lack of an agreed upon
standard. Rece- ntI~- , nowever , progress has been made by the Americ an
National Standards Institute in publishing a standard method for the
c a l i b r a t i o n  of l i ’- u i d  a u t o m a t i c  p a r t i c l e  coun te r s  using “AC ” fine test
dust , reference c- This was further extended to microscop ic type auto-
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 samp les within 20 percent ,
re fere nce f•  For the in—line contamination monitor being considered 

—
in this study an additional problem is presented.

Our present problem is two—fold. First , t he- desired o~ tput
of the in—line contamination monitor is a simp le- indication of “clean ”
or “dirty , and is not a pa r t i c l e  c o u n t .  Second , th e instrument which
mi ght be used for measuring cleanliness is not necessaril y a particle-
c o u n t e r .  I t  mig ht  be an ins t rumen t s i m i l a r  to the  M i l l i po re M i c r o -
Scan which is not a particle counter. The Navy standard for acceptable
c l e a n l i n e s s  is based on allowable number of p a r t i c u l a t e s  in the  range
of 5 micrometers and greater , but the present test rethote for field - -

use r equ i res  no count , only a color comparison w i t h  a g iven  s t anda rd .

The two equi pments tested for suitabili ty ao in—line contam—
m a t  Ion monite rs are good examples of the two different methods of - 

-
-

measuring fluid cleanliness. The HIAC PC 120 is a particle counter ,
and the Milllpore Micro—Scan is not. Any procedures developed for
calibrating these instruments should be adaptable both for field cal—
Ibration and for measuring conformance to specification requirement—
fo r  p r o c u r e m e n t .

8 .6 . 2 .  C a l i b r a ti o n  Procedures  S’-veral e a l ib r a t i on  procedures  w e r e
tried. First , the HIAC particle counter was calibrated us ing the
manufac turer ’s recommended procedure . HIAC provides fluid with a kn- -~ --
par ti c l e  count which can be passed throug h the sensor and mete r  read-
ings  recorded for  g iven  sensitivity settings. This method Is not
app ilcuuie to the M i lli pore Micro—Scan . For the latter , a gravimetr ic
method of measurement Is more appropriat e . Two gravimetric methods
were t r i e d . One method  uses m a t ch e d  w e i g h t  f i l t e r s  and measures the
wei ght change for a g iven volume of fl u id passing through . In the
second method , the  m et er  rea( ’ ing  I s  n o t e - c l  for different contamination
levels of the f l u i d  and the  r e s u l t s  p l o t t e d  10 show the  s e n s i t i v i t y  of
~~~ i n s t r u m e n t  to  known change s of contaml nati3n le-jel. Since clean—
I t n - s w  I s  d e f i n e d  b y particle coun t , f l u i d  samp les at each co nta m ina—

i on  I e v ~~1 art ’ ,i lso su b j e c t e d  to c oun t  In g  to insure  tha t c l ean l ine s s
N t n u i I n r d M  iir e s a t i s f i e d .  T h i s  l a s t  m e t h o d  Is  a p p l i c a b l e  to e i t h e r
Lv: ’ - ~! c o n t a m i n j i t i c i n  monitor and forms t h e  b a s i s  f o r  the  r equ i r emen t

L
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w h i c h  was e v e n t u a l l y i n c o r p o r a ted  i n t o  t h e -  p rocurement  s p e c i f i c a t i o n ,
Append ix  A .

8.6.2.1. HIAC PC 120. The c o n t r a c t o r ’ s recommended procedu re for
calibrating particle counters had to be modified to meet the unique
r equ i r emen t  of the PC 120 which is an ana logue  type  p a r t i c l e  counter .
The conventional particle counter counts the total number of particles
of a given size in a s p e c i f i c  volume of f l u i d .  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 , p r e s s u r i z i n g  the chamber using a min imum
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
t es t  s e t — u p . A magne t i c  s t i r r e r  is used to agitate the fluid during
cal ibration. For this reason the base of the pressure chamber should
be non—magnet ic in nature so that it d ie-s nor interfere with the stir—
ring act ion . With a known r low 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-
l iter for particular size particles , the potentiometer setting f or a
given size pa r t i c 1.e can be determined. A typ ical calibration curve
is shown in Fi gure 28.

8 . 6 . 2 . 2 .  Mi l l ip ore  Micro—Scan.  The M i l l i p o r e  Micro—Scan  lends i t se l f
more to gravime~ L iL method s of calibration. The usual technique for
gravime t r ic anal ysis  is the matched weight filter. Two cellulose
f ilters of a given pore size are contained in a plastic holder. A
volume of f l u i d  is passed t h r o u g h the two filters and the increase in
wei ght of the top fil ter is measured and recorded . This gives the
weight of contaminant present in a specified volume of fluid , usuall y
m i l l i g r a m s  per l i t e r .  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 quan t i ty of d i r t  was very small , and subsequen t check
sho wed tha t  the matched weight filters as received from the manu-
fac turer and weight differences which were in excess of the weight of
cant  am 1nar~t .

Cravimetric  measurement of contaminant cannot be related
d i r e c t l y  to p a r t i c l e  count except a specific contaminant which has
a known p a r t i c u l a t e  d i s t r i b u t i o n . “AC ” fine test dust is such a
contaminant  which makes it a useful- standard for testing. This isone of the reasons that i t  is used by the  American National Standards
I n st I t u t e  for  i t s  ca l ib ra t ion  procedures .  Table 3 of reference C
1 I s t~ the particle size dis tribut ion for 1 mg/i of “AC ” fine test dust.

L ,j
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The next  method considered f o r  t h e  c a l i b r a t  on of the M i l l i—
pore Micro—Scan was to add a known wei ght of contaminant to the circu-
l a t ing  fluid in a test loop, and th en 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 verif y 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
contam ination measurement in the procurement specification , App endix 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 M lii i—
pore Micro—Scan and the il IAC PC 120. I t  is more a p p r o p r i a t e  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. --

L
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8.7. CONSTRUCT I ON AND USE OF FIELD SIMULATOR. It was Intended to
test the in—line contamination monitors tinder conditions which approached
service cond i t ions  as closel y as possible. The purpose of such testing
was to discover any problems which simp le- laboratory test might overlook .
To accomp l ish th i s  f iel d t e s t i n g ,  it was p lanned to use the  AHT 64
hydraulic test cart which had previousl\ been modified for use at NAS ,
Pa tuxent  River  and NAS , Cecil Field , and to connect  the cart  to a f i e l d
simulator which would represent the aircraft hydraulic system.

8.7.1. MODIFICATION OF AHT 64 TEST CAR T. The AHT 64 test cart , as
used previously ,  had been modified to have Micro—Scan 1 connected
internall y 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 mod i f i ed  for this purpose. Since the concept of use had changed
since the previous tes ting ,  all of the installed equi pment was removed
from the AHT 64 test cart. It was now the intent to keep the contamin—
at ion monitor a separate unit , apart from the test cart and connect into
the tes t  ca r t  r e t u r n  l in e  e x t e r n a l ly .  As now envisaged , the in—line
contamination monitor was to consist of three units:

a. Sampling unit. This included the adapter for the test c-art
re turn l ine , connec tors and hoses for  supp ly and r e tu rn  lines to the
con tamina tion mon itor , and a pump to provide the required flow volume .

b . Sensor unit. This unit is installed in hydraulic lines
and provides a si gnal to the analytical unit which is proportiona l
to the amount of contamination detected.

c. Analy tical unit. This unit receives the signal from the
sensor and has the c i r cu i t ry  to transform that signal to a form which
ca n be disp layed on an output  me te r .

8 . 7 . 2 .  CONSTRUCTION OF A FIELD SIMULATOR. To simulate the aircraft
h y d r a u l i c  system a f i e ld  s imulator  was cons t ruc ted  of excess a i r c r a f t
hy d raulic pa r t s .  Photo 11 is a p i c t u r e  of the ai r c r a f t  hydrau l ic  system
si m u l a t o r .  Figure 29 Is a schematic drawing of the u n i t .  I t  consists
of two l inear ac tua tors  controlled by an elec tr ical ly  opera ted four  way
valve . Power fo r  the valve was provided b y the ba t t e ries of the ART 64
~~~~ ca rt , and a t iming switch was ins ta l led  In the power l ine to the
valve so that  the l inear  a c t u a t o r s  could be electricall y cycled. A
second hydraulic circui t included a rotary hydraulic motor with an
on—off valve , manually operated installed in the line . The rotary hy-
draul ic motor was coupled to a small DC generator  to provide loading
for the mo to r .  The MiT 64 provided hydraulic fluid flow to the simu-
la tor , and return flow from the simulator was to the hydraul ic  tes t
ca r t .  The adapter  of the sampling uni t  of the in—l ine  contamination
m o n i t o r  was loca ted  between the  r e t u r n  hose f rom the f ie ld  s imulator
and the AlIT 64 r e t u r n  c o u p l i n g .  Photo 12 is a pic ture of the re turn
l ine sampl ing  se c t i o n .

L
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8 . 7 . 3 .  USE OF THE FIELD SIMULATOR. l i i i  f i e l d  s i m u l a t o r  func t ioned  . 

-
£ In a satisfactory manner , but did not provide a useful check of t h e

in—line contamina t ion monitor. Approximatel y 7 t o  9 g a l l o n s  per m i n u t e
f low was pr ovided to the f i e l d  s i m u l a t o r , but  i t  c i r cu l a t ed  ve ry quick-
ly th roug h the 3 micron f i l t e r  of t he  AWL 64 so that the contamination
m o n i t o r  was always looking at c lean f l u i d , and the c l e a n — u p  process
could not ~~ observed .  When t he  opportunity presented itself to
conduct  t e s t s  w i t h  a c t u a l aircraft , use - of t he  t i e l d  s i m u l a t o r  was
discontinued . The field simulator was  ve-ry helpful in e s t a b l i s h i n g
the requ i rements  for  the  re tur n l i n e  samp l i n g  sec t ion .

8.7.4. DESIGN OF THE CONTAMINATION MON I TOR SAMPLING SECTION. The
c o n t a m i n a t i o n  mon i to r  samp l i n g  s e c t i o n  has qu ick  d i sconnec t  fittings
on eithe r end so t h a t  it can be quickl y connected to a ground hydraulic
tes t  cart  and the a i r c r a f t  r e t u r n  l i n e  hos e . These f i t t i n g s  are
AEROQUIP p a r t  numbers 145—S5 — 2 0 D and 014519— 54—20 0 . A flo w m e ter  is
provided to Insure tha t  adequa t e  r e t u r n  f l o w  is  coming  f rom the a i r c r a f t
to p revent r ec i r cu l a t ion  of the m o n i t o r e d  f l u i d .  On e - i t h e r  side of the
f low meter 1/4 inch quick disconnect fittin gs are provided fo r hose
connections to and f rom the contamination monitor. The sampling section
func tioned satisfactoril y, but was c o n s t r u c t e d  by assembling standard
“o f f — t h e — s h e l f ”  c o n n e c t o r s .  I t  is cumbersome and the design could be-
simp lified. 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
a i r c r a f t .  Close a t t e n t i o n  should be paid to this aspect of design .

8 . 7 .5 .  CONCLUSIONS.

a .  Test of the  c o n t a m i n a t i o n  m o n i t o r  w i t h  a c t u a l  a i r c r a f t  i s
preferable to test using a field siri’iLitor .

b . The sampling sect ion of the contamination monitor is ade-
q u a t e , but the des ign could be improved . A study of the effects of
t u r b u l e n t  versul  n o n — t u r b u l e n t  f l ow  w o u l d  be h e l p f u l  fo r  es tabl i sh-
ing  design p a r a m e t e r s  for  the ~~nip l-ing section .

8 . 7 . 6 .  RECO~’2 ’ 1ENDAT IONS.

a. Study the  e f f e c t s  of turbulent versus non—turbulent flow
on the performance of in—line contamination monitors .

b. Improve the design of the samp l ing section of the contam-
ination monitor.

L
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r 8.8 Pre - p e r at i coti “I }‘rocurernt-ii t Sp ecification 1
.8. I ( e- t ie -r a, l — A l t  l ioug h t h e - re -  a re- e q u i p m e n t  s ava i lable wit i d e

~- o e  I c!  h~ - use d I or tm-ast ir l ug  p a r t  ic -u i :e t ~- c o n t a m i n a t i o n  in a ire-raft h v d r a e i l  I c

sv st  ems , none- c~~I them are- id e all y suit ed to  t h e  organ i zat ional maintenaiu-e-

t a s k  of 1n~~ir j~ g system c haul m ess. For this task t h e -  fli ght line med ia te—

Ic needs a re- i i ah I t -  i red i c a t  or wit I c h g I ye -  s an t i n c omp l i e  a t  ed measurement o

c lean or dirt v. It should t c  easy t O  c i s c - , con sistent in i t s  measure -me-n t

and sufficient lv durabi e to wit h s t an d  t h e -  rigors of norma l usage . Final 1

the cost of the device should n o t  he- excessive . The t e s t i n g  which  was

done under this contract was for the p u r po se  of d e t e r m i n i n g  those c h a r e ~ -

tL -ristics of a monitoring device which must he- clearl y dc-fined In a procur e - —

ment specification if these objectives are t o  be achieved . A device- 1 i k e

t h i s  is e l e c t r o — m e c h a n i c al  in n a t u r e , b u t  i s  u n i q u e  in t h a t  no equ i p m e n t s

exactly l ike this have ever been pr oc  a r c H  p r e -v i o us l .

8 . 8 . 2  Work _ Acco mp~~lshed — ‘In p r o j e r e - the- p r o c u r e m e n t  s~ee- c i t  i c e —

t ion , f o u r  c o n f e r e n c e s  were h e l d  at  the  N a v i l  A i r  E n g i n e e r i n g  C e n t e r .

a .  On Augus t  7 , 197 5 Mess r s .  P.  Se - n l i o l z i , 1). M a y e r , J .  M e r in o ,

- 4  I i .  O t t  and J .  Coy le met  to discuss the- gene-ral requirements ot the spe c ii —

c at  ion . I t  was agreed to f o l l o w  the gene-ral forma t of specification

A V 4000. A t  a later da te  Purchase  Descri p t ion Number 27B for a Freqticne -v

U~ea ie ~- . c - r  was  s e l ec t ed  as a more a p p r o p r i a t e  f o r m a t .  M I L — T — 2  1200 Class  ~
was vhe~~t~ to  be t h e  g u i d e  f o r  e n v i r o n m e n t a l  r e q u i r e m e n t s .

h .  On Dec ember 15 , 1975 the  f i r s t  d r a f t  of t h e  s p ec i f i c a t i o n

was r e - v i ewed , seve ra l  changes were agreed up on . and incorp or ated  In to  the ’
spec  If ! c-at ton .

e .  On March ‘3 , 1976 t h e  m a i n t a i n a b i l i t y  and r e l i a b i l i t y  p o r t i o n s

of t h e  p r o c u r e m e n t  spec I f i c a t  ton were  s u bj o c - t e d  to  f u r t h e r  review and
m a l n t a l n o b l l  i t y  and r e ’ I I a l ~ 1 l 1 t v  d e s i g n  parameters were agreed upon , and

lee ’ t’n v I r o n m e n t a l  t est  spec I f  I ca  I Ion  was  changed  to M I L — S T I ) — 8 1 0 .  A second

d r c e  t. of  t Iw  spec i f  t e n t  ion was p r epa r e d .

d . On Jun i ’  14 19 7 6  t h e  s e c o n d  d r a f t  of t he spec if  Ir a  t Ion was

rev Ii ’we d , ond w i t  ii t i l L  ass 1st once  of  M r .  0 .  May er  t h e  sp ec I f  I c a t  ton t o o k

l i o n !  t o  rm . The f i n a l  d r a f t  o f  t h e  spe c - If I c~a Ion is App endix A of t h i s

report

8 . 8 .3  1) isciess Ion  — I n  t h e .’ ! r pr oc-i n t f o r m  t h er e  I s  s t r o n g  d o u b t

t !t~~ I sin v c i t  th e. ’  e’qe i I pme. ’n t s t e s te d  con met ’ t the ’ p r o c u r em e n t  spec I f  icat  ion
L

_ _  --~~ -~~--‘--- -~~~~~~~~~~~~ -.----- --- 
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r e -qu I r ement  s l e e r  a c o n t a i n  m a t  ion non i t  d r  . Rut Ii t lee’ M i t t - — ~~ c - ; e t l  c u d  I l i e  

- 
-

I l I A C  PC I 20 rove-al per f e e  m ane -c - alto r Icon I ngs  wie i c - it must  b~ c~ ’ c - r c one’ be- I c C  r e

they ar e sat i s f a e - t e > r~- . ‘I’he-v must  he c c k a g e  d to  me-c -I  t h e -  --~~e i t  i - i t  Ion

requ irenen ts , and redes igne-d I ic r the- c-nv i ronnie- n t al Ce- st r c  :u i r e - m o n t  s -

E i t h e r  i n s t r u m e n t  has a p o t e n t  ij i  f or  l i i i  t c l i  i t i g  t l t e - c ~ r c - o i i r e - m e - f l t s .

Rec ause ( C f  t he  un iqueness  c i t  t le t- c O f l  t a r  i t e a t  ion mot e i t  c c l  ~ fl 1t c i t  t l i e -

s p e c i f i e d  r e q u i r e m e n t s  a r c -  u n i v  best e s t  m a t e - s .  Some I .  - ~~i v  max’ ~e

possi ble , a n d a c t u a l t e s t  a nd usage- w i  i 1 he ’ f l e c e ’~~5 - t c ’  uie~ j r r ~ t he-

accu racy  of these  f i r s t  r eqe.c i r e -me-nt a .  An ccp d . e  I 01 t lee -  sp , c i t  I c u t  i On

should be made a f t e r  a reasonab le -  per  io d e e l  5 c r  v i t - e - x g e  r I c ’ l t ~

8.8. 4 C o n c l u s i o n  — S pe c - i t  ic~et l out t e s t s  and r c - l  i - i b i l i t v  i u t c I

m a i n t a i n a b i l i t y  des ign  par ame- t e -r s  a r e -  b a s e - c l  cci i  c c - s t  ~iid ge cm nI  and ha v e

been se lec ted  f rom r e q u i r e m e n t s  of re-as onue hlv s i m i l a r  e- q u i pm&-n ts . A

c o n t a m i n a t i o n  m o n i t o r  is a un i que eq ec I pme - n t  , f l e e t  I i l  1 l og  i t t  t O  w v  c X  I st  I le g

c a t e g o r y .

8.8. 5 Recommenda t ion  — A t  t el~ a r c  1 sc C ( 1 , i l ~ I e p t - c  i d  0 1  Se’ rv I -

usage-, v~ r 1 f y v a l i d i t y  of tests Sp e c I i  l c d  in th e- pr~c~ ( ( r e - m e - l e t  sp e c i f  I c i t  iOn

and In re -liabilit y and ma intainabilit y d e s i g n  pa r cm e l e -r s .

L a
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q • Ri-J l-Rl- N( l

, i .  1 .  J .  C c ) V I t , “
~ \ S t e . c d v  - ‘ t  l l y d r , i e . c I I c ’ ~~v - -, t c n e  Lc - ; i r  i i i  N a v y  A 7E

.-\ i r c - r e t  t ’’ , M t - - h a t t i c - , i l  i n1’,iutc - c -r lug l)c j ear t rn e-ct t R - p c c r t , \ i  I l;tieova Univ ersity,

V I I  l u i n e c v a , l’a .  l 9 O ~~ , M a r e - l i  l~~ 7-c

b.  E .  M t A s s e y , ‘‘ M h - r o — S c ’aTi I c - s t  Pr og rim ’ , Me -- l e,ln i c - i l  Lie g in c - orlieg Dc- p art—

m e n t  Re - p ’ r t  , V i  i l u e n c e v a  l i e i v c r S  i t ~ ’ , V i t  I , lcl c v;I , P u t .  1905 , N c v e - m h i - r  1 9 7 2 .

c .  A N S I  B 9 3 . 2 8— l 9 7 3 , “ M et  h eed I c r  c c l  i h r u i t  i o n  o t  L i q u i d  A u t o mat I c -

P a r t i c l e  C o u n t e r s  U s i n g  ‘At ’ l” iuc’ I c c t  i ) t i s (  ‘‘
, A m e n - i l l  N i t  i c ’ i t a l  S t , i t i d , c u c l s

I n s t i t u t e , 1430 B r o a d w ay , N c a  York , N . Y .  1 0 1) 1 ~

d . . . 1 . ( o -  I e- and _ l . E . I c c  c u t  a jil t - , I I c c t j - ‘ C l  IC c! , fli c - I  I O t  l~ , i  t

t rom M I I , — H~~~h D ñ B  H v d r e u l  ii l - I u id ‘‘ , I l l  I c  c i  l : nc  I H - c  r i n g  i l c p . c r t r f l e ’ n t

V i i u 1 1 1 0 V - l  I n i v i - r a i t y , ‘ i i  l u i c c ’ v , i , l ’ , i  - I~~t J ~ 5 , I c c  ‘ l~~~i 972.

. 1. - I .  ( c c - I c - , ‘‘cl e _ i ri t c - t i t Ic  s - - t ‘‘ II —Il— h (  I C R  c ud c e l  i c  F l u i d  I T I

N , i v v  Opt -r i  l ug  A I r c r uc  f t  cu d S c ipp ’r I l cpi I p!’ c i i i  ‘~ c -  ha t e  i - c  I tg i t t ~. o r  i T l c

) c - p a r t m e n t  R e p o r t , \‘ i l l a n o v , e  I n i v e - r s i t  v , \ ‘ i l  I l cl c cva , . 1~~0~ l~ D e c e n t - c - n  1 9 2 .

f .  L .  C .  Re Il I i , ‘~~- .r  \‘c V  T I  ( i i  O c r - c t j o lt ~i \ C ( t ~~’n , l t  i c  P i r t  ( c i t  C o t t n t t c r s

i i )  t i l e - 1 t i c  10 ~- l i e r - c ~ e t  e r Range- ’’ . l~~l u  No . I’7~~i 3 , l-’ l t i i d  ‘c ) Sc ’r  R e s e a r c h

C c - n t i - r , ( ) k l , dl - r u - l  S t c i e  C i i i ’; l a i t y , St i i  l w i t - - r , ~ , i l i - ra S 1 ) 7 4 , 1975.

L a
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I :-~C~ FTC A’I’j uL-4 5 FL- H PA l- A~- ‘f:~T ~~ ~

::CDEL 2000

R - \’~( , I  S I c - - c ’ I I I I ; - ’- c c ’  a ’ - ; e I l c ’ e ~~c of I N 10 , 30 l ic I th

Iufl ~ :iI ~~. S I c l l - J l T d  p 1 -  ‘ lll ~’ I’ Ile II ;5 ( d I d l u i t  lang c  cef

+ ‘D ’’C I cc - l  j c ( ’( -
A ( ( , ’I -R \ ( ‘~~ 

1- I -
- uu l d c ~t t C l  - m ini r ee l T e l  l u ll i-c ain , on all

I (~~lf

I ’ O V I R  SL’I’I’ LY Al ’ I I I L  vo!lu ’ .e lOt , I h or 220 ‘olts

~-(), (-U Il/ . I- -~ tl i,w I ~v _ t U ,  DI ~\:; i ~ I-( I tuTiltlct IC-

n I l c i ”  e t ! n  ( l , d i e - C  p - ; L  t~~ n ()j d i l c CII , (

Ith,- \ I t  \I3I llI’ ~ 
- l~~t t-; i i d l e  ~ 0,~~ OH a l l  I - H F

(ii’j- k V[lN (, 1 L M P I I R A J  I OL: -1D
11( ~~ 

~~ I 
~~

S l O t - ’ AGF Tl-~~!PLR -Vi i ( R I  S~~~°
(-  IC )

\VA R~I 1UI~ 1 i~cD - Ln ss d iauu  u c i l i u t e s ,

CAi _ Iid ’-_~\] lO’ c ((diiT, - 1 C  c i c c t r l l ’~ ,- _ c c L  , _ I I  _ - - ( c ( c r . u c c t g l ’ \
a CAL II3RA ’! I- , lw ( ( C ’ll U !III T~~_ iI Id _ c ,  I C d ’ __ 1 9 - _ ; l i - ’ ; l  , 2 ( l ( ~ t-
necul .  Prob e c a l i l l i a t t o c i  c i i i ’ s e~-~ l 2  C I (  ~ ~:J \ Til l Cdc’ll

sen sor .

I~:1’CI l S’ .Si. x I 1iO liC in~’luI j u J ~ s d ; . i ’ d h~ P ‘I lljncl
swilnli.

SllU ( K ANI ) VIBRATION St. ’;d .trd Slupp iug specif ica-

t ions .

RE(’ORDFR 01 [UI 1: 0-1 (NI I 1T ~

D IMI -NSIONS: I 3”~\’ ~ 
9~ 3 4~~ [) ~ ~~~~ I .

P,\~’- il I_ MOl ‘N F CL’ r  OUT 1) I\l :NSlO: ~S. 14- I /2 ”~\’
x I 1. 1 2 11.

SHI PP IN G P A ( K \ G E :  15.3 ~“W >, 14 1) I
W1~I G ) IF ;  ~c.3/4 pounds net (0 p oun d s  fu l l  l~ ck c d)

CONSTRUC1 ION: A ic c i i , inun i  Fo r niccl  C ase Panels ,  Un l i  is
desi~ite’d for bench , pa n ci or pu i : i I  In usci .
FINISI I .  Black cmndt ~.ed e c l u i u i t u i u i i ,  I I I  clear anodlied r i m ,

L a
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r
TAI~:E  7 (~~LN T . )

(‘i\ L II3I ( , A ’I’ION : I cc l i  sensor c i  cev i LI ; e I  ~s i t lc j i i d i v c d i c a l
ca l i b ua t i on  cu r v e .

DEW PO IN T R ,\NGE:  +2 0 °C t o - I  10 111. ( + ~~O°I to -170 °F) .
Special i l i gI l dess- P o in T p rccb e c a l l b c u l n d  ( C C  I 1 0 01 o f I c u e d .

OPERA I IN ( ;  PRI , SSL’RI’ - D ep en ds on I i l T c t 1 ~ ’ .

M12  S c I 1 j c I O l I ’ - O I  l l i ~ t e ’ 73
M22 S i c c k i o e i - ’ o i l  t i c  ~00O I T S IU 

00 I CS 0~ f lax

j Oie [RA TIN ( ; I’ I~~I l c E R \ r i R I . - l  IO ei ( t e l

SFOR.\(’~L i l ’eII’l RAI IR I -.: ~‘I1j X I I l l t I I I I  d l  ~~7 Qh1 (-

-‘c l  L- , (;~cscs I : r c i n l  St a l l, ti c ~ 0i5I LI T 1 ‘‘CC

Il t i ca r  V e I t d v c l s  -~ I :11 Ii.

I ( e 1 l l i d S  - - I c c _ n i l SLI;IC I ‘ e’ I l l ’ Sd c_ ’ (

d cu i s i i s  ccl

!~l S l ~~I ’ S I  ~ l~e i l - . t ~ ~I c ; cn ~Ce~ ’ I I Is  c cc a (c i st Cp c

(‘ l l : I l Tc ’c I I I  T l l c ) I S I I ; e  , d l i t t ’Ilt I ll C IULI lid dl’ c d l LiI \ C — I I
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SPECIFICATIONS FOR THE VK -36 HYGROMETER

2.1 ELECTRICAL

I . AC Power Supply :  1 00- , 110- , or 220-vol ts  ac . 50 to leO Hi .
20 wa t t s  at m a x i m u m  out pu t .  Un i t  wir ed at
factory for one of th e above voltages ,

2 . Range: 0.0000099 to 150 mm Hg (- I  10°C to +60°C
Dew Point )

3. Accuracy: Electrical:  b et ter  t h a n  ± I percent of inpu t
signal ,

4. Readabil i ty:  Better than  ±0 ,35 p ercent of inpu t  sign al ,

5. Operating Temperature : -20°C to +60°C

6. Storage Temperature : -55°C to +75°C,

- 
- 7. Warmup Time: Meets specified accuracy within  30 minutes

of turn-on.

8. Calibration Self .calibrating by means of internal  calibra-
tion signals.

Intrinsic Safety: The Model VK-36 Hygrometer has been
designed to meet the requirements  of the
Underwriters Laboratories aci d the German
PTB specifications for an intr insical l y safe
circuit with respect to the PROBE A N D
CABLE ONLY in Ila7 ard ous locations. Thi s
design is intended to provide the capabi l i ty  ot ’
placin g an a ct ive pro be in Class I .  Grou ps A .
B , C. ar id I) or PTB zones 0. I - and 2 .

Transportation : Meets Nation al  Safety Transit type of test
when packaged as shipp ed from Veekay. Ltd.
One hour vibrat ions  sl ight ly in excess of I g.

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

A ltitude: 25.000 feet opera t ing .  50 .000 feet nono per~
at lug.
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Inpu ts: Maximu m of six probes connected to barrier
s t r ip  at rear.

Signal Outputs: Cont inuous on all  act ive points.

Temperature Measurement: Optiona l.  Max imum of six channels. Tempera-
ture is displayed in 0C on digi t al  panel me ter
from -20°C to +60°C.

2.2 MECHANICAL

Dimensions: 6 inches wide by 6 inches high by 23 inches
deep (behind rack panel ),

Weight : 25 pounds.

Construction: 0 090-incl i-thick sheet steel case wi th  alumi-
num front panel. Plug-in electronics chassis.

Finish: Black arm orhyde case with grey front panel.

Shipping Package: 10½ inches by 9~2 inches by 25-3/4 inctte s
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rMIL-c-~,662 Calibration Sy8ten Require~ ent e  1

MIL—H— 832 82 Hydraulic Fluid , Fire Resistant, Synthetic Hydrc—
carbon Base, Aircraft

STANDAIRDS

Federal

FED—STD-595 Colors for Reedy Mixed 1-aints

FED— STD— 79 1 Lubricants, Liqui d Fuels , and Related Products;
Methods  of Testing

Military

MIL— STD-130 Identi f icat ion Marking of U .S. Mil i tary Property
MIL-STD—111.3 Standards and Specif ica t ions, Order of Precedence

for the selection of
MIL-STD —L i.5k Standard General Requ i re l en ts  for Electronic

Equipment

MIL — ST D—L ,.61 Electromagnetic Int e r f e r e n c e  Characte ristics,
Requirements for Equipment

MIL—STD—1162 Electromagnetic Interference Characteristics,
Measurements of

NI L— STD—L ~7O Maintainability Program Requirements

MIL-STD-1471 Maintainability Demonstration

MI L-~ TD—7O 1 Preferred and Guidance List of Semiconductor Devices
MIL— STD—756 Reliability Prediction
MIL— STD-78 1 Reliabil i ty Test Exponent ia l  Distribution

MIL— STD—785 Reliability Program for  Systems and E quipment
Deve lopment and Production

MIL—STD—810 Environmental Test Methods

MIL-STD-808 Finishe~ , Protect ive , arid Codes, for Finishing
Schemes for Ground and Ground Support Equipment

MIL—$TD—831 Test Reports, Preparation of

MIL—$TD—81+7 Format Requirements for Scientific and Technical
Reports prepared by or for the Department of Defense

141L-STD—1562 List of Standard Microcircuits

MS-336~6 Fitting End, Standard Dimensions for Flared Tube
Connection and Gasket Seal

MS—3361+9 Bosses, Standard Dimer.zion for Gasket Seal Straight
Thread

~~yal Air S~ stsma Command
NAVA IR—Ol-IA—1 7 Aviation Hydraulics Manual

L~~~
’—’6-1—’25 Preferred Standard Test Equipment (Avionics) a 
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• Naval Air £ngineerLn~ Center
NAEC GSED DWG . 5SE00363-3 Modi fication Plate
Other Publjcatjo~s

MIL—HDBK-472 Maintainability Prediction

MIL-HDBK-217B Reliability Prediction of Electronic
Equipment

ANSi B93.28—1973 Method for Calibration of Liquid Automatic
Particle Counters Using “AC ” Fine Test Dust

~Vhen requesting applicable documents , r e f e r to both t i t le  and num-
ber. Copies of document 0 may be obtained from the Commanding of-
ficer , Naval Publications and Forms Center , 5801 Tabo r Avenue,
Philadelphia, Pennsylvania, 191aO.

Copies of the AUI publication may be obtained from the American
National Standards Institute, 1430 Broadway , New York , New York,
10018.

L
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~r3. REQUIREMENTS 1

3.1 InsDection - The hyd rau l i c  contamination monitor
furnished shall be a product which has been tested in accordance
with the quality assurance provisions specified herein.

3.1.1 Safety - The safety engineering criteria of
1¼1L_ STD_454 Re quirement 1, shall be incorporated into the design
of this contamination monitor.

3.2 Desj~~ and Cp~struct1on - The design and construc-
tion of the contamination monitor shall be in accordance with
MIL-T—21200, class 2 and the detai l requirements speci fied herein.
All requirements of MIL—T-2 1200 for class 2 equipment apply unless
specifically deleted , modi fied , or waived herein or in the contract.
Additional detailed or supplemental requirements may be specified
herein for a general requirement listed in MIL—T —2 1 200. 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 precedence.

3.2.1 Selection of parts, materials1, and proc~ses - Theselection of parts, materials, and processes 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—lLf3.

3.2.1.1 ComDatibj.lity - The contamination monitor shall
be constructed of materials that will not adversely affect or be
affected by hydraulic fluid conforming to MIL—H—%06, MIL—H—6083,
or MIL—H-83282, even when these fluids are contaminated by halogens
and chlorides up to a sxiaum of 1000 ppm . These contaminants are
produced by freon and trichiorethylene.

3.2.1.2 J’ia~i nu tr ie n t .  - Materials which are not nutri-
ents for fungi shall be used wherever possible. Where fungus—
nutr ient  materials must be used , they shall be treated with a fungi—
cida]. agent acceptable to the procuring ac t iv i ty.

3.2.1.3 Hydraulic t it t in~ s - All fit t ings and threaded
bosses in all components ahal]. be as specif ied in Standards MS—
336L+9 and MS-3%56. The use of taper pipe threads shall be held -

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

3.2.1.4 Wirina - All wir ing shall conform generally to
aircraft wiring practice using wire - -h ich  conforms to specification
M IL— W—50 86 , end using AK/M S terminals, and connectors in accordance
with MIL— C -~~0 15 where ap plica ble. Quick disconnect type splices
shal l not be used . Mech anical strength as well as electrical
characteristic , shall be consider ed ±n the selection of wire
gauge. un ed . I nstallati on and wi re coding shall conform to MIL — W—
~O88. All •l.ctrical connec t ion . ’ s~a1l be marked in accor dance
L —~
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rW1~h ~:IL— STD—13O . Insofar as practicable, all connectors on the 1
front panel shall be mounted along the lower euge of the panel and
in no case shall their location be such that the connecting cables
‘zzill interfere with the operating controls.

3.2.1.5 Microelectronic items — Choice and application of
microelectronic items shall be in accordance with MIL—STD—1652 and
MIL—M-38510.

3.2.1.6 Seni—conductor devices - C~oice and application of
semiconductor devices shall conform to MIL-STD-701 and MIL—$—19300.

. ,~ .l.7 Ejectron t~bes - Semiconductor devices are pre-
ferred to electron tubes, wherever practicable. If electron tubes

j are used, they shall be in accordance with MIL-STD—k5k, Requirement
29.

3.2.2 Functional unite - The hy draulic contamination
monitor shall consist of three units:  a sensing uni t for detecting
particulate cont amination, an analy tical 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 ori fice 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.

3.2.2.1.1 Flow regu~irements - The flow rate to the sen-sing unit shall be such that it shall be reading fluid passing
through the sampling unit within 30 seconds af ter  opening the valve
connecting the sensing unit with the sampling unit . If this re-
quire rnent 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.

3.2.2.1.2 Oterating pressure - The contamination monitor
uhall meet the test requirements specified in paragraph L..5.6.l of
this specification.

3.2.2.1.3 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 task of removal
and replacement can be completed in five minutes or less.

3.2.2.2 Analytical unit - The analytical unit shall be
designed to receive the inpu t power for the contamination monitor.
It shall analys, the output of the sensing unit to determine if
contamination limits are exceeded , and provide a suita ble display
to show the condition of the fluid being monitored.

L
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r3.2,2.2. 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
‘wary 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 shal l provide electrical power for the
rest of the contamination monitor.

3.2.2.2.2 Contamination aeaaurement gauges - Contaminati on measure-
ment gauges shall be dial-indicating instruments and meet the ac-
curacy requirements of MIL— STD—1154, Requirement 51. Instrument
dials shall have a white background with a nameplate for insertion
of service information. The contamination measurement gauges shall
show the acceptable operating region by a green bar , and the unaccept-
abl e 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 usable 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 ,
dial s, and sight tubes shall be f lush panel mounted , and illuminated
for night use.

3.2.2.2 3 Warning 1t~ ht - A red light mounted on the operating
panel shall be provided to indicate when the instrument saturation
limit has been reached.

3.2.2.3 Sam~~4A.~ uni t — The sampling unit shall consist of a section
of hydraulic line to be inserted in the return flow line to the
portable hydraulic test stand. Sample fluid will be drawn from re-
turn line flow of zero to 30 GPM . I t  shall have quick disconnect
f i t t ings at either end. These shall be mounted at each end AERO—
~LIIP (Code Ident 00624) Part Numbers L45-S5— 20D and 014519—54 — 20D
equipped with Dust Cape AER0~ UIP Part Numbers 145-S9-20D and 145—
87—200 . Th. direction of flow in the sam pling uni t  shall be from
quick disconnect P/N 011+5 19—84-20 D to qo P/N 145—S5—20 D and shall
be marked and labeled. There shall be provision on the sampling
unit for two sample ports;  one , a supply line to the contamination
monitor  and the second , a return . The two connections shall be of
hose assemblies per t4IL—H—2 5597 clans 2. and shall be from 6 to 10
feet in length.

3.2.2.3.1 SamslinR ~un~ The sampling pump shall be electrically
driven and operated from power input as speci fied in paragraph
3.2.2.2 .1. Powe r shall be provided from the wlytical Lilt, The
motor shall be drip-proof and shall be rated tar continuous duty
service at the specified horsepower. The mo tor shall con form to
MILuM— 8609. It should be of such design that  it will not gener-
ate partici.alat. contamination that affects significant1~ the
cleanliness determination of the monitor. The location of the
sampling pump shall b. determined by the detai l design parameters.

L j  
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Circuit Protection — The contamination monitor shall be de- 1
signed to operate without damage , or blowing fuses during the condi-
tions of the source power listed in paragraph 3.2.2.2.1. 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 mal fun ction of the monitoring system shall not impair the
operation of the contamination monitor.

3.2.4.1 Test poj .uts - Internal test points shall be provided in ac-
cordance with Class C and D requirements of MIL— STD—4 15.

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

3.2.4.3 Grounding - The contamination monitor shall be grounded
in accordance with MIL—STD—454, Requirement 1.

3.?.’~ Accessjbi].jty - The contamination monitor shall have ac—
cessiMlity ~f components in accordance with MIL—STD—454, Require-ment ~~~ .

3.2.6 Enc~.p~ure - The sensing and analytical units of the con-
tamination monitor shall be contained in a combination case as de-
fined in Paragraph 3.2.3.3 of MIL—T—21200.

3.2.6,1 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.

3.2.7 Stand — The contamination nonitor shall be mounted on a
wheeled stand wi th a confi guration and sinc as shown in Figure 1.
Exception to thi s confi guration can be ma de only with the approval
of the procuring activity.

3.2.8 Electromaaneti c Interference Characteristi c. - The contami-
nation monitor shall be designed to confo rm to the electroma~~etic
interference requirements in accordance with MIL—STD—461 class IlL
In addition to the requirements of class IIB, the contamination
monitor shall be designed to meet the susceptability requirement of
R$-03 in accordance with MIL—STD—Li6 1.
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r3.2.9 Interchangeability - All parts having the sam e part nuaber 1
shall be directly and completely interchangeable with each other,

• with respec.t to installation and performance. Matched parts or
selective fits shall be used only where absolutely required, and
only aft~r approval of the procuring activity. Changes in part
numbers shall be governed by the drawing requirements of MIL—D—
1000.

3.2.10 Endurance requirements - The contamination monitor shall
meet the test requirements specified in paragraph 4.5.6.2 of this
speci fication.

3.3 Performance characteristicj — The contamination monitor shall
measure the quantity of particulates of 5 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 can—
tanination 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 Enjj~rommentsJ. — The contamination monitor shall meet the
following operating and non-operating environmental requirements
and shall be tested in accordance with environmental test methods
of MIL—~TD—8lOC in the order listed below:

3.3.1.1 Low temperature test — Method 5C2.18 
Procedure I. The

lowest required operating temperature is —20 C.

3.3.1.2 High temperature test - Method 501.1, Procedure ii. The
highest required operating temperature is 49°C.

3.3.1.3 Shock — Method 516.2, Procedure II. The heigh t of the
drop for Procedure II shall be 15 inches and eight drops on each
corn er.

3.3.1.4 Vibrazion — 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
5l4.2-VII transport mode , rail, air , sea , and truck only.

3.3.1.5 Wumidit~ - Method 507.1, Procedure II!

3.3.1.6 ~~~ 
- Method 510.1, Procedure I. Test tines for

steps 1 a~~~3 shall be reduced to three hours; for step 2 toeight hours.

3,3.1.7 ~~~ - Method 506.1, Procedure I, except that the rain-fall rate of five inches per hour will not be required. Total
test time shall not be less than two hours.

L a
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r3.3.2 0rj.~ut~ tio~ - The contamination monitor shall be operated 1
and demonstrate full performance when t i l ted in any direction from
the normal operating position at an angle of 30 degrees.

3,4 Reliability - The contractor shall conduct a reliability pro-
gram in accordance with ?41L—STD—785. The specified moan 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 life expectancy
of the subject circuits and components. The equipment furnished
under this document shall successfully pass a reliability de-
monstration as specified in paragraph 14.5.10.

j 3.4.1 Reliability program — The contractor shall conduct an ap—
• proved reliability program as set forth in 3.4 of this document.

The format of documentation shall be in accordance with MIL—STD—8L~7.

3.4.1.1 Pro~raa slam 
— A L~eliability Program Plan, in accord-ance with 4.4 of MIL-STt— 785A shall be submitted to the procuring

act ivity as part of the design proposal. The content of the Re—
liability Program Plan shall be in accordance with Section 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 ached-
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.

3.4,1.2 Progr am reviews - Scheduled Formal Program Reviews per
5.1.4 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 be
noti fied of such addi tional reviews at least ten working days
prior to the review. An agenda shall he proposed to the procuring
activity at the time of notif icat ion.  The Program Revi., shall in-
clude , but not be limited to, the status of each reliability task,
an assessment of the reliability progress, results of the reliabil-
ity design reviews , results of testing, and resultant planned and
implemented design changes.

3.4.1.2.1 Statue re~orta — The contractor shall prepare monthly
reliability pro gram etatus reports as sescribe d in paragraph 5.6
of MIL—STD—785A.

3.4.1.3 ~~pi~n rey iews — Formal Design Reviews in accordance with
5.2.7 of kIL—STD—7~ 5h shall be conducted in conjunction with the
regularly schedul.d Program Review s and whenever the situation in-
dicate. the necessity for additional reviews. The design review
shall he conducted by contractor personnel independent of the
equipment design team. Procuring activity personnel shall be in—L 

Nj



Appendix A
4W—MLIC-.5215/4&. (.).~~ ~~~C— OSED -105

P L O O I  N O .  ~~O 4 O N  PAlE ii.

rvited to rartlcipate . Procuring activity p~rsonne1 shall be notifi
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 in accordance with 5.2.7 of MIL—STD—
785A. As a minimum, one review ahall be held before start of the
first article teat report.

3.4.1.4 Subc~ntractor and su~plier reliability programs - The con-tractor shall be responsible for all subcontractor and vendor reli-
ability programs. Applicable reliability requirements shall be es-
tablished for inclusion within subcontractor and supplier procurement
documentation.

3.4.1.5 Program interface - The contractor shall be responsible for
interfacing efforts in accordance with 5.1.2.2 of MIL-STD—7~5A.

3.4.2 Reliability anplysis - The contractor shall perform a reli-
ability analysis commencing with contract initiation and shall in—
elude the requirements of 5.2.2 of MIL-STD—785A and subparagraphs
thereto. The analysis shall include a reliability apportionment, a
math ematical mo del, and a prediction. The reliability prediction
shall be in accordance with MIL-STD-756A, Design Prediction Proced-
ure. MIL—HD~ (—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 subatantiats the results. The prediction shall be updated when-
ever the design is changed or test data is available.

3.4.2.1 Failure ~pdes and effects analysis (FMEA) — A FMEA shall
be conducted in accordance with MIL-STD-l629 an~~will serve as atool in further developing the mathematical models, in reapportion—
lag and updating predicted reliability , and determining weak areas.
The technique to be used in performing the P~ZA shall be described
in the Reliability Program Plan.

3.4.2.2 Failure reporting, analys~s, and corrective action — Pro-
cedures for failure reporting, analysIs, and corrective ac~ionshall be included in the Reliability Program Plan as called for
by 5.4.1 of MIL—~TD—785A. Failure summaries shall be included in
the Reliability Status 1~eporta and be continuously updated.

3.4.2.3 Failu ’e reporti - 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 .

3.4.2.1+ Fai lure analysis - An analysis  of the cause of each
failure shall be mad. in accordance with the applicable reliabi li-
ty tact opecification and the failure reporting, analysts, and
corrective action requirement. of the approved Reliability Program
Plan.

L
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r3.5 Maintainability

~.5.1 Genetal ~egujrement - The contamination monitor shall have a
Mean Time to Repair (MTI’R) at the interniediate level of 1.0 hours
or less. Maximum Mean Time to Repair, 2.0 hours. Time to Repair
shall be defi ned as time necessary to return the uni t 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 vii]. require only equipment found in
NAV A I R 16— 1—525.
3.5.1.1 Maintqinability program - The contractor shall develop
and implement a maintainability program In accordance with MIL—STD
470. The maintainability program shall be responsive to the mission
requirenents together with the specific maintainability reqtaire-
meats set for th in 3.5 of this specification.

L 3.5.1.1.1 Program plan - A Maintainability Program Plan shall be
e~bmitted to the procuring activity as part of the design proposal.This program plan shall be in accordance with 5.1 of MIL— STD— 1170
and have paragraph headings similar to Section 5 of MIL—S TD—k70 .
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.
3.5.1.1.2 Pro&ram reviews - Scheduled Formal Program Reviews shall
be conducted commencing 60 days after contract award and whenever
the situation indicates the nece~ aity for additional reviews at
least ten working days prior to the review. An agenda shall be
propo sed 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.

3.5.1.1.3 Program interface - The contractor shall be respons-
ible for interfacing efforts in accordance with 3.Th of MIL—STD—
470.

3.5.2 Maintainability predictions - Maintainability predictions
shall be in accordance with Procedure IT , Part A of MIL-HDBK—472 .
The contractor ihall submit the technique O f  Maintainability Pre-
diction to the procuring activity for approval along with the Main-
tainability Program Plan. The prediction techni~iae shall identify
the assumed maintainability distribution. Additional predictions
shall be made whenever a significant design change occurs that
would appreciably increase repair time for any subassembly. These
predictIons shall represent the current state of the design at the
time when they are made.

3.5.3 Desi~~ re~iewe - Formal Design Reviews per 5.9 of MIL—STD—
470 shall be conduct•d by contractor personnel. Procuring activi-
ty personnel shall be notified of any planned or additional rs—
views at least ten working day s prior to the review. The design
review. shall hi combined with the Reliability Program Re~iIws re-quired by paragrap h 3 . 4 .1 .2  end equipment design review.

—~~~~~~ -
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0~erptjng and maintenance instruction - A brief set of operat-l
ing instructions including schematic diagram shall be attached where
readily accessible to the operator. The operating instruction plate,
or plates, shall be made of aluninum in accordance with KIL.P—150214.
Type H, Style III, and shall be mechanically attached to the unit.

.5.7 Identitjpation a~d nomenclature - The contamination monitor
shall have an identification plate conforming to MIL-P—15024/l,
Type H. Nomenclature assignment shall be in accordance with MI L —N —
18307. The plate shall contain the NAEC part number, the cont ract
number , and the manufacturer ’s part and serial numbers.

3.8 Workma~ehjp — Workmanship shall be in accordance with MIL—STD—
451k, requirement 9.

3.9 ModificatIon plate - A modification plate in accordance with
NAEC GSED Drawing 5$E00363-3 shall be installed on the front of the
unit. This plate shall be readily accessible and used to record in-
corporation of changes into the individual contamination monitor.

3.10 Utilizatj~~ - The contamination mon itor shall be assumed to
have a duty utilization time of 0.5 to ( hours.

L J
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~ 1 . ~UALITY ASSURANCE PROVISIONS 1
l,.l Respouaibi].ity for inspection — Unless otherwis’~ specified inthe contract or purchase order, the ~upplier 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. Th~ 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 Section 3.

4.1.1 Contractor ’s quality assurance s~rstem — 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 life of the contract. All quality assurance operations
performed by the contractor will be subject to Government verifica-
tion at any time.

4.1.2 Test plan — A proposed te~;t 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 metho ds, i.tentify instrument and equipment, and describe test
set ups which are required to meet the test requirements specified
herein. The test plan shall be or~-anized into separate parts to
match the group of tests listed in paragraph li.3, including reliabil-
ity and maintainability demonstration.

4.1.2.1 Test eguipment — Test equipment used in conjunction with
the testing specified horein shall he of the laboratory precision
type. Perm anent records shall be made of all tests with light beam
recording type instruments having a minimum frequency response of
not less than 1000 cpa. Pen type recorders may be used for speci-
fic tests as authorized by the procuring activity.

4.1.2.2 Test eauiDeent calibration - Test equipment shall be cali-
brated in accordance with MIL—C—1+5662.

4.2 Test conditions - Unless otherwise specified herein, all
tests shell be conducted under standard amb~en~ conditio~s as de-
fined in MIL—STD—810C paragraph 3.la, (77 0 - 5 F, 29.92 - 0.3 in—
ch.a Hg and 40 to 50 percent relative humidity).

4.3 ~ia].~.ty ~gnfprea.~~~ testing - Unless otherwise epeci flidther ein , the first unit produced shall be subject to and must
pass all four classifications of torts 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
~ua1ification test Group B
Reliabil i ty t ent  Group C
~
‘aintainabil1ty to~ t Group D

L
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r4.,.l Teat requirements — Table I shows a tabulation of the teatal
required for each classification.

TABLE I
Tests Requirement Test

paragraph paragraph Grou p
A B  C P

Examination 3. 4.5.1 X X1 X1 X1

of product

Flow test 3,2.2.1.1 4.5.3 X

Operating 3.2.2.1.2 4.5.6.1 X
pressure
Powcr Input 3.2.2.2.1 4.5.4.1 X

Warning light 3.2.2.2.3 L+ .5.6.3 X
Grounding 3,2.4.3 4.5.4.2 X

Endurance 3.2.70 4.5.6.2 X

Size 3.2.7 4.5.2 X

Contamination 3.3 4.5.5 X X1 X~ X~
measurement
Low temperature 3.3.1.1 4.5.7.1 X

High temperature 3.3.1.2 4.5.7.2 X

Shock 3.3.1.3 4.5.7.3 X

Vibration 3.3.1.4 14.5.7.4 x
Humidity 3.3.1.5 4.5.7.5 X

Dust 3.3.1.6 4.5.7.6 X

Rain 3.3.1.7 4.5.7.7 x
3.2.8 4.5.8 X

Inclined 3.3.2 4.5.9 X
operation
Reliability 3.14 4.5.10 X

Maintainability 3.5 4.5.11 X

Note 1 — Shall be perfo r ed  both be fore and after tert as required
in toot procedures.
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I—
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 diagram8 and conclusions and reco endations.

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—78l 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 i~ 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 periods.

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
limit.. 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 .acondary or dependent failure that is caused by the failure of
associated item.. 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 (sane drawing number or other unique
idsntffter) shall be allowed during the test. The second and later failures
of the sass 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
non relevant if it can be substantiated that the equipment was eubjectedj

juIII!IIpuI~
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I- -1
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 II and Type III failures defined herein shall be considered
non relevant failures except in the event that they degenerate into a
Type I 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 of 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
specif ica tions, acceptance will be withheld until the requirements
of paragraph 4.4.2 have been met. After correction of a failure as specified
above, teats to the extent deemed necessary by the procuring activity shall
be repeated.
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r4.14.4 Defects in equipment s already accepted — The investigation o 1
a test failure could indicate that defects may exist in units *1—
ready accepted. If so, the contractor shall fully advise the pro—
ct’rlng activity of all defects likely to be found and methods of
correcting them.

14.5 Test Procedures

14.5.1 Examination of produci - Parts of assemblies and completed
units shall be examined as specified in 4.5.1.1 and 4.5.1.2 to de—
tertnine conformance with this specification.

!+.5.1.1 Maj or 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/speci fication.

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 (c~io) ,
glass silicon glass (GSa), used for terminal boards; sub— panels,
and so forth.

b. Al]. materi als used in the construction of wound components
comply with the material requirements as shown on the approved
drawing/specification.

.. 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/speci fication.

4.5.1.2 Commletad co;tsmination monitor - Examination shall be con-
ducted to determine that:

a. All parts or sub—assemblies are mounted as shown on the approved
dr awing /epeci fication.

L J
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b, All parts which require servicing, repair, replacement, or periJ
odic adjustment during the l ife of the equipment are readily access-
ible. -

c. All parts and assemblies are marked with identifying symbols,
and these symbols agree with those used on the approved draiing/
specification.

d. 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 drawingi’ sped —
fication,

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

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

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

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

1. ~ire 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
in the open or closed position.

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

k. Cable entrance provisions and recep tacles are as shown on the
approved drawing/specification.

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

m, ~Therever wires run through holes in metal partitions or chassis,grommeto are provided for mechanical protect ion.

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

o. Al]. wires are connected by either bolted or soldered connect—
tone.

p. A].]. bolted connections are provided with locking devices.

L 
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r~
. 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 identi fication 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.

4.5.3 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.

4,5.4 Electrical tests

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

14.5.4.2 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.

4.5.5 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 14.2 of this specification.

14.5.5.1 Meter aonei tivit~ test — This test shall be conducted
using a continuous flow , hydraulic loop. The fluid in the ioop
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 con forms to Tabl e 3 of AIlS!
specif icat ion 393.28— 1973. The f luid 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.

14.5.5.1.1 Pre~aration of contam~,,nant — Determine the total vol-
ume of fluid in the test loop. neigh accurately, within ~ 0.1 mg,
a sufficient quantity of dried AC fine test dust as determined by
calculation shown in Table II. AC fine t8st dust shall be dried
in an ov•n heated to a temperature of 300 F. for a period of 1
hours. It shall then be stored in a desaicant chamber un til used.
Deposit this contaminant in a clean aampl. container and add 1000
ml of accurately measu red filtored hydraulic fluid. Place a clean
plastic film over the container opening and cap it.
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IZ.5.5.).2 Disperse and suspend the duct in this concentrated con— 1
taminant mixture by violent agitation. This agitat ion shall consist
of five minutes in a paint shaker, thir~.y seconds in an ultrasonicbath , and another fi fteen minutes in the paint shaker.

4.5.5.1.3 Divide the concentrated contaminant mixture into ten 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,
14.5, and 5.0 sg/l.

4.5.5.1.4 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.

4.5.5.1.5 After recording the meter rcading, draw a 100 ml sample
from the te8t loop in the vicinity of the sensor unit for subsequent
particle count.

4.5.5.1.6 Repeat steps 4.5.5.1.4 and 4.5.5.1.3 until a test loop
concentration of 5.0 mg/i is obtained.

14.5.5.1.7 Perform a part icle count of the ten samples taken in para-
graphs 4.5.5.1.3 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 F.d—Std—791, or using an automatic particle counter
which has been calibrated according to ANSI specification 393.28—
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.

4.5.5. 1 .8 On standard coordinate graph paper plot percent meter
reading versus contamination levels in rsg/l. The resulting plot
shall be linear over the range 1.0 to 5.0 mg/l, and this range shall
extend over a minimum of 140 percent of the contamination momitor
meter scale. The dividing line between red and green bars of the
contamina4on monitor meter shall commence at what corresponds to
1.7 mg/i ( —  0.2)

L j
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r 1 H
Table 11

Worksheet for 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(N) — P(N—l) ) * V + (P(N—i)/i0)

CW — weight of contaminant to be added , mg.

P(N) — present contaminant level , mg/i.

P(N—l) — previous contaminant level , mg/i.

R — Volume of portion of concentrated contaminant mixture .

P CW 11
Contamination Calculation Contam . Volume,
level, mg/l Wt., mg a].

0 . 5  0 . 5  * 10 5.0 96

1.0 ((l.0_O.5)*l0) + .05 5.05 97

1.5 ((l.5_ l.0)*lO) + .10 5.10 98

2.0 ((2.0_l.5)*lO) + .15 5.15 99

2.5 ((2.5_2.0)*l0) + .20 5.20 100

3.0 ((3.0_2.5)*l0) + .25 5.25 100

3.5 ((3.5_3.0)*lO) + .30 5.30 101

4.0 ((4.0_3.5)*lO) + . 3 5  5 . 3 5  102

4,5 ((4.5_4.0)*lO) + .40 5.40 103

5.0 ((5.0_4.5)*l0) + .45 5.45 104

Tot al contaminant required , mg 52 .25
Total volume , concentrated
contaminant mixture , ml 1000

Note.: 1. Calculations are based on a test loop volume of 10 liters.

a. Volumes shown in column 4 are t~e volumes of the concen-
trated mixture to be added to the test loop to achieve
the desired contamination level .

3. Calculation of Volume R R~ - x 1000
Total Contaminants required

L
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Tab le 111 1
Particulate Count L i m i t M

Contamination Particle size , mirrometers
level , mg/i Number Greater than/ni

10 2 5 50

0.5 Max 284 79 8

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 7

4 4.0 Max 2274 634 59 8

4.5 Max 2557 7i3 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/I.

2. Subtract the 0 mg/i count from all other particle counts.

3. The resulting particle counts should be within the l imits listed
in the above table.

L
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ir .5.5.2 Contamination cle an—u p test — .~in c : the contamination moni—1tor v-ill be used most frequently in monit ring the clean—up of an
aircraft hydraulic system , it should be tL t~d in this operating mode.Thi s test shall consist of two parts, a laboratory tert and a field
test. These tests should follow the mct~~r sensitivity test of para-
graph 14.5.5.1.

4.5.5.2.1 Conta~inatjon clean—up~ laboratory test — With AC fine
test duet as contaminant, and starting at a c o n t a m i n a t ion  level of
~- .O m~ /l or higher in the te$t  1oop, the  tes t  f lu id  shall be filtered
through a depth filter with an abeolute rating of 3 mIcrometers or
less until the contamination monitor indicates a satisfactory con-
tamination level within 5 percent scale reading of the satisfactory!
unsatisfactory scale boundary. At this point a 100 ml sample of test
f lu id  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 sriould be within acceptable limits as specified
in the Aviation Hydraulics Manual , NAVAIR—0l—1A-l7.

4.5.5.2.2. Contamj.nation clean—up; field test — Using an aircraft
and hydraulic test cart the contamination moni tor 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 veri fy the condi t ion  of the  s~- rtem prior to clean—up. A
particle count shal l be made as s oe c i f i e d  in paragraph 4.5.5.1.7.
Circulate the aircraft hydraulic fluid through the ground test cart
u n t i l  the  con tamina t ion  moni to r  i n d i c a t e s  t hat  sa t i s fac tory  clean-
liness has been ach ieved .  At a point in time where the contamina-
tion mor.itor meter reading is w i t hin  5 percent scale reading of the
satiafactory/unsatisfactory scale bc u n d ar ~; , draw a 100 ml sample of
hy draul ic  fluid from a sample por t  in the v i cin i t y  of the point
where  the  contaminat ion  moni tor  is c o n n e c t e d  to the test cart re-
turn l i n e . A par t ic le  count  shall be c:adc on t h i s  t . ost  sample as
specified in paragraph 4.5.5.1.7. The p a r t i c l e  count  shall be with-
in the  acceptable l imi ts  spec i f ied  in the Aviation Hydraulics Manu-
al , ~ AVi~I~ 0l— 1A—17 .

4.5.6 Operating tests

L+.5.6.l Pressure test — Using a 1ab -~ ‘
~ ry  te t loop s imilar  to

that described in paragraph 4.5.5.1 , -~n~ ~th the moni tor operat—
ir .g,  the pressure in tha t  por t ion  o f  t h - ~ t~ t loop  con t a i n i n g  the
uarolis~-; unit de sc r i b e d  in ~-a ra~ x a h .2.?. ~ s!.all he varied from
l( to lY( . psia ir~ I~ rsi incre tr.~ nto ~~ r~ 5 o l n ut o s  wi0 t h o u t  cau s—
~nf phy : lc a l  damage , lealcage , or ch:tn~ e h~ iret~ r r ead ing  exceeding
— 5 p er c e n t  of t h e  reading  r e c or t h - - i  for th~ 50 pai n pressure set t ing.
Subsequen t  to th i s  tes t , the  sarr.;lir ~ uni t oh~ 1l be subjec ted  to a
ores - u re  ~ur~e of ~ 5C psi for  a ori ol if l i r e  not  in excess of 1
second.  The c o n ta mi nat i o n  m o n i t o r  T~

t r r~ading after the pres-
sure ourge te t hail a~~r~- - vi t h i n  — - :‘cent or the meter read—
1mg recorded at the ~* ~-nio 

. r e o  u r t  e - t t l n g .

L
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1.5.6.2 Endurance test - Using a laboratory test loop similar to
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 ten 5 hour cycles.
Each cycle shall start from ambient conditions as speci~ied in para-graph 14.2. The fluid temperature shall be raised to 65 wi thin one
hour from the start of the cycle , mainta~ned at that temperature forone 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.

14.5.6.3 Saturation lj.mjt test — with AC f ine test dust  an a contami-
nant start at a contamination level no greater than 5.0 mg/i 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 eaturation level and determine
that the level is ielow , 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.

14.5.7 Environmental - Environmental testing shall be done after the
contamination measurement testing of paragraph 4.5.5. When required
during er.vjroninental test, the contamination monitor shall be con—
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 readi~ g 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—8lOC.

14.5.7.1 Low temperature test — All components of the contamination
monitor shall be subjected to the test conditions specified in para-
graph 3.3.1.1. After the moni tor has stabilized at the low operat-
ing temperature , sampling from the tent loop shall be begun. The
temperature of the fluid in the h~dreulic loop shall not exceed 50 C.After a.*mpling has begun and the temperature of the sensing unit has
stabilized , the scale reading of the contamination monitor shall be
recorded. Th. monitor shall be operated a minimum of 10 minutes at
this condition. It shall be within — 10 percent of the scale de-
flection record ed at the start of test for ambient conditions and
the same test loop contam ination level.

4.5.7.2 High temnerature — All components of the contamination
mon itor shall be subjected to the test conditions specified in para-
graph 3.3.1.2. The temperature of the f lu id  in the test  loop shall
be stabilized at the same temperature as the operating temperature
during tent. Sampling of the test loop shall be initiated and the
ical e reading of the con tamina t ion  monitor shall be recorded. TheL j
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~~ on i tor  shall be op~rated 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 condi tions 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.

4.5.7.3 Shoe — The contamination moni tor shall be subjected to
the  chock teats specified in paragraph 3.3.1.3. 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 defoxina—
tion of any part of the uni t, and it meets the accuracy requirements
of pa ragraph 4.5.5.2. 1.

4.5.7.4 Vibration — The con ta min ation moni tor shall be subjected to
the vibration test speci fied in pararr a~ h 5.3.1.4. 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 contanination monitor shall be con-
sidered to have passed the vibration test if there is no evidence
of mechanical or electrical failure, and it meets the accuracy re-
quirements 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.

4.5.7.5 Humiditi - 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 c o n t a m i na t i o n  i~or i tor  shall be subjected to the
test specified in paragraph 5.3.1.6. The contamination monitor
shall be operated during test step 5 for a period of 10 minutes as
speci fied In paragraph 4.5.7 .

14.5.7.7 ~~~~ 
— The contamination monitor shall be subjected to the

test specified in paragraph 3.3.1.?. The contamination monitor
shall be operated during test as specified in paragraph 4.5.7 for a
minisum of 10 minutes. The same contamination monitor shall be sub-
jected to the huaidit,, dust , and rain tests. At the conclusion of
these tests, the contamination monitor H all be subjected to the
meter sensitivi ty test of paragraph 24.5.5.1. A shift of sc~1e read—
ing for the various contamination levels , in excess of ± 10 percent
shall be considered failure of the environmental tests.

4.5.~3 Electruria~netic interference. en.lesion~ and susceptib~1ity —

An eloctromagnstic interference, emission , and susceptibility test
shall he conducted in accordance with !~i .~— STD—1+62 to determine con-
formance with paragraph 3.2.8. Tests n-:al l 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 a
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ed for inclined operation at 30 degrees from the horizontal to deter-
mine compliance with paragraph 3.3.2. The unit shall be run at test
conditions specified in paragraph 14.2 for a period of not less than
one hour at each of the following positi ons:

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 moni—
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. P~eter readingsshall not diff er by more than - 10 percent of the scale reading.

4.5.10 Reliability demonstration - 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 con tractor’s
approved test plan in accor dance with Test Plan VIII, Test Level A ,
of MIL—STD—7818. 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 Teat 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
5.1.3 of MIL—STD—7813. 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 teat cycle.

4.5.10,2 Fa.t]~ure categories — Failure classification shall be in
accordance with paragraph 4.4 of this specification and paragraph
5.5.1 of MIL—STD-781.

4.5.10 ,3 Reliability ~iet rqo~ ts - Reliability Test Reports .hal].
be in eccor danc. with 3.11.1 and 5.11.2 of MIL-STD—781B.

4,5.10.1, Failure ~~~~~~ ~estin~ - In addition to the failure data
required as per M X L — S ~~ —78l , the contractor shall provide by writ-
ten notice a data element representing the total time elapsed to
isolate and repair teat equipme nt for each failure occurrence.
This shall b• provided am part of the monthly summary .
The contractor shall provide parts for a].]. repairs and maintenance
and will repair the equipment. Reliability testing shall be re-

L~
m0d following repair j mp loaent atio n. dhen a test equipment

- - - - -
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rraiia tc meet any specified requirenent , equIpments on hand or late’1
produced 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.

L+.5.ll Maintajppbijity 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 (Ma x mean ) of 2 hours, shall be
used with Method (1). The producer and consumer risk shall be equal
tO lO%

}alntenance actions resulting from the reliability demonstration
tests can be applied as elements of the maintainability demonstra-
tion.

The techniques for meeting the MTTP 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 rest Procedures Report in accordance with 4.3 of MIL—
STD—47l prior to starting the test.

4.5.11.3 Maintenance Task Selection — The contractor shall prepare
a list of realistic and representative maintenance tasks to be used
in the M aintainability Demonstration Tent in accordance with MIL—
~TD— 471, Appendix A, and Included in Maintaina~’iiity DemonstrationTe nt Plan.

4.5.11.4 Maintainability test report — The contractor shall pro-
vide a firal demonstration report in accordance with 4.8 of MIL—

~TD— 4 7l .

4.5.12 Dispp~it~on of tested equipment — Tested equi pment shall
be put into operable condition by the contractor prior to delivery.
I t shal l be ca l ibra t ed, functIona1l:~ tested, and submitted forgover nm e nt  In spec t ion .

L 
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rs. Preparatjo~ for De~~ve~y

5.1 General - 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 NIL—
E—l7555, the method of preservation for level A shall be determined
in accordance with the selection chart in Appendix D. of MXL—S?D—794.

L
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r6. NOTES 1
6.1 Intended u~e — The hydraulic fluid contamination monitor is a
piece of aircraft ground support equipment which will sample )qdraul-
Ic fluid flowing from an aircraft to a portable hydraulic gromnd cart.
The sample fluid will be drawn fro m the return line by the monitor
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 clas, of
particulate contamination can be determined as a go/no go reading.
6.2 0rderjn~ d~ta - When ordering, the following should be specified
in the contract or order, when applicable.

(a) Title, number, and date of this specification.
(b) Specify the number of program reviews (3.4.1.2, 3.5.1.1.2,
3.5.3 )
(c) Contract Data Requirements

1. Reliability Program Plan (3.4.1.1)
2. Failure Modes and Ef fecte  Analyses (3 .4 .2 .1 )
3. Teat Plan (4.1.2)
1~. Test Report (4.3.1.1)
5. Re liability Test Procedur e (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)

C d ) ~ove!5 ~~~~~~~~~~~~~~~ 2)

( e )  Additional data requirements (6 .2 .1 )
6.2.1 Ct her in form ition — The following additional infor’mation
should be considered in the preparation of the contract .
(a )  Technical Manual Contract Requirements ( ThI CR )

1. Technical Manuals.
2. Maintenance Requirements Cards.
3 Ground Support ~quipm.nt Illustrations.

(b )  Provisioning Technical Docu mentation
Cc )  Item Identi fication

1. Federal Stock Number ( FS)~)
2. Military Type Designator
3. Type Equipment Co de

Cd) Engineering Drawing Package per MIL-D-l000

L J
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