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FINAL REPORT ]
LH2 QUALITY METER

4
T October 1968
& 1
t '
% This report is furnished for the fulfillment of Paragraph C,
Part VI, of the Scope of Work, Exhibit A of Contract
NAS8~20518, Accompanying this report is one complete 1
set of reproducible drawings for the fulfillment of Part 11
of rie Suope of Work, Exhibit A of Contract MAS8-20518.
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1.0 SUMMARY

Contract NAS8-20518 was originally awarded to Lockheed Georgia Nuclear Lobora=
tory for the cesign, fobrication, testing, calibration, and delivery of two each pre=-
production models and four each production models of @ two-phase hydrogen quality
meter, Several modifications were subsequently added to the contract; including
the design and testing of @ more accurate version (195) of the quality meter; how-
ever, as finally amended, the coniract required only the two pre-production models
of Phase I of the original contract. The designation of these two models was changed
from "pre~production” models to "engineering test” models. One of the units was
tabricated from aluminum, while the other was fabricated from 347 stainless steel as

required by contiact modification,

i The two engincering test models were tested in accordance with a NASA approved
Quelity Test Program (QTP-301}, and their performance satisfied the requirements

set forth in all tests,

The engineering test models were designed and tested in accordance with NASA spec~ |

ifications (Appendix C) with no exceptions taken to the specifications,

The entire program was conducted in accordance with a NASA epproved Quality
Assurance Plen with one exception; i.e., at the time that the pre~production desig- |
nation was changed to the engineering test model de-'~nation. ha reanired quality

of workmanship was waived and the DCASR was only responsible for quality in instru=

ment performance, and for adherence to requirements governing the use of components
and parts,
. . . L
Monthly progress reports were written for the entire duration of the program.
<




All data on parahydrogen properties were taken from Reference 1.

1. Thermodynamics and Related Properties of Parahydrogen from the Triple Point

n0 ‘ n
to 1007k ot Pressures to 210 Atmospheres, NBS Monograp- 94, August 1965,




2,0 THEORY OF OPERATION

The objective of the progiam was to design, fobricate, test, and calibrate o device
which would, under specified operating conditions and accuracy, indicate the ratio

of dry vapor to wet vapor being vented through the device itself,

In order to determine the quality of a wet vapor it is sufficient to know the density
of the dry vapor, the density of the liquid, and the densitv of the wet vapor, Qual-

ity is defined as follows:

where m = mass of dry vapor,

m, = mass of wet liquid,
The assumption that the saturated vapor pressure~temperature relationship is valid
was made throughout the onalysis. This assumption permits the saturated vapor den-

sity and the liquid density to be obtained from a measurement of pressure.

Qualify con also be written:

p Vv p Vv
Q = A, . - T A
by (VEV v
v v k. »:5 Po
where p, = density of vapor,
Vv = volume of vapor,

P, = density of liquid,

Il

total volume.

ke
"

density of vapor=liquid mixture,




The cbove equation can be reduced to the following:

PP -p,
Q = ...Y. (_P----.:)
b, B, -P,

P, is measured directly with o pressure transducer while P, is meosured directly with
a beta gage. The parenthetical term in the above equation is not equated to 1 as

originally proposed, but P, is corrected to a function Gc which greatly reduces the
formula ervor over the ranges of all parameters. Appendix A gives a treatise on Gc
and the results of its use. Q is electronically computed from the individual param=

etersp ond G .
v c

P, is approximated os o straight=line function of the vent tube pressure as shown in
Figure 1, thus considerably simplifying the hardware involved in the measurement,

A pressure transducer having a linear output with piessure is used.

The P, beta gage used TL=204 as the beta roy source and a diffuzed junction silicon
dicde as *the detector. The desired slope for the count rate versus p, curve is ob~

tained by:

(1) choosing an appropriate beta ray energy and

(2) properly determining the source to detector separation distence.,

TL=204 was chosen as the pure beta emitter with an energy neorest to satisfying the
requirements of this instriment, Sources that emit gamma rays in addition to betas

give unwanted detector backgrounds, The source to detector separation distance

wos determined such that the count rate versus p_ curve provides equal statistical ac=
a

curacy in po ot both minimum and maximem po. The count rate versus the corrected

P, is given in Figure 2,
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The pv/i)o division is accomplished by an arithmetic amplifier that provides a 0 to
5 VDC signal reprosenting quality from 0 to 100%. A block diagram showing major

components ond component characteristics is shown in Figure 3.

Fundamentally, the diffused junction detector is a large p=n junction diode consist=
ing of a thin diffused layer on one side of a high purity p=type silicon wafer. When
_ charge carriers created by a charged particle incident on the detector are separated
by the electric field in the depletion region, they attain o drift velocity. The mo-
tion of these carriers in the field induces a voltage in an extemal circuit, Pulse

rise times on the order of nanoseconds are typical,

Pulse height stability over a wide temperature range is not real good with diffused

junction detectors. For applications such as this temperature control of the detector

is required, Pulse height stability is essential for proper performance of this instru= 1

ment .

! The beta gage section of the quality meter is constructed to be incorporated in series |
with a vent line. It is of rectangular cross section which permits precise flush mount=
ing of the detector=source windows with the tube wall, 100% *viewing" of the hy-
drogen flow is attained with the beta gage. Detector and source windows are rec- |
tangular, This feature permits incremental volumes of flowing hydrogen to spend

equal time in the viewing area, regardless of position, Of course it is desircble that

tha flowing liquid be in the forn of very fine droplets distributed uniformly through-
out the vapor; however, it is expected that needle=like drops may exist at times,

If needle~like drops do exist, their effect on the beta gage count rate is dependent
upon the position of the drop between the source and detector, An analysis of the
variation in gage sensitivity to liquid drop position in the viewing volume was per-
formed. The results of this analysis are shown in Figure 4 in the form of iso=sensitivity
lines. The probability of observing a drop with a sensitivity between any two iso- ’

sensitivity lines divided by the total & B area. @ and 8 are the rectangular |

£ s _-L da Shal e . R
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coordinates of the detector window,
The error analysis as shown in Appendix A was the theoretical error analysis presented
at the design review in late 1965, The finally tested instrument was much more ac-

curate than this anclysis predicted, because of the following reasons:

(1)  The parenthetical term in the equation,

P, P, "P, .
' Q = B‘; \——__pv-pl)'

is not equated to 1, but a correction is actually made as discussed in Ap=

pendix A; hence, greatly reducing the formula error,

. (2) The Bourns 441 pressure transducer was not used; instead, o temperature

controlled strain gage pressure transducer manufuctured by Statham was
gage p 4

—

used, This greatly decreased the pressure transducer error. Figure 5 shows
the strain gage transducer error in comparison with error introduced by the

Bourns 441,

During the preliminary design phase of this program the problem of possible liquid hy=-
drogen filming of source and detector windows was given careful consideration, Very
thin films of liquid on the windows could give tremendous errors in the meosurement
of P, and; thus, in quality. It was suspected that so—e type of 'innid canarator
might be required at the quality meter flow inlet to uniformly distribute the liquid .
throughout the flow volume to discourage filming on walls and windows, The design
of on effective separator is met straightforward, Phenomena occurring under gravita-
tional forces cannot be used to predict happenings under zero gravitational forces,

but it was decided that information concerning the existence of a film under 1 g would
be beneficial, If a film did occur under 1 g force, then some type of gas=liquid mixer

would have been essential, Because of increased rctes of cap!''arity, film problems

w :
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are expected to be enhanced under zero gravity,

An experiment to determine whether or not a LH2 film was present either on the de-
tector face or the face of the source during the flow of hydrogen mixtures of less than
100% quality waos designed. Results showed that no hydrogen film existed on the
windows in this 1 g experiment, A detailed description of the experiment is given in

Appendix D,

Instrument specifications insinuate an instrument operating pressure range of ~ 0 to

53 psia with an accuracy of 5% over the 50% to 100% quality range. Obviously

as the operating pressure approached O psic, the error in P, and; thus, in quality

becomes very large. Because of the type of the equation to be solved for quality

(Q pv/po), errors in pv and po must be considered as percent of value, and not

percent of range or percent of full scale. A given value of Q can be gotten from an

infinite number of combinations of ,Ov and ,’)o. As a result of these censiderations 1‘

10 psia was taken as the minimum operational pressure, and accuracy requirements

were met down to and below this pressure, The range of P, is then computed to be

0.0% i;/ft3 (10 psia, 100% quality) to 0,54 lb/ft3 (85 psia, 50% quality).




3.0 INSTRUMENT DESCRIPTION
A complete set of drawings is furnished with this report.

Two versions of the quality meter have been fabricated., One has the beta gage vent
flow section constructed of aluminum while the other has this same section constructed

of 347 stainless steel .

Overall instrument length is approximately 13 inches, and its weight is about 15
pounds. The electronic compartment, which also contains the temperature stabilized
nrecciira transducer, is 229 cukic inche: in velume, contains some 250 e!2zticniz ports
on 5 printed circuit boards, and is attached to the beta gage section with a thermally
insulating Kel-F ring. Heat loss through this ring is approximately 3.5 watts with a

o .. ' ‘
500°F tempercture differential across it.

As shown in the block diagram the electionic circuitry consists of a pre-amplifier, an
omplifier, on integral pulse height selector circuit, a scaler, a log count rate meter,
an arithmetic amplifier, and a power supply. The unit has a power consumption of 5.6
watts when neither the pressure transducer heoter nor the detector heater is on. The
pressure transducer heater dissipates 16.4 watts during its "on" period; however, dur-
ing normal operation with LH2 this heater has a 30% on, 70% off duty cycle. This

gives an average power consumption for the pressure transducer heater of about 4.9

wtes s Yon" period - it's

~

watts, The detector heater dissipates 4 watts of powe. =

"on" period during operation; i.e., LH, flow, is about 40’0 of the time giving an

2

average power consumption of approximately 1.6 watts. This gives an average total

power consumption of 12,1 watts for the instrument,

Input voltage to the power supply is 28 VDC. The power supply provides a +35 VDC
and a =12 VDC for operation of pulse and computing circuitry, and +100 VDC for

detector bias. The pressure transducer amplifier, the pressure transducer hecter, and

..
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the detector heater all operate from the 28 VDC input. The pre-amplifier, amplifier,
and pulse height selector circuits ore each in individual compartments within the elec-

tronic compartment. This wos required to keep mutual interference to o minimum.

As required by specifications, the 28 VDC minus, the signal output minus, and the

case ground are all isolated from each other.

The beta source consists of TL-204 deposited and bound 1o an area of approximately
2.1 ecm. The deposit is of such thickness that self absorption is of very little concern.
The source was fobricated by Monsanto Research Ceorporation using techniaues especially

developed for this program .

Source activity is a nomina! 30 millicuries ot the time of purchase. The source hous-
ing ossembly allows a menual "window" adjustment to account for source decay . This

adjustment is designed for decay corrections for a period of at least 4 years.
The source is covered with 0.001" monel.

The detector is a diffused junction silicon type, approximately 300 millimeters thick,
portially depleted with 100 volts bias. Detector capacity is a nominal 75 picofarads.
Room temperature leckage current is approximately 0.5 microamperes. The detector

was furnished by the Solid State Department of Harshaw Chemical Company.

The detector is assembled into a housing for temperature control purposes. This hous- ‘
ing utilizes vacuo and Kel~F for thermal insulation, while the detector control
temperature is cbout 20°C. Power required for this temperature control withe AT
of 270°C is an average of about 1 .6 watts. The detector housing is sealed with a
vacuum of obouf~10-4 min Hg. No real effort wos made to reach o high vacuum in
this case . The arrangement of detector, heater, and thermostat inside the detector

housing wos carefully designed to minimize noise "pickup" o. the detector leads.

14




During manufacture end instrument preparation for calibration, certain procedures
were established to simulate actucl cperational conditions. Two of these manufacturers'
test procedures (MTP309A and MTP 309B) have particular significance to any user of

the instrument; therefore, they are given in Appendix E .

The Po measurement is made by a beto source and silicon detector, the detector hav-
ing about 100 PF of junction capacitance. The source is thalium 204 which is not
monoénergeﬁc but emits an energy spectrum. The maximum energy in the spectrum is
760 KeV, but the peak of the spectrum is at about 250 KeV. All of the betas lose
energy before they reach the detector because of the windows and the hydrogen they
pu.s i.ough before they reach the de'eciui. the lower encrgy betos lose more energy
than the higher energy betas. As a result the pulse height spectrum is typically that

shown in Figure 6.

The signal from the detector is fed through a preemplifier, emplifier, and discriminotor
to obtain a count rate representing the density of the hydrogen mixture . Referring to
Figure ¢, it was decided to discriminate approximately at channel 22 since this gave

maximum count rate without having significant noise counts, Channel 22 corresponds

to about 90 KeV.

At .061] lb,/ff3 and chonnel 22, counts per channel = 1,540
counts above channel= 119,000

At .54 Ib/ftB and channel 22, counts per channel= 1,970
counts above channel= 74,020

Thus, ot .061 |b/ft3, 1% change in discriminate level = .2 channel = 268 counts
= .225%of 119,000

At .54 lb,/ft3, % change in discriminate level = ,2 channal = 318 counts

= .43%of 74,000

Discriminating at 50 KeV, the count rate versus hydrogen mixture density is as shown

15
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in Figure 2, From this figure it moy be seen that near minimum density; i.e.,
061 Ib/ffs, the slope of the curve is 1% change in count rate per 3% change in
density. Furthermore, ot moximum density; i.e., .54 lb/fta, the slope of the curve

is 1% change in count rate per .13%change in density.

It follows from the above relationships that if the pulse height discrimination level
drifts 19 the mixture density error will be .68% at minimum density end will be
.056% at maximum density . Since the Po preamplifier amplifier discriminalor sec~-
tion of the quality meter cannot be allowed to contribute more than about 2% to the
total 5% instrument error, this part of the circuit must have a discrimination level
stubiiny of about 3% over the entire iemperature ronge -£5°C 1o + 80°C; i.e., a
temperature coefficient of 220 PPM/°C. This stability pushes the state-of-the-art

as far cs the preamplifier is concerned. The preemglifier must be an ultra-low noise
circuit because the noise would otherwise be larger then the signal. The preamplifier
also has to be extremely fost because of the high counting rate, and this mckes noise
even more of a problem. The first satisfoctory transistor preamplifier for accomplishing
the required stability, speed, and low noise was developed in 1964 by T. V. Blolock
(IEEE Trans. Nucl. Sci., NS-11, No. 3,365) aond further improved in 1966 (IEEE
Trans. Nucl, Sci., NS-13, No. 3, 457). These eamplifiers were developed with the
advent of Texas Instruments' ultra low noise 2N3823 field effect transistor, which is
still the lowest noise device availeble. Both of the amplifiers developed by Blalock
were laboratory amplifiers, very much subject to instability end oscillation problems
except under loboratory conditions with massive shiel”irg of the ‘nout fram the inter-

mediate and output stages of amplification.

Lockheed Nuclear Laboratory developed for the LH2 Quality Meter o flight model

amplifier employing the same input transistor used by Blalock and displaying the same
low noise, high speed, and tempercture stohility which characteiize Blalock's ampli-
fier. However, the Lockheed preamplifier uses fewer components and takes up much

less space . Because the quality meter detector is fully depleted, its capacitance is




very temperature stable, end thus Lockheed was able to use a voltage sensitive

rather than o charge sensitive preamplifier. The fact that the emplifier is voltage
sensiiive was in part responsible for Lockheed's ability to package the unit in such

ticht quarters. The preamplifier, main emplifier, end discriminator were all packaged
ina 5" x 9.5" x 1" box, with partition shields to isolate the preamp from the remain-
ing circuitry and the discriminator from the remoining circuitry. The preamplifier was
connected to the detector through a miniature coox cable, the shield of which was

kept isolated from ground except ot the one point where it ties to the preomp printed
circuit board. This procedure is necessary to prevent ground currents in the coox
shield. External to the electronics compartment the coux was fed through an evacuated
sevit, to the detector. The walls of his caviiy vreie at cose giound, thus forming ‘n

a sense a tric, cable. The detector of course is kept in an evecuated cavity to prevent
moisture condensation on the detector. However, another coax cable carrying the 28 volt

de supply voltage for the detector copsule heater also passes through the cavity. Filters

are incorporated to keep the 28 volt dc at near ac ground potential .

Generally specking, the preamplifier ond the two stoges of the main amplifier are
patterned after the high stability circuit presented by Kenneth F. Hatch in 1EEE
Trensactions on Nuclear Science NS13, No. 1, p. 351, Since the operation of these
circuits is described in detail in that article we shall omit the anulysis here. The sche-
matics of the preamplifier and amplifier appear in Appendix B, Note that an RC-
RC shaping netwerk consisting of R7, R12, R17, C9, C12, and C13 is used between

the two stages of the main amplifier to shape the pulie. Tie cil=ctive iime constants

of differentiation and integration are .845 microseconds and 3.47 microseconds.,

The RMS noise level of the preamp-omplifier combination was found to be 10.4 KeV

rms referred to the input, which is roughly the value achieved by Blalock in the

articles mentioned earlier, with a 100 PF silicon detector. The pulse height discrimi-
nator consists of a Schmidt trigger which is driven by a 2N3424. The 2N3424 is o
matched pair of 2N?13 high speed transistors. The base of the input half of the 2N3424




is normally biased 150 millivolts above the base of the other half. This bias is generated
by o 5 vo't zener diode and o precision voltage divider, Whenever an input pulse of
150 millivo!ts or greater amplitude occurs, the base voltages on the 2N3424 become
equa! and their collector currents thus become equal, which switches the Schmidt

trigger and gives an output pulse. Hysteresis within the circuit assures that the output
pulse duration is sufficient to trigger the bistable flip-flop which it drives. The output
is a negative 10 volt pulse ., The base-emitter voltage mismatch of the 2N3424 tran-
sistor has o temperature variation of not more then 3.6 millivelts over the range -55°C

to +125°C.

Referring again to Figure 2, it is noted that at minimum P al i.e., U6 |b/ft3, the
count rate is 846,000 counts per minute and the slope is 3% density change per 1%
count rate change. The circuit response time constant is 100 milliseconds, so these
parameters combine to give a one sigma statistical fluctuation of 6% quality. At
maximum density; i.e., .54 |b/ft3, the count rate is 8,500 counts per minute and
the slope is .13% density change in count rate, so the one sigma statistics at this

density is 2.5% quality.

The part of the quality meter circuitry whict has been described in this section required
more development time than any other part of the circuitry. This was LGNL's first ex-
perience in designing circuitry for such a low level detector, end many things were
learned from this experience . The major problem with this circuitry is that extreme
measures have to be taken te make it stable. The preamplifier input pulse is only 45
microvolis to trigger the discriminator and yet the discriminator output is 10 volts in
amplitude . This, coupled with the fact that the preamp input impedance is a 100 PF
capacitor, means that extreme shielding is necessary just to keep the amplifier from
feeding its own input sufficiently to oscillate much less remain temperature stable .
Among the steps taken to achieve satisfactory shielding of the output from the input

were the following:




(N The detector coax shield had to be grounded at one and only one point -
namely on the preamp printed circuit board near the source of the 2N3823

transistor.

(2) The circuitry was mounted in @ heavy aluminum box with "T" shaped parti=-
tions welded into place between the preamp and amplifier, and between the
amplifier ond pulse height discriminator. The cover for the box was also
heavy aluminum bolted down to the box with a multitude of machine screws
placed all around the periphery of the lid and down into the "T" partitions.
The box was welded to the partitions well enough to hold water. A smali
erommat hole is in each partiiion io feed the signal and scpply voliuge wires

from on: compartment to the next.

(3) The power supply voltages entered the box at the pulse height discriminator
compartment and with the exception of the high voltage lead were filtered
in each compartment hefore possing to the next with o 100 ohm resistor and
a large electiolytic copacitor. The high voltage lead was heavily filtered
as it entered the preamp compartment. The heavy filtering was necessary
since the high voltage lead ties more or less directly to the preamp input,
and because this lead picks up a lot of signal not only from its proximity

to the power supply inverter and the pulse height discriminator but also from

the high voltage zener regulator which is an extremely noisy device.

“) Each printed circuit board had only one ground connection - nomely a short
picce of wire from the printed circuit ground down to the chassis. This was

to prevent the ground loops and chassis cuirents to os great a degree as possibie.

(5)  The signal leads connecting from the output of one board to the input of the
next were kept as short as possible, including the wire from the output of the -

pulse height discriminator to the counting circuit. 1




—

| —

After the temperature drift of the amplifier-discriminator system was narrowed down
to about 3%, a 1K thermistor wos added to the discriminator bias circuit to eliminate

the temperature drift of a typical circuit.

The maximum temperature and long term drifts of the entire circuit as built is + .002

”:>s/ﬁ3 referred to equivalent density change.

The function of the computing printed circuit board is to take the count rate input
from the P o counting circuitry and to take the 0 - =5 volt de output of the pressure

transducer and gznerate a 9 - +5 volt dc signal proportional to the quality.

The general manner in which the computing board accomplishes its function is best

explained by use of u block diegram. The block diagram of this board is shown

below.
Vf No
\! Current
' Here High Gain
]| Flip=Flop S Count Rate P, Inverting
Count Rate Blstable Meter — 1 Voltage
- I=K, V. p Amplifier
From P 1 Ve Py
Counting
Circuitry
? vl = K2 pv
|
K2 o K] Vf P, O
To Pressure
Transducer
e p K p
Y . \'
N X ¥ =—p- x 5volts,
a ] a
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The pulses coming from the pulse height discriminator trigger the bistable flip-flop
alternately from one state to the other. This signal feeds into the count rate network.
The internal nature of the count rate network will be explained later, but for now it
is sufficient to say that this circuit has an output de current equal to K times the
product of the feedback voltage Vf ond the mixture density P . determined from the
count rate . The pressure transducer feeds in a current which is equal to K9 times P,
Actually the output of the pressure transducer is a voltage, but the high gain amplifier
automatically adjusts Vf so that the input voltage to the amplifier is zero, therefore,
the current out of the pressure transducer is proportional to its output voltage. Since
the amplifier draws no input current, it follows that Klvf PC, must equal K2 Pv ’
which means mathemaiically that 'v'f - i(z/K] X p v/ Po SN is made equal o

5 volts, which means Vf is @ 0-5 volt signal proportional to p \/ Pa . For all practical
purposes Pv / Po is the Quality*.

The schematic diagrom of the computing printed circuit board is presented in drawings
NLO10001 which is the count ratemeter, NLO1005, which is the high gain amplifier
shown in the block diagram, and NLO10007, which is the bistable flip-flop shown on
the block diagram. Actually, in order to make the schematic diagrams correspond to
the block diagram of Figure 3, components CR6, CR7, R28, R29, R30, and R31
on drawing NLOI0005 must be considered part of the count rate network .

The count rate network, being on unconventional circuit deserves additional explana-
tion. Referring to drawing NLO10001, when the input from the flip-flop (called o
scaler on the drawing) is positive, Q11 is turned on and Q10 is turned off. This
causes the collectors of these two transistors to go to near ground potentia!. Diode
CRI12 turns off and diode CR11, the anode of which is held at ground potential turns

on and carries the current that starts discharging capacitors C20 through C24. When
the input from the flip-flop switches negative, Q11 is turned off and Q10 is turned on.
This causes the collectors of these two transistors to go positive to approximately the

emitter voltage of Q5. Cepacitors C20 through C24 start charging through CR12 and

*See Appendix A for analysis of formula error.

.




CR11 is cut off. For any given value of voltage at the emitter of Q5, Vo' the
average dc current through CR11 is determined by the frequency. The component
values of C20 through C24 together with the resistors in series with them are colled
the log network and their values are selected so that the average dc current through
CR11 varies linearly with Pa. In fact, if ihe current through CR11 is combined with
the constant current through R28, the combined current is proportional to Pu; i.e.,
a fixed count rate, the average dec current through CR11 is proportional to the ampli-
tude of the ac voltage across the log network . The amplitude of this ac voltage is
equal to the dc emitter voltage of Q5 less the sum of the forward voltage drops of
CR11 and CR12. R31 is edjusted so that the ac voltage amplitude across the log net-
worl: exactly equals the de vol-aga ot the cathode of CR6. i uilier words the com-
bined current thiough CR1T and R28 is directly proportional to the feedback voltage
Vf which is the voltage at the cathode of CR6. The combined current of CRI1 and
R28, which is the count rate meter current is theizfore eguc! to a constant times 0g
times Vf.

Because silicon diodes having roughly the sume currents flowing through them have
very near the same forward voltage drop, the voltage at the cathode of CR? is very

nearly equal to the voltage \/'}f at the cathode of CR6. This voltage is applied direct-

ly across a voltage divider to generate the output Quality.

The only significant problem encountered in the design of the computing circuit was
in making the count rate meter temperature stable. The output quality is proportional
to the effective resisiance of the count rate meter; i.e., for a fixed feedback voltage
it is inversely proportional to the output current of the count rate meter. The output
current of the count rate meter is equal to the difference Letween the currants of CRI11
and R28. The problem arises from the fact that the currents of R28 and CR11 at low
values of Po become very large compared to the difference between the currents - in
fact at minimum Pa the absolutz current through R28 is about 6 times the difference or

resultant current.

23




Obviously then at minimum p, © 1% temperature drift of R28 results in 6% drift in
the resultant current and thus & .. .rift in the Quality output. This problem was
corrected by the use of ultra stable components for R28, R29 and the count rate net-
work . The value of R3] must alse be adjusted very carefully to assure an accurate

voltage match.

The circuit which converts from count rate to Gc is initially occurate to + .001 Ib/

3

ft3 and experiences a maximum temperature drift of + 001 Ib/ft™.

The accuracy of the P measurement is analyzed in the error analysis .
v




4.0 QUALIFICATION TESTING

Qualification Testing of the two models of the Quality Meter was performed in
accordance with the NASA approved Quality Test Progrom (QTP-301). Appendices
F and G are copies of QTP-301 appropriately documented for the aluminum quality
meter and the stainless steel quality meter, respectively. It should be noted that

the aluminum unit did not go through the electromagnetic interference test, but

that all "fixes" on the stainless steel unit associated with the EMI test were performed

on the aluminum unit also.




5.0 PROBLEM AREAS

During qualification testing several failures occurred on both the aluminum and the
stainless steel quality meters. These failures occurred basically during vibration
testing, electromagnetic interference testing, and when the original ORTEC surface

barrier detector was cycled with liquid hydrogen.

Failures associated with vibration testing were primarily a result of insufficient printed
circuit board support in the electronic compartment. Additional support in the form
of added mounting brackets provided adequate strength for subse quent passage of the

vibrarion test.

As the result of failure of the electromagnetic interference test, two modifications

of the existing circuitry were necessary before the units passed. One of the problems
was encountered with audio conducted susceptibility, where the +28 volt de input

is tied in series with @ 3 volt RMS ac voltage source . The test places a heavy burden
on the power supply dec to dc converter since the secondary filter capacitors heve to
be charged abruptly during the positive peck of the input a.c. The large transient
currents resulting caused problems and the secondary filter capacitors, which had
previously been made generously large, had to be reduced in value to allow them

to track.

The other problem encountered with EMI was thaot th~ ZIN3424  onsistor in the pulse
height discriminator circuit had a 500 megacycle parasitic oscillation. The addition
of a 100 pf capacitor, C5, from the base to the emitter was necessary to eliminate

this oscillation.
Problems were encountered with the ORTEC surface barrier detector mounting rings

cracking when cooled to liquid hydrogen temperature . When this cracking occurred, the

detectors completely failed in their performance. Lockheed Aid a detector evaluation

26




study with liquid hydrogen*. In the final analysis o diffused junction detector

| proved to be best for this application.

*Low Temperature Investigations of some Large Area Junction Detectors, J. M. Palms

and H. H. Nichols, July 1968, Unpublished.
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APPENDIX A

E’ROR ANALYSIS

Quality expressed as a ratio of mass of vapor to total mass

Mass of vapor
Total mass
Volume of vapor
Total volume
Volume of liquid
Vapor density
Liquid gensity

Average or mixture density

5 . 55

t pav
V=V
v

p2V£ +pv Vv

Substituting (2) into (3) gives

pV=

p, V-V )+p V
b2 \"4 \"4 v

Rearranging (4) gives

\
= 2
\'%

P, =P

e
P, =P,

(1)

(2)

@)

(4)

{5)

L




Substituting (5) into (1) yields

Q@ = Xyt le ©)
po Pt"Pv

Equation (6) is the exact formula for quality, If the vent tube contains liquid in
equilibrium with gas, the value of pressure determines the values of pv, Py and
temperature since saturation exists, Since pl is a function of pv, it follows that

Q is a function of pv and pa only.
Eguatizn (&, con be wrirten as follows:

Qe P, - QP P, = P P, =P P )
Solving (7) for P+ we have

. Qpapi,
v DZ-P°+QPO

Re)
n

@)

Define a function G by the following equation:

6 = 8 o & = 0Ob )
b, v

G can be written as a runction of Q and P, by substituting (8) into (9) or written as

a function of P, and P, by substituting (6) into (9) as follows:

Pz . Pa + OPa
GC = (10)
po p.f',




p,=p

(") (1)

|
G = o
Pa P, Pv

Since P, is ot least 10 times lorger than pv or po, G is primarily a function ofpo
in fact it is very necrly equal to the reciproccl of P, In other words, for a given
value of Py G is pinned down to a very narrow range of values, and very little error
results in the calculation of Q if G is set to a value in the middle of this range, neg-
lecting the small amount that it deviates one way or the other. This is the approach

that is taken to electronically generate Q.

ine aiiference between G and I/pa i. given by equations {12) ond (13) and piotted
in Figure 7, for extreme values of Q and P, The arec enclosed by the four curves

is the only region of interest,

From equations (10) ond (11) we can obtain directly

| Pl"Po‘* on pl-po"‘on-pi,:Q-]

]
G-B; T T PPy s Pa Py Py e |
G-—.'- =__|_(pf.-po)__|~ =-L(PZ'PO'PZ+PV) g
Pa Pa PI"PV pu Pa Pl“Pv
(13)
B G
a "4 v

Figure 7 shows the range of values of G for each value of P In between the two
extreme values of G lies a quantity G, which is that value of G which will be used
to electronically calculate the approximate value of Q. Line ABCD in Figure 7

is a plot of - Vpo' G is selected in each case so that the error in qualify is

the scme at each extremity of G.

-~
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Obviously the greatest error in the electronic calculation occurs approximately at
point C, where G is assumed to be .04 +1/,29 = 3,49 ft3/lb. The value of Q in~-
stead of reading 100% would read 3.49/3.49 x 100% = 101%, which is 1% high,

Where Q= .5, G is actually ,118 +1/.29 = 3,57 ft3/lb. The value of Q instead
of reading the correct value of 50% would then read 3.49/3.57 x 30% = 49%, which

55 l% |°Wo

In addition to the errors that result from the approximation Q = P, X Gc' there are
errors due 1o the accuracy in the measurement of pv, the measurement of Gc, and

the multiplying circuit,

P, MEASUREMENT

Referring to the latest liquid hydrogen data published by the National Bureau of
Standards, at saturation the vopor density of parahydrogen is given to an accuracy

of a fraction of 1% by the equation:

ib
ft~ - psia

p, = .005129 P+ .0078 Ib/fi>

over the range from 10 psia to 55 psia. The p,, measurement is based on this relation= ‘
ship, und P is measured by o Statham Instruments, Inc. wiode! r A438TC absolute
pressure transducer temperature controlled at 200°F. This transducer has the follow-

ing characteristics:

Full Scale Pressure: 60 psia

Non=Linearity and Hysteresis: . 5% F.S. = £ 0.3 psia

Vibration Error: | Negligible ’
Temperature Coefficient: .01% F.S./°F

<




Thus the value of P, is measured to an accuracy of ,00154 |b/ft3.

Py MEASUREMENT

As shown earlier, Gc is a function of Py and is in fact approximately equal to the
reciprocal of Py The value of P, is measured by a nuclear beta gage, and neither

p, nor Gc is a linear function of the count rate (sece Figure 2). As explained

earlier, the temperature and long term drift of the counting circuit corresponds

to @ maximum error in the P, measurement of .002 Ibs/fts. Since Gc is approximately

the reciprocal of P the error in 1/G is approximately .002 Ibs/ft3,
«

Referring to the section on electronic computation of Quality, the drift and inaccura=

3

cies of the count rate meter are each a maximum of + ,001 Ib/ft",

Since O=pv . Gc ’fpv/Dc, where Dc = I/Gc,

.‘.’9.:. dpv : ch
Q P, Dc

Using RMS addition of errors,

2 2
i e 1
N T D
v C
2 2 2
ot . = 2
@ = el wo)fe
(l)z'r(d S iF
'f-): L pv Q ( c).J
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2

2 &." | 2 2 2"
Cle) () LUe) +a @ny]

I

dp = L0015 i'o/fts; (d Dc)2 = (.001] Ib/ft3)2 +

(.001 Ib/f0)2 + (.002 Ib/fo)2 = & x 107 Ibs2/f®

; /2
23710+ 6x10¢ Q7] Io/a°

"

Q
dQ -
Py

This error does not include ihic formula error, which must be odded in, Figure 8
is a plot of the error versus pressure and quality, including error due to the approxi=

mation Q = pv/Gc.

HALF LIFE EFFECTS

Although a freshly calibrated system hes no half life error, as the source ages half
life errors develop. The half life of the Thalium 204 source used in the p measure=
ment is 3.8 years. This means that the source decays 1.52% per month. This causes
a drift in quality of anywhere from .2% to 4,5%, depending upon the value of P
Because of the significance of half life, provision has been made to adjust the effec-

tive source ' ngth prior to flight.

STATISTICS

The statistical randomness of nuclear isotope decay couses a characteristic ripple in
the output of all nuclear gages. The variations in this ripple are not in general con-
sidered to be error since they can be averoged out, However, the magnitude of the

ripple is of interest and is determined as follows:
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.06 lb/fts, count rate = 846,000 counts per minute

At p, =
counts in .2 second = 2820
statistics = 1/2820 = 1,9% count rate
= % quality, one sigma statistics
At k-5 .94 |b/ft3, count rate = 8500 counts per minute

28
1/28 = 19% count rate

counts in .2 second

statistics

2.5% quality, one sigma
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APPENDIX B

SCHEMATICS OF ELECTRONICS
5% QUALITY METER
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APPENDIX C

DESIGN REQUIREMENTS

The measuring device developed for this application must meet the following require-

ments:

(1
(2)
(3)

(4

(%)

(6)

(7)

(8)

(©)

Quality measuring range = 0 to 100%.

Meaosuring accuracy = From 50 = 100% to within = 5% of range.
Repeatebility = The measuring device shall have o repeatability to within
% 1% over the range of 50% to 100% of quality.

Response time = Wit a step cnange from 100% to 50% qualiiy, the quai-
ity meter system must indicate 63% of this change within 100 milliseconds.
Output = The output signal from the device shall be 0-5 VDC and must be
conditioned to be fed to telemetering. Its output impedance shall not ex-
ceed 5000 ohms ond the system shall operate satisfactorily when 100, C00
ohms load (£ 19%) is applied across the output terminals.

Power available = The voltage available for any flight hardware will be
28 =3 VDC. The design goal for the power consumption is to 10 watts
maximum,

Electromagnetic interference - The measuring device shall conform to the
electromagnetic interference requirements of Specification MIL-1-6181D,
Grounding procedure - The following circuits shall be isolated from each
othur: 28 VDC, minus; signal output, minus; signal input; transducer
excitation voltage; and case ground.

Mounting - The source of radiation and sensor portion of this device shall
be incorporated into a section of the vent tube. This section of tube shall
be furnished by the Contractor, It will be compatible and will be capa-
ble of maiing with the remainder of the venting system. It shall be equip-
ped with flanges in order that it may be fixed and sealed into position,

The signa!l conditioning equipment shall be located in the surrounding area




(10)
(1
(12)
(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)
(22)

but not necessarily in contact with the tube.

Vent tube size = 2,5 inches ID with 0,0625 inch wall thickness.

Vent tube material = Aluminum alloy, 6061-Té.

Vapor flow rate range = 0,08 Ib m/s to 0.4 b m/s,

Size limitation - The design goal for the section of the vent tube to be
supplied by the Contractor is not to exceed 18 inches in length, The
overall size of the entire package of flight hardwe e shall be kept to @
minimum,

Weight limitation - The weight of the flight hardware, including source
shielding, shall not exceed fifteen (15) pounds,

Sofety = In the design ol the measuring device provisions must be made
for the necessary shielding to meet radiation health safety requirements.
Interchangeability - The measuring device shall be designed to allow
the source of radiation to be readily removed and reinserted into the
same instrument or inserted into another instrument without difficulty,
Operational temperature range - The temperature range along the inside
wall of the tube will be -260°C to +60°C. The temperature range in
the surrounding areca, external but not in contact with the tube, will be
-50°C to +80°C.

Operational pressure = The maximum vent tube pressure will be 55 psia.
The pressure range in the external and surrounding area will be 2 x 10—7
psia to sea level atmospheric.

Thermal shock = The measuring device shalt opeiatc os specified when

cycled between ~50°C and +80°C for a minimum of 10 cycles.

Humidity - The measuring device shall operate cs specified when exposed.

to a relative humidity of 100%.

Acceleration - 0 to 30 g's.

Shock - The measuring device shall be capable of operating without fail-
ure after being subjected to ¢ chocks 2" either 10 (triangular wave), 8
(sine wave), or 6 (square wave) milli-: . onds duretion at 100 g in each

of the three major axes.




(23)

Vibration = The measuring device shall be capable of operating without
failure after being subjected to the following sinusoidal vibrations in

each of the major axes:

(@)
(b)
(c)
(d)

The frequency shall be swept logarithmically from § Hz to 2000 Hz ond

fiom 2000 Hz to 5 Hz at the rate of cne octave pz: minute,

5-65 hertz (Hz) ot 0,04 inches D.A. displacement,
65-110 Hz ot 2.0 g's peak,

110-200 Hz ot 0.015 inches D.A, displocement, and
200-2000 Hz ot 32 g's peak,

e




APPENDIX D

LH2 FILM EXPERIMENT

A prototype gauging section was constructed identical to production model gauging
sections. A semiconductor detector was installed in one wall of the gauging section
ond a 2-millicurie TL=204 source was installed on @ movable rod throught the oppo-
site wall. A position indicator was mounted on the movable rod, and the source
could be positioned with an accuracy of better than 0,005 inches. The gauging sec-
tion wos installed in the I.H2 test car facility utilizing a IO“l mm Hg vacuum around
the gauging section for insulation. The gauging section was oriented so that hydro-

gen flow through the secrion was vertical.

After installation, count rate versus argon density curves were run with two diffzrent
source to detector distances to obtain the count rate versus density functions under
positively no-film conditions. This was done at ambient temperature, These data
are represented by the solid curves in Figure 9 and cre designated f(d) and g(d) for
the smallest and greatest source to detector distances, respectively. The difference
in the source to detector distances for f(d) and g(d) was approximately 0.8 inches.

The system was then flushed and various LH mixtures were flowed through

"B
the gauging section and counts were taken ot the sume two source to detector dis-
tances os above., The points oo at the greatest source to detector distance were
purnosefully placed on g(d,. 1iv::2 points are indicated by the circular points and
are designated by letters. The corresponding points taken with the same hydrogen
quality end density as the lettered points, but at the smallest source to detector dis-
tance are also indicated by circular points and are designated by primed letters,
With no film the primed lettered points would have fallen on f(d), but with o film
the points would have been very far from f(d) with the discrepancy from f(d) being

proportional to the film thickness.

- . « —— g - aan S ———
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The LH2 was introduced into the gauging section with o specially designed nozzle

approximately 5 inches from an imaginary line drawn from the source to the detector,
GH2 was introduced annularly ebout the LH2.
Percent quality indicated at the various points in Figure 9 was obtained by convert-
ing the abscisso of the lettered points on g(d) to equivalent hydrogen density and di-
viding this into the hydrogen vapor density, which was gotten from a pressure meas-

vrement in the gauging section, Equivalent hydrogen density was obtained by divid-

ing argon density by the ratio of the relative mass stopping power of hydrogen to ar-

gon.

Since the primed lettered points fall, within experimental error, on f(d), it was con-

cluded that no LH2 film existcd in this 1 g experiment,

v, QL




APPENDIX E

MTP-309A AND MTP-309B
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ELECTROIIC BENCH ADJUST{<NTS = SHEET 2 OF 7
AANUFACTURIING TEST PROCEDURE 309A

1. REFERNCE
1. Dwg. lio. NIO10032, Printed Wiring Board Assendly Pre-Amplifier.,

l.2 Dwg. No. NLO10033, Printed Wiring Board Asserbly Amplifier,

1.3 Dwg. Mo. IIL010034, Print:d Wiring Beard Assembly Pulse He ght

1. Duwg. No. NOL0017, Printed Wiring Assc wbly Computiing Boaxd.,

~s

l.5 Dwg. lio, 11010005, Printed Wiring Board Assenmbly, Power Supply. "

T A NI DT DT AT
?. ',;..-..\.\r_: IJ.,JV-LL:‘ .T.u.‘

2¢l The electronic package conditicns pulses from a bete gauge and

.

algebrazicelly combines them with pres sure to arrive at a Li.
- . F 4 d

quality expressed in volts.

-

TEST FACILITIZS

. e —

3.1  Instrumentation (as specified ar equivalent),

J
3¢l.1  Digitel Voltmeter, Digitec Model Z200A, P/ = =y ‘
3¢1e2 Pressure Gage, Mig. ———— ) P/u = K |
3.1, Random Pulse Generating Systzn 1

3.1.3.1 Pulse Qenerator - General Radio 12173, 1

. P/ - |

|

3etese2  Auplifier, Hemer 1302, P/ - j
3¢1.3.3 Power Supply, Tennelee Model 900 P/;I °

3ele3.4  Low lioise Preamp, Tennelec }odel 1004, P/;.' . 1

3.1.3.5 Surface Barrier Dot:ct:n'/l;.:"b'z Source Assenmbly,




4,

OOTIRTHE TMRAn PRI T I ~ ¢
e lU."ti\J.LU-{A.‘t-J aindl SN, LAV IS S 3-’

ELECTRONIC BENCH ADJUSTMENTS = SHEET 3 0F 7

ST

314 Oscilloscope = Telitronix Model

3.1.6 Power Supply, Herrison Labs,, Model 8108, P/u

3ele7 Leak Detector CEC Model 24-1)0, P/N

3.1.8 Capseitor 2000 uf *203% p/n
3¢9 Resister 100K + 5% P/N
3¢1.)0 Resistor 910 ohn + 5% P/H =
3elesl Voltoge Divider consisting of (1) 5.6 % vim resistor and
(1) 220 oum resistor P/N
o2 Fixtures
3¢2.1 Veat Tube Md Closure, P/H‘_“_’4__~»___&.
P/
FRICAUTIONS
t,)  Reversed polerity will damage the printed eircult board components,

k.2 Do not exceed 55 psla internal vent tube presswre,

VISUAL, TLNSPECTION

2.1 Verify that each clectronlic unit to be tested conforms to the
epplicable cviawings,

2.2 Verify that the test equipment has been calibrated to Quality
Assuwrance stonderds and is within the calibration period,

5e3 Verify that the pulse neight selector input to the computer bvoard

is not connected.

-

R - e IR | STy S

LN




ELECTRONIC --.':.z DJUSTMENTS = SHEET b OF 7
MANUFACTUT\LiiJ TEST PROCFDURE 309A

6. PRZSSURE, ZERO AID SPAN POT(s), ADJUST

6.1 Preparatory Procedwre

6.1,1 Comnect Quelity Meter as shown in Figwres 1 and 2 using
the scaler as the E-put meter (lote: Yellow wire and 910
oam not used during this portion of test.)

6.1.2 Evacuate Quality Mct:r Vent Tube 0 10 psia + 05 psia.

6.1.3 Twn electronle equipment on and sllow werieup, -

6.1.i Disconnect test specimen from pulse generator. Turn on
the sc swii~nees on 1) instruments la Wic pulse geoncratig
system, and allow at least 2 minutes warm-up. Also twn on

scaler. Set the low noise preamp gain to X 1. Set the

5 . 4
l povwer supply He Ve switeh to INT, Set the detector voliage
l adjustaent 10 its zero position., OS8et the amplifier switches

to LOCAL, INTEGRAL, X 15 multiplier IN, INPUT POLARTIY I[5G.,
helipot labelled "E" to 480, COARSE CAIN to 16, fine gain
to approx. 1.8. Set the output polarity switeh on rear of
anplifier ‘o liEG OUT, Set the pulce generator pulse width

edjustment to 3 nicroseconds., Set PRF switch to 3 KC, and

edjust eamplitude knob wntil the cutput pulse between the

-

\

negetive terminal and ground termiinal is negative 5 volts

as viewed on scope. Remove scovc probe, and set PRF Xnob
to EXT DRIVE, Twm scaler input seclector to A®. Turn
scaler to manual count., Turn power supply de switeh on, and
edjust detsctor voltege knob to 50 volts. The PRF calibrate

kncb on the pulse generator will caouse the sealer to count

or not count as it is rotated through its range. Set the




ELECTRONTC BENCH ADJUSTOITS = - ST 5 OF 7 {
" RWIUFM"‘.'“Lo\J .LAO.D l’n’Ou JLLLJ 309A 4
l

knob to abproximately the centeyr of the reglion over waich
’ i the scaler will count, By adjusting source position relative

| Yo the detector, and by adjusting the nelipot labelled "g"
|

on the amplifier, obtein a cownt rate of 5.70 + .03 x 109

counts over a one minute interval as obilained using the

'
’ scaler timer, '
l 6.2 R-21 end R=23 Pot Procedure :

l 6.2,1  Turn 28 volt power supply on and sdjust to 28 + 3 vpeC.

Comecet "wio IN" {(..re #3) of computer board o wie pulsc
: generating system, |
| 6.2.2 Adjust Pot R-21 for a quality output of 5.000 + 025 VDC '
| ] averaged et 10 second intervaels for 5 minutes, }
; : 6.2.3 Chonge randeu comnt rate to 9.25 +,06 x 10k counts per ‘
i minute,

6.2,k  Raise vent tube pressure to 55 psia + 4,

; 6.2.5 .Adjust Pot R-23 for 2 quality output of 5.000 + 025 VpC,

6.2,6 Reduce vent tube pressure to 10 psia + .05 psia,

6247 Change count rate to 2.T0 + .03 x 102 counis per ninute,

6.2.8 Repeat paragrapns 6.2.3 to 6,2,7 until no Pot adjustnents

e

&re necessery after changing bota ecount rates end pPressures,

To SOURCE SHUTTFR ADJUSTME

WOTHYL

Tel Preparatory Proccdure
Telel  Connect the Quality Meter as shown in Tigwres 1 and 2.

(flote: Sealer now comnected +o yellow wire end "PH3 IN"

L Nion
]

discennected from pwlse generator, )
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ELECTRONIC BENCH ADJUSTMENTS =
MAITUFACTURING TZEST PRCCEDURE 300A

T.1.2 -

Telal
Telok
Telo5

7.1.6
TeleT

T.1.8

TeleS

TelolO

Teloll

71012

SHELT 6 OF 7

Twn da scaler to allow warm-up,.

Evacuate the vent tuve to 0 microns of Hg or less,
Set source shutier eperture to approximately 3 opening.
Flush sowrce housing with helium and seal. (liote: All

available sealing screws must be used,)
Twrn power supply on and adjust to 28 + 3 VDC.

Operate scaler and obiain a one minute covat, Verm Count

¢/m

After obtaining warm cownt, partielly cuwnmerge wie vent

tube in liquid air taking care that printed circuit boards
are not subjecteld to liquid air temperatures.

When the vent tube reaches a stable temperature (liquic air
ceages to boll violently), log e cold count rate e/m
Remove the vent tube from the liquld air and return to

room temperature, Compute the warm count to cold eount

ratio

Adjust the sowrce cperature to obtain 8,47 +05 x 107 X ratio
(para. T.1.10) counts per minute, Note: After each adjustuent
the sowrce housing must be {lushed with helium and 21l scaling
scress must be vight while making the scaler mezsurement,

Final setting /i

When the count in para, T.l.1ll is obtalned, evacuwate the
source housing with the helium leak detector. Spray the
exposed swrfaces of the source housing with helium. Any

indication of lealks on the X 10 scale shall be cause for

remedias. action.

-

PRSI R—————

a8 — e -

N aa ket




ELECTRONIC BENCH ADJUSTM IS - SHEET 7 OF 7 |
MANUFACTURING T2ST PROCEDURE 309A |

Telel3 After completing Tel.12 return the source nousing internal

pressure €0 Lab anblent by breaking the vacuun with heliim, |

Discomeet the supply Jin~ and quickly ean tie sowrce

housing fitting,

7 |
Telellh Recheck for a scaler reading of 8,47 + 05 X 107 X ratio ‘
|

i (p-.'u‘il. 701010) C/{J.

|
|
|
B

Telel5 Repeat para. 7.1.8 and 7.1.9. A cold comnt of more than
8.5% x 107 or less than 8,10 x 107 shall be cause to |
1!

1
L

repeal pilGe Telel *2 7.2

1

7.2 External Test Circuit Checlk J
With {the same efrcultry used in pera. T.l.15, and with the vent
| tube internal pressure at Ladb exbient, push the exbernal test
i pucibution and loz the qualit Ty output averaged for 5 minutes., A

quality output average of more or less than 2,65 + 0425 VDC shall
| -

» e cause for rejection.

O, GQUALITY ASSUR\ICE
e e M 4

8.1 Quelity Assurance shell assure that the test specified in +his
Menulacturing Test Procediure is performed and the equirment meets
the performance requ'remenis specifie?

8.2 In the event rework is required, Quality Assurance shall assure that

~ AL

all necessary steps are talken o bring the vprinted cireuit boerd
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Reyisions
Sym Description Date ___ Approval
.
.
.
:- ¢
v
Next Assy ised on
= Applicution ;
(Original Relcose Date |20t - TEST PROCEDURE |
< ) : Chk /S o ', Lockheed-Georgia Co. |
28 34 L £ £UEY T (Approval Sheet) A Division of Lockheed |
o = Encra ] Qual.ity Output Vs Freon Aircraft Corporation |
= 2 » |Encra 3 Pressure Data Lockheed Georgia
' 77 o8 r 5 = : Nuclear Leboratory !
: o fogrg. B MIP 3038 Dawsonville, Georgia |
N ( Enoro - ]
l/“x_ll_“-l'\."o.y.‘_‘r‘d ," p [Enara SCO'E = E ‘
2. D 73-68 | QLA Code Sheet ©_of




QUALTLY OUTPUT VS FREON PRESSURE DATA SHEET 2 OF &4 !
MANUFACTIRING TEST PROCEDURE 3098
l. REFEREICE
1.1 Dwg. No. NIO10032, Printed Wiring Bcard Assendly Pre-Amplifier. |
1.2 Drg. No. NIDI0033, Printed Wiring Board Asserbly Delay Line |
Amplifier.
1.3 Dwg. No. NID1OO34, Printed Wiring Board Assexzbly Pulse Height ‘
Selector.
1.4 Dwg. No. NID10OO17, Printed Wirinz Assembly Computing Board.

1.5 Dvg. No. NID10008, Printed Wiring Board Asserbly, Power Supply.

2. GCelelRAL DeSCRIPTION

2.1 The electronic package conditions pulses from a beta gauge and

el

elgebraically combines them with pressure to arrive at a Ll |

P -

Quality expressed in volts.

] 3. TEST FACILITI=ES

1 3.1 Instrumentation (as specified or equivolent).
3.1.1 Digital Voltreter, D igitec Model Z200A, P/N

3.1.2 Pressure Gage, Mfg. , P/N

3.1.3 Pover Supply, Herrison Iab. Model 810B, P/N

3.2 Fixtures

3.2.1 Vent Tube End Closures, P/N __

p/N

L.l Reversed polarity will damage the printed circuit board componentis.

k.2 Do not exceed 55 psia in‘ernal vent tubte pressure.

‘
1
1
|
|
J
4, PRECAUTIONS ' 1
|
.




QUALITY OUTPUT V5 FR-ON PRESSURE DATA SHEET 3 OF &
MANUFACTURLING TE3T PROCEDURE 3098

.

5. VISUAL THSPECTTION

5.1 Verify that each electronic unit to be tested conforms to the

epplicable drawings.

5.2 Verify that the test equipment has been calibrated to Quality

Assurance standards and is within the calibrawion period.

6. PREPARATORY PROCEDURE

6.1 Connect Quality Meter as shown in Figure 1.

Caution: Reversed polarity vill damage the printed circuit board.

6,2 Turu electronic equipment ca &ud allow warm un,

m———

T. TEST PROCEDURE

T.l With the vent tube at room ambient temperature, turn power supply on
end adjust to 23 + 3 VDC.
T.2 Apply the following internal pressure to the vent tube and record

the qualily output for each preszsure

— p— p—

Caution: Do not exceed 55 psia et any time,

S——

Acceptable
Vent Tube Quality Output Quality Output®*
Pressure Ve vDC
‘Ino H”]o! Min, MexXe
20.36" + .05" Pecon plus 0.23" + .05 He 2.35 2.85
61.08 + ,1" Freon plus 2L.42" + ,1 He 2.35 2.85
. 80,00 # .1" Freon plus 29.45 + .1 He 2.58 3.08

count HOY

%Good as long as 1,06 » SS¥at COLD » 4 og,

e ————— e

P PR TI T TST R SviSsieay




Lt At A T R R s o

.

T —— Ao\\.«J
~
b
]

lml?l )l’@.

- —y

AT ey .y

R s 1

Rk ? 4 e alala Aok -0\/!}!-4. o
'y o . 1 BOMEA 1

L1ddng
UoOX I

JOoreTn3oy
J':}:.Jiﬁ

Vellilua “a

e r—— g i s

. =
.




APPENDIX F

QTP-301 FOR UNIT 0002-P

RN s v o0 - e




Revisions

-
Sym | Description

' Dete | Apsrovel 2
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Dete s£— /-4 ) . TEST PROCEDURE

Lockheed-Georgic Co. ;
i

A Division of Lockheed

ai Relecse Date ! i
./ £
r /7 Cek/Svav. i/ o/ 1/ Sk i (Approval Sheet)
,'/' - /- (e E’.": / //’ /’ /’”’//' = l : Z= _,
- e W LTI AT TS Ld2 QUALITY METER
. i
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: bl SIN_ L002 —
Sa~ra 2 i
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Engrg R =
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Aircreft Corporction
'
Lockheed Georgia |
:
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. 5
Dowsonville, Georgic !
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QTP-301 . SHEET 3 Of 55

1. REFERENCE
1.1 NASA Contract NAS8-20518

2. GENERAL DESCRIPTION ' |

2.1 Function - The LH2 Quality Meter measures the ratio of the mass of gas-
eous Hydrogen to the total mass of liquid Hydrogen and gaseous Hydro-
gen. The meter is a section of thé vent tube and meters the quality of
Hydrogen vented, :

The output voltage is frem O to § vslis ond is copeble =f me Ioicting satel-
lite te!emetry systems,

2.2 The Quealification tests consists of nine (9) separate parts: |

2,2.1 Temperature Cycle |
2.2.2 Pressure Cycle 1
' 2,2.3 ine.mal Shock |
| x 2,2.4 Humidity
2.2.5 Accelerction
}’ 2,2.6 Mechenical Shock
! 2.2.7 Vibration |
2.2.8 Electromagnetic Interference Test
:4:9 LH2 Colibration Check Test
2.2.10 |Inspection (Quelity Assurence Provisions)

2,3 Pre-environmental tests consist of two {2) parts:
2,3.1 Repeatability:
2,3.1.1 Instrumentation (as specified or equivelent),

() D. C. Power Supply, Property "’(l[/} 73

(o) Strip Chart Recorder, Property #A’{//'_f >

(c) Digital Voltm_ter, Property ’5/[7/5 =

R (d) D. C. Voltmeter, Property ¥ /2577 / .

(e) Pressure Gage, Propeny f5 5//5 .




QTP-301

2.3.1.2

2,3.1.3

2,.3.2 Response Time:

2.3.2.1

SHEET 4 Of 55

(f) Pressure Reguletor, Property # s 5,5, .

Fixtures:

(o) Density Simulator, Property #2//, 20" lf;cfu; F:
vt thrd L P
(b) End Cap Seals, Property ’;2;;’;5!2 A and

Property *, /)9 700

Test Procedure:

(o) Install end cop seals and density simulator
ond purge vent tube helium,

(b) Connect Quality Mcic, o Tastrumentation
S: slowa in Figure 1. Monitor Quatity Mo

ter output with 28 VDC power supply voltage.

(c) WE . Quality Meter output has stabilized,
vary the vent tube internal pressure to simu-
lote a different quality between 50% and
100%. Adjust the pressure to five different
values ond record the output at each pressure.
Monitor the Quality Meter output for 30 min-
utes at the final pressure. Repeat each pres-
sure and record Quality Meter output at each
pressure. Quality Meter output must dupli-
cate the output at each pressure within £ 1%.

Pressure /g, /" 44 Output > /)
Pressure ;£ p " 42 Output 5 @7
Pressure ,» p" ,7 Output 7 7,/
Pressure 7) /" 44 Output 7 gof

Pressure ./ 0" 4/ Output 2/ ([ Z
7

Pressure ;1 24/ " /'_{)‘, Output__2.¢42
Pressure ./ g " 4. Outpet > £ 2
Pressure 7 7" /. Output 2, 4~
Pressure T e te Output 2 g7
Pressure o//, U " th; Output £ s2f

J

Instrumentation (as specified or equivalent)
(a) D. C. Power Supply, Property TAYIS% T &
(o) Digital Voltmeter, Property #_f///_)'l.
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QTP-301 SHEET 6 Of 55

(c) D. C. Voltmeter, Property ’/-’/jl 27
(d)  Oscilloscope, Property’ 21073 ;
> #
(n Pre-amp, Property £L4;J‘Z .
(2) Cemera, Property #  +// )/ .

2.3.2.2 Fixtures:

(o) Density Simulators, Property f p/90 0.4 ,
Property ¥ ./ / . |

2.3.203 t?'.' pfc"‘f‘.l"r‘:: / |

(o) Connect Quality Meter to instrumentation as |
shown in Figure 2. Adjust density simulators
to provide an output equal to 50% = 5% qual-
ity. Allow Quality Meter to stebilize for 30
minutes.

(b) After 30 minutes stabilization, remove o den-
sity simulator from the venturi and trigger the |
oscilloscope sweep within 10 milliseconds or |
less. Obtain a pictorial record of the Quality \
Meter output change. The change must be |
more than [ .63 x the final value (100% = g)]
ofter 100 milliseconds, |

3. TEST FACILITIES i
3.1 Temperature Cycle Test:
3.1.1 Instrumentation (os specified or eauivalent) Figure 3.

3.1.1.1 Temperature Chember, A~=-izan Insriumznt Co.,
Model 4-3354, Property #é’d') 22,
3.1.1.2 Temperature Controller, Leeds & Northrup, Type G,
Property ¥ 4//9 ¢ -,
3.1.1.3 Tempercture Monitor, Leeds & Northrup, Type G,
| . : 1.5mV span, =10 to +10 mV range, with six () ‘

each Coppzr Constanton Thermocouples, 6 ft. mini-
mum length. Temperature Monitor Property # A3 Y3 -

=
s Property '5’,5','_/3;..;;‘)‘/.4 Control
e, = L =
r Property * Syp 240 /5 droperty Sl st E
. : Property " </r 3¢y~ ¢ Property 7 50 3¢5
f Property '#.</ _/‘_-7.,(_,’_/}_ Property #_5/[) 3 i/u'ﬁ ¢




RESPONSE TIME PER PARAGRAPH 2.3.2.3

100 ms/cm
1 volt/cm With 10 to 1 Probe
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QTP-201
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QTP-301

3.1.2
3.1.3

SHEET 9 Of 55

3.1.1.4 Ice Reference, LGNL, Property ¥ , /0 .
3.1.1.5 Liquid Air Reservoir, Property 'J/jfg» .

-~
3.1.1.6 - Pressure Regulator, Property # 5o, o/
3.1.1.7 €O, Supply, LGNL, Property // .

s1.1.8 D.C. Power Supply, Hewlen-Pockord Model 726,
Property ¥ £//277 .

3.1.1.9 Recorder, 2-channels, Sanborn Model ,5°2 - pp.4
Property ¥ 4/922 0 .

3.1 1,10 D gital Voltmeter, Digitec Mode! Z-2002, Property
5/()/0 o

3.1.1.11 D, C. Voltmeter, Property * , /752 / .

Fixtures, LGNL, Property ’/,/‘,’4;»/7 jf/d’/} op)8br2 .
Temperature Cycle Test:

The LHp Quelity Meter will be sub|ccted to an environment of
temperatures from -50°C = 3°C 10 +80°C = 3°C. Specimens
will be monitored during testing. Deviation of more than = 150
mV shall be cause for rejection,

3.1.3.1  Quality Meter Hydrogen simulation required os follows:

(o) Convenient ond constant pressure between 14
ond 55 psia.

(b) Density - Special fixture with o determined ot-
tenuation censtant,

3.1.3.2 Quality Meter temperature reauirements as follows:

(o) Vent tube = Paril~l'y submeigeu in | iquid air
throughout test,

(b) Elect'omc com%artmcnf - Cycled between

-50°C ond +80°C.

3.1.3.3 Temperoture monitoring - The following are points of
temperature measurements:

(o) Electronics Enclosure Box - 5 thermocouples in
surrounding air, 1 thermocouple contacting
box top. :

3.1.3.4 Electronic test equipment upplication:




QTP-30!

3.1.3.5

3.2 Pressure Cycle Test:

(o)
(b)
(c)

SHEET 10 OF 55

Digital Voltmeter (Pare. 3.1.1.10) ~ o tput
‘measurements, > w4

D. C. Voltmeter (Para. 3.1.1.11) - power
supply monitor,

Strip Chart Recorder (Para, 3.1.1.9) = Qual-
ity Meter output,

Environmental Test Procedure:

(o)

(b)
{~)

()

(e)

(f)

(o)

(h)

(i)

(i)
(k)

Connect LH, Quality Meter os shown in Figure 3.

Set D. C. Power Supply output to 28V + 3V dc.
Record ambient tempercture ond oressure.,

After test equipment lias stobilized, record out-
put voltage of Quality Meter. Record temper-
oture for ambient reference.

Lovier cnr temperoture in temperature chamber

0o -50°C + 3°C.

Record Quality Meter output each 5 minutes
until desired tempercture is recched. Record
oir temperature indicated.

When the air tempercture reaches -50°C = 3°C,
let Quality Meter remain ot this temperature
for a minimum of 30 minutes. Toke output
readings every 5 minutes,

After 30 minutes at -50°Cc + 3° o ronse the
chamber air temperature to +80°C = 3°C.
Record output and air temperature each 5
minutes,

= : o o
Let electrenics be.c remein at 80°C = 3°C for
1 1/2 hours. Record output ecch 5 minutes.

Reduce temperature to embient,

When oir temperature reaches ambient, allow
electronics box temperature to stabilize for
30 minutes. Record output every 5 minutes.

This completes the tempercture cycle test,
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QTP-301 SHEET 12 Of 55 ' |

3.2.1  Instrumentction (as specified or equivalent) Figure 4. i

3.2,1.1 Evacuction System; LGNL 24-inch vacuum system,
Property f 379 ¢
(o) lonization gauge, cold cathode, NRC equip-
ment, Type 0724, Property ¥ IO

(b) lonization gauge end thermocouple gouge,
Veeco RG31A, Property ¥ 5,057 . 1

3.2.1.2 Pressure gauge, 0-100 psi, Mfg./.// .,../ + Type |
L0875 Property ! 25,/ 5 |
3.2.1.3 ‘*i.2i=con regulated supply, !N
| 3.2.1.4 D. C. Power Supply, Hewlett-Packard, Model 726,
r : Property #2119 7 .
| 3.2.1.5 Digital Voltmeter, Digitec Model Z-200A, Property
l bsr0s572 -
' 3.2.1.6 D. C. Voltmeter, Property # 1/ 2, 7 / .

3.2.1.7 Recorder, strip chart, Sanborn Model /372 /202,
Property f A2780
3.2.2 Fixtures, LGNL, Property ’4’4//}[/)_,, Density simulator,

3.2.3 Fixture, LGNL, Property ’/_a_/é,v/z'?rf, End cop seal. :
3.2.4 Pressure Cycle Test: |

The LH2 Quality Meter will be subjected to on environment of
internal pressure from lcboratory ambient to 55 psia in vent tube
ond externa! pressire of 2 x 1077 psia to embient on outer struc-
tures. Test shall be operctionei. The Quality Meter output will
be corrected to laboratory ambient pressure end density. Devi-
ations of more than = 150 mV in the corrected output shall be ‘
couse for rejection,

3.2.4.1 Quality Meter Hydrogen simulation required os fol- 1
lows:

(o) Pressure: | ‘

(1) Vent tube laboratory embient to 55
psia internal.

| , _ :

. . — . . SR ..mm_]
= = ;
T T TS Y AN, e i R i RSl
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3.2.4,2

3.2.4.3

(b) - Density = Special fixture. (Para. 3.2.2)

SHEET 14 Of 55

(2) External vent tube structure 2 x 10-7 psia .
(.01 microns of mercury) to embient pres-
sure.

ambient.

\
Quality Meter temperature requirements: Laboratory |
|

Electronic equipment opplications:

(o)

b)

©

3.2.4.4

Environmental Test Procedure:

(@)
()
(c)
(d)

(e)

(f)

(0)

Digital Voltmeter (Para. 3.2.1.5) - output meas-
urements,

D.C. Voitaeter (Pore. 5.2.1.6) = power supply
monitor,

Strip chart recorder (Para. 3.2.1.7) - output
monitoring.

P e T R I e

Install cop seal fixture (Para. 3.2.3) and den-
sity simulator fixture (Para. 3.2.2),

Install Quality Meter and connect as shown in
Figure 4, |

Adjust D.C. Power Supply output to 28V =
3V dec.

Record ambient temperature end ambient pres-
sure.

After test equipment hos stabilized, record the
Quality Meter autput for ambient interncl ond
external presse... Condition for 15 minutes |
minimum. Record data each 5 minutes. ‘

After the ambient pressure test, opply 55 = 2
psia internal to vent tube in 5 or more steps ot

o rate pressure change not to exceed 2 psia/sec~
ond. When 55 £ 2 psia is obtained, maintain
gressure for a minimum of 30 minutes. Record
pressure ond Quality Meter output for each
pressure step and each 5 minutes at 55 = 2psia.

Reduce vent tube pressure at o rote not to ex-
ceed 8 psia/second. Record Quality Meter

(

e e, ST - Gl
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(h)
()

(i)

(k)

0

(m)

(0)

(p)
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output at embient pressure. |

With vent tube intern~! pressure at ambient
(line vented) stort vacuum system (Para. 3.2.1.1)

Taoke pressure end Quality Meter output data at
1000 microns of mercury and each decade lower
or reading each 5 minutes, whiche\f_e7r is less,
until on external pressure of 2 x 10 7 psic

(.01 microns of mercury) is reached.

At a pressure of 2 x 10-7 psia (.01 microns of
mercury) let Quality Meter stabilize for 30 min=-

Uirs. necurc dato eu~h 8 minutes.

Af:_?r 30 minutes ot an external pressure of 2 x
10 7 psia, epply internal pressure to vent tube
of Quality Meter in 5 steps of pressure. Pres- |
sure rate change not to exceed 2 psio/second.
Record Quality Meter output, and indicated |
pressures., |

When internal vent pressure is 55 = 2 psio, let
the Quality Meter stabilize for 30 minutes.
Record all date each § minutes.

After 30 minutes stebilization, reduce vent tube
internal pressure from 55 £ 2 psia to ambient
pressure at a rate not to exceed 8 psio/second.

When vent tube interncl pressure has reached
ambient pressure, let the Quality Meter stabil-
ize for 20 minutes. Record Quality Meter out-
put and ambient pressure 2very 5 minutes.

After, 20 minutes, close off all vacuum valves
ond vent the pressure chamber to ambient pres-
sure at an optional rate,

After Quality Meter hes reached ambient inter-

nal and external pressures, let Quality Meter

stobilize for 30 minutes. Record embient tem- |
perotures, pressure, and humidity. Record Qual-

ity Meter output every 5 minutes, p

This completes the Pressure Cycle Test, |

T ————
.
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3.3 Thermal Shock Test:

3.3.1 Instrumentction (as specified or equivalent)Figure SA and 58.

3.3.1.1 Temperature Environmental Chamber, Amerlccn In-

strument Co., Model 4-3355, Property # Ay 7220

(c) Tempercture Controller, Leeds & Northrup,
Type G, (vith e Copper Constantan Thermo-

couple), Property 1{26
(b) Tempercture Monitor, Leeds & Northrup, Type
G, Property ¥ /ﬁ_\ F7 .

te) Cupper Ceustantan Theruocouples

Property #5/p 2¢9°5  Property # 2N
Property J:C;z,) “« Property * g:p_;.«:4 Y
Property * 'S /0249 D Property f $/0 3 AH

(d) CO2 System, LGNL, Property # 4//; ;
3.3.1.2 Ice Reference, LGNL, Property * %//ﬁ Property#4/é~é -

3.3.1.3 Tempercture Environmental Chamber, American In-

strument Co., Mode!l 4-3354, Property #ﬁ!f 2737

(0) Temperature Controller, Leeds & Northrup, Type
G, (with a Copper Constanten Thermocouple),
Property # ,//9 £ 4

(b) Temperature Momtor, Leeds & Northrup, Type
G, Property A_/Vﬁ B

(c) Copper Constentan Thermocouples

Property 5..45.: 25H4 Ptoporty ££f777J D
Property ﬂf: Z , -4 Property r//’ 72 F
Property PFOP"”)’ S0 32 D

3.3.1.4 D.C. Power Suoply, Pe.vle.t Packard, Mcdel 726,
Property ¥/ 11,72

3:.9.1.5 Dlgutcl Voltmeter, Digitec Model Z-200A, Property

.4

Yhoe .
3.9:.1.6 D.C. Voltmefer Property "/.";_7_{5’/ :
. 3.3.1.7 Recoucr, 2-chenn els, Sanborn Model 4y ~/265

Property / ‘9P

——
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3.3.1.8 Pressure Regulator, Property ! <5 ,/¢/ .,
3.3.2 Fixtures:

3.3.2.1 Density Simulator, Property ¥,/ 5 ffjb

3.3.2.2 End Cop, Property ’4{1// ff’/L/ "

3.3.2.3 Liquid Air Reservoir, Property # /,///L .
3.3.3 Thermal Shock Test: 4

The electronics compartment will be sublecfed to an environ-
ment of rapid temperature changes from -50°C to +80°C. The
vent tube cectiar .ill be pertially subniciged in a bath of liquid
air ihroughout the test. Each cycle consists ot 4 remperature
steps. Test item will be cycled 10 times. Test item will be
operational during the thermal shock test. Devictions of more
than 150 mV will be couse for rejection.

3.3.3.1 Quality Meter Hydrogen simulction required as follows:

() Pressure = Convenient and constant pressure

between 14 and 55 psio.
(b) Density = Density simulator, Property #///,vf L.

3.3.3.2 Electronics compartment temperature requirements:

(@  80°C = 3°C for 30 minutes. Step |
(b) Laboratory embient for 15 minutes. Step 2
(c) -50°C £ 3°C for 30 minutes. Step 3
(d) Ambient for 15 minutes. Step 4

2 2 3,3 Electronic test equipment requirement and opplicatior.,

) Digital Voltmeter (Para .. 3.3.1.5) - output

measurements. ‘

(b) D. C. Voltmeter (Para, 3.3.1.6) - power
supply monitor,

(c) Strip Chart Recorder (Pora. 3.3.1.7) - Quality
Meter output monitor,

(d) D. C. Power Supply (Para. 3.3.1.4) - Hewlett-
Packard, Model 726, Property REs.222

3.3.3.4 Environmental Test Procedure:

- = i e e RS i o e e e —
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() Humi ..nt/ M .mn or, Leeds & Northrup, Type G, |

Prurﬁi iy a8z""). § .
(b) Copper COr stanton Thermocouple wet bulb,
PKQ‘JC”)' ( / >' I,/ . . |
|
() Copper Constontan Thermocouple dry bulb,

= |
Property * _"/__’/‘ S

—— i ]

3.4.1.3 lce Reference, LGNL, Property # 4’/

4
-

1
.

3.4.1.4 Power Sup; )!y, Hewvleit~Packard, Model 726, Property |
"Cr6275.
3.4.1.5 Digital Vsltacier Digltec Marial 7-2004, Viopeity

Y10/ y =

3.4.1.6 D. C. Voltmeter, 0- ‘0 V, M.’g. (g o o Type |

£2-2. , Prope ty . ; 1

3.4.1.7 Strip Cl.urr Re , Sanborn a‘.bde! /32 =00 /5

egor¢
Prop"r'/ A /77

3.4.2  Fixture, density simulator, LGNL, Property #[/ S

-~/

3.4.3 Fixture, end cop seal, LGNL, Properiy # Létl 7 vl
3.4.4  Humidity Test:

The LHo Ou.;ht/ Meter wnl'obe subjected to an environment of
§8% = 100% humidity ot 50 C tmr:rcnurc for o period of 4
houis. Quolity Meter will be operational during test, Devi-
ations of more then £ 150 mV sha!l be couse for rejection,

NOTE: Do not use dota obtained in 3.4.4.1 (b) as base line

dota.
3.4.4,1 Pre-Test Requirements:

(o) The humidity cavironmental equipmant shall be ;
colibrated to comply with C:uc:llty Assurance i
procedures, :

(b) Quality Meter shall be operoted ond monitored ”ﬂ
each 5 minutes for a period of 30 minutes. :

3.4.4.2  Quality Meter Hydrogen simulation required as follows:
|

{e) = Pressure -~ Conven ient end constont pressure
between 14 ond 55 nsio
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(b)

SHEET 24 Of 55

Density = Special fixture (Para, 3.4.2)

3.4.4.3 Quelity Meter tempercture requirements os follows:

()

Humidity test, +50°C = 3°C for 4 hours.

3.4.4.4 Electronic test equipment requirements end application:

()
(b)
(c)

(<)

Digital Volimeter (Pora, 3.4.1.5) ~ output meas~
urement,

D. C. Voltmeter (Para. 3.4.1.6) = power supply

monitor,

Strip Chort Recorder (Prrn 3,4,1.7) - Quelity

o‘nuicl vU'PUt mOr.;fOl ®

D. C. Power Supply (Para. 3.4.1.4).

3.4.4.5 Environment Test Procedure:

()

(b)

()

(c)

Install Quality Meter in humidity chamber os
shown in Figure 6. Set power supply voltage to
23 VDC ond monitor Quality Meater output with
strip chart recorder and digital voltmeter,

Set humidity chamber temperature control to

50°C = 3°C.
Set humidity control to 100%.

When the temperature ' sbilizes at 50°C = 3°C
with the relative humiagity greater than 98%,
readjust the vent tube pressure to obtain an out~
put in the 50% to 100% qu::lifg range. Moni-
tor this output for 4 hours ot 50°C # 37C ond
98% ~ 100% relative humidity. Devictions of
more than + 150 mV shall be cause for rejection,

After 4 hours lower the temperature and relative
humidity to laboratory ambient, Output devi-
ctions shall not be couse for rejection during this
poriion of test, (Detector temperature not con~
stant).

This completes the humidity test,

cleration Test:

Instrumantation (es specified or equivalent) Figures 7A and 7B.
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(b)

(c)

(<)

(f)

(g)

(h)
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shown in Figure 7A.

Install the specimen mounting fixture (Pora.
3.5.3) on the eccelerator.

Mount the test specimen on the mounting
fixture in one of the two planes of the lat-
eral oxis. (For recard purposes this will be
known as the +X axis test) Accelerate for
S minutes,

Remount the test spacimen to the opposite
planc of the loterat wals (=% axis). Aceel-
crate for 5 minutes.

Remount the test spzcimen to one of the two

_ Planes of the verticel axis (For record pur-

poses this will be known as the +Y axis)
Accelerate for 5 minutes.

Rerount the test specimen to the opposite
plenc of the vertice! axls (=Y oxis). Accel-
erate for 5 minutes,

Remount the test specimen to one of the two
planes of the longitudinal axis (For record pur~
poses this will be known as the +Z axis) Ac-

celerate for 5 minutes.

Remount the test specimen to the opposite
plane of the longitudinal exis (-Z oxis). Ac-
celerate for 5 minutes,

Remove the specimen from the accelerator and
connect as shown in Figure 78,

Monitor the specimen output each 5 minutes
for a period of 30 minutes.

This completes the acceleration test.

Mzchonical Shock

3.6,1

Instrumentation (es specified or equivalent), Figures 8A aond €B.

e .0cet Larcist

100

3.6.1.1 Shock Test Machine, AVCC Model SMO10, Properi
‘ ., perny

Y j
%S DMy A |
. #G13040. ,
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3.6.2
3.6.3
: 3.6.4
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3.6.1.2 D. C. Power Supply, Hewlett=-Packard, Model 726,
P.'c-;.crry /'/‘/" ;o L ==

P e s a—— ————

3.6.1.3 Digital Voltmeter, Digitec Madel Z-200A, Property
i -

3.6.1.4 D. C. Voltmeter, 0-50V, Mig. /o5 /s

m
; :
Type f2.2- , Property ? o/ 2.-27 .

- —— o ————

3.6.1.5 Strip Chart Re ..?r;f::;r, Sanborn Model ,y72. - /7 a9
Pfopenty /200

e e S ——

3.6.1.6 Pressure Regulator, Property ¥ ¢ 7,057

v/
/ -~ .
T e s el
. ’ . v # ’ 7 .f/
Fl)‘ - iR 2T A = v M ’ .' :)
iy ., - o SO g 2 i s e & .

L . .‘:l 7/ o
Fixture, mounting, P:op‘:rly TGy /‘/.

Mch:xnuc! Shock Test:

The LH2 Quality Meter will be s :bicctc\. to en envirenment of
16 l"uL'\.ll(::llC(“’ s?:o: s of 0to 100 g's for 8 millisecond duration,

i | be shock tested & times in cach of 3 axis
Quality Meter will not be monitored during test. Deviations
of more than £ 150 mV from pre~test output shell be cause for
rejection,

3.6.4.1 Pre-Test Requirements:

(c) The shock test machine shall be calibrated
with a dummy specimen of the same weight
os the test item. Colibration will be made
in accordance with Quality Assurence pro-

cedures,

() Quality Metz: 1 - lall be monitored

every Sminuies ™ 20 rainuics,
3.6.4.2 Quality Meter Hydrogzn simulation requirements:

(a) Pressure ~ Convenient and constant pressure
between 14 ond 55 psia.

(b) Density ~ Special fixture, (Parc. 3.6.2).
3.6.4.3 Quelity Meter temperoture requirements:

(c) Ambient
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(@)  Digitel Voltmeter (Poro. 3.6.1.3) - output |

) measurements.,
(b) D. C. Voltmeter (Para. 3.6.1.4) - power
} , supply monitor, ‘
(c) Strip Chart Recorder (Para, 3.6.1.5) - out-

dec,

Environmental Test Procedure:

4
|
|
|
(d) D. C. Power Supply, (Para. 3.6.1.2) - 28V :
|

3.6.4,

()

| _ pul monitor,

\o) Atl chael tests will be mad's m vaicing the
test specimen to the heightof > o=/ " |

inches ond pushing machine test switch,

i (b) Mount the test specimen on the special test

‘ fixture (Para. 3.6.3) in one of the two planes
of the lotera! axis (For record purposes this
will be known as the +X axis test), Shock

vvll.
test three (3) times.

(c) Remount the test specimen to the opposite
plone of the latera! axis (=X axis). Shock
test thres (3) times,

() Remount the Test specimen to one of the two
planes of the vertice! axis (For record pur-
poses this will be known os +Y axis). Shock
test three (3) times,

() Remount the test specimen to the opposite
plene of the vertice! oxis (-Y oxis). Shock
test three (3) times.

L

(f) Remount the test spzzimen to one of the two
planes of the longitudinal axis (For record
purposes this will be known as the +Z axis).

i

Shock test three (3) times.

) Remount the test specimen to the opposite
plane of the longite
Shock test three (3)

5 A L b2

o R,
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Fosi=Performance Test:

(o) Connect Quality Meter os shown in Figure
es. |

(b) Adjust D. C. Power Supply to 28V + 3V
de.

(<) Let Quality Meter stabilize for 1 hour, Re-

cord output each 5 minutes,

This completes the mechanical shock test.

3.7 Vibration Test:

Jc]o ' ll'l‘.\;.".'o'l'l-..,".

98.
3.7:1:1

3.7.1.6

< Fr B

’ . . ‘. -~ .
iuiton (us specined or equivaelent), Figures 74 una

Vibration Conale, MB Electionics Manufccturmg
Company, Model T 251, Pioperty e S/0/2.53 "

——

Vibration Heat, MB Electionics Manufacturing
Company, No:' | C10D, Property # 570 7F 2

e

Voltmeter, Be Ilcmtm 300 B (Vu')xc.mn Level Moni-
tor), Property f i e

—— et e o

Oscilloscope, Tektronix Model 502 (Cross-Talk
Monitor), Properiy f ¢, 07229 ,

. S— o —

D. C. Power Supp l/, Endeveo Model 2622 (Feed-

Back amplifier), with Cothode Follower, Model
2208, Property ¥ # 55 <f¢ =

/'fcclcro:'v:'tcr, Endeveo Model 22-15, Property
#z glos F i
Accclcrmr er, Ende. .o Model 22-15, Property

f 504 F L

_.,.-. _.¢-..‘

Acce!cs“" cter, Endevco Model 22-15, Property
# 5o X

B. L, fuw*r Supply, Hewlett-Packard, Mode! 726,
Prope rt) ol 3

-

Digitel Volm ter, Digitec Model Z-200A, Property

[’ -
{ //,‘\' o

b B R R
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3.7.4
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3.7.1.11 D. C. Voltmeter, 0-50V, Mg vc for o/

pre
Type / 5.2 , Property ’-'../_.":,_“ ) ;; /-J
3.7.1.12 Strip Ch art P.::WJ er, Sanborn Model /) - r0.7,
Property # ,/ o0 | .
3.7.1.13 Pressure Ra; Hat or, Pc‘o;-‘?rty 4 "..’.Lﬁ‘l...’
Fixture, density simulator, LGNL, fo'"rty 44 CA7
Fixture, mounting, LGNL, Property f / (L0/) 577 o
Vibration Test:
The Lii, Quaili, Moio will be subjecied “o on sl licoinan
of vibration as follows:
(o) Sto 65 hertz (Hz) ot 0,04 inches D, A, displace-
-ment,
(b) 6510 110 Hz ot 9,0 g's peak.
(c) 110 to 200 Hz ot 0,015 inches D. A, displace-
ment.,
() 200 to 2000 H=z ot 32 g's peck.

The frequency will be sweep logorithmically from low to hig!
hertz's ond back ot the rate of one octave per minute, OA.V
complete cycle required. Specimen will have 28V = 3V
de supplied but rot monitored during vibration test, [evi-
ations of more than = 150 mV from pre-test output will be
cause for rejection,

3.7.4.1 Quality Meter Hydragen simulation required as
: follows:

(o) Pressure - Convenient and constont pressure
between 14 and 55 psia.

(b) Density - Special fixture, (Para. 3.7.2).
3.7.4.2 Quolity Meter temperciuvre requirements:

(o) Ambient,
3.7.4.3 Electionic test equipment opplication as follows:

(a) Digital Voltmeter (Para, 3.7.1.10) - out-

put mecsurenients,




QTP-301]

3.7.4.4
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(b) D. C. Voltmeater (Para, 3.7.1,11) - power

upply monitor,

rip Chart Recorder (Para, 3,7.1.12) -

S
Quality Meater output monitor

-»

(<)

Pre-Test Requirements;

(o) Vibrotion testing equipment will be coli-
brated with a dummy specimen of equal
weight os the Quelity Meter, Calibration
will be made in occordance with Quality

$ - " -
~ SuiQnce Frocedur.

(b) Specimen pre-test requirements as shown in
Figure 98,

(c) Specimen will be monitored each 5 minutes

for a period of 30 minutes,
Environmentel Test Procedure:

(o) Install specimen mounting fixture on the
vibration head,

(b) Mount the specimen on the mounting fixture
. ) s ' == - -
in the lateral oxis. (For record purposes
this will be known as "X" axis.)

(c) Set scanning speed at one (1) octave per
minuie,

(d)  Set power supply voltage to 28V = 3V
de.

(e) For test environment of 5 heriz to 110 her!z
ot o constant! "G" force of 9 and o displace-
ment of 0,04 inches peck to peak set the

followirg controls:
(1) Crossover control to 65 hertz.

(2) Acceleration to 9 g's.
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(f)

()

(i)

| (i)
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(3) Displocement to 0,04 inches peck to
peck,

(4) Sconning speed to one (1) octave per
minute,

(5) Set sconning limits, lower 5 hertz, up-
per 2000 hertz,

tart vibration ond continue from 5 hertz to
110 hertz at one (1) octave per minute,

Stop vibration at 110 hertz, Set crossover con-
vol to 200 Hertz; set ccceleratic  ronta! ta
32 g's; set displacemeant control to ,015 inches
D.A.. Restart vibration and continue vibrating
from 110 hertz to 2000 hertz ond frorm 2000
hertz to 110 hertz at the rate of one (1) octave
per minute., Stop vibrotion at 110 hertz, Set
crossover control to 65 hertz; set occelerotion
conirol to 2 g's; sel displocement control to
0.04 inches D.A.. Restort vibration and con-
tinve vibrating from 110 hertz to § hertz at
the rate of one (1) octove per minute,

Remount the specimen to its vertical axis (Y
oxis). Repeat some os lateral axis test (X axis).

Remount the specimen to its longitudinal axis
(Z axis). Repeat same es loteral axis (X oxis).

3.7.4.6 Post-Test:

()

\

l :

| -)
|

Remove specimen and connect as shown in

Figure 9B.

Monitor specimen each £ minute: for a period

of 30 minutes. Record data.

This completes the Vibration Test.

|
! ‘ 3.8 Eleciromagnetic Interference Test:
|
|

3.8.1 Instrumentation (os specified or equivalent).

| 3.8.1.1 D.C. Power Supply, Hewlett-Packord, Modal 726,

St e i/ - =

3.8.1.2 D.C. Voltmeter, 0-50V, Mig. ;4 5754/

e

Vb e A St s
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3.8.2
3.8.3
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Type /> 2. , Poperty f

e —

3.8.1.3 Digital Voltmeter,
#i/(:,' e

3.8.1.4 Strip Cha rt Recorder, Sanbora Nodel /)22 yr0.7
Property * /') 20 .

/ n )
ST, Vg 7
/' - .

-

Digitec Model Z~200A, Property

3.8.1.5 GCround Pfune, F.op:rly’f" /’/1 ]

3.8.1.6 Power Line tebilizer, Prop crt/ /
£ 7 -
3.8.1.7 Screen Room, Property # LR

- &y = s S
3.2.1.6 Ten Sawple Laods

Property ._4/ = Property # //;
== -2,
3.8.1.9 Coox Lead, Double Shield, Property z //4

2LL

B

3.8.1.10 Interference Measuring Instruments:

(@) Stoddart Model NM 208, Redio Interference
Ouldltt.'u lu-uxao-y Meter O ]5 25 lv\L,
Property # IOV ER

(b) Stoddart Model NM 30A, Radio Interference and

Field Intensity 1 zter 20- 400 Mc, Property fy, - et

3.8.1.11 Audio Oscillator, Mfg. // , Type /,,/7 A

u -———-—~‘~-——-—~ e
Property U fps 26 /

e .——

3.8.1.12 Audio Po«/er Amplifier, Mfg. .7 / » LGNL

Pro'ﬂnrty # Ry 2 -

SEED bibn Jranslomer, Mig. g7/ _
: Property __//_”_Q_ .

8. AT Volrmc.(r Bro. Lard, Mfg ,5/),/;)

s Tyee pfs o

L~ B 7
. &' e e - e
TyPe_y/z o Property ! S/0.3LG

3.8.1.15 Radio-Frequency Signal Source, Property #.5’_’_.,‘ £

-".

. . 4 -
Fixture, Density, Property '}/f‘,,'!-'/;f~.:~(;

’
T

Electromagnetic Interference Test:
g

The LH o Quelity Meter will be subjected to the following inter-
fcrm:b ond susceptibilit, t..ic as prescribed in MIL16181D;

() Conducted Interference = 0.15 - 25 M.,

(b) Rodiaied Inteiference = 0,15 - 400 Me.

3
i
i
3
3
:
¥
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3.8.3.2

Suspect Interference

SHEET 41 Of 55

ility = 50 cps = 15,000 cps
and 0.15 - 400 Mc.

Rodiated Susceptibility - 0,15 - 400 Me.

! . .
Conducted Susce otib

Pre-=Tes! Requirements:

All test equipment shall be calibrated to comply
with Qualiiy Assurance procedures.

.~

Quelity Meter Hydrogen simulation required:

(@)  Pressure - Loboratory ambient,

{t Density - Special “aivie, (Pora. 3.8,2)

Quality Meter Output Loading:

(@) 100k0O £ 1% resistive.

: Frequencies:

(@) 1.9 keps and odd harmonics of 1.9 keps,
Environmental Test Procedure:

(@)  The speciinen will be placed in an radio-fre-
quency shiclded room on a .01 inch thick cop-
per ground plene greater than 12 feet square
and 30 inches wide. The ground plonc v'nll be
bonded to the shielded room at intervals of less
than 3 feet and at both ends, The top surface
of the electronics box will be located 4 inches
* 1/2 inch from the edge of the ground plane.

Power input to the specimen will be opplied
through @ power line stebilization network
(Figure 10) bonded to the ground plene. The
test sample leads to the stabilization network
will be 24 inches 2 1 inch in length ond o
orranged that the distance between each lecd
and from each lead to ground will be 2 inches
ot ¢l points more than & inches from the Qual-
ity Meter. The ambient interference level in
the scieen room will be measured with a som-
ple specimen de-energized.

ve 400 Mc are deleted due to the fect thot the Qual-
. ] . .
is not capable of sensing frequencies groater than 100 Mz .

T

T o wp—
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Test Inpul

Sample
1]
d

r

e

Cooxial
N TR |
Terminal

t
RPN o
w

IMeaosurir

|
-
N\
Set . R1 s:
|

T SN ; !
o e =

R |

L 7. Resistor Date: R1 = 1000 Ohm, 1 Watt Carbon

5 . Caopaclior Data: Cl = ,ipF, 600 Volt de, Bothtub

| C2 = 1uF, 600 Volt dc, Bathtub

L &. Capacitors Shall Be Mounted On 1-lnch Insulatin g Blocks

4. Coil Deto: L1 = 5 Microhenries, 13 Turns Single Layer,
4 Inches Winding Length

3. Wire Dato: Awg 4, £90 Volt, .310 Inch Dia. (OD)

2. Form Daota: 4 tazhes Length, 3 Inches Dia. (f)ﬂ'), .125 Inch
Well Drill 3/8 ' 1. Hole 7/16 Inch From Fach End

1. Enclosuie Dote: 14 Gauge (B & S) Aluminum Suggesied Size
9-3/8 Inches x 4 Inches x 4 Inches

-'ﬁ‘—_-"‘Aw:r B T »-.—-.-:; >—,-n~' b .~ A g 7~ - o - T e Y D A LS
=10 POVER LINE STABIHL JION NETWORK SCHEw ATIC DIAGRAM
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il be subjected to the radio

\
(b) The specimen wi |
ts in the frequency ranges spec~ |

. r

Iintericrence tes
ified by slow!
the frequenc

y sconning each octave end using

ies ot which moximum interference
or susceptibilily occurs os test frequencies. A
minimum of 3 measurements per octave will be
made.

All measurements on the redio interference tests,
unless otherwise noted, will be made with 28V
* 3V dc applied to the de input terminals through
o line stabilization network.

‘[:b
il
(c) Conducted interfererce measurements on the |
input de power leads to the specimen will be
made over a frequency range of 0,15 Mc to
25 Mc. The interference measuring instruments
will be connzctled to the noise meter coaxial
terminal on the line stobilization network., The
| connecting coble will be 50 ohni double-shield-
ed coaxicl cable, 6 feet long o less. Insertion
losses will be neglected. Measurements willbe

, made in accordance with Paragraph (b).,
(d)  Radiated interference emitting from the speci-

men will be meosured over o frequency range
of 0.15 Mc to 400 Mc using the oppropriate
noise meters ond antenna. A vertical rod an-
tenna will be used for frequencies up to 25 Me.
The rod antenna will be placed o that the in-
strument ponel or counterpoise is 6 inches be-
low the level of the ground plane. The cnten-
na will be located at the point where maximum
interference indications ere obtuined when it
is moved along a line porallel with the edge
of the ground plane. The measuring distance

.
ec :
L 12 inches + 1 inch cbove the level of the

from the specimens cbove 1 Mc will be 3 feet. ;
i
From 25 t0-35 Mc, a resonont dipole antenna g
tuned to 35 Mc will be used for the radiated
interference measurements, The dipole anten- 3
na vill be positioned parallel with the fron ,
Ige of the ground plane, Its height will be -;’ :
! <
i
| !
i
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ground plane end its center edjocent to the
geometrical center of the specimen under test,
At leost 12 inches clearonce will be allowed
between antenna extremities and the wall of
the shiclded room.

For frequencies above 35 Mc, the dipole an-
tenna will be adjusted to the proper length so
as to be tuned to the test frequencies. When
the dimensions of the dipole antenno become
smaller than the test layout, the eatenna will
b+ moved parallel to the ¢-ge of the graund
plane to kcop its sen:itive eiemens udjocent

to the point of maximum leckage. The radi-
oted interference measurements will be perform-
ed in accordance with Paragioph (b). The
noise meter coaxial terminal on the line stabi-
lizing network will be terminated with a 50
ohm termination,

Conducted susceptibility of the specimer to
radio-frequency will be tested by inserting a
radio~frequency signal into the noise meter
coaxial terminal of the line stebilization net-
work, The signal level will be 100,000 pV
over a frequency range of 0,15 to 400 Me.

The rodio-frequency signal source to be used
has an impedance of 50 ohms. A matching
nehwork suitable for use at the test frequencies
will be used to obtain the proper source imped-
once. The specified veltoge will be that which
exists ucross the output terminals of the signal
source when no load other than that necessary
to meel the source impedance requirzments is
connected to the signa! genzrator,

The conducted susceptibility test will be per~
formed in accordance with Paragraph (o).

Conducted susceptibility of the specimens to

oudio frequency will be determined by opply-
ing en cudio-frequency signal of 3V rms over
the frequency range of 50 to 15, C00 cps to the

A A 04 S84 10

PSS——

PRIV E R
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!

de p’ wer leads of the ':;f_:i:-.c.n. The signal

. !
will be supplied ;n,' an audio-frequency signal

QL
.
generator and audio~-frequency power cwollﬁrrof
sufficient goin to furnish the specified level.
R . .
An isolation transformer with the seco: .v.n/ in

series with the positive dc lead to the specimen

will be used to inject the audio-frequency sig-

nol. The transformer will carry all currents,
ling the dec when power is applied to the

ll]tll n

specimen, without saturation,

The output signal will be monitored for any
- o

r . ' o 2 =
Biovs e Ui 1,0 )S (4""' “,:i.vlJ ], Or ©.uiey Cii1Coiy

from the introduced cudio signal.

Susceptibility of the specimen to radio frequency
rediation will be accomplished by similar pro-
cedures and stipulations of Pcrc;.,\ﬁ\ (d).

with the exception that radio-frequency signal
sources will be used to drive the antenna. The
frequency range will be 0,15 to 400 Mc, with

o ]OO 0 fJLtV input signal meosured ot the on-
tenna termincls,

The set-up for the 35 Mc tuned dipole antenna
and Im— tonad dipole for frequencies above
35 Mc will be essentic!ly the same. But for
the rod ontenna used with frequencies below
25 Mc, it will be necessary to have @ 20 inch
square counterpoise mounted on the entenna
base, The counterooise will be held ot the
proper level ¢ ! hended *o the around plane.
Also proper termineiion et both ends of the
S0 ohm coble conne

c rod antenna and
sn,mf generctor 'iH be nec
juire

sary., R":lshv
for the proper

The specimen output will be monitored for any
effects of the redio frequer -y fields
Electromagneatic Interference Test.
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. e [} : .
ion (os specified or equivalent) Fi

D.C. Power Supply, Hewleti-Packard, Model 726,

: il £
Prioperty “L/ ,7 2
’ 7/
D.C. Volimeter, 0-50V, Mf Qe LSy T2
Type /2. , Propert o /fcf—’/ .

Sm,) Cl.\: Rﬂ::u:':r, Sanborn Model 12 4D
Property £/ 78

/
sl naikes Sose

v , G o blnm ’ - - e
peta ‘JCV\, (NERY S ;,?u‘.n, L(ﬂ\“., v v pSoay S22 N"FI o

" — e 2

Preamplifier, Tennelec Model /7 , Property
; / ,' .

p.C Pover Supply (Preomp. Filoments and B*),

Pfopcrly T/, £17Y,

o SN

9. fo‘.u' QL'\).,, Hewleti-Packord, Model 711A,

Paon rty * ¥ 7""’.

Linear [\"..LT‘.: ier, ORTEC, Model D¢/ , Property
g  / //, . s

C ne Mc Sycrfc', ")l 'l ?/ / Pt(‘)h
Coras7

B ST S

Cos Flow Measuring Orifice, LGNL, Property’
§ _
. - ,’.\..)L‘ .

'. - | e _ ek ' / 7 .
(7\1:. fl" l?.LLF'.‘:..‘lL:: PngSaUlG TF(ZT‘....’L‘:LT, - ool { PSI(!,
Pt Ml [ Sy T #
Si(hzlu sy Foosicd ‘,‘_,”. ’ PIC".%!-“‘/ / 2 ) f 2 g’ ®

/
Pressure Transducer Voltege Divider, LGNL, Picperty

Liquid Flow Measuring Orifice, LGNL, Property

Liquid Flow Differential Pressure Transd ucar +
.
l ]

tatham, Model //‘ Pio,J,..y AL

Lo
e | 2 Lol AR~

/

/

ressure Transducer Voltage DT\.’?G’ r, LGNL, Property
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Model / ’ PHJPJW# f"/('a-;!»",

/
4 ,-
- - D e

3.9.1.18* Quality l‘.\r»tur Gaging Section, Prgssure Transducer,
Statham, Model 4/ /2 P.oo\.rfy S/p P 3 f) »

..‘-. fl e aen ¢—-

3.9.1.19 Beta Gage Pressure 'lrun,‘u:choHc' Divider,
LGNL, Pxop:ny~ . //' :

CoLLT
2.9.1.20 Quality Mcter Pressure Transducer Voltage Divider,
LGNL, Property ¥ 4/ //’

£ /
eyl ms

3.9.1.21 Gos Flow Readout, Leeds & Narthrup, Speedomax
G, Property Fsipsnl .

3.9.1.22 Liquid Fiow keadout, Leeds & Northrup, Speedomax
G, Property 'u>, g

LIRS SRS S

3.9.1.23 Beta Gage Pressure Pcc:.'Ju Leeds & Northrup,
S":?CC'OITACJ}: G PoO erty f Vs
i : perty

o e ae——

3.9.1.24 Quality Meter Pressure Rc\; out, Leeds & Northrup,
Speecomax G, Proparty # /022

A —

3.9.1.25 Liquid Hydrogen Test Sy:.’:m, LCNL.
Calibration Check Test:

The Liquid Hydrogen Quality Meter will be placed inside an
cvarm.u' enclesure along with age calibration section.
Liguid and goseous h ;:’rog\n will be vented to the atmosphere
through the beta gage and C\clxty Meter, The output of the
Quality Meter will be monitored cor .tvum:sly. Beta counts
will be tcken at not less than ten different qualitizs between
30% end 1009%. At each calibration point the Quality Meter
output «nd pressure*, beta gage ~Au~t nad pressure end total

i
e

r}'

geg
n

n/gz ogen flow will be recorc ,C\J. £ V....\.)')L-l O\,ﬂhfy will be
cc"culofcn from the Quality Meter dato end the beta goge data,
crm the Quality reedings cor ,”"».:L'. Deviation of more thon

% Quality in the 50 = 100% quctity range shall be couse for
rqechon.

ng Section Pressure will be measured only on the first specimen

y reacout is on integrated signal cons
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3.9.3 Pre-Test Requirement:

Calibrate instrumentation to comply with Quality Assurance
PIOCC(rLI;(b.

3.9.4 Calibration Cheel: Procedure:

3.9.4.1 |Install Quelity Meter in Hydrogen vent line and con-
nect to iastrumentativn as shown in Figure 11,

3.9.4.2 Close ond evecuate the test tank, Apply 28 + 3V
cc to Quality Meter. Turn on oll electionic instru-
mentation to ellow warm-up, '

§- % 5 L A b rmanics = > T P T
309-‘!.!‘ e YO0 :-. XEJ: ”J.l’< '.'lL.r‘vU reanrhag enmre RETES & 4

30 microns of mercury, opzn Hydrogen control valves
g / o

to allow liquid and gaseous Hydrogen flow., Adjust

flow of liquid and gos to cive a combined flow of

.08 to .4 pounds mass per second,

3.9.4.4 Allow flow rates und beta gage pressure to stabilize
for 30 seconds, Record output of Quality Meter for
| ?
I minute end simultoneously obtain a 1 minute beto
count from the beta gege. Record beta goge pressure.,
gcs gcg
At the end of the 1 minute period, turn off all Hydro~
I ' /
gen flow ond calculote the Hydrogen quality from
the bete gage dota. Calculate the Hydrogen quality
from output data of Quality Meter, Record the two
i /
qualities on the data sheet,
3.9.4.5 Repect the procedure to obtain dato at 10 different

o/

Hydrogen qualities between 50% and 100%,
This completes the LH2 Calibration Check Test.
3.10 Inspection (Quality Assurance Provisions)

3.10.1 New Units= Quality Assurence shell essure the tests specified
. in this QTP are p

.
requirements spec

! . '
and that the equipment meets the

3.10.2 In the event rework is required, Article 7.0 of Quality Assurance
Plan, NQD 5001, will be odhered to.

3.10.3 One copy of the completed QTP shall be ship
ity Meter ond one copy shall be placed in LGNL files.

. nemarnt & g Y inrlemeinehin artiirae
3.10.4  Inspect for finish, workmanship, required
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is REFERENCE
i.1  NASA Contract NAS8~-20518

- GENERAL DESCRIPTION

2.1 Function = The LH2 Quolity Meter measures the rotio of the mass of gos-
eous Hydrogen to the total mass of liquid Hydrogen and gaseous Hydro-
gen. The meter is a section of the vent tube and meters the quality of
: Hydrogen vented,
The output v ltane is from 0 1o 5§ volis ond is cepable of me Juloting satel-
lite lc'cr;‘.-;?:‘/ systems,
2.2 The Qualification tests consists of nine (9) separate parts:
2,2,1 Temperature Cycle
2.2.7 Pressure Cycle
2.2.3 Thermal Shock |
2,2,4 Humidity . |
2,2.5 Acceleration
2.2,6 Mechanical Shock l
2.2.7 Vibretion ‘
2,2,.8 Electromegnetic Interference Test |
2.2.9 LH, Calibration Check Test |
2,2.10 Inspection (Quality Assuronce Provisions) 1
|
2,3 Pre-environmental tests consist of two (2) ports:
2:3.) R(:peufc:b””y:
!
‘
2.3.1.1 Instrumentotion (as specitied or equivalent), J
-~ # ! - |
() D. C. Power Supply, Property ,/,;_)2__,’_
! .0 ST e 3 T £ /_.L
(b) Strip Chart Recorder, Property ¥ 4/~ .0/ .
(c) Digital Voltmeter, Property S
» " (
Y ."; s /—/ - . J
: (d) D. C. Voltmeter, Property 7 4 ) |
o —
(C.) Pressure G:;i'?, CIOperty . ;// v
e = |
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() Pressure Regulator, Property b s7/05 .
2.3.1.2 Fixtures:
(a) Density Simulator, Property #/'// "”"// Freea

(\/ i 7 / , /,.:‘l'," f".)‘f‘_
' (b) End Cap Seals, Property # e l"/ + ;/f ,’ ol

PlUP"I’) # ///,’/( 4(/,",(/.

2.3.1.3 Test Procedure:

(o) Install end cap scals and density simulator :
: ond purge vent tube helium,
(b) Connect Quality Metor = instrumentotion

.4

~: shown in Figure 1. Muntior uci:t, e
Y I

ter output with 28 VDC power supply voltage,

| |
(c) When Quality Meter output has stobilized, |
vory the vent tube internal pressure to simu- |
’ lote a different qu ility between 50% and 1‘
100%. Adjust the pressure to five different ]
values and record the output at each pressure,
Monitor the Quality Meter output for 30 min-
utes at the final pressure. Repeat each pres-
? sure end record Quality Meter output at each
pressure, Quality MMeter output must dupli-
cate the output at ecch pressure within 4 1%,
Pressure /7 2" //.  Output 2 7 /
Pressure /,.;,i.'.'_’:f Output ), FF v
Pressure o2 p* /. Output 2 .7 v
. Prcssure-._;/.j_/.~w /:_ Output oL, L 7
Pressure /g, /1 4. Output 4 €7 o
Pressure sy /" /4 Output 2. 44 v
Pressure o/ g * ffc Output_ 2.F3 u .
Prc sule ,.') /..LA/Z..'_...{’:..- OU'{)Ut.-.“"Z..:.L.A/.’:-K._.....
PFCSSUI’Q—.-)_;A"-‘(:'; /;/&;._ OUTPUt ‘/'r":'/' 7 V
. Pressure 227 0" f/&  Output o/ 77
7
2.3.2 Response Time: :
2.3.2.1 Instrumentation (os specified or equivelent)
(0) D. C. Power Supply, Prop rty ".’.‘// 277, ‘
. ’
(b) Digital Voltmeter, Property f S0/ 572
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2:.3.2.2

- A B

3. TEST FACILITIES

.

Fixtures:

(0) Density qmml o5, Property d /5 12 E
Propﬁrty // ;

s

28t Irncocyure.

(o) Connect Quality Meter te insirumentation as
shown in Figure 2. Adlust density simulators
to provic an output equal to 50% = 5% quol-
ity. Alicw Qu(.llf/ Meter to stebilize for 30
minutes,

(b) After 30 minutes stebilization, remove o den-
sity simulator from the venturi and trigger the
oscilloscope sweep within 10 milliseconds or
less, Obtoin a pictorial record of the Quelity
Meter output change. The change must be
more than [ .63 x the finol value (100% = g)]
ofter 100 milliseconds.

3.1 Temperature Cycle Test:

3.1.1  Instruntentation (as specified or equivelent) Figure 3.

1.0

3117

3.1.1.3

1 1 .
Temparature Chambe:, Americar 'netrumant Co,,

Model 4-3356, Property * &2 /9 7).

Tempe: ufl ¢ Con h“!i::‘, Leeds & Northrup, Type G,
P r»:h)’ # " // f\ _,

Tcm{.-crofurc Monitor, Leeds & Northrup, Type G,
1.5mV span, =10 to +10 mV renge, with six (6)

each Copper Constentan lern:ocowﬂes, 6 ft. mini-
mum length. Temperature Monitor Property # 41/, 7.

Poperty *5 13 4,77 Contiol

7 2 # = -
Pl-.‘—'\.x ‘/ ' -5} / /r o B e P"O.C_:r!}, b, ‘,) /( '{'7/-:) L/:
N e it e e e
Fro.—«:..y -‘"“"\""j::‘f’:‘:‘é‘é\‘ PIO!',:,.F?I/ #-545_\_:-2:1‘“!{
Property ¥ 5 /p 5¢/9 "D Property fs, 02 7/ ¢

1
: SHEET 6 OF 55
(c) D. C. Voltmeter, P.“:;:»cr:y ’q._é:_/‘i_:_;__/ 5 :
() Oscilloscope, Proper 5/"_,_»__)..‘1._-;_’__-“
(M) Pre~omp, Pro'm-rty 7 ?,/.L.’-f.; = ===
(2) Comero, Prop Prty //{.3 ¥ : o




RESPONSE TIME PER PARAGRAPH 2.3.2.3

100 ms/cm
1 volt/cm With 10 to 1 Probe
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3:1.2
3.1.3

SHEET 9 Of 55

3.1.1.4 lce Reference, LGNL, Properiy f /f,//_/_ .
3.1.1.5 Liquid Air Reservoir, Property # /Lf’/,/ .

3.1.1.6 Pressure chu!n.‘or, Property ¥ Gpraf o

- S

3.1.1.7 €O, Supply, LGNL, Property f 4/ /7 .
/7 r A
S Fe S GEE S C fu..er.n pply, Hewlett-Packard, Model 726,
Propeity b/ 273,

J.1.1.9 Rccorlar, ?-—cl s:;;‘.cls, Sanborn Model /v - /v 4,
Property A/ 7220 .

3.1.1.10 Digite! Volr neter, Digitec Model Z-200A. Proparty

5
i B, ) D

-—\b—--— C—— -

3.1.1.11 D. C. Voltmeter, Property # ,/7,72/ .

Fixtures, LGNL, Property ‘7[’/, 015 $0fe MLo) S §) 2.

R e

Temperature Cycle Test:

The Ly Quality Meter will & be subjec h.\ to an eavironment of

temperctures from -50°C = 3°C 1o +80°C = 3°C. Specimens
wnH be monitored during testing. Deviction of more than £ 150

mV shall be couse for rejection.
3.1.3.1 Quality Meter Hydrogen simulation required as follows:

(o) Convenient ond constant pressure betwecn 14
and 55 psia.

(b) Density ~ Special fixture with a determined at-
tenuation constant,
3.1.3.2 Quelity Meter temperoture requirements os follows:
(c) Vent tube = ' lig'ly sutri===- in liquid cir

throughout test,

(b) Elec el onic com portment - Cycled between
-50°C ond ‘80 45

3.1.3.3 Temperoture monitoring - The following are points of
temperature measurements:

(0) Electronics Enclosure Box - 5 thermocouples in
surrounding oir, 1 thermocouple contacting
box top

o

e ks

El SRR e & e ey | Y
lecironic test equipment app..cation:
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3.1.3.5

(b)

(<)

Environm

(o)
(b)
(c)
(d)
()

(t)

(0)

(h)

\1)

(i)
(k)

SHEET 10 Of 55
‘.
Digital Volimeter (Para, 3.1.1.10) = output
meosurements,
D. C. Voltmeter (Pera. 3.
supply monitor,

Strip Chort Recorder (Para. 3.1.1.9) = Qual-
ity Meter output,

1.1.11) = power

wentel Test Procedure:

Connect L!'!2 Quality Meter as shown in Figure 3.
Set D. C. Power Supply output to 28V + 3V dc,

Record ambient teraparature and pressure,

Atter tesl ;qu?pmcn‘ has siabilized, record out-

put voltage of Quality Meter. Record temper-
ature for ambient reference.

Lower cur temparature in temperature chambe

to --.)0 C = . 3 s

Record Quolity Meter output each 5 minutes
until desired temperature is reached. Record
oir tempercture indicated,

When the oir tempzrature reaches -50°C = 3°C,

let Quality Meter remain ot this temy:rc.ure
for @ minimum of 30 minutes, Take output
readings every 5 minutes,

, a0 .

+ 3°C, raise the

After 30 minutes at =50°C

chamber oir tempercture to +80°C % FC.
Record output and air temperature each 5
minutes.

= : 0. .0
Let elecironics box remain ot 80°C = 37C for
1 1/2 hours. Record output each 5 minutes,

Recdluce temperature to ambient,

en cir temperature recches ambient, cllow
When oir temg t h bient, cll
electronics box temperature to stabilize for
.
30 minutes. Record output every 5 minutes.
Y

This completes the temperature cycle test,

o —
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3.2.'

3.2.2
3.2.3

3.2.4

SHEET 12 Of 55

Instrumentation (os specified or equivalent) Figure 4.

3.2.1.1 Evacuction System; LGNL 24-inch vacuum system,
Property ¥ 7 27

(a) lonization gouge, cold corhodc, NRC cqutp—
ment, Type 0724, Property ¥ ¢ 7,0 ," .

(b) lonfzation gauge and thermocouple gavge,
VCCCO RG:”A, PlQp’lty # (“ / /.‘“_.o
3.2.1.2 Pressure gavge, 0- 10’);134, Mfg. /. / [/ 1 4/ ¢ Type
G55y o Property "5 57 -

3.2,1.3 Hvri..vm“ renvlated supply, LTI .

3.2.1.4 D. C. Power Sup')ly, Hewlett-Packard, Model 726,
Property f // 272 .

3.2,1.5 Digital Voltmeter, Digitec Model Z-200A, Property
' '_ {I,’ -]_'!.4.
3.2.1.6 D. C. Voltmeter, Prope r.y “_/7 ‘//

3.2.1.7 Recorder, strlr; chorl: Sanborn Model RA X o 27l
Property # i/ 77 (0

Fixtures, LGNIL, Propﬂr.y '/'/'/;’ 7)., Density simulator,
Fixture, LGNL, Property #L/ o/ 27 (} End cap seal.

Pressure Cycle Test:

The LH2 Quality Meter will be subicch d to an cnvironmcnt o)
internal pressure from Lwro‘ory ambient to 55 psie in ven! tube
and external pressure of 2 x 1077 psia to embient on outer struc-
tures. Test shall be operational. The Quality Meter output will
be. corrected to loboratory ambient pressure and density, Devi-
ations of more then £ 150 mV in the corrected output shall be
ccuse for rejection,

3.2.4.1 Quality Meter Hydrogen simulation required os fol-
lows:

(o) Pressure:

(1 Vent tube lcboratory ambient to 55
psia internal,
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3.2,4.2

3.2.4.3

3.2.4.4

(-)

SHEET 14 Of 55

(2) External vent tube structure 2 x 10-7 psia
(.01 microns of mercury) to ambient pres-
sure.

Density = Speciol fixture. (Para, 3.2.2)

Quality Meter temperature requirements: Leboratory
ombient,

Electronic equipment opplications:
jUIF Pl

()

[

My

(c)

Digital Voltmeter (Para. 3.2.1.5) - output meas-
urements,

.. -

s.C. Volimeter (Pare, 0.4.1.0) = power suply
monitor,

Strip chari recorder (Pore, 3.2.1.7) = output
monitoring.

Environmental Test Precedure:

(o)
(b)
(<)
(d)

()

(f)

(o)

Install cap seal fixture (Pora. 3.2,3) and den-
sity simulator fixture (Para. 3.2.2):

Install Quality Meter and connect as shown in
Figure 4,

Adjust D.C. Power Supply output to 28V =
3V dec.

Record ombient temparature ond ambient pres-
sure.

After fest equipment has stabilized, record the
Quality Meter output for ambient internal and
externa! pressure, Cendition for 15 minutes
minimum. Record dota each S minutes.

After the ambient prescure test, apply 55 + 2
psia internal to vent tube in S or more steps of

o rate pressure changs not to exceed 2 psia/sec~
ond, When 55 % 2 psia is obtained, maintain
pressure for o minimum of 30 minutes. Record
pressure and Quality Mater output for each
pressure step ond each 5 minutes ot 55 £ 2psia.

Reduce vent tube pressure ct a rate not to ex-
ceed 8 psia/second. Record Quality Meter

;
!
i
i
i
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output at ombient pressure,

(h) With vent tube internal pressure ot ombient
(line vented) start vacuum system (Para, 3.2.1.1)

(i) Toke pressure and Quality Meter output data ot
1000 microns of mercury e1d each decade lower
or reading each 5 minutes, whichc\iq]r is less,
until on external pressure of 2 x 10 7 psia
(.01 microns of mercury) is reached.

. =y ..

(i) Atapressureof 2x 10 ° psio (.01 microns cf
mercury) let Quality Meter stabilize for 30 min-
wive, Rorord data corh A e iniitas

(k)  After 20 minutes at en external pressure of 2 x
10"/ psia, apply intzmal pressure to vent tube
of Quality Meter in 5 steps of pressure, Pres-
sure rate change not to exceed 2 psio/second,
Record Quality Meter output, ond indicated
prescures,

(I) When internal vent pressure is 55 & 2 psia, let
the Quelity Meter stabilize for 30 minutes.
Record all dato each 5 minutes.

(m)  After 30 minutes stobilization, reduce vent tube
internal pressure from 55 + 2 psia to ambient
pressure at o rate not to exceed 8 psia/second.

(n)  When vent tube internal pressure hos reached
ambient pressure, let the Quality Meter stabil-
ize for 20 minutes. Record Quality Meter out-
put and ambicnt pressure every 5 minutes,

(0) After 20 minutes, close off all vacuum valves
and vent the pressure chomber to embient pres- ‘
sure of an oplional rate,

(p) After Quality Meter hes reached ombient inter-
nal end external pressures, let Quality Meter
stabilize for 30 minutes. Record ambient tem- 4
peratures, pressure, and humidity. Record Qual-
ity Meter output every S minutes.

he Pressure Cycle Test.
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QTP-301

3.3

Thermal Shock Test:

3.3.1

3.3.1.1

3.3.1.4

3.3.1.5

3.3.1.6
3.3.1.7

1
SHEET 17 Of 55
Instrumentation (os specified or equivalent)Figure 5A and 58.
i 9 g
Temperature Environmenta! Chamber, American In-
strument Co., Model 4-3356, Property ff’ 222,
(@) Tempercture Contioller, Leeds & Northrup,
Type G, {vith a C(‘")f‘r Constantan Thermo-
couple), Prof frty’[ »/ VAN
(b) Temperature )‘\ onitor, Leeds & Northrup, Type
G, Property “/‘ '/'.‘}.'.4.)... o ‘
{L} \.V‘Jpcx' Constanton ‘l:leunocouplga l
Property * 507/ s A Property -:._;7‘/’ |
PI'OP"Ify 4[-\ 2! "f,)_' s PIOP"”’Y {‘ ) ’/.’ 1
Pro"‘erty i'iﬁlt.-i" Property# “;:“{ ‘
(d) CO Sv.,fc.n, LGNIL, Propell)'# / /e . |
Ice Refcrcn-c, LGNL, Property © // . Property #/;’,,;/; . |
& e
Temperature Environmentc! Chcmbn, Amcrucc. In-
strument Co., Model ‘f 356, Property * Ll 2 72 o ‘
(0) Temperature Controller, Leeds & Nurfhru . Type "
G, (wnm a Copper \,omtomon The rmo“our'c) |
Property # Wiy 7¢ . ‘
(b) Temperature Moniior, Leeds & Northrup, Type 1
G, PIOPCA!)’#,;‘, . ? o
(c) Copper Constantan Thcrmocouplcs 1
Puo;cri/ 723723 4 Propert, {i{__:,i:)_JJJ |
P;opy.l/ \,f .’_.).:!-: (.‘,/ Plu,)git) (/‘._,ﬁ,)\ e ‘L’ J
Property # ¢ 'Q’?i’_-—.!./.-/ Property # .‘J_, 2 M
D.C. PO\ rer S'-'w‘ly, Hewlett-Packard, Model 726, ‘
Pl(:[.k_ffy 4 /, 277 . 1
Digital Voltmeter, Digitec Model Z-200A, Property . |
Lo . 1
E Vol.‘me.‘cr, Property # 4 {_Jm_/_n 3
Recorder, 2-chonnels, Senborn Model L2170 q
Property © /9 7 .
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3.3.1.8 Pressure Regulator, Property ¥ Sy e
3.3.2 Fixtures: '

3.3.2.1 Density Simulotor, Property b vles a2 .

3.3.2.2 End Cep, Property ¥ icrst0V

3.3.2.3 Liguid Air Reservoir, Property # ,1,%’ .
3.3.3  Thermal Shock Test: b

The electrenics compartment will be sublfcted to an envlron-
ment of rapid temperature chonges from -50°C to +80°C. The
vent * 1o o ztion will be nartially submerged in o b, of liquid
air throughout 1hie iest, tawn cycle consists of 4 tempeiature
steps. Test itern will be cycled 10 times. Test item will be
operationa! during the thermal shock test. Deviations of more
than 150 mV will be cause for rejection,

3.3.3.1 Quality Meter Hydrogen simulation required os follows:
Y yurog 9

(o) Pressure -~ Convenient and constant pressure |
between 14 ond .J3 psia,

(b) Density ~ Density simulator, Propnrty /ey of] e

D

3.3.3.2 Electronics compurtment temperature requirements:

(o) 80°C + 3°C for 30 minutes. Step 1
(b) Laboiatory ambient for 15 minutes. Step 2
()  ~50°C = 3°C for 30 minutes. Step 3
(d) Ambient for 15 minutes. Step 4

3.3.3.3 Electionic test equips ~~* =~~virement and application.

(o) Digital Voltmeter (fura. 3.3.1.5) - output
measurements. {

(b) D. C. Voltmeter (Para. 3.3.1.6) - power
supply monitor,
(c) Strip Chart Recorder (Para. 3.3.1.7) - Quality

Meter output monitor,

(d) D. C Power Supply (Pera. 3.3.1.4) - Hewlett- )

/
Pockard, Model 728, Property ¥ ﬁ//’ L E

------
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!

| : . (=) Install Quality Meter vent tube in liquid air

| bath os shown in Figure 3. Turn on electronic
equipment, After stebilization, monitor Qual-
ity Meter output each 5 minutes for 30 minutes.

(b) Turn on both temperoture environmental cham-
bers.

(c) After both environmental chombers have reach-
ed their selected temperotures and are sfc'oi“ozed
|ns!r)” the clnchomcs compartment in the 80°C

4 3 C CLU nJ(ro

) Afiar 0 minutes, ren nove " e el Loonire Fom-
partment trom the §0"C + 3°C chamber ond
store at ambient temperature,

|
, () After the electronics compartment has been at |
'E ombient temperature for 15 minutes insfoll the |
: electronics comfm‘tr..cnt in the -50°C = 3°C '

Chuu.uer. 1

| , . ‘
, () After 30 minutes remoye the ce>|cctromcs com= |
partment from the =80°C + 37 C chomber ond |
| store at ambient tempercture, 1
(0) After 15 minutes this will have completed one ‘

£
i

thermal shock cycle. Repeat these steps for a
total of 10 cycles. |

This completes the thermal shock test. l

3.4 Humidity Test:

3.4.1 . Ipctrumentation (as specified or enuivolent) Figure 6. |

1

- . . . . {
V.A.‘.‘.} }:Ulllldlt‘/ E:l"o""“\"ﬁux,bu C.l... ..y‘., lg,"l.n_, ,U-Ds:: A .

(modified for 100% humidity), Property 7 «/p2 4% . J

3.4.1.2 Temperature Monitor, Leeds & Northrup, Type G,
with six (6) each Copper Constentan Thermocouples,
6 ft. minimum length, Lecds & Northrup Temperature
Monitor, Property "ij/r ’75’3’_.

S o My 4
Property ’f:_sf/;' g2 2 Prop“rty ;/[ g /\)
Property ‘E_;::::,:_/ Prorr—.t) £y 2 A J
: Property 7¢,p37 37 ¢ broperty #7575 593 4
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3.4.2
3.4.3
3.4.4

SHEET 23 Of 55

(o) Humidity Monitor, Leeds & Northrup, Type G,
Proonrty” 35320,

(b) Copper Cons!ontc n Thermocouple wei bulb,
Property # € /35, é j’

— e e

(c) Copper Constantan Therniocouple dry bulb,
Property #,., 3 9L o

A

3.4.1.3 lce Reference, LCNL Pom.ry’ / .

3.4.1.4 Power Supply, Hewlett-Packard, !v\oJ | 726, Property
#(’/[ 2?23 .

3.4.1.5 Dilai.al Valineter, Digitec Mndel ¢=20CA, Proparty
¥ S1005" 2
3.4.05 D. C. Glimiter, 30V, . —— T

— Property #‘;, 10 72 o

e ———

3.4.1.7 Strip ('hcr. Recorder, Sanborn Model /5 2 ~/7 25
Plopcrty /7 TaE

P

Fixture, density simulator, LGNL, Pm'mrty# 3377

\
;\‘
?‘Q ) .

Fixture, end cop secal, LGNL, Properiy #/,f';i;"

Humidity Test:

The LHy Quality Meter w||| be subjected to an environment of
98% - 100% humidity ot 50°C temperature for a period of 4
hours. Quality Meter will be operational during test. Devi-
ations of more than = 150 mV shall be cause for rejection.

NOTE: Do not use data obtained in 3.4.4.1 (b) as bose line
data.

3.4.4.1 Pre~Test F\L’unrrmgnf':

() The humidity environmental equipment shall be
calibrated to comply with O,m!lty Assurance
procedures,

(b) Quality Meter shall be operated and ronitored

each 5 minutes for a period of 30 minutes.

3.4.4.2 Quality Meter Hydrogen simulation required as follows:

(o)




QTP-301

0.1

()

© 3.4.4.3  Quality Meter temperature requirements as follows:

()

SHEET 24 Of 55
Density ~ Special fixture (Para. 3.4.2)

Humidity test, +50°C + 3°C for 4 hours,

3.4.4.4 Electronic test equipment requirements end epplication:

(0)

(b)

()

(<)

Digital Voltmeter (Para. 3.4.1,5) - output meas-
urement,

D. C. Volimeter (Para. 3.4.1.6) ~ power supply
monitor.,

Strip Chart Recoider (Para. 3,4,1.7) =~ Quality

Lister suteut monitor,

D. C. Power Supply (Para. 3.4.1.4),

3.4.4.5 Environment Test Procedure:

()

)

(c)
(d)

()

Install Quality Meter in humidity chamber os
shown in Figure é. Set power supply voltcege to
28 VDC ond monitor Quolity Meter output with
strip chart recorder and digita! voltmeter,

Set humidity chamber temperature control to

50°C + 3°C.
Set humidity control to 100%.

When the temperature stobilizes at 50°C = 3°C
with the relative humidity greater than 98%,
readjust the ven! tube pressure to obtain an out-
put in the 50% to 100% quclitg range., Moni-
tor this output for 4 hours ot 50 C £ 37 C ond
986% - 100% iciuti  humidity, Deviations of
more thon = 150 ~V rhall be cause for rejection,

After 4 hours lower the temperature end relative
humidity to leboratory embient, Output devi-
ations shall not be cause for rejection duri: . this
portion of test, (Detector temperature not con-
stant).

This completes the humidity test,

3.5 Accecleration Test:

Instrumentation (as specified or equivalent) Figures 7A and 78.
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J:3.2
3.5.3
3.5.4

SHEET 26 Of 55

/%: ’..'. /(/
3.5.1.1 Accelerator, -Genieco Model 572/ 4/ , Property
Lp12293, /72 rf =

3.5.1.2 D. C. Power Supply, Hewlett-Packard, Model 726,
Property ";_*,_‘.J,, . Ba A

—— e

3.5.1.3 Digitel Voltmeter, Digitec Model Z-200A, Propeity
’S/(/) ...- .

o4 D E, Volfmetu, 0-50 Vv, Mfg y1tc /o2 o Type £a2,
Property * 473 /
3.5.1.5 Strip Chart Recorder, Sanborn Model /22 -/ 72 ,
.4 L
frop.tiy T N0 .
3.5.1.6 Pressure Regulator, Property ﬂj’r/"/f_, =

Fixtures, density, Property /’/;",-/ ,ﬁ'f;{" _

Fixture, mounting, Property #/’(’/ =

‘

Accelerotion Test:

The LHy Quality Meter will be subjectad to on enviroament of
six (6, acceleration of 0-30 g's for 5 minute duretion each.
The specimen will be occeleroted twice in ecch of its 3 axis.
Quelity Meter will have power supplied but not monitored for
output during test, Deviation of more than = 150 mV from pre-
test output shall be couse for rejection,

3.5.4.1 Pre-Test Requirements:

(o) The acceleration test machine shall be coli-
broted to comply with Quality Assurance
/ /
procedures,

(b) Quelity Mete- “hall be « peratad and monitored
each 5 minutes for ¢ 30 minute period.

3.5.4.2 Quality Meter Hydrogen simulations required o follows:

(o) Pressure = Convenient end constant pressure
between 14 and 55 psia.

« (b) Density = Special fixture (Para. 3.5.2).
3.5.4,3 Environmental Test Procedure:

(o) Each ac cele.c..? on test will be conducted with
ol ;

28V += 3V su

ied 12 he test specimen as

(94
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shown in Figure 7A.

() Install the specimen mounting fixture (Para.
3.5.3) on the accelerator,
(c) Mount the test specimen on the mounting
) fixture in one of the two planes of the lat-

eral axis. (For record purposes this will be
known as the +X oxis test) Accelerate for
S minutes, ;

(<) Remount the test specimen to the opposite
plone of the loteral axis (=X axis). Accel-
oeote tor Bominutes,

, (e) - Remount the test specimen to one of the two
planes of the verticol axis (For record pur-~
poses this will be known as the +Y exis)
Accelerate for 5 minutes.

ST AT e TG ST PRSI

(f) Remount the test specimen to the opposite
plone of the vertical exis (-Y oxis). Accel-
erate for 5 minutes.

(9) Remount the test specimen to one of the two
planes of the lengitudinal axis (For record pur-
poses this will be known es the +Z axis) Ac-
celerate for 5 minutes.

(h) Remount the test specimen to the opposite
plane of the longitudinal uxis (~Z exis). Ac-
celerate for 5 minutes,

(i) Remove the specimen from the cccelerator and
connect as sk~ Ty pigu 7P
(i) Nonitor the specimen output each 5 minutes |

for o period of U0 minutes,
This completes the occeleration test,

3.6 Mechanical Shock

3.6,1 Instrumentation (as specified or equivalent), Figures 8A and 88.

3.6.1.1 Shock Test Machine, AVCO Mode! SMO10, Property '
. #G13040.
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3.6.1.2 D. C, Power c;u'*)?y, Hewlett-Packard, Model 726,
Proputy" /272 .

4

B NS ——

3.6.1.3 Digital Voltmsrcr, Digitec Model Z-200A, Property
#)),‘//;/34_.)-. .
3.6,1.4 D. C. Voltmeter, 0-50V, Mfg '{i// 2

LA S Ay

Type £ 2 5. = Plop,rty /,7/, 173/

L S -

S ——————

3.6. ‘ .5 Sh’lp C')CH: R( \,Oru( r, Sdn‘L‘Oﬂ'. '\‘lOd(:l/J' ")‘_/fc’{’,’
Property | .Z..Z_.‘._.,-..
3.6.1.6 Pressure Regulator, Property ¥ 4 f 5 Y

: s ey
= . ~ o~ 4
Fixture, d «sitr peily f,,_,i/__:'..“..

Fixture, mounting, Proputy // P /’ .

/
hb »‘- - —

Mechonicol Shock Test:

The LH2 Quality Meter will be subjected to an environment of
18 mechanical shocks of 0 to 100 g's for 8 millisecond duration.
The specimen will be shock tested 6 times in each of 3 oxis.
Quolity Meter will not be monitored during test. Deviations
of more than = 150 mV from pre-test output shall be couse for
rejection,

3.6.4.1 Pre-Test Requirements:

(a) The shock test machine shall be calibrated
with a dummy specimen of the same weight
os the test item, Celibration will be made
in accordonce with Quality Assurance pro-
cedures,

(b) Quality Mcter output shall be monitored
every 5 minutes for 30 minutes.

3.6.4.2 Quality Meter Hydrogen simulation reauirements:
) F 4 < '

(o) Pressure ~ Convenient and constant pressure

between 14 and 55 psia.

(b) Density - Special fixture, (Para. 3.6.2).
3.6.4.3 Quolity Meter tempercture requirements:
(a) Ambient

~
3.6.4.4 Electronic test e

-
quipment opr ication:
.o
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3.6.4.5

(@)
(b)
(c)

{)

SHEET 32 Of 55

Digital Voltmeter (Pare, 3.6.1.3) ~ output

meosurements,

D. C. Voltmeter (Para, 3.6.1.4) - power
supply monitor,

Strip Chart Recorder (Para. 3.6.1.5) - out-

put monitor,

D. C. Power Supnly, (Para. 3.6.1.2) - 28V
de.

Environmental Test Procedure:

’F\
N

(b)

(c)

(c)

()

(f)

H otk tests will be made by '~*'E": the

test specimen to the heightof 24, 22"

——e S

mchc, and puthing mochine test swntch

.
-

Nount the test specimen on the special test
fixture (Para, 3.6. 3) in one of the two planes
of the lateral oxis (For record purposes this
will be known as the +X exis test), Shock
test three (3) times,

Remount the test specimen to the opposite
plane of the lateral axis (=X oxis). Shock
test three (3) times,

Remount the Test specimen to one of the two
plones of the vertical axis (For record pur-
poses this will be known as +Y axis). Shock
test three (3) times.

Remount the test s')ccm»-n to the opposite
plane of the v -t = ~ 15 (-Y C\l:). Shock
test three (3) 1 =e

Remount the test specimen to one of the two
planes of the lo.n situdinal axis (For record
purposes this will be known as the +Z oxis).
Shock test three (3) times,

Remount the test specimen to the opposite

plane of the Hong?‘uJ wl axis (~Z axis).
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3.6.4.6 Post-Performonce Test:

(o) Connect Quality Meter os shown in Figure
e8.

(b) Adjust D. C. Power Supply to 28V 2= 3V
de.

() Let Quality Meter stebilize for 1 hour, Re-
cord oulpu! each 5 minutes,

This completes the mechanical shock test,

3.7 Vibration Test:

S.7.1 Instrumentc i. . .. ecified or equiveiciij, Figur: §° e

9B.

3.7.1.1 Vibration Console, M3 Electronics )‘\‘\anufodurinJ
Company, Model T 251, Property # < S/0) 253,

3.7.1.2 Vibration Heat, MB Electionics Monufccturmg
Compony, Model C10D, Preperty ¥ 5 0 5 §2. .

- ——— —— e - s

3.7.1.3 Voltmeter, Ballantine 300 & (Vibration Level Moni-

4

tor), Propcrty*E S/0 2y ‘("'.

L

3.7.1.4 Oscilloscope, Tcr\from/ Mzdel 502 (Cross Telk
Monitor), Property | S/L —L i E

—— s o

3.7.1.5 D. C. Power Supply, Endevco Model 2622 (Feed-
Bock amplifier), with Cathode Follower, Model
2208, Property # §,) ,’/{ .

e

3.7.1.6 A'cclcroncter, Endevco M=del 22-15, Property
f s /00707
3.7.1.7 Accelerometer, Endeveco M=del 22-15, Property

#3//7 ,_, g

3.7.1.8 Accelerometer, Endeveco Madel 22-15, Property
#\S‘/[‘.g ' fi\".

5y Power Supply, Hew!lztt-Packard, Model 726,
Property L/// 273
3.7.1.10 Digital Voltmeter, Digitec Model Z-200A, Property

#; $/0/.372— -

2 e T e g
.
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3.7.2
3.7.3
3.7.4
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3.7.1.11 D. C. Voltmeter, 0-50 V, Mfg. /e s/,

S70 A ’

Typ. /)) , Property ¥ DT .

-t - o

3.7.1.12 Strip Chart Rccordu, Sanborn Model 4,-5 -, pres,
Propcu.y [/ ), g .

3.7.1.13 Pressure Regulator, Property #.S S8y

-

Fixture, density simulator, LGNL, Property * L1/ 72

Fixture, mounting, LGNL, Property ’/,’4',(,/;"?-// ;

M S N

Vibration Test:

The H' G e Moter will be subjected iv mii wovelis st

of vibrdtion as followe

(a) S5to 65 heriz (Hz) ot 0,04 inches D. A. displace-
ment,

(b) 6510 110 Hz at 9.0 g's peck.,

(<) 110 to 200 Hz ot 0.015 inches D. A, displace-
ment,

(<) 200 to 2000 Hz at 32 g's peck,

The frequency will be sweep logarithmically from low to high
hertz's and back ot the rate of one octave per minute, One
complete cycle required. Specimen will have 28V = 3V
dc supplied but not monitored during vibration test. Devi-
ations of more than = 150 mV from re~test output will be
cause for rejection,

3.7.4.1 Quality Meter Hydrogen simulation required as
: follows:

(a) Pressure - Convenient and constont pressure
between 14 and 55 psia,

(b) Density - Special fixture, (Para, 3.7.2),
3.7.4.2 Quality Meter temperature requirements:

(o) Ambient,
3.7.4.3 Electronic test equipment opplication as follows:

(v) Digital Voltmeater (Para. 3.7.1.10) - out-

putl measurements,
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3.7.4.4

3.7.4.5

(&)

(<)
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D. C. Voltmeter (Para, 3.7.1.11) = power
supply monitor,

Strip Chort Recorder (Pora. 3.7.1.12) -

Quality Meter output monitor

Pre-Test Requirements:

()

(b)

(c)

Vibration testing equipment will be cali-
brated with o dummy specimen of equal
weight os the Quality Meter, Calibration
will be made in cceordance with Quality
Mecvnnce procedures,

Specimen pre-test requirements as shown in
Figure 9B,

Specimen will be monitored each 5 minutes
for o period of 30 minutes.,

Environmenta! Test Procedure:

()
(b)

(c)
()

\&)

vibration head.

Mount the spzcimern on the mounting fixture
in the lateral exis. (For record purposes

this will be known s "X" axis.)
Set scanning speed ot one (1) octave per

minuie.

Set power supply voltage to 286V = 3V
de.

For test environment of 5 hertz to 110 hertz
ot a constent "G" force of 9 and o displace-
men! of 0,04 inches peak to peck set the
following controls:

(1 Crossover control to 65 hertz,

(2) Acceleration to 9 g's.
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(3) Displocement to 0,04 inches peak to
peak.

(4) Scanning speed to one (1) octave per
minute,

(5) Set scanning limits, lower 5 hertz, up-
per 2000 hertz,

()  Start vibration end continue from 5 hertz to
110 hertz ot one (1) octave per minute.

(g) Stop vibration at 110 hertz, Set crossover con-
: tiol t2 200 Hertz; set wcee'2ration cantro! to

. 32 g's; set displacen unt control to ,015 inches
| D.A.. Restart vibration and continue vibrating
from 110 hertz to 2000 hertz and from 2000
hertz to 110 hertz at the rate of one (1) octave
per minute. Stop vibration at 110 hertz, Set {
crossover control to 65 hertz; set occeleration 1
contiol o 9 g's; set displacement control to
0.04 inches D.A.. Restart vibrotion ond con~
tinue vibrating from 110 hertz to 5 hertz at
the rate of one (1) octave per minute,

(h) Remount the specimen to its vertical axis (Y
axis). Repeat same as lateral axis test (X axis).

(i) Remount the specimen to its longitudinal oxis
(Z oxis). Repeat some as lateral axis (X exis).

'; 3.7.4.6 Post-Tesi:

(¢) Remove specimen ond connect os shown in
"~ Figure 9.

(b) Monitor specimen each § minutes for a period
of 30 minutes. Record data,

This completes the Vibration Test,
3.8 Electromagnetic Interference Test:
3.8.1 Instrumentation (os specified or equivalent),

3.8.1.1 D.C. Power Supply, Hewlett-Packard, Model 726, '

a4 -
. Property “{* /4 273 .

v
-

3.80;.2 D-Cu \’O"l—.‘:":.r, 0"5‘0 V, rlé\fg.‘z’._fé“gl/.a{-/ 7

- R
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w
oo 0

W N

3.8.1.3

3.8.1.4

3.8.1.5
3.8.1.6
3.8.1.7
3.8.1.8

3.8.1.9
3.8.1.10

3.80.1. 1

3.8.1.12

3.8.1.13

3.8.1.14

3.8.1.15

SHEET 40 Of 55

_____ » Property # /000 .
Dmnql \’o!tmrtc' Digitec Model Z-200A, Property
..L../.‘-;'.’.'
Strip Chort Recorder, Sanborn Model £s=2. o
Propnrty L0220
Ground Plane, Property # // =

Power Line Stabilizer, Pro,:crty ./*z; .
Screen Room, Property # 17!

Tast Samnle Leads,

Property ...Ai/....._' Prop‘.rt\/ o 'l .

-

Coax Leod, Double Shield, Property# /:’é/) .

Interference Measuring Instruments: .

(o) Stoddart Model NM 203, Radio interference
ond Field Intensity Meter C.15 - 25 Mc,

Property 7. tg S /0507

-

(b) Stoddart Model NM 30A, Redio Interference ond
Field Intensity Meter 20~ 400 Mc, Property #;‘/ LY

Audio Oscillator, Mfg. L'».;/.:/i._...
Property #)/,1.. =5l £

Audio Po wer Amp plifier, Mfg. // » LGNL
Property ¢ 5 /01227 e

—

s Type __/}_é___ ’

|solcxhon’uTrcm:}ormcr, Mfg. /j/
Property J,4 . 4
A\oCo V?“m( er urOC L)’ ‘l-‘.l ,‘\cv .‘./.’)’é’.-*"——,
Type p Lo o Property ¥ F oo 7 &

. ———

' T)’PC‘%:A_,

Rcdio—-Fra»qucncy Signial Saurce, Property #_5/';_/_’. 7 .

Fixture, Density, Poperty #,05/ o1, 0

Electromagnetic Interference Test:

The LH Quality Meter will be subjected to the following inter~

fercnco an

()
(&)

d susceptibility tests as prescribed in MIL16181D:

Conducted Interference - 0.15 - 25 Mc.
Rediated Interferance = 0.15 - 400 Mc.




QTP-301 SHEET 41 Of 55
(c)* ° Conducted Susceptibility = 50 cps - 15,000 cps
ond 0,15 = 400 Mec.
(d)* PRodiated Susceptibility = 0,15 - 400 Mc.
| 3.8.3.1 Pre-Test Requirements:
| All test equipment shall be calibrated to comply
| with Quality Assurance procedures,
3.8.3.2 Quality Meter Hydrogen simulation required:
(0) Pressure - Laboratory ambient,
(b) Censity = Special! fixture, (Pore 2 8,2),
| 3.8.3.3 Quality Meter Output loading:
‘ ’ . .
(@) 100 kO = 1% resistive,
3.8.3.4 Suspect Interference Frequencies:

(@) 1.9 kep: ond «dd harmonics of 1.9 keps.

3.8.3.5 Environmentol Test Procedure:

(@) The specimen will be placed in on rodio-fre-~
quency shielded room on @ .01 inch thick cop-
per ground plane greoter than 12 feet square
and 30 inches wide, The ground plane will be

1 bonded 1o the shielded room at intervals of less
than 3 feet ond ot both ends. The top surface
of the electronics box will be located 4 inches
| * 1/2 inch from the edge of the ground plene.
|
Power input to the specimen will be applied
: through a powi: Yi-=~ -+ hilization network
| (Figure 10) boncied to *he givuiw vlene. The
test somple leods to the stebilization network
will be 24 inches = 1 inch in length and s0
arrenged that the distance between each lead
and from each lead to ground will be 2 inches
at all points more than 6 inches from the Qual-
ity Meter. The ombient interference level in
the screen room will be measured with a sam-
ple specimen de-enargized.
v
*Susceptibility mecsurements chove 400 Mc are deleted due t+ the foct that the Qual-
ity Meter's electronic equipment is not copable of sensing frequencies greater than 100 Mc.
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Test :
Sample F l,

EIL} g 00 & [
Coaxiaol Clg g B
Terminal
For >— ¢ e e
Meosuring
Set R

[ - L -

7.

6.

Resistor Data: R1 = 1000 Ohm, 1 Watt Carbon

Capacitor Data: C1 = ,1uF, 600 Volt dc, Bathtub
C2 = 1uF, 600 Volt dc, Bathtub

Copacitors Shall Be Mounted On 1-Inch Insulating Blocks

. Coil Data: L1 = 5 Microhenries, 13 Turns Single Layer,

4 Inches Winding Length
3 ~

. Wire Data: Awg 6, 600 Volt, .310 Inch Dia. (OD)

SHEET 42 Of 55

Input

Power
I:‘:l:l

Form Data: 5-1/4 Inches Length, 3 Inches Dia. (OD), .125 Inch

Wall Drill 3/8 Inch Hole 7/16 Inch From Each End

Enclosure Data: 14 Gauge (B & S) Aluminum Sugoested Size

9-3/8 Inches x 4 Inches x 4 Inches

FIGURE 10 POVWER LINE STABILIZATION NETWORK SCHEMATIC DIAGRAM
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(c)

()
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The specimen will be subjected to the radio
interference tests in the frequency ranges spec-
ified by slowly scanning each octave and using
the frequencies at which maximum interference
or susceptibility occurs as test frequencies. A
minimum of 3 measurements per octave will be
made,

All meosurements on the radio interference tests,
unless otherwise noted, will be made v/'th 28V

+ 3V dc opplied to the dc input terminals through
a line stebilization network,

.
Conductes interference weasurements on the
input dc power leads to the specimen will be
made over a frequency range of 0,15 Mc to

25 Mc. The interference meosuring instruments
will be connected to the noise meter cooxicl
terminal on the line stebilizotion network, The
connecting cable will be 50 ohm douvble-shield-
ed cooxicl cable, 6 feet long or less. Insertion
losses will be neglected. Measurements willbe
made in accordance with Paragraph (b).

Radiated interference emitting from the speci-
men will be measured over a frequency ronge
of 0.15 Mc to 400 Mc using the eppropriate
noise meters ond antenna. A vertical rod an-
tenna will be used for frequencies up to 25 Mc.
The rod antenna will be placed so that the in-
strument panel or counterpoise is 6 inches be-
low the leve! < £ #k> ~roynd plane. The anten-
na will be locaterd et ihe o wnere moximum
interference indications are obtained when it
is moved along a line parallel with the edge
of the ground plane. The meosuring distance
from the specimens cbove 1 Mc will be 3 feet,

From 25 to 35 Mc, ¢ resonant dipole antenna
tuned to 35 Mc will be used for the radicted
interference measurements. The dipole anten-
na will be positioned paralle! with the front
edge of the ground plans. lts height will be
12 inches + 1 inch cbeive the level of the
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ground plone ond its center adjocent to the
geometrical center of the specimen under test,
At least 12 inches clearance will be allowed

between ontenna extremities and the wall of
the shielded reom.

For frequencies above 35 Mc, the dipole on-
tenna will be adjusted to the proper length so
as to be tuned to the test frequencies. When
the dimensions of the dipole entenno become
smaller than the test layout, the entenna will
be moved parallel to the edge of th= ground
oiune o kcep its senzitive ~laminre najocent
to the point of maximum leckage. The radi-
oted interference measurements will be perform=-
ed in accordance with Paragreph (b). The
noise meter coaxial terminal on the line stabi-
lizing network will be terminated with a 50
ohm termination,

Conducted cusceptibility of the specimen to
radio-frequency will be tested by inserting o
radio-frequency signz! into the noise meter
coaxial terminal of the line stebilization net-
work, The signal level will be 100,000 uV
over o frequency range of 0,15 to 400 Mc,

The rodio-frequency signal source to be used
has on impedance of 50 ohms. A matching
network suitable for use ot the test frequencies
will be used to obtain the proper source imped-
once. The sperific. Joltoge will be that which
exists across the ocrpui terminals of the signal
source when no lood other than that necessary
to mect the source impedance requirements is
connected to the sigral generator,

The conducted susceptibility test will be per-
formed in accordonce with Paragreph (b).

Conducted susceptibility of the specimens to
audio frequency will be determined by opply~

ing an cudio-frequency signel of 3 V rms over
e frequency range of 50 to 000 cps to th
the freq y range of 50 to 15,000 to the

e RSN
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de power leads of the specimen, The signal

will be supplied by on‘audio~frequency signal
generator ond audio~frequency power amplifierof
sufficient goin to furnish the specified level.

An iolation transformer with the secondary in
series with the positive dc lead to the specimen
will be used 1o inject the audio~frequency sig-
nal.. The transformer will corry all currents,
including the de when power is applied to the ;
specimen, without saturation,

The output signal will be monitored for any

mzt o Cons, degradatice o ol offects

from the introduced audio signal, |

(9) Susceptibility of the specimen to radio frequency
radiation will be accomplished by similar pro- |
cedures and stipulations of Paragraph (d). 1
with the exception that radio-frequency signai |
sources will be used to drive the ontenna. The
frequency range will be 0.15 to 400 Mc, with
o 100,0001V input signal measured at the an-
tenna terminals,

The set-up for the 35 Mc ‘tuned dipole antenna
ond the tured dipole for frequencies above
35 Mc will be essentially the some. But for
the rod ontenna used with frequencies below
25 Mc, it will be necessary to have a 20 inch
square counterpoise mounted on the entenna
base. The counterpaise will be held ot the
proper level and bonded to the ground plane.,
Also proper termination at both ends of the
50 ohm cchle connecting the rod entenna and
signal generator will be necessary. Resistive
pads will be used os required for the proper
termination, :

The specimen output “#ill be monitored for any
effects of the rodio frequency fields,

. ' .
This complates the Electromagnetic Interference Test.

3.9 LH, Colibrati. 3 Check Test:
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Instrumentation (as specified or equivalent) Figure 11,

A ER R Po\u.. Su”ﬂy, Hewleti-Packard, Model 726,
Property f :)_/:'_.

-..-..

3.9.].2 .5 VO'H."H.”‘!CF 0-50 \, '\Af( (l/ sl d

— - e ———— -

Type €322 Ptoperu A_.“ 31/

3.9.1.3 ?igitcl Voltmeter, Digitec Model Z-200A, Property

S/NSL T Pe

- —— o

3.9.1.4 Strip Chart Recorder, Sanborn Model /"2 ~/7s.4
Property ¥ ¥ /99p.

3.9.1.5 betu Suye Ten Saction, 1EN:, Picpts; (zr) 3/

3.9.1.6 Preowph.n.r, Tennelec Model ,pn 2, Property
7/
.07 b.L. Power Supply (Preamp. Filoments and BY),
- Propwrty S /045
3.9.1.8 D.C, Power Supply, Hewlett-Packard, Model 711A,
Property #:/r 2/
9017 l.lrmcr Amplifier, ORTEC, Model 20/ 4 Property
Y .
3.9.1.10 One Mc Scale, RIDL, Model 2/p , Property
b ro2a°2:
3.9.1.11 Gos Flow MeasuringOrifice, LGNL, Property’
ermao_
3.9.1.12 Gos Flow Differentia!l Pressure Transducer, £ £¢ psid,
Statham, Iv‘.oc:'cl__,e_/:,__ . Property #(_/.Ji:./,.f.-

7.1.13 Pressure Transducer Volt. ge Divider, LGNL, Property

s .

3.9.1.14 Liquid Flow Measuring Orifice, LGNL, Property
ts P23 N

3.9.1.15 Liquid Flow Differential Pressure Transducer, +
psid, Statham, Model /;é s Property #é:_/.) ot

3.9.1.16 Pressurg Tronsducer Voltage Divider, LGNL, Property

7/

3.92.1.17 EJ.: Ceage Test Seciion Pressure Tronsducer, Statham,
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Model ,(%) ’ Propcrt)' #,,fm F3%
3.9.1.18* Quality Meter Gaging Section, Pressure Tronsducer,
. Statham, Modt:'l/:, 4 Property o3 20
3.9.1.19 Beta Goge Pressure Trensducer Voltoge Divider,
LGNL, Pcperty ¥ /0
= L

3.9.1.20 Quality Meter Pressure Transducer Voltege Divider,

LGNL, Propcrry! ,,»/é’. —

3.9.1.21 Gos Flow Recdout, Leeds & Northrup, Speedomax
G, Properfy #;}.Zﬁliz__'

2.9.1.2Z Liquiu Fiow readsut, Lecds & "loitmup, opeedomax
9 ’ P op

G, Pfopeff)' #( /(--/._) (! .

b

3.9.1.23 Beto Gage Pressure Readout, Leeds & Northrup,
Speecdomax G, Property #~;i7p/3’ o
3.9.1.24 Quolity Meter Pressure Readout, Leeds & Northrup,

a
Speedomax G, Property ¥ 5 /052

e —

3.9.1.25 Liquid Hydrogen Test System, LGNL.
3.9.2 Calibration Check Test:

The Liquid Hydrogen Quality Meter will be placed inside on
evocuated enclosure olong vith a beta gage colibration section.
Liquid and gaseous hydrogen will be vented to the atmosphere
through the beta gage and Quality Meter. The output of the
Quality Meter will be monitored cont’-ously, Beta counts
will be taken ot not less than ten different qualities between
90% and 100%. At each calibration point the Quality Meter
etnit-and pressure®, beto gage count end pressure ond total
hydrogen Do, il be recorded. Hydrogen Quality will ke
calculated from the Quality Meter date and the beta gage dota,
ond the Quolity readings compared. Deviation of more than
5% Quality in the 50 ~ 100% quelity ronge shell be cause for
rejection,

*Quality Meter Gaging Section Pressure will be meosured only on the first specimen
tested.  Since the quality readout is on integrated signal consisting of pressure and
count rate, if pressure is known, then count rate con be esteblished and compared to
count rote in the bete gage calibration section. Any change in quality between the
*calibration section end Guelity Meter due to pressure drop, flashing due to heat in-
i

pui, or any other varicble "12tween the two units would thereby be indicated.




QTP-301 SHEET 52 7 35
|

:
- — - " - -—

Quality Beta Gage
Meter

Povser
Pressure

S | Pressure

Recorder ey
Y !
ecorder
e e |__Recorcer
\ | [
i I G}
' A WP " .
Vent

!,o- VNI . &
ESS— V r

Recorder

Quality

DVM ot Meter

Beta Gage

e ere—

Liquid

H

’? R, At oo
£\  e———————

as e

" = J' LH,, |

WL e

E |L 8 Lv”z‘(")"M' ' ‘

Under Calibration
_- Control Valves ‘ ok
p
Beta Cceoe :

R R E=mm— nesecrer

@ L ¥~ Quality Mixing Chamber
: 1

£,
P )
N FIGURE 11 CALIBRATION CHECK TESI q

~’ .

-
T iy i e s s

A i g+ o— o — e
R Ao S P i St WS N por Bl v = s
- = ——F =

{
-
R “_
— v P — R S va— P IR TR TR STNTRR ...,
A\ aaiiie



<w 01 ' ITEM - TEST DATA SHEET 53  Of 55

. ————— . — S A - — . . A S— . - — e~ . R S B A AN . T

> Started ",/M- ‘lcst Facility OPL rator

s "‘/rr ) :I/_ ‘/ y /// 7/ ’:'" I’/’I.“// ,’1" /)2’ 32 - 1
g cmpymi————— - < - - - —— - -

|uore Completed (st Tiem / tngineer

~‘ - 2 '_',.' .-‘I_...-_  Pleoriwuae Lia //  Dleiry = N L. A fZ;./
\ 2rm er( D, La.p zyp: (.)f lest

A J
WA WL IV . RN T |- = T ¥ 55 ..-.-//L & . ¥

i nty n./‘\fg. s 4 / / /
] £ 17 /

_.._- o —————— - —— — - - r—— -

Ur.ir Number lest Condition
S/t ool AP a

Beta |Quality] L |2 CH2 Yotel | Beto Quality! Beta |Quality Differ-
Run Cage | Meter i 10 Meter | Gage | Meter Sas
No. |Pressure |Pressure] Flow Flow '!)S/S"C Co:'l: Output [Quality | Quality o

psia psiea | lbs/sec |bs/,o ke o, (Volts) % % :

R e T R e D L N I T . I e e P -~ ~errter

2 / ) - o
: / 3 ‘ / i s =5 & <
/077 o A 7700 | Lo & 4"'5""/ "-"}-"7Z 77¢ 72f\ 5. c /20 00 4

i
| 75 PoldonTe hock Sk bl

—— —-—— -

Time

i70) v/ D207 ves ) A0, ] Prppot 2 vi i 48 ¢ | <0 \ff S

e —— ————— . R G ——n . — S — . — . — i — — — - - S m——

/ 4 11 '75/17 )/ ,) /‘){1 2{ ‘)t L(/':) "/"/ ')—[ [' ‘/ 1

|| 2222 . FY %2 FYA A el Ea A W P WE R WA '
4 1

Vil a2 tac ol . 2\ 26> V0.7 122 | o J

- —— e a ——————— ] o s — U 22 e s o s @ 2 o

e~ —— . — | ——— s | o v s - — i

. o ———— —————— W —— ——— " —— .
3 i
1\ N

e e e = . e \ e Ly —— 5 g L

B
~
L./
\)
<
D
N
N
~N)
Wy
iy
o
o
NS
S
i G
L A
\\
\
by
3 4
\
%
N
\

A = - e
BrE- - -t d 1 av T _ 7 () 2. F A |5 2 2FS | L2
5 Vet RV cydin 37 : |
S );:/ 7 Vit i)\ 2.. V100 /00 //
i T STy g e —— s e teme . o """"“!

‘\
~N
T

“

e . A I < A S E— 4 e Gl S A . o G 2 S —— —

)
P T, —
i

- — 8 e ————— | —— . — . # ——— . —— —— | — B e . & | o 8 i | 8 ————— | o —————————— . > G— s — -

"" > erm. e L L S BT L N GG N NI A I S A R AR O 1 S TR NS A R AT S IR TRE SRR LA A GV BATTET WA W 8 LTSRN ST TN A B LRy TS
] = Lo
Leb. Supervisor_ :
= o /. “ AP D
lnspector 2o fos 3005

T e e SIS RE=SE - I —

T TR PR S R T T e P _____:m_ﬂ__m__._.‘ ) . i el M:V




Q1pP-301

3.9.3

3.9.4

SHEET 54 Of 55

Pre~Test Requirement:

Calibrate instrumentation to comply with Quality Assurance
Procedures,

Calibration Check Procedure:

3.9.4.1 |Install Quality Meter in Hydrogen vent line end con-
nect to instrumentation as shown in Figure 11,

3.9.4.2 Close and evacuate the test tank., Apply 28 £ 3V
de to Quality Meter. Turn on cll electronic instru=-
mentation to allow warm=-up.

3.9.4.3 Whin the tast innk pressurs icull z annica"mately
3V microns of mercury, open iHydrogen control valves
to allow liquid and gaseous Hydrogen flow, Adjust
flow of liquid and gas to give a combined flow of
.08 to .4 pounds mass per second,

3.9.4.4 Allow flow rates end beta goge pressure to stebilize
for 30 seconds. Record output of Quality Meter for
1 minute and simultaneously obtain @ 1 minute beta
count from the beto gage. Record beta gage pressure.
At the end of the 1 minute period, turn off all Hydro~
gen flow ond calculete the Hydrogen quality from
the beta gage dota. Calculate the Hydrogen quality
from output dota of Quality Meter. Record the two
qualities on the dato sheet,

3.9.4.5 Repeat the procedure to obtain data at 10 different
Hydrogen quaolities between 50% and 100%.

This completes the LH2 Colibration Check Test.

3.10 Inspec.iun (Quality Assurance Provisions)

3.10.1

3.10.2

3.10.5

3.10.4

New Units- Quality Assurance shall assure the tests specified
in this QTP are perfermed ond that the equipment meets the
requirements specified herein,

In the event rework is required, Article 7.0 of Quality Assurance

Plan, NQD 5001, will be adhered to.

One copy of the completed QTP shall be shipped with the Qual-
ity Meter ond one copy shall be placed in LGNL files.

lnspect for finish, workmanship, required identification, and
’ e 4 7

cand - T s e i ————" i S e ———
.

- - .

-
i




Q1P-301 SHEET

(&)
L
O
-
o
(8,

dimensional conformance to reference drawings.

3.10.5 Verify that the Quality Meter weighs less than 15 pounds.

- -

Part No, _ Test Enginecer Ll ki

Serial No., 00/ - P Operator 77 4/ A 7 i

Y . -4

L.4
Pty of. Lo 68 - tepecer O i e
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