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HELIOS RADIOMETER EXPERIMENT

PREFACE

This report describes the development and fabricc‘xl'ion of a Flight
Experiment Electronics Package. The equipment, Helios Dual Swept Frequency
Radiometer, was designed and built by WTA to satisfy the needs of the Government
as described in the Technical Specification contained in Contract NAS5-11396
issued by the Goddard Space Flight Center to WTA on 17 March 1971,

Included is a summary of acfi\)ifies, a description of the Radiometer,

and other related information.
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HELIOS RADIOMETER EXPERIMENT

1.1 SUMMARY
| A contract was awarded to WTA to design and produce a dual swept

frequency radiometer system for use on the Helios Spacecraft. Under the provisions
of the contract the folllowing items were to be produced:

ﬁ) Engineering test unit (ETU) Radiometer and preamplifiers

b)  Prototype 1 Radiometer and preamplifiers

c) ” Prototype 2 Radiometer and preamplifiers

d)  Flight 1 Radiometer and preamplifiers

e?)_‘ Flight 2 Radiometer and preamplifiers

f) Ground Support Unit (2 units)

g)  Test plans

h)  Engineering Drawings

i) Calibration Data

Contract No. NAS5-11396 was signed on 14 July 1971, and work
was begun immediately to develop a radiometer to meet the requirehenfs of Spec-
ifi;cdﬂon .No. §-693-P-2, "GSFC Procurement Specification for Helios Dual Swept
-Frﬁequency Radiometer System" dated 29 July 1970 dnd the related requirements
specified in GSFC Specification for Reliability and Quality Assurance Provision
for Helios Project Instrument No. $-702-P-1A dated 7 August 1970. )

The technical specification was further modified by amendments 2

aond 3 to the basic contract.

-
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1.2.1 Engineering Test Unit

The design progressed through the theoretical, | breadboard and
bosi.ic layout phases. From basic information and the results of many breadboards, |
an engineering test unit was fabricated that looked somewhat like the final product;
this unit was demonstrated to GSFC personnel. There were faults in the equipment;
however, integration into the spacecraft was necessary to aid in the redesign effort.
The unit was integrated into the appropriate spacecraft af MBB in Munich, West
Gérmqny.. During testing at WTA and during integration at MBB, tests showed that
the unit needed to be redesigned to meet the technical and compatibility require-
meﬁts. The major areas requiring redesign were in the prgcmplifiers, log amplifiers,
and detector. |

Tiose circuits were redesigned and tested and the ﬁew designs were
inl%egrufed into the system prior o the manufacturing of Prototype 1.

1.2.2 Prototype 1. The Prototype 1 Radiometer was constructed using the

redesign resulting from the inadequacies noted in the ETU Test Program. The radio-

meter and preamps were delivered to GSFC for integration into the spacecraft.

Mr. R. Weber, GSFC, supervised the installation into the spacecraft at MBB in West
Germany during May 1973 - the unit worked in the spacecraft. The noise level in
fhé spacecraft was not particularly high. All functions operated normally with the
exception of one channel on the radiometer that failed during Thermal Vacuum

Testing. During integration, MBB found that the circuit grounds and shield grounds

- were not completely separated; they are tied to each other with a 3.3 microfarad

capacitor. The integration requirements required that there be no connection
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b:éfween the grounds. It was later agreed that a .01 mfd capacitor should be used.
'I"his, Prototype 1 unit was not changed but all other units were changed to .01 mfd.
1.2.3 Prototype 2. The prototype 2 radiometer and preamps were de-
I}ivered to GSFC in May 1973 dnd integrated into the spacecraft ot MBB in West
Germany by WTA personnel in September of 1973. The unit worked well. The
noise level was lower than on prototype 1. All channels and functions worked
properly at the time of delivery; however, prior to launch, two oscillators failed.
1.2.4 Flight 1. The flight 1 radiometer was accidentally damaged during
assembly by a Government representative. This damage resulted in one radiometer
being left out of the unit. All other circuits and systems were operational. The
unit was delivered with its preamplifiers to GSFC in March of 1974,

1.2.5 Flight 2, The flight radiometer and preamps were fabricated and
tested and presented to GSFC for acceptance. The unif' was rejected primarily
liaecouse the oscillator (WTA manufactured) seals we;'e suspect since some were

found to be beyond the original specification limit. In addition, the flight 2

radiometer failed vibration tests five times, ground connections in the IF amplifier

PC boards and one connection fo the mixer were broken, and one connection on

the radiometer was suspect. The connection was replaced, the connection to the

mixer was repaired, and the grounds were repaired and strapped with jumper wires. -

" _The radiometer subsequently passed vibration and Thermal Vacuum Testing.

Flight 2 was integrated into the spacecraft and tested at MBB,

West Germany during March 1975. WTA personicel were present and helped per-
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fbrm the testing. All functions worked properly. The noise levels in channels
13, 14, and 15 of both radiometers were higher than before integration; this was
confirmed by comparing computer printouts of noise levels of Flight 1 to Flight 2.
The noise levels on these two systems were comparable. MBB and GSFC personnel
were notified of the facts. Integrated test data was delivered to GSFC personnel

during March 1975.
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SECTION 2
RADIOMETER SYSTEM
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2.1 OPERATION OF SYSTEM

The Radiometer System is designed to operate in conjunction
with an experiment computer know as the DPU. In its intended condition, all func-
tions are controlled by the DPU.

Basically, a Radiometer system consists of two separate Radiometers,
A and B, arranged so that one or the other can be commanded into operation. As the
system is arranged, Radiometer B is always selected when power is initially applied
to the Radiometer System. Additionally, two preamplifiers are connected to a dipole
on*enno system and so arranged that signals in phusé to both antennas are cancelled
and signals out of phase are processed by the Radiometer.

fhé Radiometer system is designed to process noise signals in the
freqhency band from 20 kHz to 3.00 MHz in 10 kHz wide increments. The tuning
of the system is accomplished by switching the output of one of sixfeen‘crysfq|-con— ;
trolled oscillators in the mixer, thereby allowing the Radiometer to sample approx-
imately 160 kHz of the band in 10 kHz segments.

The dynamic range of approximately 90 db is accomplished by

adtorﬁafically switching the gain of the preamplifiers in three, 30 db ranges. With

this arrangement, the RF section of the Radiometer sees ’onlky a limited dynamic range
§i§na|, about 40 db.

The RF section operates at 21.4 MHz IF frequency and the local
oécillafor frequencies range from 21,4265 to 24,400 MHz. The exact frequencies

are listed in table 2-1.
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TABLE 2-1
RADIOMETER OPERATING FREQUENCIES _
CHANNEL CRYSTAL FREQUENCY OPERATING FREQUENCY
1 21,4265 MHz 26.5 kHz
2 : 21.450 MHz 50.0 kHz
3 21,465 MHz 65 kHz
4 21.485 MHz 85 kHz
5 21.515 MHz 115 kHz
6 21.550 MHz 150 kHz
7 21.595 MHz 195 kHz
8 21.655 MHz 255 kHz
9 21.740 MHz 340 kHz
10 21.845 MHz 445 kHz
1 21.985 MHz 585 kHz
12 22,165 MHz 765 kHz
13 22,410 MHz 1.010 MHz
14 22,720 MHz 1.320 MHz
15 23.680 MHz 2.280 MHz
16 24,400 MHz 3.00 MHz

23
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The signal presented to the DPU is a log~compressed analog voltage
and a range flag consisting of two bits. |

An internal non-redundant noise source can be switched by command
into the preamplifier inputs and thereby effect an end-to-end system calibration.

The Radiometer System provides a temperature monitor and two
monitor and two voltage monitor outputs, a *6 VDC monitor and a + 12 VDC monitor.

As a system, the radiometer operates in the following manner. " A
siQnaI is picked up by the satellite dipole antenna and is presented to the preamplifier
inbuts. Since the received signal is assumed to be a noise function of some frequency
di;fribufion, only the 10 kHz wide portion around the operating frequency (the
oﬁeraﬁng frequency is the difference between the local oscillator (LO) and the IF
center frequencies) is processed. The Radiometer then amplifies thg noise signal,
détecfs it with an AM detector, and compresses it logarithmically. If the compressed
output is within the operating range of about .5 to 4.5 volts, the signal and the
indicated range are sent to the DPU. If the signal is outside these bounds, the
Rédiomefer cnufomaﬁcall’y’ selécfs the appropriate range and sends the proper command
to the preamplifier to adjust its gain. There are three discrete gain positions of the
p'jéa”mplifiers, 0db, +30db, and +60 db gain. These gain settings are automatically
odiquuBle and cannot be set in any position by external signals.

Upon command of the DPU, the Radiometer selects the designated

' LO frequency and will then process that selected noise spectrum and present a DC

vélfage in the range of .8 to 5.0 VDC to the DPU for further analysis and transmission

from the spacecraft.
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THEORY OF OPERATION
SECTION 3

3-1
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3.1 SYSTEM BLOCK DIAGRAM

A block diagram of the Radiometer system is shown in figure 3-1. Minus gains

" vefer to voltage losses.

3.1.1 - Preamp. Signals from‘fhe antennas enter the preamplifiers through the 0 db
input stage, the purpose of which is to effect an impedance transformaf_ionr ﬁ"om the very high ‘,
antenna impedance to the lower levels used in the amplification circuitry. The preamplifier
iynéut impedance is approximately 10 megohms ot very low frequencies with approximately 7.5 pf
differential input capacitance. |

Attenuator No. | attenuates the signal at either 10 db or 40 db depending on the
state of the command from the Radiometer. Following this is an idenficdl stage of attenuation
and gain. The output of the second 40 db amplifier drives g buffer amplifier that connects the
output to a balanced 50 ohm output to drive the combined load of the interconnecfihg cable
and fhey Radiometer input balun.

The signals from the two preomélifiers arew"scAbegracfed“ in the balun and, since

the desired inputs are out of phase, the signal in the secondary of the balun is then the vector

- addition of the two preamplifier outputs. Each preamplifier has a relay in the input to switch

in a calibration signal from the Radiometer.
3.1.2 Balun. The balun provides a means of operating either Radiometer without the

need for an elaborate switching network. The signal from the preamplifiers is always equally

divided between the two Radiometer inputs.
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3.1.3 Mixer Local Oscillator. Following the balun is a matching network to provide

the necessary impedance transformation between the balun and the mixer. The rﬁixer provides
the non-linear element necessary to cc;nvert' the input to the 21.4 MHz IF frequency. The local
;ascillator provides the offset frequency. The outputs of all 16 éscillators are connected in
parallel but only one has power applied to it through the Radiometer frequency select logic.
This common bus is applied to fhe mixer through a leveling dmplifi‘er which’provides a constant
level to the mixer regardless of the output level of the oscillator. This circuit arrangement
reduces the requirements on the amplitude tolerance and the stability of the oscillators.

3. l’.4 | Crystal Filter. The output of the mixer is coupled into the matching network
and then into the 10 kHz wide crystal filter which has a center frequency of 21.4 MHz. These
two frequencies were specified by GSFC. S

3 1.5 IF Amplifier. Following the crystal filter is another matching network followed
by two IF amplifiers, each consisting of @ Motorola MC 1552 ihtegrofed circuit amplifier and
its associated ccimonents, | ” B

3.1.6 Detector ~ Log Amp. The detector which follows the second IF amplifier is an

averaging detector using a current biased detection diode. The output of the detector is a linear

function of input power. The desired output is a logarithmic function of input power; therefore,
a logarithmic amplifier is utilized to create an output voltage that is representative of power

in db's, The output of the log amplifier is buffered and sent to the DPU.
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3.1.7 Output. The output of the Radiometer is constrained at the upper limit by the

+6 volt power supply and at the lower limit by the threshold noise (=0.25V). This threshold is
established by adjusting the IF gain to provide a noise floor that represents a positive output

of approximately 100 to 200 millivolts at Channel 1 frequency. This threshold reduces to about

50 to 100 millivolts at Ctxannel 16. This frequency roll-off is due primarily to the RC characteristics
of the preamplifier input crrcurtry. |

3.1.8 Range Control Methods. The output of the log amplifier is also connected to

the range control circuitry which consists of an upper and lower limit comparator, Iogrc shift
regrster, oscillator, and range Iogrc Dependmg on the state of the comparators, o signal is
sent to the shift reglster to shift to a higher or lower range, or do nothmg, which happens in

the case where the output signal of the |og amplifier is greater than +0.5 volts and less than +4.5

volts. [f that level exceeds +4.5 volts, a signal is generated that causes the shift register to

advance in the direction that decreases the preampllfrer gain, Conve‘r.sely, if the signal dips

: below +0.5 volts, the shift regrster moves in the direction necessary to mcrease the gain. When

the logic ranges to either the maximum or minimum gain and the output signal is still outsnde the
above bounds, the logic stops operating and the unit remains in the higher or lower state.

3.1.9 Noise. The noise source is commanded "on" by an external command from the

| DPU Upon command, the noise source power is applied and the two preamplifier relays switch

the noise signal into the preamphfrer input and disconnect the antenna inputs. The noise is

broad band and covers the desired frequency range of 25 kHz to 3 MHz.
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3.2 RADIOMETER REDUNDANCY

The radiometers, " A" and "B", are commanded "on" at a time. Radiometer
"B" will "on". After approximately 30 seconds (the time required to charge a capacitor),
radiometer "A" can be commanded "on" or the system can be left in channel "B" mode.

3.2.1 Circuit Description . Each circuit of the radiometer is discribed; with the

description is a circuit diagram and a photograph of one of the prototype or flight units.

3.2.2 Preamplifier Circuit Description. The preamplifier is supplied with +6 VDC

power from the power relay. The input is connected (see figure 3-2) to either the antenna

or noise source by relay K1. Input resistor R is normally 2K; the resistor is mounted on

50
standoffs so that it can be changed to some other value if desired. The signal is buffered

by a F.E.T., Qy, in a bootstrap ‘circuif, so that the input circuit appears as many meg ohms
shunted by approximately 7.5 p.f. The output of the F.E.T. presents a low impedance to
the Ist gain change neMork. Qg and Q3 help to stabilize the output of Q1 over its full
operating voltage range. The network C4, Co, C42, C10, C11, C13, R12, Ry4, R17, and
Rig make up the gain changing pad. When Q4 is "off" the gain is ~10 db and when Q4 is
"on" the gain is =40 db.

The o‘utput of the gain changing pad #1 is connected to omplifiér Zy. No. 2
is an operational amplifier with compensating components designed to reduce temperature
effécfs on the amplifier. The; gain of Zj is 40 db, |

The output of 2 is attengcfed by the second gain changing pad. This pad is
like the first one. Gain change is accomplished by operating Q5. The signal is attenuated

by either 10 db or 40 db depending on the state of Q5.

The output of‘ Z9 is ampl ified'and attenuated by a wide range high level amplifier,

3-6
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dé, Q;, Qg, Q9, Qjg, Qjy, and Q2. The net result is a |inear‘amp|ificaﬁon in3
ranges of +50 db to -40 db th‘uf is flat from 25 kHz to3 MHz and provides a 50 ohm output
to the coax cable that feeds the balun. -

The preamplifier is packaged on 2 printed circuit boards and housed in a GFE
b;x. Figures 3-3, 3-4, 3-5 show each board and installation in the box, respectively.

3.2.3 Balun, Mixer and Crystal Filter Circuit Description. Balanced signals from

each preamplifier are supplied to the balun Ty. The input to the balun is resistively matched
to the 50 ohm coax to effect maximum power transfer.

Each preamp feeds the balun ]80° out of phase, with respect to the opposite
preamplifier, so that only those signals or components that are 180° out of phase at the preamp
inputs will be amplified. Signals in phase will be cancelled. The phﬁical arrangement of
the balun is shown in figure 3-6. The balun transformer and matching resistors are contained on
a single PC board fPC732. (figure 3-7)

This output of the balun is sent unbalanced to either radiometer A or B. This
output is reactively matched to the balanced mixer M. The output of the mixer is reactively
. coupled to the crystal filter. Since the filter impedance is high (i.e. 750 ohm), an auto-

transformer tuned with C49 and C25 provides the matching of 21.4 MHz.

The operation of the mixer is such that a local oscillator input of constant ampli-

ﬂ;:de and selectable frequency is mixed with the input to produce a 21.4 MHz +5 kHz output.
Tihé input frequencies range from 25.5kHz to 3 MHz. The local oscillators are on the high side
and range from 21,4265 MHzto 24.4 MHz. Since the input is quasi-random noise, the output is
a noise spectrum that is flat ot least over the 10 kHz of interest. The physical arrangement of
the mixer and its associated components is skhoWn in figure 3-8; all components are mounted on

a PC board #PC 721.

3-8
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Figure 3-5. Preamplifier Boards 1 and 2 Installed
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Figure 3-6. Co:ﬁponent Location, Balun (PC 732)
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Figure 3-8. Component Location, Mixer (PC 721)
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. The filter is a monolythic crystal filter manufactured by Reeves Hoffman in Mt,
Holly, Pa. The unit has a 10kHz band width and steep slopes oﬁ each side of the bandpass.
Ti;ese characteristics of the filter dre only realized if the input and output are properly matched
to 750 ohms. This matching is done in the mixer board and in the IF amplifier board. The
crystal filter is shown in figure 3-9.

3.2.4 IF Amplifier Circuit Description. The IF amplifier operates at 21 .4 MHz and

provides enough gain to properly operate the detector. As previously mentioned, the input
must provide an impedance of 750 ohms for the crysfdl filter. This is accomplished by L4, Csq,
and R23. The signal is amplified by two cascaded amplifiers, A3 and Aj9; these amplifiers are
Motorola MC 1552 units externally compensated to be stable ovér the required temperature
range. The unit is contained on a single PC board #PC 784 (see figure 3-10). The schematic
d‘iagrom is shown in figure 3-11.

3.2,5 ~ Detector Circuit Description. The detector works well when detecting a signal

composed of mostly noise. The input (see figure 3-12) is matched to on by the capacifbrs
Co5 and Cog and the choke Lg. Proper bias is provided by a resistor divider network. The
ukndekfecl'ed signal, i.e. 21.4 MHz,is amplified by Qgq and further amplified by Q21. Resistor
Rog provides negative feedback to energize and stabilize ‘thev amplifiers. The omplifiers are

" tuned by an LC tank circuit. Tuning is accomplished by spreading or compressrinrg’ the turns

on fhe toroids (L5, L6' L7). The output is detected by diode CRy4 ana supplied as a DC vo|tageb

at the output. The unit is located on PC #785 (see figure 3-13).

3.2.6 Log Amplifier Circuit Description. A log amplifier is used to produce an output
that is the logarithm of the input. The input operates from 4 millivolts to 500 millivolts and
produces an output that varies from 1V to 5V. The log action is provided in the feedback loop

of A, (see figures 3-14 and 3-15).
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Figure 3-10. Component Location, IF Amplifier (PC 784)
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Figure 3-14. Component Location, Log Amplifier (PC 729)
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The input is coupled into the inverting input of the amplifier through R34 and Rgs-
Offset correction is provided by R34 and R34; these resistor values are determined at test and are

normally 5.1 ohms. Transistor Q1A is in the feedback path of A7. The base emitter junction

becomes a feedback resistor whose resistance is the log of the current flowing through it.

; 'liransisi'or Qy1 helps to make the transfer characteristic exactly logarithmic. The output voltage
ns therefore the log of the input voltage. The other half of the transistor Q08 is used as a diode
t;: compensate for the residual effect of Qga. Amplifier Ag provides a convenient place for
temperature compensation. The TBD thermistors are chosen to provide offset (or drift) stabil ity
(R101, Ryp2) and gain stability (R1p3, Rjg4).

g The output of Ag is delayed by a 3 ms time-constant and is ccnnected to the

| range logic. The same output is also delayed by 8 ms and is supplied to telemetry via a unity
gain amplifier Ag. Both outputs are a log representation of the input.

3.2.7 Range Switching Circuits Description.  Range switching circuitry is arranged

c;n PC boards 727, 728 and 726. Since operation of all the circuits is interrelated all will be
d‘iscussed together (see figures3-16, 3-17, 3-18 and 3~19). The input to the comparator is
conﬁecfed to pins 3 and 2 of Ay7and Ajgrespectively. Thesé"umplifiers are connected as
comparators and biased at +.8 volts for Aqgand +4.5 volts for Ay7. When the voltage increases
| above +4.5 volts (up range condition), a positive spike occurs on ifs output and fells‘fﬁé |‘ogic
to increase. When the voltage falls between 4.5 volts and .8 volts the output is a negative
spfke:which does not ope;afe the logic. Whén the voltage decreases below +.8 volts, a

positive spike is produced from Aqgi this tells the logic to decrease. Selection of Rg5¢ Réé

and Rg7 is made to assure that 2 db or more of hysterisis is provided to keep the system from
oscillating from one range to the other. The logic transformation is done in integrated circuit
numbers Ag, AIO’ A1, A2, A13, AM, A]5 and part ofAl6. Two of the gates of Ayg are

3-23
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Figure 3-19. Component Location, Range Switching Circuitry, Logic 3
(PC 728)
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used as a clock to control the logic. The A 15 gates are input gates; Ayq, A2/ A13 and
A14 provide non-ambiguous output to the counter Ajg. The range outputs are buffered by
A9 and connected to the telemetry range flags and preamps to provide range switching.

3.2.8 Oscillator Circuit Description. Local oscillator power for the mixer is provided

by 16 identical oscillators timed by a separate crystal for each channel. The oscillator fre~
quencies are shown in table 3-1,

All oscillators are the same and are pcckdged in fldf packs using hybrid circuitry.
The circuit is shown in figure 3-20. The gate transistor Q]v controls the operation of the
oscillators. The oscillator transistor, Qg is tuned by an external crystal and the tank circuit
Ly, C3, C4and Cs.

| The oscillators are connected together as shown in‘»figure 3-21. Component

location is shown in figure 3-22. All outputs are common. Logic inputs to operate the
oscillators one at a time are the C and D inputs plus the gate input for each oscillator, 1
;hrough 16. To operate, the oscillator must have +6 volts and ground applied through a
proper combination of C dnd D and the gate for the oscillator must be turned "on".

The logic for turning "on" the oscillators is shown in table 3-1. The cir;uitry
is located on the I;og amp board No. 729 (see figure’3-24).

The Iogic; table for the oscillators is shown on the following page.

3-28
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TABLE 3-1
OSCILLATOR LOGIC TABLE

Channel A B o D
1 1 1 + +
2 0 1 + -
3 1 0 . +
4 0 0 + 4
5 1 1 0 .
6 0 1 0 +
7 1 0 0 4
8 0 0 0 4
9 1 1 + 0
10 0 1 + 0
11 1 0 + 0
12 0 0 + 0
13 1 1 0 0
14 1 0 0 0
15 0 1 0 0
16 0 0 0 0

3.2.9 AGC Amplifier Circuit Description. The outputs of all 16 oscillators are

tied together at a commc;n point. The AGC amplifier takes this output and provides a constant
input level to the mixer. The circuit is shown in figure 3-25. Component arrangement is shown
in figure 3-26. The input is amplified at its operating frequency of 21.265 MHz to 24.4 MHz

and, detected by diode CR3, CR 47 amplified by A2, and fed back to a FET connected as a

3-29
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Figure 3-26, Component Location A,G,C, Amplifier (PC 724)
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variable resistor to control the AGC gain. The unit is set up to give an output of 1 milliwatt by
selecting R, to give the proper output.

3.2.10 Noise Source Circuit Description. The noise source is used in the system to

provide a calibration signal to the input of the radiometer. The output is essentially flat in
i;requency from 26.5 kHz to 3 MHz and beyond. The circuit is shown in figure 3-27. Com-
ponent arrangement is shown in figure 3-28,

The noise diode CRy provides the broad band noise when reverse biased by the
+ and =6 VDC supply. The output frequency response of the diode is shaped by an RC filter,
R4g-52 and C18-21-

Amplification is provided by Aj. The signal is attenuated by R1g and Qg,
further amplified by Qg4, Q, and Qg, and attenuated again by Ryg and Qg.

The output is connected to a transformer Ty and coupled to each preamp
180° out of phase as required.

" The levels of noise output are.chosen so that the inifiﬁcl output with both
attenuators energized will fall at the top of range 3. By turning A "off" the level decreases
to the bottom of range 3. By turning B "off" the level should be in the middle of range 2.

By; turning off both A and B the level decreases to the middle of range 1. These levels are
approximate and are given fo provide fixed calibration poinfé to each range and each channel.

3.2.11 Switching Cicuit Description . Switching is provided for +12 volt power and +6

vqlf power to all circuits. In addition, all input commands are buffered and used to operate
the radiometer. The switching circuits are contained on PC boards 725 and 723.

All command inputs are buffered by balanced FET inputs as shown in figure 3-29
(c‘orrnponent arrangement is shown in figure 3-30). All input ﬁmplifiers are the same as the

ise level lifier.
noise level amplifier 3-37
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Figure 3-28, Component Location, Noise Source (PC 722)
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Figure 3-30. Component Location, Switching Circuit
(PC 723 and PC 725)
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Noise source switching is dccomplished by the four inputs N, No, N, and
Ny and the‘IOgic action of diodes CR7, 8, 10, 14, 16, 17, and 18. The two outputs A and
B are used to provide the required outputs.

The redundancy command is used to switch from radiometer B to A and from A
to B. When the radiometer is first furned "on" and no redundancy command is applied, Qg
will provide power to radiometer B through Relay Ky. Whena command is received, Q3 will
release and Q4 will conduct, causing power to be applied to radiometer A. The unit can be
switched from A to B or B fo A as required. If power is applied initially to A, the KI relay
méy jam. If both Q3 and Q4 come on af the same time, the Ky relay will not close in either
position. To alleviate this condition, one must operate the command input to B. In this
position the circuit will stabilize with Q3 "on" and Q4 "sff". The time constants of C5, Rg/
Cyos and Ry5 are 10 seconds. To ensure that fHe circuits have stabilized, one must keep the
command B circuit energized for at least 20 seconds, then one may switch from radiometer fo
radiometer without fear of malfunction. |

The oscillator commands A, B, C, and D are buffered and connected to the
oscilio}or switching as previously described.

3.2.12 Intra-System Connections. To facilitate understanding and analysis, a foldout

figure 3-36 (figures 3-37 and 3-38 show two views, A and B, of an assembled radiometer) is
provided at the end of this report which shows how all circuits are connected within the radio-

meter.
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3.3 OPERATING INSTRUCTIONS FOR HELIOS GROUND SUPPORT EQUIPMENT

The operating instructions prepared for use with the GSE are a part of this
section. These instructions describe the equipment and its operation. Two photographs are
included: The front pane! (operating position) is shown in figure 331 and the inside of the unit
is shown in figure 3-32,

3.3.1 Ground Support Equipment . The Helios Ground Support Equipment provides all

power, signals and commands necessary to operate the dual swept radiometer in all modes of
operation. It is capable of being externally controlled by the DPU and monitored by computer,

3.3.2 Functional Description.

3.3.2.1 Radio Frequency Section

3.3.2.1.1 Wide Band Mode. In the wide band mode a high-level, wide band noise signal

is produced in the noise source module. This signal is coupled through an attenuator to the
mode switch,

3.3.2.1.2 Narrow Band Mode. In the narrow band mode, the noise signal from the noise

source module is coupled through a resistive divider to a bandpass filfer with a center frequency
of 8.0 MHz and a bandpass of 40 kHz. The outpui of this filter is injected into the RF port of a
mixer where it is heferbdyned with an L.O. signal brought to the mixer from an external source
through a resistive divider. The output of the mixer is fed toan amplifier located in the noise

source module. This amplifier signal is then coupled to the mode switch.

3.3.2.1.3 Sine Wave Mode. In the sine wave mode, an external signal is brought through

an attenuator to the mode switch.
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CraTNAL ?AGE‘ﬁ Figure 3-32. Ground Support Equipment
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3.3.2.1.4 External Mode. In the external mode, an external signal is brought directly

to the mode switch.

3.3.3 Power Section. The power section monitors the currents and voltages that power

the radiometer. The GSE power "on" switch turns power on fo the GSE to allow warm-up of
the noise source. The radiometer switch controls power to the radiometer. The t 6 volt lines
can be monitored for voltage with the DVM on external with a patch cord. The reset push-
button resets all the internal automatic timing circuitry to the start of the cycle.

3.3.4 Clock Section. The clock section controls the timing of the radiometer. Three

different clock rates are provided for selection of the optimum rate for the test to be performed.
In the normal mode the radiometer will step one channel each time the manual step switch is
depressed.

3.3.5 Frequency Section. The frequency section controls and displays the internal

frequency of operation in the radiometer. The CHANNEL monitor decodes the four-line
command going to the radiometer and displays the channel number in opercfion..

The radiometer A/B switch commands the redundancy switching circuit in the
radiometer to turn on the respective radiometers.

The control DPU/INTERNAL switch selects the source of control for the radio-
meters oscillators. On INTERNAL, the oscillators are stepped with the clock. On DPU, four
control |inés from an external source directly control the channel selection. |

3.3.6 Cycle Selection Section. The CYC LE/STEP switch controls the number of

complete oscillator cycles (16 CHANNELS/CYCLE) before the attenuation changes.
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3.3.7 Calibration Section. The CALIBRATE block produces the calibrate commands

to initiate the calibration cycle of the radiometer using its internal noise source.

To initiate a calibrate command, the switch is depressed and released. With
the calibration switch in the AUTO position, the GSE unit will cycle through all sixteen
chanﬁels at each of the four noise levels and then terminate. By throwing the CAL switch
to MANUAL, the noise source can be $fepped manually with the MANUAL STEP.

Throwing the CAL HOLD/CAL CMMD switch to CAL HOLD will hold the
radiometer in calibrate until the switch is released to the center position at which time the
cycle will then finish the normal sequence and terminate.

Four lamps indicate the particular command being sent to the radiometer;
these lamps illuminate only during a calibration cycle.

3.3.8 Stimulus Control Section. The STIMULUS controls the internal and external

signal (noise) sources and levels used to stimulate the radiometer. The source levels can be
" controlled either manually or automatically.

The STIMULUS selector switch selects the desired source. The WIILD‘EB’AND
NOISE is @ dire;:f output from the internal noise source. The NARROW BAND NOISE is a
shaped signal 40 kHz wide and centered around the channel in use. The SINE WAVE is a.
sine wave tuned to the channel in use. The EXTERNAL position allows the use of any other
desired generator. |

The selected source is routed through the two attenuators. The automatic
atteﬁuofor has a range of 129 db in 1 db steps and the MANUAL ATTENUATOR has a 70 db
range in 10db steps. The automatic attenuator can be controlled manually by use of thumb-

wheel switches. The ATTN SWITCH selects the desired mode of attenuation.
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In the AUTO position, the attenuator steps every fime the .channels complete
a complete cycle (16 positions). The number of db/attenuator steps is set with the DB/STEP
thumbwheel switch.

The ATTENUATION, DB indicator always shows the setting of the auto
attenuator independehf of the operating mode.

The network selector selects the desired network to condition the signal as it
enters the preamp. A lamp indicates that the relays in the network are drawing power.

3.3.9 Radiometer Monitor Section. This section monitors the outputs of the radio-

meter and records ihe teta! expsariment operating ﬁi-in.e_E Tha DY M, when QR INTERNAL,
monitors the output of the commanded radiometer (A or B). On EXT, any DC voltage can be
monitored with the use of test leads to the EXT IN jacks. The DVM TC switch filters the
input signal with an RC time constant.

_The output of radiometers A and B are available for connection fo external
equipment. The TEMP monitor provides a connection to the thermister in the radiometer.

Four lamps indicate the range in which the radiometer is currently operating.

The elapsed time meter (ETM) records the operating time of the radiometer. The meter is "on"

when the TIMER ON lamp is illuminated. The ETM will come "on" only when the radio-
meter is connected and drawing power. Thus, if the radiometer power switch is "on" and

the radiometer is not hooked up the ETM will not run.
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TABLE 3-2

GROUND SUPPORT EQUIPMENT CONTROLS

Control Function
Power
RADIOMETER - ON Applies power to the radiometer when

the GSE switch is'on'

GSE - ON Turns power 'on"for the GSE and enables
the radiometer "on" switch.

RESET Resets the GSE to the beginning of all

| automatic cycles (CHANNEL SELECT,

CALIBRATE, AND ATTENUATOR).

Clock -
RATE Selects GSE clock frequency for
sequences.
STEP Manually steps channels one at a time.
AUTO/MANUAL Selects method of sfepping rchcmnels.
Frequency
CZHANNEL Shows channel number selected.
RADIOMETER Selects radiometer to be powered.
CONTROL { Selects control method for éhcmnel
: 'steppihg.
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Control Function
Cyele
CYCLES/STEP Selects the number of complete channel
cycles before attenuator or noise
calibration steps.
Calibrate
N1-N4 Shows the calibrate command that is being
- sent to the radiometer.
CAL | Selects either automatic or manual stepping

CAL CMMD/CAL HOLD

of noise commands.
Generates a calibration command or holds

radiometer in calibration.

Stimulus
ATTENUATION, DB

ADDITIONAL ATTENU-
ATION

MANUAL ATTENUATION |

INTERNAL NOISE

ATTN

DB/STEP

Shows setting of automatic attenuation.
Selects attenuation additional to auto
attenuation.

Selects attenuation in manual mode by
use of thumbwheel switches.

Turns GSE noise source “on" org"off."

Selects the method of control for the

- programmable attenuator.

- Selects db step size in the automatic

mode.
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Control Function

Selector Selects the stimulus source.

Relay Selector Selects the network in calibration cans.

RELAY CURRENT Indicates power being drawn by relays
in calibration assembly.

Radiometer Monitor
DVM Supplies digital readout of DC voltages
‘ on radiomefer outputs.

ES(T IN Inputs of DVM,

DVM INT/EXT Selects internal or external connection
to DVM,

DVM TC Selects time constant of input filter
on DVM,

TIMER Elapsed time meter for radiometer
running time

TIMER ON Indicates when the timer is running.

A OUT, BOUT . Outputs of radiometer,
Temperature rRadiomefer thermister connection |
) .R1, R2, R3 'Range of radiometer automatic gain
| circuit,
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3.4

Step

0.
n.
12.

13,
14.

HELIOS RADIOMETER EXPERIMENT

OPERATION

Operating FREQUENCY Determination

Set up test equipment as shown in Figure 3-33.

Set signal generator output to 1 V rms.

PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW:

CLOCK SECTION
RATE to X10
AUTO/MANUAL to MANUAL
FREQUENCY SECTION
RADIOMETER to A
CONTROL to INTERNAL
CYCLE SELECTION SECTION
Set to one
STIMULUS CONTROL SECTION
INTERNAL NOISE to OFF
INPUT SELECTOR to EXTERNAL
MANUAL ATTN to 60 db
ATTN to MANUAL |
ADDITIONAL ATTENUATION to 0
'RADIOMETER MONITOR SECTION
DVM to INT

DVM TC to 0
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Step 15. Turn radiometer power on
16, Verify CHANNEL 1 ON
3,1,7 17, Verify attenuator at 60 db
18. Adjust signal generator to frequency 1
19. Adjust frequency for a maximum reading on DVM
20 Récord Frequéncy and DVM level
21. Dpecrease sig‘nal‘ generator amplitude by 3 db
22. Record DVM |eye|
23. Return signal generator to original amplitude, as in Step 19.
24, Locate frequencies above and below original frequency which show the
same DVM level as in Step 21 - Record frequencies
25. Add frequencies and divide by 2, Record on data sheet
26. Depress step button in clock
' 27. Repeat steps 16 through = 26 for frequencies 2-16
28. Repeat steps 16 through 27  for radiometer B
3.4.1. | - Signal Response ~ WIDE BAND NdISE :

Step ‘
: 1. Set-up test equipment as shown in Figure 3-34

PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW:
CLOCK SECTION

2, RATE to X10

w

AUTO/MANUAL switch to MANUAL
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Step

10.

1.

12,
13.
14.
15.‘-
16.
- V7.
18,
. ,,’..]9.
20:i
- 21,

" 22,

HELIOS RADIOMETER EXPERIMENT

FREQUENCY SECTION
RADIOMETER to A
CONTROL to INTERNAL
CYCLE SELECTION SECTION
CYCLES/STEP to 1
STIMULUS CONTROL SECTION
ADDITIONAL ATTENUATION tfo O
Selector switch to WIDEBAND NOISE
ATTN switch to AUTO
INTERNAL NOISE to ON
DB/STEP to 03
RADIOMETER MONITOR SECTION
DVM to INT
DVM TCto 0
Turn RADIOMETER power ON
Verify TIMER ON lamp illuminated
Record reading on elapsed time meter
Depress RESET
Record reading on DVM
Depress STEP switch and verify %GSE channel indicator goes to next channel
Record reading on DVM -
Continue steps i9 and 20 for all 16 channels

Verify ATTENUATION, DB chinges 3 db |
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3.4.2.
Step

123,

.2 125,

10.

1.

Repeat steps 19 through 22  until attenuator resets to original
reading (129 db) .
Repeat steps 17 through 23  for RADIOMETER B

If no more tests at this time, turn off radiometer power and record

elapsed time meter reading

Signal Response = NARROW BAND NOISE

Set-up test equipment as shown in Figure 3-35

- PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW:

CLOCK SECTION
RATE to X10
AUTO/MANUAL switch to MANUAL
FREQUENCY SECTION
RADIOMETER to A
CONTROL to INTERNAL
CYCLE SELECTION SECTION
CYCLES/STEP to 1
STlMULUS CONTROL SECTION
B ADDITIONAL ATTENUATION to 0
Sélecfor switch to NARROW BAND NOISE
~ ATTN switch to AUTO
INTERNAL NOISE to ON

DB/STEP to 03
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« RADIOMETER MONITOR
Step
12, DVM to INT

13. DVTTCto O

PLACE SYNTHESIZER CONTROL SWITCHES IIN THE POSITIONS
INDICATED BELOW:

14. Set 10 MHz, 1 MHz, 100 kHz, 10 kHz, 1 kHz, and 100 Hz decades to R
15. Set 10 Hz and 1 Hz decade to 0

16. Push CAD OFF

17. Set output volts fo 2 V

18. Turn RADIOMETER power ON

19. Verify TIMER ON lamp illuminated

20. Record reading on elapsed time meter

21. Depress RESET

22. Record reading on DVM

23. Depress STEP switch and verify GSE channel indicator goes to next channel
'24. Record reading on DVM |

25. Continue steps ~ 23. and 24  for all 16 channels

26. Verify ATTENUATION, DB changes 3 db
"27. Repeat steps 23 through 26  until attenuator: resets to original

reading (129 db)

28. Repeat steps 21 through 27  for RADIOMETER B
29. 1f no more tests at this time, turn'bff'fadiometer power and record elapsed

time meter reading
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3.4.3
Step

10.

11.

12,

13.

14.
15.

16.

HELIOS RADIOMETER EXPERIMENT

Signal Response - Sine Wave

Set-up test equipment as shown in Figure 3-35
PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW:
CLOCK SECTION
RATE to X 10
AUTO/MANUAL switch to MANUAL
FREQUENCY SECTION
RADIOMETER to A
CONTROL to INTERNAL
CYCLE SELECTION SECTION
CYCLES/STEP to 1
STIMULUS CONTROL SECTION
ADDITIONAL ATTENUATION to 0
Selector switch to SINE WAVE
ATTN switch to AUTO
INTERNAL NOISE to ON

DB/STEP to 03

- RADIOMETER MONITOR SECTION

DVM to INT

DVM TCto O

gé.ﬁg\l/iv SYNTHESIZER CONTROL SWlTCHE'S IN THE POSITIONS INDICATED

Set 10 MHz, 1 MHz, 100 kHz, 10 kHz, 1 kHz, and
100 Hz decades to R

Set 10 Hz and 1 Hz decade to O
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St
P 17. Depress CAD OFF

18. Set output volts to 2V :
19. Turn RADIOMETER power ON
20. Verify TIMER ON lamp illuminated
21. Record reading on elapsed time meter
22, Depress RESET
‘.. < 23, Record reading on DVM
v 24, Depress STEP switch and verify GSE channel indicator goes to next channe)
25. Record reading on DVYM
26, Continue steps 24 and 25 for all 16 channels
27, Verify ATTENUATION, DB changes 3 db
28, Repeat steps 24 through 27  until attenuator resets to original
reading (129 db).
29, Repeatsteps 22 through 28 for radiometer B
. 30. If no more tests at this time, turn'off'tadiometer power and record
elapsed time meter reading

3.4.4 _ Internal Noise Calibration

Step | . -
1. Set-up test equipment as shown in Figure 3-34

~ PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW:
CLOCK SECTION
2. RATE to X 10

3. AUTC/MANUAL to MANUAL
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Step

10.
11.
12,
13.
14,
15.
16.

17.
18.

19.

HELIOS RADIOMETER EXPERIMENT

FREQUENCY SECTION
RADIOMETER to A
CONTROL to INTERNAL
CYCLE SELECTION SECTION
CYCLES/STEP to 1
CALIBRATESECTION
CAL to AUTO
RADIOMETER MONITOR SECTION
DVM to INT
DVM TCto O
Verify RADIOMETER power ON
Initiate CAL CMMD
Verify channel monitor on channel 1
Record DVM reading
Depress STEP switch and vérify channel monitor steps to next channel
Repeat steps 13 and 14 for all channels
Verify calibrate noise .amp N4 extinguishes and N3 i||u‘mincfes
Repeat steps 13 through 16 for all noise levels
Verify noise level lamps all extinguished at end of cycle

Repeat steps * 11 through 18 for radiometer B
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Oscillator

HP606A or
Equivalent

HELIOS RADIOMETER EXPERIMENT

. HELIOS GROUND

Counter
HP5245L or
Equivalent

SuU PPORT EQUIPMENT

¢———1 50 ohm Terminator

Figuré 3-33. Test Equipment Set-Up, Operating Frequency Determination

50 ohm Terminator

PREAMP A PREAMP B

Radiometer
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HELIOS GROUND

SUPPORT EQUIPMENT

*— 50 ohm Terminator

50 ohm Terminator

PREAMP A PREAMP B

RADIOMETER

Figure 3-34. Test Equipment Set-Up, Signal Response - Wide ‘ 3-61
Band Noise and Internal Noise Calibration
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SYNTHESIZER

GENERAL RADIO

1163-AR7

- HELIOS GROUND

SUPPORT EQUIPMENT

¢—————1 50 ohm Terminator

50 ohm Terminator

PREAMP A PREAMP B

RADIOMETER

Figure 3-35 Test Equipment Set-Up, Slgnal Response -

Narrow Barid Noise and Signa! Response - Sine Wave
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Figure 3-37, Assembled Radiometer View "A"
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Figure 3-38. Assembled Radiometer, View "B"
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Title
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ALV

HELIOS PREA;.'P RADIOMETER pl 3436-F2002 A
WP EXPERIMENT 5C PC716 o
RASHINGTON TECHNOLOGICAL ASSOCIATES, INC. Symbols
978 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852 T =TOTAL QUANTITY OR RECURR: e SC - SOURCE CONTROL DWG ’
Subsidiary of Quante Sy gt 8 - BULK MATERIAL 08 SPC - SPECIFICATION CONTROL Dwg
Find Qt Part or Gl
h;o, Redvh Identifying No. Desaiption Spec or Note
1 1 CKRO5BX560KS Capacitor, Cl MIL-C-39014/1
2 3 CYR41ESRIFPS Copacitor, €2, C6, C32 MIL-C-39014/2
3 5 CKRO6BX 105KS Cepacitor, €3, C11, C16, C18, C23 MIL-C-39014/2
4 6 CKROBX 103KS Capacitor, C14, C15, C20, C22, C27, C29 MIL-C-39014/2
5 4 CSR13G225KS Capocitor, C19, C21, C26, C28 MIL-C-39003/1
6 4 CKRO6BX 473K$ Capacitor, C4, C9 MIL-C-39014/2
7 2 CKRO5BX 540KS Caopacitor, €30, C31 MIL-C-39014/1
8 9 CKRO58X 104KS Capacitor, C5, C7, C9, C10, C12, C13, C24, C25, C37 MIL-C-39014/1
9 1 CKRO5BX 102KS Capacitor, C17 MIL-C-39014/1
10 4 CYRAIE FPS Capacitor, €33, C34, C35, C36 MiL-C-
n 2 P17(01)1S156R-K10 Capacitor, C38, C39 g‘,‘ﬁ,,,m,,.,
12 4 RCRO7G201JS Resistor, R1, RS, R19, R45 MIL-R-39008/1
13 ] RCRO7G475)S Resistor, R2 MIL-R-39008/1
14 10 RCRO7G103JS Resistor, RS, R7, R11, R18, Rz), R29, R9, R38, R39, R40 MIL-R-39008/1
15 1 RCRO7G224)$ Resistor, R4 MIL-R-39008/1
16 1 RCRO7G222)S Res stor, Ré MIL-R-39053/1
17 9 RCRO7G JS Resistor, R43, R44 MIL-R-39008/1
18 5 RCRO7G JS Resistor, R3, R10, R12, R21, R22 MIL-R-39008/1
19 2 IRCRO7G912JS Resistor, R12, MIL-R-39008/1

e ——— e
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) HELIOS PREAMP RADIOMETER PL A
62l EXPERIMENT 5C PC716 3436F-2002
— REV
WASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | symbols
978 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852 bt v e v it i Sh
Subsidiary.of Quante Systems Corporation 8 - BULK MATERIAL 2t SPC ~SPECIFICATION CONTROL Owg
Find Qty Code Part or RN
No. | et | 5™ | idem Identifying No. — A Do
20 2 RCRO7G112JS Resistor, R29, R42 MIL-R-39008/1
21 2 RCRO7G104JS Resistor, R16, R26 MIL-R-39008/1
22 4 RCRO7G102JS Resistor, R17, R27, R35, R36 MIL-R-39008/1
23 4 RCRO7G473JS Resistor, R30, R31, R32, R33 MIL-R-39008/1
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o e HELIOS PREAMP RADIOMETER | P|L 3436-F-2002 A
a4 EXPERIMENT 5C PC716 -
SASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | symbols i
978 =m.:v:s:vf:;J;;:o:r::/m.e.:?ufuo 20852 ::2::;2:::‘::' o ’&&?,,C:O:;;?cmn il
Tl L | o emiying o R T
u| 2 RCRO7GO50JS Resistor, R34, R37 -R-
25 RNR55C3012FS Resistor, R14, R25 -R-
2 RNRS5C9200FS Resistor, R15, R24 MIL-R-55182/
z| 432-12 Reloy (432-7166), K1 S:311-p-21
28| 2 TX1N64S Diode, CR1, CR2 195007270
29| 1 TX2N3821 Transistor, (FET), Q1 xs&s’s/}m\
30| s TX2N3251A Trensistor, Q2, Q5, Q8, Q9, Q12 195003738
Nn| 2 Tx2N2920 Tronsistor, (Duel), Q3, Q6 15 0/355A |
2| 2 TX2N4357 Transistor, (FET), Q4, Q7 fs"éél/:awg
33| 4 Tx2N2369A Trensistor, Q10, Q11, Q13, Q14 19




Title

Schematic No.
Drawing No.g

Preamp Radiometer PC 716
3436-J-2163

Parts List No. _3436-F-2002 Page 1 of 5

Reference
Desiznation

ci
c2
Cé
Cc32

c3
c11

Part No.
CKRO5BX150K!

Description
Capacitor

cvauqnorpﬂ C-pac.t.tor

CKROGB)}IOGKS# Capacitor

"
"
"

CKROCB)'QOSKSH Capacitor
" t "

CSR13G225KS
"

CKROOBI).“'ISK

“ROSB”XS‘

Caplcu?‘r
" ;

Capucn”w

Failure Mode and Effccts Analysis

Specification

Mil-C-39014/1"

un-c-z‘az 69/9

un-c-?.oouls

un-c-:'go'ulz

un-c-s.?oosl 1

"
"

un-c-:ogul 2

Kﬂ@iﬂeﬂl 1

i

Rel. Level

Failure Derated to
Rate % of Rated

%/ 1000 tage,  Ambient

Hours Curr, Pwe. Temp2C.
. 001 1% 70
.001 1% 70
.o0o1 1% 70
.001 1% 70
.001 12% 70
.881 12% 70

.001 10% 70
.001 20% 70
.001 20% 70
.001 10% 70
.001 10% 70
.001 25% 70
. 001 25% 70
.001 10% 70
.001 25% 70
.001 25% 70
.001 25% 70
.001 25% 70
.001 25% 170
.001 10% 170
.001 10% 70
.001 10% 70
.00l 10% 70

Effect of Failure
Open Short Other

F

PF
PF
PF

PF
F
F
b 4 4
F

F
F
PF
PF
PF
PF

PF
PF
PF
PF

¥
F

PF
PF

PF
PF
PF
PF

whw MW MMM MmN MEMTT

WTA Job No. 3:36-002
.Contract NAS3-11383

E=Estimate

gewkslxucs




Title

. Schematic No.

Drawing No. &
Parts List No.

Reference
- Designation

C3is

-

Preamp Radiometer PC 716

3436-J-2163 -

3436- F-2002 Page2of §

Part No.

Description

CKRO5BX104KS| Capacitor
"

CKRO5BX104KS
"

L1
"
"
"
'"
"

cxnosnxxoaxsp Capacitor

\ YRO58X 104KS

z

P17(01)1S156R - Capacitor

K-10
"

RCRO‘I?OIJS

RCRO7G475JS

Failure Mode and Effects Analysis

Effect of Failure

Open_Short Other
PF |F

PF |F

PF |F

PF |F

PF |F

PF |F

F PF
PF |F

PF |F

PF | PF-
PF |F
Prr .
PF | PF
PF |PF |
F. F

PP |F

F PF

F PF

F PF
PF | F

-F F

Rel. Level
Failure Derated to
Rate % of Rated
%/1000 Voltage, Ambient
Specification Hours Curr,Pwr, Temp.0C.
Mil-C-39014/1 | .001 10% 70
” .001 20% 70
o L001] 20% 70
- .001 20% 70
- 1 .001 30% 70
i .001 30% 70
» .001 25% 70
" .001 20% 70
. .001 20% 70
Mil-C-39014/1 . 001 10% 70
Mil-C-39014/1 .00 10% 70
» 001 5% 70
» .001 10% 70
i .001 5% . 70
GSFC S311-P~174 ,001 10%.. 70
(01)-1
" .00 20% 70
Mil-R-39008/1 .001 2% 70
i) .001 1% 70
» .001 1% 70
» .001 10% 70
Mil-R-38008/1 .001 1% 70

WTA Job No. 3436-002
Contract NAS5-11388

E=Estimate
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e

Title Preamp Radiometer PC 716
Schematic No, 3436-J-2163
Drawing Nok

Parts List No. _3436-F-2002 Page 3 of 5
Reference .
Designation Part No. Desc

R5 RCRO7G103JS |Resistor

R7 " "

R l l " "

R18 i "

Rzo " "

R28 ” .

RS e "

R38 " : "

R?’s " "

R40 "

R4 RCR07G224JS | Resistor

R6 RCR07G222JS | Resistor

R43 RCRO7G JS Resistor

By ™ i e

R3 RCRO7G JS | Resistor

Rlo " " .

RI12 i i

Rz l AL "

Rzz " "

R13 RCRO7G912JS |Resistor

st " "

R29 RCRO7G112JS | Resistor

R42 " by

Failure Mode and Effects Analysis

Specification

P-R-SDO@I d

Mil-R-39008/1

Mil-R-39008/1
"

?(ﬂ-B-SOOOII 1

" 2 *

Mil-R-39008/1

|

Rel. Level

Failure Derated to
% of Rated
Voltage, Ambient

Curr, Pwe. TempoC.

Rate
%/1000
Hours

. 001
.001
.001
.001
1 .001
.001
. 001
.001
.001
.001

1%

70

Effect of Failure
Open Short Other

F |F
yir

PF | F

F |F

PF | F

F |F

F |F

2 i

F |F

r |»

F |F

r v 1.
PF | PF |,
PF | PF

e MW W
]
L]

WTA Job No. 3436-9G2
.Contract

NAS5-l1388

E=Estimate

TBD
TBD

TBD
“TBD
TBD

oles



Title

Schematic No. 3436-J-2 163

Drawing No. &

Parts List No. 3436-F-2002 )

Preamp Radiometer PC 716

Reference )
Designation - Part No.
R16 . RCR07G104JS
R26 . "o ,
R17 -1 RCRO7G102JS:
R27 " o
R35 "
R36 "
R30 RCR07G473JS
R31 "
R32 "
R33 "
R34 RCRO07G050JS
R317 "
R14 RNR55C3012S
st [1] -
R15 RNR55C9200FS
‘R24 " ,
K1 432-12
CR1 Tx1X645
CR2 "o
/
Q1 TX2N3821

Page 4 of 5

Description -

Resistor"
A1

Resistor
1"
"
"
Resistor
"
n

Resistor
"

Resistor
n o,

Resistor

Relay
Diode
1% )

| Transistor’

Failure Mode and Effects Analysis

Rate

%,/ 1000

Specification  Hours
Mil-R-39008/1° | .001
n . ,o01”
Mil-38008/1 001
" 4,001

" ;0011
w .001
Mil-R-39008/1 | .001
" i .001
" 001
" . 001
Mil-R~39008/1 001
" ‘ . 001
Mil-R-55182/1. | .001
" .001
Mil-R-55182/1. | .001
" . 001
s-311-P-2{06) .063
Mil-S-19500/270¢ .08
1] , .08
Mil-5-19500/31754 .01

Failure Deratedto

% of Rated

Voltage, Ambient
Curr, Pwr, Tem2.° N
1% 70
1% 70
30% 70
30% 170
10% 170
25% 70
10% 70
10% 70
10% 70
5% 70
10% 10

70
5% 70
5% . 10
10% 70
10% 170

70 .
10% 70
IQ% .10
25% 70

Effect of Failure

F

F
F
F
F
F
F
F
F
F
F
F
F
F
P

F

F
F
F-
F
F

F

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

Open Short Other

WTA Job No. 3:i36-002

.Contract NAS5-11383
EsEstimate
Remarks/Notes
— -




- Title

Drawing No. &

— e
Parts List No. 3436-F-2002 Page 5of 5.

Reference
Designation

Part No.

Q4

TX2N32514
n

TX2N2920
n
TX2N4857
"

TX2N2369A
n

1"
1"

Preamp Radiometer ‘PC 116
Schematic No, 3436-J-2163

Description

Transistor
il

Transistor
1]

Transistor
1"

Transistor
" .

Failure Mode and Effects Analysis

Rel.Level

Specification
Mil-S-19500/323

"

Mil-S-19500/3554
" :

Mil-$-19500/385
n .

Mil-S-19500/3171]
"

o
"

Failure

Rate

%/1000

Hours
0
.01
.0l
.01

01
.01

ne
sVl

01
.0

.01
.0t
.01
.01

Ambient

Effect of Failure
Curr Pwr.‘flfemgﬁc. Open_Short Other

Derated to
% of Rated
Voitage,
25% 70
- 25% 70
70
70
70
25% 70
25% 70
25% 70
25% 70
25% 70
25% 70
25% 70
10% 70

W s M

T LLL

WA Job No. 3336-062

.Contract NAS5-11385
EsEstimate
Remarks/Notes

3
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. Title OSCILLATOR CARD
;3/" HELIOS RADIOMETER PL 3436-D-2176-1 A
“"—L./ £XPERIMENT 5C PC 730 ’ REV
WASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | symbols sh '
979 RCLLINS AVENUE, ROCKVILLE, MARYLAND 20852 - . .
‘Subsidiary of Quamta Systems Corporation ;:;‘:z:‘;ﬂgé:ﬂzv OR RECURRING.ITEM ggé??;ggifg‘;gs"cg:$no,_ Dwg
Find § Qty Code Part or . : ,
iy e \dent 1dentifying No. . Description Spec or Note
1 1 3436-D-2188-1 Hybrid Oscillator Al WTA 74B
2 1 3436-D-2188-2 Hybrid Oscillator A2 WIA 768 .
3 1 3436-D-2188-3 Hybrid Osicllator A3 WTA 768
411 3436-D-2188-4 Hybrid Osicliater A4 WIA 768
5 1 RHAS Crystal, Y1 26.5 KHz WTA 20611A
6 1 RHAS Crystal, Y2 50 KHZ WTA 20611A
7 1 RHAS Crystal, Y3 65 KHz WTA 20611A
8 1 RHAS Crystal, Y4 -85 KHz VP\X.IT }%%”A
9 A RCRO7G203JS Resistor, R18 39008/1
NIL-S
10 1 TX2N2369A Transistor, Q8 19500/317D
) MIL-C=~
11 1 CKRO6BX 105KS Capacitor, C15 39014/2
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' ” ‘ Title - OSCILLATOR CARD
L 3436-D-2176-2
VA S0 HELIOS RADIOMETER PL !
' EXPERIMENT 5C PC. 730 : REV
WASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | symbols
679 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852 ! e o fsh
Subsidiary of Quanta Systems Corporation ;:;31:%‘2:2::2? OR RECURRING ITEM "Zgéfggggi%:;gg‘zg:gﬂmh Dwg
Find Qty . + Code Part or -
No: | mequ | 5™ Ident \dentifying No. Description Spec or Note
1] 3436-D~2188-5 Hybrid Oscillator A5 WTA 768
: 2| 1 3436-D-2188-6 Hybrid Oscillator A6 : _ WTA 768
3] 1 | 3436-D-2188-7 Hybrid Oscillator A7 WTA 768
, 4l ‘ | 3436-D-2188-8 Hybrid Oscillator A8 WTA 768
% 8 51 1 | RHAS Crystal, Y5 115 KHz WTA 2061
= 61 1 . RHAS Crystal, Y6 150 KHz : WTA 2061
o5 ,
711 RHAS Crystal, Y7 195 KHz WTA 2061
ys ,
< EE g | RHAS Crystal, Y8 255 KHz WTA 2061
o | : ~ IS
] g 9 1 i TA2N3251A Tronsistor, Q4 19500/323
' MILR-
g [ep) 10] 3 RCR07G203JS Resistor, R19, R6, R20 ' 3900 /1
S & nl 1 TX2N2369A Transistor, Q9 : AL T
MIL-C-
& 12] 1 CKROSBX105KS Copacitor, C16 39014/2
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L ~ Title OSCILLATOR CARD 3436-D-2176-3 A
m; HELIOS RADIOMETER PL
=== EXPERIMENT 5C PC 730 REV
':ASHL\'GTOSTECN.\‘OLOG!CAL ASSQCIATES. INC, | symbols »
878 ROI.L‘NS.VA-VENUE. ROCKVILLE, MARY LfND 20852 T;TOTAL QUANTITf oR RECURRING ITEM S - SOURCE CONTROL WG Sth
Suks:d-ay of Quents Systems Corporation B - BULK MATERIAL <PC ~ SPECIFICATION CONTROL L]
find | Qty’ Code Part or s -
No. Reqd Sym dent {dentifying No. Description Spec or Note
1 1 3436-D-2188-9 Hybrid Oscillator A9 WTA 768
2 1 3436-D-2188-10 Hybrid Oscillator A10 WTA 768
3 1 3434-D-2188-11 Hybrid Oscillator All WTA 768
4 1 3434-D-2188-12 Hybrid Oscillator Al12 WTA 768
5 1 RHAS Crystal, Y9 340KHz WTA 20611
é 1 : RHAS Crystal, Y10 445 KHz WTA 20611
7 1 RHAS Crystal, Y11 585 KHz WTA 20611
8 1 RHAS Crystal, Y12 765 KHz WTA 20611
9l 1 : TX2N2351A Transistor, Q) Mis55/3234
101 3 RCRO7G203JS Resistor, RY, R2, RS MIL-R-39008
- MIL=5-,
[S1 R ‘ TX2N2369A Transistor Q3 19500-312D
12y 1 CKRO&BX 105KS Capacitor, Cl MIL-C-39014




Title
. HELIOS RADIOMETER PL _3436-D-2176-4 ,

L7y , EXPERIMENT 5C PC 730 —
WASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | symbols =

979 ROLLING AVENUE, ROCKVILLE, MARYLAND 20852 Sh:

Subsidiary of Quania Sysfns Corporation ;:;31:;222:3? OR RECURRING ITEM :gc'iggggﬁ-'fg“l:ggl—cg:'?ROL - Dwg

Find § Qty Code _ § Part or ipti
No. J Reqd Sym {dent Identifying No. Description Spec or Note
1 1 3436-0-2138-13' Hybrid Oscillator A13 WTA 768
2 1 3436-D-2188-14 Hybrid Oscillator Al4 - WTA 768
3 1 3436-D-2188-15 Hybrid Oscillator A15 WTA 768
4 1 3436-D-2188-16 Hybrid Oscillator A16 WTA 7éB
5 1 RHAS Crystal, Y13 1.010 MHz WTA 20611
3 1 RHAS Crystal, Y14 1.320 MHz WTA 20611
7 i RHAS Crystal, Y15 2.280 MHz WTA 20611
8 i RHAS Crystal, Y16 _3.000 MHz WTA 20611
9 1 TX2N3251A Transistor, Q2
10 | 2 RCRO7G203J5 Resistor, R3, R4
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Tile
Schematic No.

. Drawing No. &
Parts List No.

M

Oscillator Card}
3436-J-2163
Pt .

3436-D-217671

Reference :
. Designation Part No.

Al 3436~D=2188-1
A2 3436-D~-2188-2
A3 3436-D-2188-3

. A4 3436-D-2188-4|
Y1 RHA'5
Y2 RHA 5

‘Y3 RHA S5
Y4 RHA 5
R18 RCR07G203JS
Qs | TX2N2369A
c1s CKRO6BX105K]

PC 730

pescrigtion

Hybrid Osd llator

Hybrid Oscillator

Hybrid Oscillator
!l "

Crystal
Crystal
1"t

Resistor
Transistor

Capacitor

Mil-C-39014/2

it - T S : o
oL Job No. 3436-¢02
- .Contract NAS5-1l285
Faflure Mode and Effects Analysis :
EsEstimate
Rel.Level
Failure Derated to
Rate % of Rated il
%/1000 Voltage, = Ambient - Effect of Failure
Specification  Hoyrs < Curr, Pwr, Temp,°C. Open Short Other Remarks/Notas
- WTA 76B e 70 o i IR B 3
WTA 16 B~ 216 70 F . |F
WTA 76 B 16 70 F F
WTA 76 B 16 70 F |F
: -] e .
‘WTA 20611A 16 70 F F
WTA 20611A Jdé 70 F F .
"o 18 10 F F ;
" 16 70 . F F -
Mil-R-39008/1 | .001 70 F F . )
Mil-S-19500/317D .01 70 ® F
.001 70 F F
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- ‘Title + Oscillator Card 2 PC 730
Schematic No. 3436-3J-2163 °

Drawing No.& :

Parts List Jo, _3436-D-2176-2

Refarence - i :
Designation Part No. - Description
" As 3436-D-2188-5 | Hybrid Oscillator
A6 . 13436-D-2188-6 " "o
"AT 3156-D-2188-7 " -
A8 . 3436-D-2188-8 “ e
Ys RHA 5 Crystal
i ys " . "
Y7 i L ‘ "
e LR - "
Q4 TX2N3251A Transistor
R19 RCR07G203JS " | Resistor’
Rs " "
Rzo " "
Q9. TX2N2369A Transistor

C16 CKRO6BX105KS Ca.pacitor

' -

Failure Mode and Effects Analysi;

Rel.Level

Failure Derated to
Rate

%/1000

Specification
WTAT6B:
LL R

"

"

WTA 20611 A
(N st

Mil-5-18500/323,
Mil-R-39008/1

1

l‘l
Mil-5-19500/317]

Mil-C-39014/2

16
16
.16
16

.2
.2
.2
.2

.01

.001-
001
.001 ¢
b.01 -

001"

Ambient
Hours ° Curr, Pwr, Temp2 C. Open Short Other

W2 Job Neo. 3136-0%2
.Contract NaS5-3838

EsEstimate

Effect of Failure

Remarks/Nozes
Qemaras s

LA L LR L L LR
PRI




-

Title Oscillator Card 3 PC T30
Schematic No. 3436-J-2163 .

Drawing No,

Parts List No 3436-D~ 2175-3

—

F;ilure Mode and Effects Analysis

Rel. Level
Failure Derated to

-

Reference ;
Dc;iznatig:_x Part No, Description
a9 |3a36-D-2188-9 | Hybrid Oseillator
Al0 ls436-p-2188-10} " B
A1l 3436-D-2188-111 " "
Al2 3436-D-2188-12| " "
Y9 RHA & Crystal
YIO 1] . "
Yll " n
le " n *
Q1 TX2N3251A Transistor
‘Rl RCR07G203JS * | Resistor’
Rz ”n 1]
Bs n 4]
Q3 TX2N2369A Transistor
cl CKRO6BX105KS | Capacitor
L]
)

Sgecification
WTAT68B .'
" -

WTA 20611 A
w o, "

Mil-S-19500/3234

Mil-R-39008/1
"

Mil~-S-19500/312if

Mil-C-39014/2

Rate

%/ 1000

Hours
16
16

16
16

% of Rated
oltage,
© Curr; Pwr,

Ambient -

Temp.oC. Open Siort Other

Effect of Failure

70
70
70
70

70

W m. mem M mmmM WA
W M M e wem

Wi Job No. 3436-882

Nass-ses

EsEstimate

Remarks/Notes
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5004 40
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-

PC 730

Title Oscillator Card 4

Schematic No., 3436-J-2163  °

Drawing No. &

Parts List No. 3435-p-2176 =4

Reference

Desicnation Part No. Description
Al3 3436-D-2188-13

Hybrid Oscillator
" "

Ald 13436-D-2188-14
Al5 3436-D-2188-15| " "
A18 {3436-p-2isg-16| " - "
Y13 RHA 5 Crystal
Y14 RHA § Crystal
Y15 RHA & Crystal
Y16 RHA S Crystal b
Q@ TX2N3251A Transistor .
RQ RCRO07G203JS - | Resistor -

R‘ 11 " X .

—

Failure Mode and Effects Analysis

Specification
WTA1T6B -
0] N
"

"

WTA 206114
WTA 206114
WTA 20611A
WTA 20611A

Mil-5~18500/323!

Mil-.R-SQOOSIl
p .

Rel.Level

Failure Derated to
% of Rated
%/1000 Valtage,

Hours =~ Qurr,Pwr.

Rate

16
.16
16
6

Ambient”

Temp.2C. Opea Short Otner

Effect of Failure

70
70
70
70

10
70
170
70 .

70

70
70

m a Emen A
m W e e

W .3 Job No. 3435-032

-Contract

NAS5-.1388

EsEstimate

Remarks/Notes




LTR .! DESCRIPTION OF REVISION DATE APPROVED

A Added Sheet 1, Completely Revised ‘ 21/ / ..
ced st 72

] Revised per DCIN PL3436-D-2169-A2 _ { K4 VA

3-7-13{ w2

Cy Change l;/N of Item 24 from RM741

D] | Revision per DCN PL3436-D-2169 DI ' ' . o3 | W82

1" - )
P i ’ - -

i
i
;
;
t

e

Staws of Revision of Each Sheet

1 f2Ys3lalsis)71s])y Jofyi §e2fi3ragis 16 17l sfaofar Ja2l2afaspes)ae ez ]ze 2303031 §32f3affaafas s farfse]s st

" e

S e v s

1
il
L

!}1‘,’._‘3 _ WASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | TITLE AGC AMPL'F'ER' HELIOS RAD'OMETER

O

Tls eehville, Marylas '
LLlngy et . EXPERIMENT 5C, PC724
qusnts eystéme carparetsn
I NAME DATE
PREPARED BY A g-21-72

3434-D=2163 PROJECT ERCR. Y 7777 cooe roenT OWG NO. REV

Al
- NEXT ASSY - USED ON APPROVED /S"rr/'dlﬁ_o G229 80615 3436-D-2169 D

L APPLICATION CONTRACTOR APPROVAL. vaTE CONTAACY  NAS 5-11396 [sweer 1 or 3

T e e o




-

[REEE N

RASHINGTON TECHNOLOGICAL ASSOCIATES, INC.
979 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852
Subsidiary of Quanta Systems Corparation

Title AGC AMPLIFIER

PL 3¢-p-2169

HELIOS RADIOMETER A
EXPERIMENT 5C, PC 724 REV
Symhols
T=TOTAL QUANTITY OR RECURRING ITEM 5C =-SOURCE CCHTROL DWG SD:vg
B - BULK MATERIAL SPC ~SPECIFICATION CONTROL

f\:;d l?:'d Sym :‘:12:: |aenri£;;‘ir?; No._ Description Spec or Note

1 8 CKRO6BX 103KS - Capacitor, C1, C2, C4, C5, C6, C7, C11, C12 MIL-C~39014/3
2 1 CKROSBX105KS Capacitor, C3 MIL-C~39014/3
3 2 CKRO5BX101KS Copécitor MIL-C-39014/1
4 1 CKRO5BX121KS Capacitor, €13 MIL-C-39014/1
5 1 ékkosaxmzxs Capacitor, C10 MIL-C-39014/1
6 1 RLRO7C301 5 Resistor, R} MIL-R-39017/1
7 2 RLRO7C103JS Resistor, R2, R3 MIL-R-39017/1
8 1 RCRO7G104J5 Resistor, R4 MIL-R-39008/1
9 1 RLRO7C512J5 Resistor, RS MIL-R-39017/1
10 1 RCRO7G  JS Resistor, R6 MIL-R-3900 /1
1 T RCRO7G394J5 Resistor

12 |1 RCRO7G104JS Resistor, R8

13 ] RCRO7G 47535 Resistor, R9

14 1 RCRO7G623J5 Resister, R10

15 ! TX1N645 Diode, CRI, CR2

16 2 JANTXINS711 Diode, CR3, CR4

17 1 TX2N4857 Trensistor, (FET), Q1

18 1 TX2N2369 Transistor, Q2




3

'

o] @OVd TVNIDIEO

ZrTvab 00 40

) Tile  AGC AMPLIFIER
Ly HELIOS RADIOMETER PL sus-p-21e0 A
== EXPERIMENT 5C PC 724 ) - REV
WASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | symbals
§79 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852 sh

Kby of Qan siens Corprst Ttomw oy on e e SET SRR o, ows
Find | Qty Code Ppart or ; -
No. | Reqd Sym Ident \dentifying No. Description Spec or Note

MIL=5~
19. 1 TX2N3251 Tronsistor, Q3 195007395
20 1 MC-1552GH2 Integrated Circuit, Al ’ WTA20610G
- | WIASPEC.__|.

21 1 RM741 Integrated Circuit, A2 23755




PC 724

Pagel of 2

Description

Capacitor
" .

Capacitor
"
"

Capacitor
\1

Resistor
u
"

Resistor
[1]

Title AGC Amplifier

-Schematic No, - 3436-3-2163

Drawing No.& - B

Parts List No. 3436-D-2169

Reference o

Designation Part No,

C-1 CKR06BX103KS

C'2 ! - n

C'4 n

C'5 "

C'B n

C"? L1

C"ll "

Cc-12 "

c-3 CKRO6BX105KS

C-8 CKRO5BX101KS
. C-9 ‘ "

C-13 CKRO05BX121KS

C-10 CKRO5BX102KS

R-1 RLRO7C301JS

R-2 RLR07C103JS

R-3 "

R-4 RCR07G104JS

R-5 RLR07C512J8

R-6 RCRO7G JS

R-7 RCR07G394JS

R-8 RCR07G104JS

R-9 RCRO7G475JS

R-10 RCR07G623JS

Failure Mode and Effects Analysis

" WTA Job No, 3436-002

Rel. Level
Failure Derated To
Rate % of Rated '
%/1000 - Voltage,  Ambient Effect of Failure
Specification Hours Curr,Pwr. Temp.9C. Open Short Other

i1-C-39014/2 . 001 02% 700 PF F
" 001 25% 700 PF F

" . 001 02% 700 PF PF
" . 001 20% 70° PF | F
" 1.001 20% - | 700 PF | F

" . 001 02% 700 PF | PF

" . 001 10% 700 PF | PF

" . 001 20% 700 PF | PF
i1-C-39014/2 001 10% 700 F F
i1-C-39014/1 . 001 20% 700 F F
"o .001 10% 700 F F
i1-C-39014/1 . 001 20% 70° F F
" .001 10% 700 PF | F
¢ [Mil-C-39017/1 . 001 10% 70° F F
FM " . 001 10% 70° F F
" . 001 10% 70° F F
Mil-R-39008/1 . 001 019 700 F F
Mil-R-39017/1 . 001 01% 70° F «| F
Mil-R-39008/1 .001 10% 700 F F
" L0011 10% 700 F F
Mil-R=-39008/1 .001 01% 700 F F
o .001 01% 70° F F
" .001 01% 700 F F

.Contract

NAS5-11396

E*Estimate

- Remarl‘:'s‘lgo:es

Value to be Determined




Title

Schematic No.
"Drawing No. &

Parts List No. 3436-D-2165  Page 2 of 2

3436-7-2163

Reference .
Designation Part No. -
CR1 TXING645
CR 2 "

CR 3 JANTXIN5711
CR 4 "
Q1l TX2N4857
Q2 TX2N2369
Q3 TX2N3251
A-1 MCI1552GH2
A-2 1 rM 741

g1 @HVd 'TVNIDIHO

xITTVOD ¥00d IO

PRy

Figemois et

" AGC Amplifier PC 724

RS oA siaean

Description

Diode
"

Diode
"

Transistor
t B

Integrated Circuit

"

PR

—y

-—

Failure Mode and Effects Analysis

Failure Derated To

Rate % of Rated
%/1000 Voltage, Ambient Effect of Failure
Specification  Hours Curr, Pwr.  TempOC. Open Short Other
Mil-S~195006/270 | .01 10% 700 F F
" .01 10% | 700 F F
Mil-S-19500/444 | .0 10% 700 F F
4 " ] .o |- 10% 700 F F
Mil-S-19500/385 1..01 10% 70° F F
Mil-S-18500/317 | ..01 50% 70° F F
Mil-§-19500/323 | ..0 50% 700 F F
WTA 20610G 08 | 70° F
WTA 23755 .08 70° F |F

WTA Job No. 3436-002

.Contract -NAS5-11396

-

EsEstimate

Remarks/Notes

eses Wl



LYIR DESCRIPTION OF REVISION DATE APPROVED
A Ada"ed Sheet 1 and ltems 6, 7, 8, 9, ond 10 9/6/72{ Odarchenko
B | Revised per DCN PL3436-D-2174-Al and PL3436-D-2174-A2 H-1372 PO

- - - - |9 r
€ | Revised per DCN PL3436-D-2174 Bl j ] R ¥

i - ~ :-1-72 |+ v
D | Revised per DCN PL3436-D-2174 = C1

S5libs | V@

E Revised per DCN 3436-D-2175-C1

’
) _ )
Status of Revision of Each Sheet ) ‘
v halstslsbed70eqsfro]v[iabra]ialis|ializhia)is]zofar Yozl 2a 2 fas |26 |27 Yam f oo Jao | s |32 f 2] 3a a5 | a5 | a7 |38 | 2 f2o | ot
i
AlA
BIRB :
cic i
DD '
'
ELE .
_jz’r?%’ir nsu|acroanricv|:|?:;oﬁ:;:':z;Asmmn:s. we. | MTE | 6G1C CARD 2, HELIOS RADIOMETER .
Sl L eeants eystema carpavaiion . PC ASSEMBLY (PC 728) EXPERIMENT 5C | |
NAME DATE - o P - H
PREPARED BY M 557 Do

3435-p=2183 PROJECT ENGR. 4 G Y L A BT oWG RO, 37
NEXT Assy USED ON APPROVED ,{%{L s0. 9 =772 00615 PL 3434-D-2174 E ;
APPLICATION CONTRACTOR APPROVAL DATE CONTRACT NIAS 5-11396 Jsweer y or 2 .

i & 1 t




st

Title | OGIC CARD 2, HELIOS RADIOMETER

T A
MI EXPERIMENT 5C, PC.728 PL 3436-D-2174
Bl 3 - REV
TASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | Symbols
972 ROLLING AVENUE, ROCKVILLE, MARYLAND 20852 : sh
Cobct ae, of Quanra §; . T «TOTAL GUANTITY OR RECURRING ITEM 5C - SOURCE CONTROL. OWG Divg
4 v < 2 «BULK MATERIAL SPC ~SPECIFICATION CONTROL.
Find { Qty Code " partor - )
No. | Reqd ident identifying No. Bescription Spec or Note
1 2 RCRO7G103J5 ‘ Resistor, R61, R61 MIL-R-39008/1
2 2 CKROS = = =IS Capocitor, €40, C41
: MSFC SPEC
3 3 01295 SNS5S4LI10F]. _Integrated Circuit, All, Al3, Al4 8514Q376
MSFC SPEC
4 1 01295 SINS54L73F1 Inteqrated Circuit, Al0 85M 0376
" ‘ . MSFC SPEC
5 2. 01295 SN54L00F1 Integrated Cireuit, A12, Alé 85MO376
b 1 RCRO7G393JS Resistor, R85 MiL-R-39008/1
Z 1 CKRO58X221KS Capacitor, C51 MIL-C-39014/1




Title

Schematic No.
Drawing No,

Pt

Logic Card 2

3436-J-2163

R B LT RVEE

R

e

PC 728

Parts List No, 3436-D-2174 Pagel of

Reference .
Designation " Part No.
R61 RCRO07G103JS
R62 " .
C40 ICKRO6 JS
C41 '
All SNS4L10F1
Al3 "
Al4 '’
Al0 SN54L.73F1
Al2 SN54L00F1
Al6 "
R85 RCR07G393JS
C51 CKRO05BX221KS

Descx‘ig‘ tion
Resistor

Capacitor
"

. integrated Circuit

Integrated Circuit

Integrated Circuit
' 1ll . 1"
Resistor

Capacitor

A e

[

prre—

o e ¢

Failure Mode and Effects Analysis

Specification
Mil-R-39008/1

Mil-C-39014/2
"

MSFC Spec. =
85MO376
"

"

MSFC Spec.
85MO376
L1}

Mil-R-39008/1

Mil-C-38014/1

Failure
Rate

%/ 1000
Hours

. 001
.001

. 001
. 001

.02

.02
.02

.001

.001

[P

Effect of Failure
Open Short Other

Derated to
% of Rated
Voltage, Ambient
Curr, Pwr. TempSC.
3% 70
3% 70
25% 70
25% 70
70
70
70
70
70
70
2% 70
25% 70

o o wm om m mm W mg mom

Mmoo W m mm om mm o

WTA Job No. 3436-002
Contract NAS5-11396

E=Estimate

Remarks /Notes

TBD
TBD
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LTR DESCRIPTION OF REVISION DATE APPROVED

A Added Sheet 1, CR23 to Item &, R86 to ltem 11 e R

_ Deleted R46 from Item 2, R72 from ltem 3, CR19, CR!6, CR15, CR20, and CR2) from Item &
Added Items 12 through 14

9/6/72 |Odorchenko

‘B Revised per DCN PL3436-D~2173-A1 and DCN PL3436-D=2173-A2

11;123/ @0

C | Revised per DCN PL3436-D-2173-A3 \N\5/73 '@3
D | Revised per DCN PL3436-D-2173-Ad 18073
E Revised per DCN PL3436-D-2173-E1 5/15/73 R

' F | Revised per DCN PL3436-D-2173-F1 . ' hans| &

G | Revised per DCN PL3436-D-2175-G1

.

(2fefys| V&

Status of Rovision of Each Sheet

IMEXESENEE KA K& LB KX RUN AN R53 £EF KRN RT3 U3 Bkd 203 KU B EXR ER A R PO B P B A R E S R I I eI A EIneEeEEm
ATALA
BiB{~
ClCi~
DIDi™ .
EJELE
£l-
GG
JiTflam ) WASHINCTON TECHNOLOGICAL ASSOCIATES, INC. | TITLE
N2y Reckvilie, Maryland . .
T et Quanle sysleme cecperelian LOGIC CARD I, HELIOS RADIOMETER
NAME OATE PC ASSEMBLY (PC 727) EXPERIMENT 5C
; PREPARED BY . \\+ 2__?_ J2 T
3436-D-2183 PROJECT ENGR: 1& &//7/'(/) 7 ST OWG NO. REV .
NEXT ASSY USED ON APPROVED ,Q f %‘OO .9,3_7"‘); PL 3436-D-2173 G
APPLICATION CONTRACTOR APPROVAL DaTE CONIIACT NAS 5-11396 l‘"“‘f 1 or 2




ASHINGTON TECHNOLOGICAL ASSOCIATES, INC.

979 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852
Subsidiary of Quanta Systems Corparation

Title

LOGIC CARD 1, HELIOS RADIOMETER
EXPERIMENT 5C, PC727

L ass-p2173

G

REV

Symbols

T «TOTAL QUAKRTITY OR RECURRING (TEM
B - BULK MATERIAL .

SC = SOURCE CCNTROL DWG

SPC -~ SPECIFICATION CONTROL

sh 2
Dwg

Find Qty ; Code.. Part or P ¥ .
;\10- Req'd Sym ident Identifying No. Description Spee or Note
1 | 2 ; RCRO7G203JS Resistor 20K, 1/dw, 5%, R49, R70 MIL-R-35003/1
2 | G R CrO7G 10358 Resistor 10K, 1/4w, 5%, R71 ) MIL-R-3%002/1
3| s .. RCRO7G 104JS Resistor 100K, 1/4w, 5%, R47, R48, R73, R74, R75, R76 IMIL-r-3700°1
41 | rero7G10055 Resistor 10 ohms, 1/dw, 5%, R58 MIL-R-37C07/}
512 CKROZBX105KS Capacitor, 1uf, 50V, 10%, €37, C45 . |mit-c-3tme2
- . —- : MIL=S-1:3C0/
6 |1 o TXINZ45 Diode,  CRI4 2.4n
~ - - MIL-5-155707
7 1 TXIN750 Diode, Zensr, CR23 27
: ) s MIL=S-T5330/
i 8 3 TX2NZ35%A Transistor, NPN, Q14, Q15, Q16 317
: — - NIL=5-13300/
9 3. | : TX2N3I251A ‘Yransistor, PNP, Q11, Q12, QI3 323 :
. ; . ) MSFC SPE
10 |1 { | SN54L0TFH ; Intearated Circuit, A9 15MQ3765
n | ! I | RerO7G1530s MiL-R-35¢d”A

' [

Resistor, 15K, 1/4w, 5%, RB6

] i . i . i .




0o 4004 Y
‘g1 movd TvNIDIEO
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Title

Drawing No.

Parts List No.

Reference
Designation

-

3436-D-2173

?art No.

R69
R70 -

R71
R51

R44
R45
R4T
R48
R50
R73
R74
R73
R76

R58

C37
Ci5
CR13
CR14
CR23

CR18

RCRO7G203JS
(L
RCRO7G102JS
" .

RCROTG104JS
" B

" .

RCR07G100JS.

c‘:xaosaxxosxé
L}

TXING4S
02

TXINTS6A

Logic Card 1 PC 127
Schematic No. _3438-J-2163 .

Pagel of 2

Descrigtioix

Resistor
"

Resistor
113

Resistor
"

Resistor
Capacitor

i1 .

Diode

n

n

Diode

Froeimea . F nemes

¥
o
v
P

Failure Mode and Effects Analysis

Rel.Level
Failure Derated to

Rate % of Rated :
oltare, . Ambient

%/1000 - Voliage, Effect of Failure

Specification  Hours Curr,Pwer. Temp.°C. Open Short Other
Mil-R-39008f1 | .001| 3% 70 F |F

n 1 L001] 1% 70 F |F
Mil-R-39008/1 | .001| 3% 70 F |F
x 1 .001] 3% - 70 F |F -
Mil-R-39008/1 | .001}] 1% 70 F |F

"o o {.o0n| 1 70 F | F
gl o001 1% 70 F | F

1 .o01l 1% 70 F |F .
" : coo1] 1% 70 F IF

" .001 1% 70 F F

" Jo01| 19 70 F |F

" ) 001} 1% 70 F |F .
J .00} - 1% 70 F | F

. , i

Mil-R-390087/1" | .001 20% 70 “F F
Mil-C-39014f2 | .001} 25% 70 PF| F

n * | .o01] 25% 70 PF | F
Mil-S-19500/240¢ .01 10% 70 | F|F

" LV .01 10% 70 F F

" .01 20% 70 F | F
Mil-§-18500/127 | - -0 20% 70 F|F

WTA Job No. 3436-002

NAS5-11398

EsEstimate

Remarks/Notes



Title
Schermatic No,
Drawing No.

Parts List No., 3436-D-2173 __ Page 2 of 2

Reference

Designation Part No, -
Q14 TX2N23694A
Qi5 " :
Qls "

Qi1 TX2N3251A
le "
Q13 "
A9 SN54L01F1
R53 RCR07G383JS
R86 " .
[
pes

1)
A

53

EIrTYad wood Jdo
81 DV TVMIE

Logic Card ; PC 727
3436-D-2163

Descrigtiod

Transistor
"

Transistor
"

Integi'ated éix:cuit

Resistor
i

PR

SR

Failure Mode and Effects Analysis

Specification
Mil-§~19500/317
"

Mil-S-19500/323
111

1"

MSFC Spec.
85MO3766
Mil-R-39008/1
L13

Rel. Level

Failure Derated to
% of Rated
‘Voltage,

Rate
%/1000
Hours

.01
.01
- .0]
©.0
> -o‘
N

.02

.001
-001

WOl

20%
20%

20% .

20%
20%
20%

3%
1%

Ambient

Effect of Failure
Curr, Pwr. Temp.°C. Open Short Other

70
70
70

70
70
70
70

70
70

o wg .

M om mmm

WTA Job No. 3436-0G2

NAS5-11388

EsEstimate

Rermarxs/Notes

cometemmacy

Srermmeemonat



LTR OESCRIPTION OF REVISION OATE APPROVED
A | Added Sheet 1and ltems 13, 14, and 15 9/6/72} Odarchenko
B | Revised per DCN PL3436-D=2175 Al 3077 W2

. . " '-2 i o
C | Revised per DCN 3436-D-2175-C) o3| W2

. .

Status of Rovision of Each Sheet
|2345S7.5‘)13\!!213!415\6\7!819202\2223242526272829333132333(3535373539300
AlA
B I8
cicC

i/ fimt WASHINCTON TECHMNOLOGICAL ASSOCIATES, INC. | TITLE LOGIC CARD 3, HEL]QS RADIOMETER
L7 75 e T aratan _ EXPERIMENT 5C (PC 726)
NAME DATE
: PREPARED BY M G:9-72
3435-D-2183 PROJECT ENGR, 2, //'{"’; Y 20- 7 cooe iweny OWG NO. nEv
NEXT assY useo on APPROVED T dald {5-27-7221 00615 PL 3436-D-2175 c
APPLICATION CONTRACTOR APPROVAL SATE CONTRACTIJAS 5-11396 Isnt:‘r] of 2
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-




- - -Ssitle . LOGIC CARD 3, HELIOS RADIOMETER
EXPERIMENT 5C PC 726 PL 3436-0-2175 e
; ' : REV
WASHINGTON TECIINOLOGICAL--ASSOCL\TES. INC._| symbols
673 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852 T TOTAL QUANTITY OR RE S . +C - SOURCE CONTROL DWG sh .2
Subsidiary.of Quanta Sy Corporati B-BULK MATERmIIY’ R RECURRING (TEM SPC ~SPECIFICATION CONTROL Owg
Find Qty Code * Partor -
No. Reqd Sym fdent tdentifying No. Description Spec or Note
1 1 RCRO7GS513 55 Resistor, 51K, 1/4W, 5%, R54 - MIL-R=-39008/1
2 3 RCR07G512JS" Resistor, 5.1K, 1/4W, 5%, R56, R39, R6O ] MIL-R-35003/1
3 2 RCRO7TG - - § Resistor, TBD, 1/4W, 5%, ~, RS5 _ MILZE-39008/1
4 2 VRCR07G100JS . Resistor, 10ohms, 1/4W, 5%, R63, R64 MIL-R=-3%0021
5 3 RLRO7CS = =S ] Resistor, TBD; 1 /4W, 5%, R65, R66, R67 MIL-R-39017,
[ 2 CKRO5BX470KS Capacitor, 47 pf, 200V, 10%, €33, C34 MIL-C=35014
7 1 CSRIBEI07KS. . Capacitor, 100 uf, 20V, 10%, C35 ’ MIL-C~39003/1
8 1 CKRO5= = =S Copacitor, TBD cas Mt =C-3001471
9 .2 CKRO6BX105KS Caopocitor, 1 U f, 100V, |0°,¢.-. €38, €39 M!L-C-39014/2
: MIL=5~19500/
10 6 TX1NS45 Diode, CR7, CRY, CRIO CRI1,. CR12, CRS 245C
. - " MSECSET
11 1 01295 SN54LOOF) Intearoted Ckt., AlS C [} 85M(C 3765
. ‘ — . VTA SPEC
12 2 RM741 . Inteqrated Ckt., Al7, Al8 23],55_'

"

L
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Title
Schematic No.
Drawing No.&

Parts List No, 3436-D-2175

Logic Card 3

3436-3-2163

Description

Pagelof 2

4

Reference

Desigaation Part No.
R34 RCR07G513JS | Resistor
R56 RCR07G612JS | Resisto
ng " 1" N
R'so " "
R57 RCRO7TG S | Resistor
B35 ", i
R63 RCRO7G100JS | Resistor
R64 " . " )
R65 RLRO7CS S | Resistor”
RSS (1} "
R67 " "
C33 CKR05BX470K§. Capacitor
C34 " w.
C35 CSR13E107KS | Capacitor
€36 CKRO05 S Capacitor
c3s ' CKRO6BX105Kp Capacitor
C39 . «H . 1t
CR? TXING45 Diode
CRQ S 1"
CRlo [1] "
Call i 1

1

Vet

—

Failure Mode and Effects Analysis

Sgecification
Mil-R-3900871
Mil-R-39008/1
1

Mil-R-39008/1
"
Mil-R-39008/1.
1" .

Mil-R~-39017/1
[1}

Mil-C-39014/1"
1]

Mil-C-39003/1

Mil-C-39014/1

Mil-C~39014/2
-1t

¥

Mil-S-18500/240
b1}

T

Rel.level
Failure Deratedto
Rate % of Rated .
%/1000 _Voitage, Ambient
Hours = Curr, Pwr. Temg.o .
001 10% 70
. 001 10% 70
.001 10% 10
. 001 10% . 10 -
Lo01|  10% 70
.001 10% 70
oot} 5% 70
.001 5% 70
Joo1| 1%, {0
. 001 5% 70 -
.001 1% 70
001 2% . 70
.001 2% 70
L001] - 25% 70
.001 2% - 70
.001] 25% 70
.001| 25%. 70
o) 10% 70
.0l 10% 70
.01 10% 70.
10% 70

Effect of Failure
Open Short Other

F |F

F |F

F |F

F |F

F |F

F |F

F |PF

F |PF"

F

F .
F

. :
F

"
wpwpng md mm me

W o5 Job No. 3336-8C2

.Contract NAS3-1lsse
E=Estimate
Remarks/Notss
TBD
TBD . -
. TBD
. TBD
TBD
TBD

Boonm rsesdt
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Scheématic No.
Drawing No. &

,

Logic Card 3~ PC 726
3436-J-2163

Parts List No. ~ 3436-D-2175
icference
Desiznation -+ Part No,
CR12' | TXING4S.
CR8 ' wo
Al SN54L00F1
Al7 RM 741
n .

AlS

4004 d0
g 3ovd Ty NIDIE0

e

~Page 2 of 2

Description
Diode
"

Integrated Circuit

Integrated Circuit
L1} "

.

~——

" Failure Mode and Effccts Analysis

Sgecification

Rel.Level

Failure Deratedto
% of Rated

Rate
o/1000 Voitage,

" Mil-$-19500/240¢ .01 |
" . N -o‘

MSFC Spec. = .02
85MO3786 )

WTA Spee.23755] *.02
" . ‘1 .08

10%
10%

Ambient °

Hours °~ Curr, Pwr. TemplC,

Effect of Failure
Open Short Other

170
70

70

70
70

F

mug W mn

F
F
F
F

W oot Job No, 3435-032

N33§5-0i883

EsEstimate

Remarks/Notes
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rerm e o -

s me s o g AT -

"lixlc - ) i i
|F HELIOS RADIOMETER 7l ase-D-222 c
EXPERIMENT 5C (PC784) ! v
FASHINGTON TECH.\'OLOG!C:\L ASSOCIATES, INC. | symbols
978 HOLLINS AVERUE, ROCRVILLE. MARYLAND 20852 S e ~ _ . S - SOURCE CONTROL DK sh 2
Subsidiary af Quania Systems Co(para:io- E:BSI:(‘:-‘?‘;E:T&EY OR RECURRING TTEM pont -SFEC\FICATION CCN;?‘O'_ g

Fp,-:d ;?ga Syﬁ\ ﬁ:: ]dénz:;;‘i:g' No. Cescription Suec o Note
— TAK742

1 1 MS90537-19 Coil RE, 3,3 UH, 14 FAIL-C-15305

2 | 2 MC1552GH2” Inteqrated Circuit A3, A19 - WTA 20510

3 2 CM___KS Capaeitor (18D), €50, C23 o

4 | 2 CKROSBX101KS . Capacitor, 1005 @ 200V, 10%, €17, C2I MIL=C-39014/]

5 1 5 CKROSBX104KS | copacitor, .1 UF @ 50V, 10%, C12£54, €55, C36, cs7 -C=37014

6 | 2 _ CKROSBX105KS Cosacitor, 1 UF @ 50V, 102, €18, €20 MIL-C-35014/2

7 {7 RCRO7G IS, " Resistor, (18D), R2¢, R95, R107, R10B, R109, RO, RUS = MIL-R-37002/ §

8 | 2 RCRO7G100JS Resistor, 10 ohms, 1/4w, 5%, 25, R111 " -1 MIL-R=3900¢

9 | 1 RCRO7G751JS Resistor, 750 ohms, 1/4w, 5%, R23 MIL-R-39008/1

10 3 ' Thermistor (TBD), R91, R112 R4 -

L3



g e e e :
Tt . Tevmriis T Folw T e

i ‘ . WTa Job No. 3336-302

. e — : .Contract NAS3-113¢3
i Failure Mode and Eifects Analysis
Titte © IF  PCT84 L
Schematic No, 3436-J-2163 ' : EsEstimate
Drawing No. &
3 i . o : Rel.Level
3 -2 i ee——
Parts List No, _3436-D-2252 Failure Derated to
Referen : " Rate % of Rated
i .g;e're;.c_e 3 . 7,/1000 Voltage, Ambient Effect of Failure
Designation Part No. Description Sge'cification Hours Curr,Pwr. Temp? C Open Short Other Remarks/Notes
L4 | Ms 90337-19 - {Coil, RF- -~ {001 20% 70 "{ PF |F
A3 : MC1552GH2 Integrated Circuit WTA 20610 .08 70 F F
- C50 CKRO5BX KS| Capacitor . Mil-C-39014/1 1 .001 10% 70 PF | F TBD
c23 1" " i " . 001 10% N 70 PF | F TBD
:C117 CKROSBX101KS| Capacitor ~ Mil-c-39014/1 | .o01} 3% "l 0 F |F
c21 " " Lo " . 001 3% 70 F NF - .
C19 CKROSBXIO4KS Capacitor ' Mil-C-39014/1 . 001 10% 70 - PF {F _
C18 CKR06BX105K S Capacitor Mil-C-39014/2 .001 12% 70 PF | F
c20 " it . " . 001 12% 70 PF | F
-~ R28 » RCRO7G JS Resistor‘ Mil-R-3900é/1 . 001 10% 70 F PF - TBD
RO5 " " . " .00l 10% 10 F |PF | TBD
" R25 - | RCR07G100JS " b " Lo01} 50%" 70 F |PF .
R23 iRCR07G75 1JS jResistor Mil-R=39008/1 .001 2% 10 PF | F :
R91 ! ' Thermistor .001} 10% 70 PF | PF ‘f  TBD
i i ) H
i i :
: ' !
! : i ’
¥ '
B | ;
i |
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TASHINGTON TECHNOLOGICAL-ASSOCIATES, INC. [ symbols
979 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852
Subsidiary of Quania Systems Corporatior:

e ) Yitle

i

TRANSFORMER BOARD
HELIOS RADIOMETER
EXPERIMENT 5C PC732

PL 343¢-p-2185

Ts®

REV

T - TOTAL QUANTITY OR RECURRING ITEM
B »~ BULK MATERIAL

5C - 50URCE CONTROL CWG
SPC «SPECIFICATION CONTROL

sh2
Dwg

Find Qty “'Code Partor - i . )
No. | Reqd Sym Ident {dentitying No. "Descnpuon Spec ot Note
] 1 - SH-79 Transformer, T1 - WTA 22344
~R48,R98,R97 K99, RT00,RTOT, R10Z,
2 10 RCRO7G IS Resistor, {IBD), 1 /4w, 5% R103,R104,R105 MIL-R-39003/
3 |1 RCRO7G240JS Resistor, 24 ohm, 1 /4w, 5% ROR MIL-R-35008A |

s g

P



Title
~ Schematic No.
Drawing No, &
. Parts List No.

pe

Trénsformer Board PC 732

Reference
Designation . Part No.
T1 SH 79
RY6 RCRO7G JS
R97 " .
R99 "
R48 "
"R98 RCR07G240 JS

0P 004 40
o1 gova TVNIONO

3436-J-2183 -

3436-D-2185

Description
Transformer
Resistor
i

"
1

Resistor

Failure Mode and Effects Analysis

Specification
WTA 22344.

Mil-R-39008/1
i

Mil-R-39008/1

Rel. Level
Failure Derated to
Rate % of Rated .
%/1000 . Voltage, Ambient Effect of Failure
Hoars Curr,Pwr. Temp.°C. Open Short Other
.05 25% 10 F PF
- . 001 20% . 70 - F PF
+,001 20% 10 F PF
.001 20% 70 F PF
.001 20% 70 F PF
.00}  20% 70 F |PF

WTA Job No. 3436-002

.Contract

NAS5-1363

E=Estimate

TBD
TBD
TBD

TBD

TBD

Remarks/Notes

.

Bt i §
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L ASHINGTON TECHUNOLOGICAL ASSOCIATES, INC.

e,
- ¥

Title. MOTHLR BOARD PC731-1

HELIOS 2ADIOMETER
EXPESIMENT 5C

PL e

D-2123

Symbols

ga mALL G AVENGE, ROCKVILLE, MARYLAND 20852 ) sh2
Subsidicry of Quanta Svstems Corparation TR SaEi T o FECURRMG TR i o conTAOL Deg
T\if:f !S:tc;ld Sym l(c:itxd:: ldcnfi;;;‘i:; Na. Cescription Sgec cr'r\:ou:
SR 3436-C-2167 Mixer-Filter =IF Assorbly WIA
2 i1 | 3433-0-2173 Logic Circuit 1, PC727 WIA
3 1 3435-D-2174" Logic Circuit 2, PC723 WIA .
= i .3435-0-2175 Logic Circuit 3, PCI26 WA
s 474-D=2250 Qutcyt Circuit, PCI29" ] VITA
¢ 10 3435-D-2169 ' AGC Amplificr, PC724 VITA  »
i 3434-D-2174-1 Osciliatnr, PC730 VITA
PR 243:-D-217A=2 Cscillator, PC730 WIA
> | 3436-D=2174-3 Oscillatnr, PC730 VITA
0 | 2435-D-2176~4 Oscillatar, PC730 WA
it - ) -
12
i3 )
bs ) . !
fas | © | RCROVG233IS Resister, 33K, 1AW, 5%, R77 MIL-R=39351
v |2 RCRI7G24335 Rreistor, 24K, 1447, 5%, R78, RE2 MIL-2-39%557]
i1 ‘ RCRO7GFIZIS vesister, 91K, 1/&W, 5%, RE1 MIL-R-39558/1
12 12 TXINZ334 Dinde . CRE2 rngL o
)




Title

Schematic No.

Draying No.&
_Parts List No.

Reference

3436-D-2183

Designation Part No.
R77 RNR55C3482FP
R79 " _
R78 RNR55C2492FP
RSO "
R82 "
R81 RNR55C9312FP
CR22 TXIN753A
o
2
5
o
'
m .
=
;

Mother Board PC 731
3436-J-2163 o

Description

5 - Resistor
"

5" Resistor
"

Diode

5 Resistor . |

Failure Mode aand Effects Analysis

Sgecif ication
Mil-R-55182/1
"

Mil=R-55182/1
"
"
Mii-R-55182/1

Mil-S-19500/127

Rel. Level )
Failure Derated to
Rate % of Rated

9%/1000 Voltage,
Hours  Curr Pwr,
. 001 1%
. 001 1% 7
o001 1%
,001) 1% i
L0014 1% .
.001 % |
.0l

1%

Ambient

Temp.°C. Open Short Other

Effect of Failure

70
70

0
70
70
70

70

woow o W

W o mem mm

WTA Job No. 3136-002

.Contract NAS3-11358
EsEstimate
Remarks/Notes
— -
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p NSRS )

Frouniog Wy

S ASHINGTON TECHNOLOGICAL ASSOCIATES, INC.
973 ROLLMS AVENUE, ROCKVILLE, MARYLAND 23852
Subsidiary of Quanta Systems Corporasion

SC =SOURCE TONTROL TG
5P = SPECIFICATION CONTARCL

T =TOTAL QUANTITY OR RECURRING ITEM  #
8 = BULK MATERIAL

o e e e o o
* QUTPUT CARD o
HELIOS RADIOMETER f'l 343¢-D-2250 | B
EXPERIMENT 5C_PC729 Y
Symbols

Find { Qy | Coda . Partor scriut : ae of Mete
No. Regid Sym fdent lqan:iiying No. Description . Spac or MNete
] 2 RCRO7G100JS * Resistor, 10 oh,., 1 /4w, 5%, R35, RTS8, . MIL-R-39002/
2 el RCRO7G _ JS Resistor, (TBD), R34, R3°, R3 -, R40, R41, R42,'RE3, RE4, RES, ! MIL-R-3900°/1
il R&7, R0, R92
T . .
3o fra g | RCRI7G 10215 Resistor, 1K, 1/4w, 5%, R37 MIL-R-3900°/1
t114 ! 1 ] RNRS55JS_ "~ +| Resistor, 845 ohm , 1 /10w, 1%, R®S MIL-R-3200"71
s 1 RCROTG _ JS R:sistor, (TBD), 1/¢w, 5%, 33 PAIL-R-37CE
K ¥- RCRO7G5141S R- sistar, S10K, 1/4w, 5%, R39 ‘ . 1 MIL-R-39008/%
74 4l P R i : ' Thar-istor, (18D), R1Q).— R104 oo
Eo ] Voot TR : . . :
e |54l . i ; CkRO’BX105KS || Capacitr, TUE D 50V, 16, €39, €32, C1.C2 MIL-C=3na14/
1 o ~ R ‘
v 1 ! Al .| CKROIBX|O3KS Capacitor, .QVUF, @ 50V, 10%, C31 MIL-C-39014/2
i _— T T o - . . . MIL=S~
fo Loaeds til b vl gxoneany b § 1 | Trapsister, @10 ! : X 17500234
i { 5 ‘ ; " - ransistor : - 150l :
Hn 1o o || axenesos i | | 1| Tronsistor, Q11 13500354
. TR R R N : . : WTA SPEC
12 3! : RM74] ! {ntonraisd Cirenit A7 A2 AQ M = 23755
I t | P ' : | T B : . |
I 3 1 i H
v EE ¥ 1 i 3
114 . i .
15 | - | . -
T MSFCOMUS /004
s 1. : SMS54LOTFI Intearatet Circuit A5 B 000
~ : & - NSFCSPET
I 1 { SM54LCIF1 Integroted Circuit Ag 85MQO3766
- —
B
il :




- - » ’ - WTA Job No. 3436-002

y Contract NAS5-11386
Failure Mode and Effects Analysis - -

Title Output Card PC 729 .

Schematic No, 3436-J-2163

Dra';:mgi No.& E=Estimate
Paris List No. _3436-D-2250  Pagelof2 Rel.level Derated to

' Failure % of Rated

Reference . Rate Voltage, Ambient Effect of Failure
Designation " Part No. Description Specification. %/1000Hrs.Curr, Pwr. Temp.9C. Open Short Other Remarks /Notes
R-33 RCR07G100JS | Resistor Mil-R-39008/1 |.00! 40% 700 F PF

R-88 " " " . 001 43% 70° F PF

R-89 " " " 001 02% 70° F PF

R-91 " " " ;001 029 7 0° F. PF

R-34 RCRO7G JS | Resistor Mil-R-39008/1 .001 10% 70° F F TBD

R-36 " " " . 001 10% 7 g° F F TBD i
R-38 " " " .001 10% 7¢° F F TBD

R-40 " " n . 001 10% 7 0° F F TBED

R-41 "o n " .0u1 10% 7 0° PF | PF TED

R-42 " w " . 001 10% 7 0° PF | PF TBD

R-83 " " " .001 10% 70° PF PF TBD

R-54 " B " .001 10% 70° F PF TED

R-86 RCROTG JS | Resistor Mil-R-39008/1 . 001 50% 700 F PF TBD

R-87 " " " . 001 10% 70° F PF . TBD

R-20 " " " .001 50% 700 F PF TBD

R-92 u " " . 001 10% 700 F F TBD

R-37 RCRO7G102JS | Resistor Mil-39008/1 . 001 10% 7 0° F PF

R-85 RCROTG JS " " .001 10% 700 F F TBD

R-32 RCROTG JS " " .001 10% 7 0° F F TBD

R-39 RNR35C4993F " Mil-R-55182/1 L1 01%, 7 0° F F

R-95 Thermistor 021 20% 70° F F TBD

R-56 Thermistor .021 20% 70° F F TED

R-97 Thermistor - .021 20% J oo F F TBD

R-98 Thermistor 021 20% 700 F F TBD

Cc-30 CKRO06BX105Kg Capacitor Mil-C-39014/2 . 001 15% 70° PF F

c-32 " " " . 001 - 15% 709 PF F

c-31 CKRO6BX103K§ " " .001 10% 700 PF| F
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WTA Job No. 3436-002
.Contract NAS5-11398

-

Failure Mode and Effects Apalysis

. Title Output Card PC 729
Schematic No., _3436-J-2163
Drawing No. &

N . . EsEstimate
Parts List No. 436-D-225 Page 2 of 2 Rel.Level Derated to : . .
. ! Failure % of Rated '
Reference . Rate . vd‘!fag‘e‘—'_ ~~Ambient Effect of Failure
Designation Part No. Description Specification %/1000 Hrs.Curr, PWE. Tempfc, Open Short Other Remarks /Notes
Q-10 TX2N3811 Transistor Mil-S-19500/336 | .01 10% 700 F F
Q-11 TX2N2603 Transistor Mil-S-19500/354 | .01 40% 700 F F
A-T RM 741 Integrated Circuit IWTA 23755 .og 70° ¥ F
A-8 1 1t 1] iRl .08 709 F ¥
A_g 1t " " 1]
A-5 SM54L.00F1 Integrated Circuit MSFC85M03766/000,08 70° F F )
‘A-6 1 1t " " .08 700 F F
;
/
,I
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Title Nyoise Source Switching
Welded Module Helios

PL WM 222

A

Experiment 5C REV
WASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | symbols
979 ROLLINS AVENUE, ROCKV}! LE, MARYLAND 20852 T TOTAL QUANTITY OR RECURRIN . 5 - SOURCE CONTROL DWG sh 2
Subsidiary of Quanta Systems Corporation B UK MATERIAL URRING ITEM e enECIFICATION CONTROL Dwg
Find | Quy Code " Partor e
No. Reqd Sym ident Identifying No. - ?ESCrlptlon Spec or Note
MIL-S-19500,
1 1 . TX2N2907A Transistor, FET, Q10 2918 /
. - MIL=S=192
2 1 TX2N3251A Tronsistor, PNP, Q11 3?4[ AS 19500/
. Lo . ; . FAIL-S-19300/
3 1 TX2N2222A Transistor, NPN, Q12 255E
. ) - MIL=S=19500,
4 1 TX1Nb645 Dicde, CRS’ 240C ! /
5 4 CBD 1045 Resistor, 100K 1/4w 5%, R27, R28, R29, R3} Allen Brodley
6 1 C8D 1035 Resistor, 10K 1/4w 5%, R30 Allen Bradley
7 | Ref '

8 |Ref

-



Tizle

Drawing No. & )
Parts List No.. WM 222

Reference
Designation Part No.

' Q10 TX2N29074
Q11 - -|TX2N3251A
Q12 |Tx2N2222A
CR6 TXING45
R27 . | cBD 1045
r2g - "

R29 "
R31 "
R30 CBD 1035

Noise Source Switching
Schematic No, 3463-3-2163

Description
Transistor

Transistor .
Transistor
Diode

Resistor
"

"
"

Resistor

i

i

Failure Mode and Effects Analysis-

Rel.Level
Failure Derated to
Rate % of Rated
%,/1000 Voitage,
Specification Houps Curx,Pwr,
Mﬂ-S-lSSOQ/ZSlI +01 30%
Mil-S-19500/3234 .01 20%
Mil-S-19500/255E. .0 30%
Mil-S-19500/240 '.Ol 5%
Allen Bradley . 001 1%
" .oo1| 1%
" .oo1} 1%
" .001| 3% .
Allen Bradley L 001 1%

E=Estimate

Ambient Eifect of Failure
Temp.0C., Open Short Other Rernarks Notes

70 F F
70 F F
70 F F
70 F F
70 F |F : -~
70 ¥ F
70 F F.o- .
70 F F
70 F F




T Tridvmpmics i i o

LTR - OESCRIPTION OF REVISION DAYE APPROVED

A | Added Sheet 1, Item 5,60 ; ' gun Qag

2 . - H - .
. . - +
e ) . . - . %
. i

:  Status of Revision of Each Shoet

%@ 1 f2batsls]lsiz)e]y frofn pragr3afrayis wli7lislisfaofar {2223 22252627 {28 F23)30 V3'. 32f33]3s stz §37 e fasfeo st

" Aty BASHINGTON TECHNOLOGICAL ASSOCIATES, ING, § TITLE . Noise Source Switching
- far 'Q'/ Reckeille, Marylond Welded Modul
1 e . elge oduie

osroe Quania wyalume carpocelion

Helios Roadimeter

NAME DATE Experiment 5C SRS T
PREPARED BY J\H g-z2-7¢
r 3436-D-2179 PROJECT ENGR, /(‘r S >l 240 cooe oent DWG NO. AEV
; NEXT ASSY UsED ON APPROVED M . 2-23-7% 00615 WM 223

! i © . APPLICATION CONTAACTOR APPROVAL OATE CONTRACT NAS 5~1139% l sueer 1 oF 2

S B TR )



Noise Source Switching

’ - Title
- Welded Module Helios ) PL WM-223 - A
—-:.____:-J/ Experiment 5C REV
TASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | synbols : ;
975 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852 e N - s0uRC TR ' sh 2
Subsidiary of Quania Systems Corporation ;:ZSIQL;‘S#E;SEY OR RECURRING ITEM 2?5 -CS)EECIEF::(?A;-";OSLCE):?ROL Dwg -
Find Qty Code . Part or L. .
No. | meatt | V" \dent ! dentifying No. - Descripteon . Spec or Note
MIL=o~17500/
i 3 TYH2N3251A Transistot, PNP, Q13, Q14, QI 323/A
2 7 CBI 1043 Resistor. 100K_1 /4w 59, R32, R33, K34, R3S, R36, R40, R4) Allen Bradley
3 1 CBD 1035 Resistor, 10K 1/4w 5%, R42 Allen Bradley
MIL=5-19500/
4 i IXIN6&4S Niade  CR7, CR8, CRIO, CR14, CR16, CR17, CR18 240C
5 Ref
6 Ref ) :




' WTA Job No. 3435-002

-Contract NAS3-113¢8
Failure Mode and Effects Analysis ’
Title Noise Source Switching ° . ’
Schematic No. 3436-3-2163 - E=Estimate
Drawing No. & Rel. Level
Parts List No, WM 223 Failure Deratedto -
- ! . - . Rate % of Rated . .
Re;é_zrenc.e B » %/1000 . Voltage, Ambient Effect of Failure
- Designation Part No, Description Specification  Hours Curr,Pwr. Temp9C, Open Short Cther Remarks/Notes
Q13 . TX2N3251A Transistor Mil-$5-19500/323Y .01 3% 70 F {F
Qle e * . " . .01 3% 70 F |F
Qls " " - " .01 3% 70 F |F
R32 CED 1045 Resistor Allen Bradley 4 .001} 1% . 70 F |F
R33 " S " _ " .001}) 1m 70 F F
R34 ! X " A R v . 001 1% 70 F |F
R35 [T [ 1] . 001 1% 70 F F . .
R36 " . " : T " - . 001 1% 70 F |F .
R40° - v " .001 1% 70 F F
R4l " R " ) .001 1% 70 F F -
42 CBD 1035 - - |Resistor - Allen Bradley L0011 70 F |F
CR7 TXIN645 Diode Mil-S-19500/240Q .0 5% 70 F F ’
CRS8 " . " ' 0 5% 70 F F .
CR10 " C v " . 1.0 5% 70 F |F -
. CR14 . o L " .0 5% 70 F F
CR16 a4, " : " .01 5% 70 F |F
CR17 " ] Yo, . " . .0 5% 70 F |F -
CR18 wes "o " .0i 5% 70 F |F —
y .
/ .
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LTR DESCRIPTION OF REVISION oATE APPROVED
A | Added Sheet 1, ltems 11,.12,.and 13,14 . R %Y .
+ - .
4
.

Status of Revision of Each Sheet ’
:z34567a-Jmn1213141515|7xa|92;zl22232:2525272829303132333:3535;735294041
AlA

0 E
ASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | TITLE  Noise Source Switching Helios
Rockeitle, Maryland . .
h . Radiometer
cmte quents mpelems corparslion
PC Assembly (PC 725)
T ‘e
HANE oaTE Experiment 5C
) - PREPARED BY N 6.72-72
3435-D-2172 PRGUECT ENGR, s /,z ez CODE 1DENT DWG RO. REV

NEXT AsSY USED ON APPROVED /{}lff/ 297 2 00615 PL34346~D-2179 A )

v CONTRACT - p

APPLICATION CONTRACTOR APPROVAL DATE W AST NAS 5-11396 lsnsa. 1 of2

,
{
! i



Title  Noise Source Switching Helios PL A
e Radiometer 3436-D-2179
LT r i Experiment 5C PC 725 . REV
RASHINGTON TECHNOLOGICAL ASSOCI ATES, INC. | symbols ’ o 2
978 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852 . S !
Subsidiary of Quonta Systems Corporation ; ;g::';\ ?‘;:;T;IY OR RECURRING ITEM g;c fg;gg;fg:;g:‘ég:gao‘_ Dwg
Fing | Qty Code Part or - .
No. | Reqd Sym ident Identifying No.~ . Description Spec or Note
1 WM 223 Welded Module - : WTA
2 |1 WM 222 Welded Module WIA
3 1 422-12 Relay K1 (Screen per Note 8, PPL-11 Apnendix C, Table 08) MIL-R-5757/71
M!L-S -193G0/
4 2 IX2N2222A Transistor, NPN, Q3 Q4 255 E
M| L-S-19500/
5 1 TX2N2369A Yransistor, NPN, G2 317D
. - AIT=5=T9500/
6 2 TX1N645 Dicde, CR2, CR3 240 C
7 2 CSR13E107KS Capacitor, 100uf 20v, 10%, C5, CI0 MIL-C~35003/1
8 3 RCRO7G104JS Resistor, 100K 1/4w 5%, R5, R15, R13 i ' MiL-R-39003/1
9 | 2 RCRO7G2435 Resistor, 24K 1 /4w 5%, R14, R16 ' MIL-R-39008 /1
10 1 RCRO7G513)S Resistar, STK 1 /4w 504, 812 - MIE -R-39002/1 '
11 1 Ref ! .
12 |18 ‘
13 41
14 Ref ’ ,

A



Title

Schematic No,
" Drawing No, &
- Parts List No,

-

Noise Source Switching

3436~J-2163

3436-D~2178

Reference :
Desiznation Part No,
wM223 | wmoaes
WM 222 WM 222
K1l 422=12
Q3 TX2N22224-
Q4 " .
Q2 TX2N2369A
CR2 TX1IN645
CR3 " :
C5 CSR13E107KS
c10 "
36 RCRO07G104JS
R 15 "
R13 "
R14 RCRO07G243JS
R18 "
R12

RCRO07G513J8

Description

pm— - . - i

—~——

Failure Mode and Eifects Analysis

Rel. Level
Failure Derated to
Rate % of Rated .
%/1000 Volizge, Ambient Effect of Failure

Noise Source Switch]
i) 1] "

Relay

Transistor
]
Transistor
Diode

1
Capacitor
1" N

Resistor
11

n
.

Resistor
1"

Resistor

e r -

Specification - Hours ~ Curr,Pwr. Temp.°C, Open Short Other

ng W-2 .01 70 F F
W-2 .01 70 F F
Mil-R-5757/71 | .06 . 70 F |F
Mil-S—19500/255ﬁ2 01 ] 29 70 F F
e .01 2% 70 F F
Mil-S~19500/3171p .01 29% . 70 F F
Mil-S-18500/240¢ .01 1% 70 F F
u )| 1% 70 F |F
Mil-C-39003/1 , 001 60% 70 F F )
" ;001 60% 70 F F \
Mil-R-39008/1 | .001} 1% 70 F. |F
" . 001 1% * 70 F |F
1 . 001 10% 70 F F
Mil-R-39008/1 . 001 10% 70 F F
1 . . 001 10% 70 .| F F
Mil-R-38008/1 . 001 10% 70 FO|F

WTA4 Jeb No. 2436-002

.Contract NAS5-11388
EsEstimate
Remarks/Notes




XIrTYAL Y00d JO
§I @HVd TVNIOIEO

LR CESCRIPTION OF REVISION DATE APPROVED
A COMPLETELY REVISED net e ,‘/f‘n/'
8 Revised per DCN 3436-D-2167 A R
. )
¢ | Revised per DCN PL3436-D-2167C2 pats| v
Status of Revision of gach Sheet
Tal21:tss]zfs]ybrofh yalisfie \5‘16 17116 s fzod 2 |22 eV 25 bos Y27 |28 | 2o |0 | o0 | 32§22 ) * I B L S
ala | ] __k_‘__
N -
CiC ‘
Flgr_, WASHINGTON TLCHNDLOGICAL ASSOTIATES, INC. | TITLE
____12_;‘:“37] Rochuilie, Maryland MIXER, HELIOS RADIOMETER
= e Quanls syelamse cecpacolion . E)(PER‘MEN] 5C (?C72\)
NAME CATE
PREPARED BY \N—\ !342'7.—)’2_
3436-D-2171 PROSECT ENGR. /: : 'n’ S CODE \OENT WG NO. REV
KEXT ASSY USED ON APPROVED [{% G.25-7A4 080613 ‘ 3436-D-2167 C
APPLICATION CONTRACTOR APPROVAL OATE CONTRACT 1JAS 5-11396 ‘SHEET 1 or 2

H



- — ——r

SASHINGTON TECHNOLOGICAL ASSOCIATES, INC.

§73 2OLLIS AVEHJE, ROCKVILLE, MARYLAND 26352
Subsidiary of Quania Systems Corporation

Title i
MIXER, HELIOS RADIOMETER l i"g 3436-D-2147 c
EXPERIMENT 5C (PC721) ; f - -
Symbols o 2
T =TOTAL QUANTITY GF RECHRRING 1TEM $2 «£CYRCE CONTRCL WS B’aa
8 -BULK MATERIAL SPC -SPECIFICATICN CONTROL

FI\T f(:::gd Sym ggﬁf .ldex‘.rii:-ti:g,‘r N;). Cescription - Sgec or Nate
11 MS90537-14 Coil RF, 1,2 UH, 11 H_"ﬁé‘;zm”s
2 | v |- MS$90537-18 Coil RE, 2.7 UH, 12 ) :
3 1 3435-D-2170-9 Torriod Assembly ~ )
4 11 CKROSBX122KS Capgcitor, 12000f ® 200V, 10%, C4 MIL-C-35014/2
501 CKROSBXA471KS ‘| _Cepacitor, 470pf @ 200V, 10%, C43 MIL-C~390i 4/
6 |2 CKRO58X  KS Copacitor, (TBD), C24, C49 MIL-C-390141
7 1. SM307 Mixer, M1 ' ’ - lwra 22345¢
I - —
, " ; ;
10 : ‘
1 . ‘ I )
12
13 . ' - -
v Product
14 Cemoee iz Co,
15 7 "
14 -




Title
Schematic No.

.Drawing No.g = -
Parts List No. 3436-D-2167

-

Mixer PC 721

3436-J-2163

" Reference
Designation Part No.
L1 MS90537-14
L2 MS90537-18
L3 MS90537-19
C4 CKR06BX122KH
C43 CKRO05BX471K4
C24 CKRO5BX - KS
B - 1"
'% g C49 ‘
[~ M1 SM 307
gf [2)
o E R15 RCRO07G510JS
T
D .
S
[}
=

Description
Coil, RF
Coil, RF = .-
Coil, R2’F

Capacitor

Mixer

Resistor

—_—

Failure Mode and Eifects Analysis

Rel. Level

Failure Derated to
Rate % of Rated

%/1000 . Voltage,

Armbient

t Effect of Failure
Curr, Pwr, Temp. C. Open Short Other

Specification Hours
LT4K242 .054 20% 70
Mil-C-15305
LT4K242 .054 20% 70
Mil-C-15305 ]
Mil-C-15305 1 .054 20% 70
Mil-C-39014/2 |, 001 3% 70
Mil-C-39014/1 |. o001 3% 70
Mil-C-39014/1 |. 001 10% 70
" . 001 10% 70
054 70
.001 10% 70

Mil-R~39008/1

F
F

PF
PF
PF

PF
PF

Fo

PF

WTA Job No. 343§-002

.Contract NAS5-11383°
E=zEstimate
Remarks/Nozes

TBD
TBD




APPLICATION

CONTRACTOR APPROVAL

LTR DESCRIPTION OF REVISION DATE APPROVED
"A | Added Sheet 1, ltem 7,8 sz g
8 Revise per DCN PLWM22181 :
Status of Revision of Each Sheet
} 34567eu|:>n|213|4151617xs\52321zzzaz:zs:szv:szsscn32353:95353735:9¢:u
A
B
N [7‘1;...,‘.*' WASHINGTON TECHNOLUGICAL ASSOCIATES. ING. | TITLE  Command Interface-Module
(1IN Rochsifle, Marytand . .
2 .._:'*}/ " Helios-Rediometer
et Guenle. sys'arve corpdrahan N
Experiment 5C
NAME OATE
PREPARED BY NH 22270
3436-D-2178 PROJECT ENGR. (R ERP S CODE 1CENT WG NO. REV
LISy z Vv
NEXT assy USED ON APPROVED A3l o992 00615 WM 221 ]
CONTRATT NJAS 5-11396  |sweer 1 of 2




Title

Cemmand [nterfzce-Module

Helios Radicaeter, Experiment 5C PL WM 22} B
* REV
WASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | Symbols sh 2
$76 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852 " . L [
Subsidiary of Quanta Systvms Corporation ;:;g:&:cg%lg;;:r OR RECURRING ITEM igc ﬁ;g&i:ﬁgg:l-chsaol_ Dwg
Find Qty Coce Part or S
No. | Requ | SY™ 1dent Identitying Mo. Description Spec o Note
- MIL=5-19500/
1 9 TX2IN23469A Tronsistor, NPN -~ Q17-1, Q17-2 : 317D
2 18 TTX2N2607A | Tronsistor, Q18-1, Q18-2, Q19-1, 019-2, 020-1, C 372
Q21-1,Q21-2,Q22-1,022-2, Q22-3,Q22-4, Q22-5,Q22-6, Q227
3 7 CBD 5135 . Resistor, 51K 1/4w 5% - R44-1, R44-2 Allen Bradle
4 7 CBD 1535 Resistor, 15K 1/4w 5% - R43-1, R43-2 Allen Brcdley -
3 7 CBD 1035 Resistor, 10K, 1/4w 5% - R45-1, R45-2 Allen Bradley
6 | 14 CBD 1055 Resistor, 1M 1 /4w 59 - R46-1, RAG-2, R47-1, R47-2 =1 Allen 8egdlay
5 . .

S



. nd W0og 0
5T @DV4 TvNIdITg

g

Title:

FAILURE AND MODE EFFECTS ANALYSIS

Command Interface Module
Schematic No. 3436-1-2163
Drawing No. & _ Rel. tevel
Perts List No. WA221 Failure Derated to
Rete % of Rated
9%/1000 Voltage Ambient Effect of Failure
Quantity Part No. Description Specification Hours  Curr, Pwr, Temp,°C Open Short  Other
* 9 TX2N2369A Tronsistor Mil-§-19500/317D" | .09 10% 70 F F
14 TX2N2607A Transistor Mil-S-19500/294A | .14 10% 70° F F
7 CBD 5135 | Resistor Allen Bradley .007 1% 70 F F
7 CBD 5135 Resistor Allen Bradley .007 3% N 70 3 F
7 CBD 1035 Resistor Allen Bradley .007 3% 70 F F
14 CBD 1055 Resistor Allen Bradley .014 1% 70 F F




LYR DESCRIPTION OF REVISION DATE APPROVED
1 2.72 \",»-T-/' 3
A Added Sheet 3 Items 20 thru 23 and Added -1 to ltem 16 - .
z-2293 ) 152
) Revised per DCN 3436-D-2253-Al
- : 3-1-73 | "R
C Add C28 to Item 3,/ R100 to Jtem 9, 91 ohm to Item 13
Status of Revision of Each Sheet
:z3:5573J\onvzmmxsxsn’xesszaz»zzzl2:25252728&333‘32333@55:537:539-0-1
A /& A
BB B
cC|CiB
! BT ¥ ASHINGTON TECHNOLOGICAL ASSOCIATES, INC. | TITLE .
: 4 o Korlv:llz. M’au!-i‘ i} DETECTOR, HELIOS RADIOMETER
! ! T e * EXPERIMENT 5C (PC785)
i i NAME DATE
: : PREPARED 8Y \_)\\——X ) 3237
3436-D-2171 ! PROJECT ENGR. PR PR oot e TS TN
1NEXT pssy | USED ON APPROVED h’k/““/ G-27-7U1 00615 3436-D-2253 C

|

] APPLICATION

CONTRACTOR APPROVAL

DAYE

CORTRACY NIAS 5-11396

‘snzer 1 or 3 »

L1



ke b

LASHINGTON TECHNOLOGICAL ASSOCIATES, INC.
577 ROLLIMS AVERNUE, ROCKVILLE, MARYLAND 20852
Subsidiary of Quanta Systems Coryoration

Title

DETECTOR, HELIOS RADIOMETER

TS TP )
EXPERIMENT 5C (PC 785) il s46-p-2253 ! c
{ rev
Synibols
yonats sy 2
T-TOTAL QUANTITY OR RECURRING (TEM . ST - SOURCE CONTRCL DWG Dug
B « BULK MATERIAL SPC -SPECIFICATION CONTROL

4004 40

nod
ST 9Vd TyNTop0

)

:;d S.\::?d Sym !?iz:f fden:;;‘n:g Ho. . Cescription ’ N Erec or Note

] 1 3436-C~2170-4 Toroid, 1.BUH, Lé - WTA

2 |l 217 2434-C-2170-5 Toroid, .65 UH, L5, L7 - WTA

3.1 3 CKRO3BX__KS Copacitor, (TBDY, €53, €25, €26, €28 MIL-C-390141
4 1 ] CKROSBX _ KS__ Capacitor, TBD.___ .. _

5 3 | CKROSBX103KS Capacitor, .01 UF @ 200V, 10%, C29, 27, €51 : %iotl:{i-z

[ 1 ‘TX2N9]3 Transistor, Q20 kﬁ{f{%@ou

7 1 - TX2N2369 Transistor, Q21 ’ : - MIILgssclomm

8 1 TXINS711 Diods, CR4 " | 195007444

9 2 |- RCRO7G S5 Resistor, TBD ", R30, R33, RI0O MIL-R-37008/1
10 1 RCRO7GA71JS Resistor, 470 ohms, 1 Aw, 5%, R29 MIL-R-39003/1
1 1 RCRO7G182J5 [} Resistor, 1.8K, 1/4w, 5%, R3] . MIL-R-39C0°/)
12 1 RCRO7G183JS Resistor, 18K, 1/4w, 59, R93 ' ' MIL-R-39008/1
13 1 RCRO7G910JS Resistor,.91 ohm /4w, 5%, R92 - . MIL-R=39003/1
e - = - - :

15"

14 I o : -

17 CSRI3BA7EKS Cepacitor, C52 MIL-C~39003/1
18 RCRO7G331JS Resistor, R100 MIL-R-39008/]
19 . o . - L

[




Title
Schematic No.
Drawing No.&

Detector . PC 785

3436-J-2163

Parts List No. ' 3436-D-2253

Reference

Desiznation Part No.
16 3436-C-2170-6
L5 3436-C-2170-5
va | 1"
C33 CKRO5BX KS
C25 B
C26 "
Cc28 CKRO5BX820KS
C29 CKRO6BX103KH
c27 "o
C51 "
C52 CSR13B476KS
Q20 TX2N918
Q21 - | TX2N2369
CR4 TXIN5711
R30 RCR07G101JS
R33 e
R29 RCRO7G471JS
R31 RCR07G182JS
R93 RCRO7G183JS
RO2 RCRO7G - JS
R100 RCRO7G331JS

Description
Toroid '

1"
Capacitor
s
i

Capacitor
13

Capacitor

Transistor
"

Dicde

Resistor

© .Contract

Failure Mode and Effects Analysis

Rel. Level

Trajlure Derated to -
Rate % of Rated .
%/1000 Voltage, Ambient Effect of Failure
Specification  Houps Curr, Pwr. Temp.0C, Open Short Other
WTA R 20% 70 F |F
WTA .05 20% . 70 F |F
" 1.05 20% 70 F F
Mil-C-38014/1 |.001 10% 70 PF | F
" . 001 10% 70 PF | F
" .001 10% 70 PF | F
Mil-C-39014/1 | 001 12% 70 PF | F .
Mil-C-35014/2 [.001 10% 70 PF | F
Mil~39014/2 . 001 10% - 710 by F
" : .001 12% 70 F F
Mil-C-39003/1 |. 001 10% 70 PF | F
. 1
Mil-S-195006/301 |.01 50% 70 F F
- Mil-§-19500/317 |.0L 50% 70 F F
Mil~-S-19500/444 {.01 29 70 T tF
Mil-R-39008/1 [ 001 10% 70 F F
" L 001 40% 70 : F F
" . 001 10% 70 F | F
v . 001 10% 70 F F
" L 001 20% 70 F F
" L001 |- 70 F F
" o teel 10% 70 F | PF

WTA Job No, 31356-0382
NASS-3138635

E=Estimate

Remarks/Notes

TBD
TBD
TBD -

TBD




T o L e ; T ‘ G - B AP RPN o g M s Weesimoni
el - . o I vy
LTR DESCRIPTION OF REV‘SION DATE APPROVED
A Added Items 11,12, and 13. Quantity of [tem 8 was 8 gy [T /‘)'
. . . L) N
B | Added ttems 14 thru 25, and added Sheet 3 v

R shtin| v
Revised per DCN S/N 34356-D-2172 - C} -
‘ o/t
D | Revision per DCNPL3436-D-2171 DI - /a3 | A2

Status of Ravision of Each Sheet

viz2lsba)stsdods]s foolv iz slefishefsnlaloleodar faalaadaalosyasfor fea o an st bazfasfaa3sian|srfaefane]a
AlA
BiB|B
cilci—
DI~ D
| 13
i UASHINCTON TECHNOLOGICAL ASSDCIATES, INC. | TITLE
L 7 Rackuitie, Hurylod MIXER-FILTER-DETECTOR ASSEMBLY ;
e Weimsise - quanie spslerne corparetion « HELIOS RADIOMETER
NAME DaTE EXPERIMENT 5C
PREPARED BY N =1L
- PROJECT ENGR. N ,’ ) s CODE ICENT WG NO. REV
NEXT assy’ UsED on APPROVED LHA- 7-23-72k 00615 3436-D-2171 )
APPLIGATION CONTRACTOR APRROVAL bATE CONTACT NAS 5-11396 Isuse*r 1 or 3

i



Title  MIXER-FILTER-DETECTOR ASSEMBLY
HELIOS RADICMETER

PL sse-p-21m1

EXPERIMENT 5C —
WASHINGTON TECIHINOLOGICAL ASSOCIATES, INC. | symbots
§75 ROLLINS AVENUE, ROCKVILLE, MARYLAND 20852 . o o ~ sh
S e s o | S o e e L
Find ] Qty Code Part or L
No. | Reqd Sym ident tdentifying No. Description Spec or Note
1 1 F=14072A Filter, FL1 VWTA 20614D

Wuddsisioniy
oy st



* Title
Schematic No.

Drawing No, &
Parts List No, 3436-D-2171

Mixer-Filter Detector

3436-J-21863

Reference
Desiznation Part No.
FL'1 F-140724

Description

Filter

WTaA 20814D

Failure Mode and Effects Analysis

Rel.Level

WTA Job No. 3236-002
.Contract NAS3-11385

‘E=Estimate

Effect of Failure
Open Short Other

Failure Derated to
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] ! MC1552GH2 Intearated Circuit, Al - WTA 206106
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3 2 1XZN4B857 Transistor {FET), Q3, Q9% 19300/431 |
B A . MIL-S-
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- . MIL-S~
) 1 TX2N3251A Transistor, Q7 19300/3234,
51 SD20TX Disde, Naiss, CRI VITA 2234¢A
J MIL-5+
7 2 TXIN545 Diode, CR4, CR1Z - k%soomoc
N N A L-S_
g8 1 TXIN/52A Dicde, Zener CR5 ©_119300A127E
9 In " CKROSBXI03KS . . Copacitor, TUF-@ 50V, 10%, Cl thru C4, Q12 they C17 | MIL-C-39014/2
23 .
10 | & CKRO5BX]52KS * | Copacitor, 1500pf % 109V, 10%, CI8 they €22, C6 MIL-C-39514/1
1 2 CSR13G225KS  Capacitor, 2.2UF @ 20V, 15°%, Q4, C25 ] MIL=C-36703 4
12 3 RCRO7G 51045 Resistor, 51 ohm, 1 /4w, 59, Rl, R3. R26, R19, RE0 MIL-R~32C0BA |
13 7 RCRO7G 10245 Resistor, 1K, 1/4w, 5%, R2, RA® thoy RS2, and R59 Ml -R-3920~ A
14 1 RCRO7G _ JS Resistar, (2K, TBD), 14w, 58, R1O MIL-R-35C5
15 2 ACRO7GI03.1S Rasistor, 10K, 1 /4w, 5%% R11, R24 * MIL-R=39307 /1
16 1 RCROPG 5128 Resistor, 5,1K, 1/4w, 504, B9} MIL=R-3773
17 | RCRO7G101JS Resistor, 100 ohm, 1/dw, 5%, R34 MIL-R~39007 /1
18 1 .. {RCRO7G Resistor {TBD 3K}, 1/4w, 55+, R25 MIL=R-3%002/
19 1 RCRO7G 222 )5 Resistor, 2,2K; /4w, 5%, R20 MIL-R~39005/ §
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CKRO6BX105KS Capacitor
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CSR13G225KS
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n
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Currc, Pwr. Temp.°C. Open Saort Other
10% 70 F F

10% 70 ¥ F

20% 70 F by

10% ) 70 F F

25% 70 PF |F

5% 70 PF |F

250 70 PF |F

10% 70 F F

25% 70 PF |F

1% 110 PF |PF

1% 10 PF |PF

9 70 PF |PF -
1% 70 PF |PF

2% | 70 PF |PF |
1% 70 PF |PF
25% 70 PF |F

25% 70 PF |F

1% 70 F PF

1% - 70 F PF

1% 70 . F F

1% 70 F.. |PF

3% 70 - F PF
30%° 70 B F

1% 70 PF {PF

1% 70 PF | PF
1%. 70° PF |PF
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R51 RCR07G102JS Resistor Mﬂ—R-SQQDB/l . 001 1% 70 PF |PF
R352 " " " .001 1% 70 PF |PF
R39 " . " : " L001} " C% 70 F |F
R10 RCROTG JS Resisto'r Mil-R-39008/1 . 001 10% 70 F PF TBD
Ril RCR07G103J5 Resistor . Milv-R-SQOOB/l . 001 2% 70 F F )
R24 ! " " L0011} 5% 70 F |F )
R21 RCRO’?GSIZJS Resistor Mil-R-39008/1 .00L 2% 70 F F
R54 RCRO7G101JS | Resistor Mil-R-39008/1 | .001} 2% 70 F |F ’
R25 RCRO7G JS Resistor Mil-R-39008/1 . 001 5% 70 F ¥ - TBD
R20 RCRO07G222JS | Resistor Mil-R-39008/1 .001 10%. 70 F F X
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2.1 SPECIFICATIONS

2.3

MIL-I-618D

GSFC 5250-p-1

GSFC X623-63-147
or equivalent

Helios Experiments
Design & Test
Specifications

MSFC-SPEC-279 "

STANDARDS

MSFC STD-154

MSFC STD-158

MSFC STD-270A

MSFC STD-271 .

PUBLICATIONS

 GSFC-PPL-11

FED-STD-102

 FED-STD-123

- JIL-HDBK-217

Interference control requirements,
aircraft equipment

Specification for Contractor
prepared monthly, periodic, and
final project reports

Specification drawings, engineering
and associated lists

Attachment A

Electromagnetic compatibility
June 1, 1964

Printed circuit design and constructi

"Riviting, Tabrication, and inspection

Standard for
Component lead and interconnection
materials for welded electronic

modules, Specification. for:

Fabrication of welded electronic
modules, standard for ,

Preferred parts list

~ Preservation packaging, and packing

levels

Marking for d¢mestic Shipment

"Reliability_stress,and failure rate

path for electronic equipmcent
8 August Fa B e

Lo




PeH#6923-32818

GSFC §-318-fpley 1t GSFC. Specification for Contractor
¥alfunction Reporting,.March 24, 197

GSFC §1702«p-1 Specification for reliability and

: quality assurance provisions for
Helios Project Instruments-
Augusts7,' 2970

Helios Project Experiment Data and Command Handling

Requirements Attachment B
3.0 SCOPE

This specification describes in detail, the implementation
of an experiment to study the radio spectrum between 50 kHz
and 3 MHz. The experiment is a dual sweeping’receivcr designed
specifically for radio studies of the sun and the local region
of our galahy

4.0 APPLICABLE DOCUMENTS

- The specifications, standards, drawings and publications of

current issue shall apply as detailed in this specification. In;?
the event of conflict, the detailed provisions of this specifica-

tion shall govern.

5.0 REQUIREMENTS

One‘protoisystem, one proto spare system, one engineering
test unit system, one flight system and one flight back-up
are reguired. This specification and Helios env1ronmental test
spec1f1cat10nu w111 apply. to all units. :

5.0.1 The anironmental Test Specificqtioﬁs for Helios
flight and spare subsv&tems is under SLparate cover and aLLached

to thls specailcatlon

. 5.0.2 The Radio Astronomy Experiment for Helios shall be
designed and constructed to satisfy all of these requirements.

6.0 GENSRAL

Materials and processes used during manufacture of items,

covered herein shall'be’of high quality;;suitablc”for the;purposei 
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and conform to the applicable Government specifications as
applied to Materials, Metals, Component Parts, Soldering
Techniques and Workmanship.

7.0 MECHANICAL REQUIREMENTS

.7.1 CONTFIGURATION

"~ The dual swept radiometer which includes the radiometers,
internal noise source, and crystal controlled oscillators shall
‘be corntdinedin one package. The package dimensions, excluding
possible mounting brackets, shall not exceed 21 x 5 x 7 inches.
‘Lﬂvé (Wsrhe radiometer preamps Wlll be separate and located near the
D¢ e q ‘experiment antennas. The—preamp-dimensions—shall—be—J—x~—2—x—g~
fi }\vﬁﬁhapha% Each preamp will be mounted in a package supplied by

50016&, ¢ another experiment and located near an antenna. The noise/
#Il ' nH‘ -calibrate switching will be performed by the spacecraft programmex
: th The vendor is required to supply the preamp and attenuator «
4wﬂ switching circuit as a P.C. plug-in module not to exceed one
‘inch in height. ‘ '
7..2 WEIGHT
o EC ’ . SRS
1)&L0’*j;e Phe—totat-weight-of-a—system TNeTHdTHE POTLitiE dnd Trames
/5)7” L}‘ will. nede md&ﬂsﬁ—lcrkﬁgxﬁmsmﬁr—&eﬂtgn*goﬂ o fFIFr 2 Kgmdxinum
XA 1 uﬂﬂshai;—ba~used
S 3 .C"\Jé‘é 7“
iy ijuik 7.3 PACKAGING ‘
#11 ‘

The unit packaging shall employ the latest state-of-the-
art techniques approved by NASA GSFC .\ as applied to
- electrical design and assembly of circuit boards, integrated
‘circuits, hybrid networks, and individual component parts. ALl
' component parts subject to vibration amplification due to
mounting, shall be bonded to a rigid struciurﬂ . The unit will
then be encapsulated in-a low don51ty feam: ‘

7.4 MARKING

The marking must not damage the unit or affect-its functional
use. . ; ; , |

7.5 'CONNECTQRS-

-y Plxght anproved Cwnnon ”DM“ non«mwgnetxc COHHQLLOIS are
; required iorlclcctrlcal 1nLer£ace Actuual Lypc and number will
| ORIGINAL PAGETS 3 |

OF POOR QUALITY *
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PC# 693-328

depend upon wire typc and spacecraft requirements,

The connectors shall satisfy the electrical interface
5p601flcat10ns and be mounted in accordance with the mechanical
interface document.

7.6 FINISHES

Refer to the mechanical interface document for external
surface finish.

8.0 TEMPERATURE MONITORS

.o

Provision 'shall be made at the noise source and both

‘preamps for mounting a thermistor to monitor the internal

temperature. An analog output line from each thermistor must
be provided. : |

9.0 ELECTRICAL REQUIREMENTS

Figure 1 is a block diagram of the Helios M1q51on Swept
Frequency Radiometer experiment.

9.1 'The Systcm Assembly consists of two swept radiometers
a noise source for calibration, a redundancy selection Llr(ult

for independent control of each radiometer, two crystal controlled R

oscillators and two 51ngle ended predmpllflers

9.1.1 The design Qoncept,for the Helios Mission is the -
operation of the burstmradiometcr to sweep* in one of several
modz2s, so that the outputs can be read out in the telemetry
format The operating modes of the radiometer will be controlled

by the spacecraft programmer. The oscillator for each radiometer

must be able to switch to any sequence when the appropriate four
(4) bnnary bits are. applled Iach radiometer will be controlled

~by four lines from the programmer and must be capable of staylng
on one. of the 16 frequencies if programmed. , :
: ‘ The calibration of the radiometer will be accompllbhed £
whcn the spacecraft prog:ammcr provides a cal/data command to the

noise source. The noise.source will have ~four (4) callbratlon
levels, owesfoiZoach-30dbrridynamieeiaser Mal 3

: Each radiometer must be fully xedundani with a pair
or identical channels designated A & B. In oxde1 to selact

‘chanpel A or B, the proper'blgnqlgkmugt be sent to “the rcdundancy

ORIGINAL PAGES
~ OF POOR QUALITY] e s AN




BC)# 693-328

control circuitry. The redunﬁancy circuitry must be fail~
safe, that is, either A or B must be powered if a failure
occurs in the switching device.

9.2 TREQUENCY COVERAGE

The frequency band swept by each radiometer is 50 kHgz
through 3 MHz. -Table A is a 1list of the center frequencies
of each of the 16 channels. The table indicates preferred
frequencies; however, some deviation from the actual listed
frequencies may occur. .

9.3 INPUT IMPEDANCE

Each Radiometer Preamplifier s system shall have a balanced
input - The balanced input minimum parallel resistance and
maximum parallel capacitance in the frequency range 50 kHz
to 3 Mz shall be greater than 100 kilohms and less than 8 pf,
respectively. Phase and amplitude control of each RF amplifier
comprising the balanced input circuitry must be maintained in

order to achieve a high common mode rejection ratio. Phase shifts

from the inputs of a pair of pre-amps to the input to the radio-
meter low pass filter shall be equal to within 3 degreeées at each
operating freguency in the range of 50 kHz to 3 MHz. The
tangential sensitivity of the dual radiometer system at the
balanced input shall be equal to or greater than -100 dbm.

The series equivalent 1mpedanoes (both resistance and reactance)

to ground of the two balanced input ports bhall equal to w1th1n
+5%

9.4 PREAMPLIFIER GAIN

The gain of each membel of a pair of matched p:eampllfler

- measured at the input to the low pass filter for signals in the

middle ot each dynamic range shall be equal, to within +0.3 db
at each opelatlnr frequency up to 3 MHz. ’ -

9.5 CRY\bTAL FILTER BANDWIDTH

Each radlomcter shall Cmploy a buffered prystﬂl IL illte
The Half Power Bandwidth of the crystal {filter shall be 10 kHz

~for channpnels A and B. The center frequency of each crystal

filter shall be 21.4 MHz. The crystal filteys shall have a 2.3

~to 1 or better form factor (3 to 60 db bandwxdth%) ~ Spurious

Ilequency response shall bb attenuatod to ~60db , Rlpple,,as

K

(o7 ERER

o

L
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applicable; shall be not greater than 0.3b. Spurious frequency
generation shall not occur if the crystal filters arc excessively
overloaded by large signals.

9.6 CRYSTAL CONTROLLED OSCILLATOR

The swept frequency band of each radiometer is tuned by
its local oscillator. The crystal controlled L.O. frequency
shall always be above the crystal filter frequency. The L.O.
is frequency-stepped by applying a 4 bit finary signal to the
oscillator inputs. The spacecraflt programmer will control the
sweeping action and mode selection of the dual Radiometer System.
A monitor shall produce a signal for the TM system to indicate
which L.O. frequency is operating.

h””%f' 9.6.1 L.O, Compensation
5g&(}UH¢JW1 The-~freguency-of—the—t+-0——as—determined—by-
s 0JJ3N'tne*spacsgrlii_nxogrammel;:must_bs—;epe«%&b&e~wLthLn_¢3_pemcent

af _the filter bandwidth. Because of the narrow bandwidth
regquirements of the Radiometer System, temperature-stable com-
ponents for the L.O. must be selected and all temperature ’
compensating devices selected with caution. Frequency dwell
time will be compatible with spacecraft telemetry system as
prescribed by the enceding system

9.7 DETECTORS

The detector shall have a dynamic range of 35 to 40 db.
The Radiometer gain shall be set so that an input level correspond-
ing to cosmic noise in each channel corresponds to about 2.0 volis
of output on the 0-30db section of the automatic dynamic range ,
curve. The detectors output should be limited to 0.0 to 4.8 volts
and must not exceed under any circumstances -0.25 to +5.0 volts.
i MfSThe magnitude of the dynamic range slope shall be identical in
PRl all the dynamic ranges. The-dynamic—rangescharacteristics—shall
&gﬂf iollowmawsblalght“llne_oi_db -in-vs ~VDEout- w1th1n~+w3db_101
.yoltagﬂ&~above~o~8~¥D“ :

u, o ' NOTE: = All channels shall have 51m11ar dynamlc range

characteristics. = : SR Lﬂﬁ(q

S ©

i

7.1 Automatic Dynamlc Range Operatlon //D

. An automatic dynumlc range selector/shall bc provided

to choose either the 30db, 60db, 90dh, | T l°0db-uynam10 range Lo

~the unit. The npormal mode of operation shall be 30dp of input
range translated into a DC output. range of 0.0 to 4.8 volts. When

St bulbt is received whoqa range Js glcater thn can bc handlcd wxih B

N

) I
_ ,ORIG]NAL PAGE IS
OF POOR QUALITY

i




PC#693-3281%

this dynamic rmnve\Jthe range selector shall switch to the

60db, 20dh, OT l20db range. Two automatic range flags shall
W—/ vy . "

be provided for Yange identification. These shall change

within S5 milliseconds, +1 millisecond after the incoming

signal exceeds the criteria for the range being used.

9.7.2 Post Detection Time Constant

The post detection tlme constant for radiometer A
and B shall be 10 mllla%econds-+%~mxil1second ‘TA/nj/oa;m,LJ&,w&r

: See ymoed 5
10.0 INTERNAL NOISE’SQURCE

-For calibration, the dual Radiometer System shall contain
an internal noise source. This noise source, on command from
.the spacecraft programmer, shall sequentially generate four
noise levels above cosmic noise. The cosmic noise reference
temperature will be about 3 x 107 ©K at 1.0 KHz. The spacecraft
programmer will supply a calibrate/data command and during this
period the system shall supply four (4) calibration noise levels
to the preamplifiers at the antenra stations. The radiometer
will be swept through its sixteen (1G) frequencies at each
consecutive noise level.  The-noise source shall have long
and short term stability of +0.5 db and shall he shaped to
calibrate each range of every frequency somewhere between 1.5
and 4.0 D.C. volts output. The calibration output voltage shall
be unique for each of the 16 fregucncies as a secondary check
on the. proper cperatlng frequency of the L. 0.

10.1 CALIBRATION

Calibration data for each radiometer system shall be
delivered with the radiometer. These data shall demonstrate
~the proper fuanlOPlnF of the radiometer over its dyn&ﬂlc
range and its operating temperature range. TFormat for these
data will be arranged with the NASA Technical Representative.

e T e R B T S e T e e P
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Data shall be taken at 3db steps throughout the dynamic
range of the radiometer.

10.2 RADIOMETER STABILITY

The radiometers shall have a stability and repeat-
ability corresponding to +0.1 db of input signal for any
operating configuration within the gspecification limits.
This shall apply to output voltages of 0.8 to 4.8 VDC.

11.0 PROGRAMMERS

The dual Radiometer System shall be controlled by the
spacecraft programmer contained in the experiment 5 data pro-~

cessing unit. The spacecraft programmer under the control
of the various spacecraft encoder signals shall provide the

necessary voltages for L.O. functions; igternal calibration,
the mode change commands, and other timing functions for the
successful performance of the dual Radiometer System.

12.0 POWER

The power supplied to the Helios Radiometer is +6 VDC
+1 percent for the main power and +12 VDC for the redundancy
circuitry. Maximum power consumption {for each radiometer
shall not exceed the values given below:

frzy” {2 ’

+12 V at 10 ma - 129
+ 6 V at 175 ma

- 6 V at 125 ma -
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13.0 INPUT/OUTPUT SIGNAL CONNECTOR

An input/output connector from the experimental package
is required for electrical interface. This connector is a flight
approved Cannon type. Table 3 shows a probabie connector type
and typical pin designations.

13.1 OUTPUT LINES T/M

. The analog outputs Irom the dual Radiometer System shall
be in the range of 0 to 5V and have an output resistance of
less than 10 K ohms. The dynamic range flags shall have a
binary output of either O or 4.0volts to indicate range 1,2,
3, or 4. The output impedance of these lines shall be capable
of providing 0-4 volts across a 10K load. o

14.0 DESIGN PRECAUTIONS

The following precautions shall be observed in the design
and fabrication of the Helios Dual Swept Freguency Radiometer

Systemn. i

14.1 Special attention shall be given to the grounding ofi all

circuits and internal sub-units. Due to the essential nature

of ground counnections, they will be reduandant. Power, signal
and chassis grounds shall be isolated. :

14.1.1 Because of the sensitivity in the radio frequency
range of the experiment, all gources of RFI within this experi-
ment both radiated and conducted, shall fall below the detection
1evel of this system. Furthermore, adequate techniques shall
be employed to prevent the introduction of RFI into the experi-
ment by the lines used for electrical interface. '

14°1.2 Reliability of operation 1is of primary importance
in the design and fabrication of the system.

14.1.3 Because of magnetic oxperiments on Helios, the magnetic .
cleanliness specifications should be considered in choosing com-
pmwMSEmdlamwh : e : L S

15.0 ENVIRONMENTAL QUALTFICATIONS

As determined by the applicabie speciiic&tionsflisﬁed‘in,
2.1, the flight units and the flight back-up units shall meet

w
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all environmental qualifications, through the range of con-
ditions specified.

15.1.0 The units shall be operationally temperature
tested from -20°C to +70°C. The system shall be calibrated
over a temperature range of -10°C to +500C with no degradation
in performance. A temperature change of 10°C, in the range
~20°C to +40°C, shall not cause a change of receiver output
voltage greater than that corresponding to a 0.5db change in
input signal. The aforementioned temperature stability of
0.058b/°C shall specifically apply to that part of the range
response curve corresponding to output voltages of 1.0 to
3.0 volts.

16.0 GROUND SUPPORT EQUIPMENT

Two Ground Support Equipments will be supplied. Each
will contain a stable noise source for experiment calibration
in addition to meeting the following requirements.

16.1.0 The GSE shall supply the proper interface connector,

power voltages and programming pulses, pulse levels, and all

signals for operation of the radiometer. The GSE will in effect
replace the spacecrait for bench checkout of the dual Radiometer
System.

16.1.1 The GSE internal programmer must be designed to
duplicate in detail the radiometer inputs supplied by the space-

craft.

16.1.2 A dummy antenna shall be provided for testing

and calibration of the experiment. GSFC will furnish the physical.
~length of the dipole antenna and its base capacitance when the
'8/C antenna design is firm. ,

16.1.3 The GSE noise source shall be calibrated and the
data supplied with.the delivered unit. The GSE noige sourcoe

shall have short and long term stabllluv of +.05 db, and &ufflclunt

power to calibrate the radiometer over its 120 db dynamic range
The noise source output shall be varlable in 1 db 5teps over
the dynamic ranae

16. 1 4 Callblltlon

This unlt in couJunctlon W1th thc automat1c ca11b11~
tion cquipment at the NASA integration faclllty, wxll be used for

final ca]xbratnon of the system.

lQ,; 
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. 4 ‘ ’
L e ch?”l; 16.1.5 Both GSE's shall operate identically on 115V
L{ﬂ’ 60 Hz and on 220V 50 Hz. .In-particudars—the—noise—Hource
' ‘gu”{lamﬁlﬂshai}—ﬁot*change more—-than 0.03-db.,

i
3

Pl
g

16.1.6 The GSE shall not generate any RFI detectable by
the spacecraft.

17.0 RELIABILITY GOALS

Reliability of operation shall he a primary design
parameter and shall be given at least equal emphasis with all
other design objectives.

The reliability goals for the unit shall be as follows:

(i) Probability of complete failure during a mission of

10,000 hours operating time less than 0.04. (conti-
dence Ievel 60 percent) .

(ii) Probability of complete success (i.e. no reduction in
performance for at least cne of the itwo radiometers
A & B.) during a mission of 10,000 hours operating
time greater than 0.8 {¢onfidence level 60 percent).

Both of these figures refer to operation in the space
environment.

18.0 SAMPLING, INSPECTION, AND TEST PROCEDURES

18.1 QUALITY ASSURANCE AND RELIABILITY.

The Contractor shall conform tu GSFC speéifichtiohtBL70Z-P-
Which containg Helios Project regquirements for reliability, qulllm,

assurance, malfunction reporting, ploi@rrcd parts, and configuratios

manﬂwomonL‘
“18.1.1 QLa111y Parts and Materials.

The coptractor Shall implement a program covering
selection, specification, and qualification for all items
to be used in the sysiem which are not govermment furnished.
Selection oi parts shall be on the basis ol ”qyxC”
envwronmcni" proven qué ltiiﬂwﬁidFE'o{ eacii part o1 material T
for its’ apailrwtlon TRETVETH "Space environment' 1mu110 ihat

the compouent has been CUGCGESTTI1y employcd on SpaCGeTALL in
Torbat or has. béen qu$11i1cu VIHTERVITORMCHLA LT UeE LS I0T bmlcu~

craiu uqa y;1or* thU]( e made 1o ghuoqv TEcus atvead

ORISR —— .«.. ot %

To ertlront SDGLIlJCﬂ(lOHb and-to mxn;mm VA numbor of 1vic.
--——-—u—____ PITSNDERIE S, IR e o

1orLc ty ﬂ“. ~When . “lOPtlng*ﬂfﬁﬁ previously qualilied ,miho
contxactor 5hall dcvcnc partlcular attention to accuracy oi data

gggiic&bmllty of basew of quai;ilcatlon, and qdcquﬂcy oi o

i
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specifications. Needed additional qualification testing,
it any, may then be dofined. ALl parts specifications to be

prepared by the contractor for procurement of those parts

shall be subject to critical review and approval by GSFC.
For parts already in stock that the contractor intends to
use their specifications and acceptance records shall he
subject to review and approval by GSFC. The review will be
completed by_g§£gﬁgizhigﬂlgﬂy01kmng days following receipt
of the specifications and acceptance records. Wherever
possible, parts shall be selected from :

) GSFC-PPL-11, July 70, Preferred Parts List

All part ratings shall be derated for design use as
necessary to achieve, in conjunction with simplified design and
redundancy where necessary, the specified reliability for the
unit. ' ~
The reliability analysis required as a part of the

final report shall be based on MIL-HDBK-217, 8 Aug 62, “Reliability:

Stress and Failure Rate Data for Electronic Equipment".

18.1. 2 Inspcct:on and ‘uceptance

A1l work performed by the contractor will be subject
to continuing review and approval of the GSFC Project Ingineer,

or his representative(s) at all times (within the including period
of performance) and places., In the event of a dispute or conilict

between the contractor and GS¥C representative(s), the issue will
be referred to the NASA Project Engineer. His decision will be
final.. : s : B

In addition to final inspection and acceptance,
various phages of fabrication and packaging will be monitored.

Techniques will be subject to review and approval by the appropriaif

GSTC 1eplosonnwt1vo(s) At critical points during fabrication
and testing, workmanship and p:ocedures m%y bc SubJGCt to 1n—~
spection and. acceptance, - : :

_ ALl work completed and submltted for flnal 1nap0rtxon
and acceptance under this contract will Dbe inspected and accopted
for NASA by GSFC Code 693 technical repres entatives as duaapn¢te
by the Contract Officer.  The unit will bhe acceptod only after.

they have satisfactorily demonstrated conformity with “ppllCﬁllg ey |

specifications and tests, and are, in the judgement of therln~ ,
specior, Opu%%hlonﬁl : U o ST ; S

~ ORIGINAL PAGE
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Final inspection and acceptance will take place

at the GSTC.

18.1.3 Failure Reporting System and Reports.

: All failures detected during acceptance testing
shall be reported on GSFC Malfunction Report,Form GSFC 4-2
(7/64) , as required by GSFC Specification S-312-P-1

Reproduce 2 copies of Copy 1 of the Malfunction
Report and distribute as follows:

a. Copies 1 and 2 to Quality Engineering Branch

Code 312. —
b. A reproduced copy to Helios Project Office,
~ Code 702. o
¢c. A reproduced copy to the Technical Officer,
Code 693.

In addition, the malfunction shall be reported by
phone no later than one-half (1/2) working days after part
fajlure detection. The telephone call to the designated
cognizant GSFC representative shall cite part failed, specific
test under way at time of failure detection, and any available
information as to circumstances and/or probable cause, if known.

A failure analysis shall be performed by the contractor
to assign definite cause of part failure (e.g. bad component part
in a submodule, bad weld, failure due to vibration, etc.). This
analysis should také place as soon as possible and in no event
later than the delivery date of the final report, since it may be
of assistance to the contractor. One purpose of this failure
analysis system and its reporting is to detect faults of a ;
recurring nature in the Tabrication and inspection system, such
as missed welds, so that appropriate remedial action may be
taken at the carliest possible time to prevént the occurrence
of additional faults of the same type. Care should be taken
in analyzing a failure to prevent additional damage to the rest
of the submodule or module, to prevent masking of the true fault,
and thus enable an accurate analysis. No part or component which
fails shall be thromu. away or destroyed, but shall be delivered.
to GSFC.. : : o '

When the Malfunction Report has'been’completed,'fe~‘
produce 2 copies of Copy 4 and distribute as follows: :

a. Copies 4 and 5 to Quality Engincering Branch,
Code 312 . : '
b. A copy to Ielios Project Office, Code 702
c. A copy to the Technieal Officer, i
Code 693. | | ”
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" TFailure Analysis Reports generated by the supplier
shall reference the serial nunmber affixed to the Malfunction
Report.

The following changes in the instructions for com-
pletion of the Malfunction Report shall apply for supplier
use:

(1) Project Code - Helio in Rlock 3.

(2) Subsystem designation in Block 5 .~ Radiometer.

The use of contractor designed forms is allowed for
jnternal contractor record keeping, butthe GSFC Torm 4-2 must
be submitted to NASA. ‘

18.2 TEST PROGRAM

The contractor shall fully test each unit to insure full
compliance with all clectrical and mechanical requirements of
the specifications. In addition, electrical tests shall be
performed over the operating temperature range.. The unit
then shall be delivered to GSFC where it will be subjected
to detailed electrical, and integration tests. It will be
returned to the contractor within 90 days for plotting, and
after it is returned to GBFC, it will be subjected to vibration
tests. Final aeceptance will be made thereafter. x

All measurcments shall be made with instruments which have
had their accuracy verified periodically against standards
traceable to the National Bureau of Standards. T

Data shall be provided to G3.C s specified in paragraph
18.5 of this specification. ‘ ;

The contractor shall be responsiain for electricnll
qualifying the unit over the full tempesature range. Th

testing shall be performed at the contractor's facility. ‘n-

spection of all phases of the actual testing can be expe d
as a normal part of monitoring the contract by cognizant
personnel of GSFC. ' ‘ :
Throughout all inspection and tests the cuntractor shall
maintain a 59par§£é“f§§“6f"éach’Eﬁﬁf@ﬁduKT”submodule and system
as a means of documenting the nistory of that item. Tach log
shall identify the item by submodule type and serial number of

“system and serial number. Chronological ovder shall be main-

tained, accounting for idle periods of time and movements. Entries
shall be complete, clear, and include (but not be limited o) ‘the
following: S : T S : BT

14
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~a. Date and time of entry.
b. Identity of inspection or test.
¢. Envirommental conditions.
d. Characteristics being investigated.
e. Parameter measurements (or reference to specific
test spec paragraph). V
f. Identification of instrumentation used, including

serial number and calibration date.

g. Observed failures and failure report referenced.
~h. Accumulated operating time (to closest 5 minutes).

i. Operational discrepancies between test results
and pertinent test specifications or drawings.
Repair and maintenance record.
Record of any unusual or questionable occurrences in-
volving the items.
1. Identify of person maklng entry and time of entry

"o

Equipment logs shall be available at all times for in-
spection and review and shall be delivered with the item.

"18.2.1 Temperature

18.2.1.1 Storage Temperature. Not required

18.2.1.2 Operational Temperaturc. The uult shall
be tested to demonstrate compliance with paragraph 15.1.0 of
this specification.

18.2.2 Vibration

The unit shall be tesbed as outlined in AtLaChmPnb
A, Helios exp011mento and test SpeulllCuulon

| 18.2.2.1 Sinusoidal Vibration. This test shall
he ¢onducted by sweeping the appliced frequency once through
each range specified in Attachment A. ~

18.2.3 Thermalvvacuum,,

- The unit Sh1]1 be chtod as sp801f1ed in Atuauhmemt
A, Hello% expet:ncnts and thL spec1ilcatlon :

~18;2.A Rwdlo Frequoncv Intcr*cmencb

Tost shall be pnrformed to'provc compliance with
all requlrcmcnts of AttaahmonL A, Helios Experiments and Test

;bpeflflcaleﬂ : - Gl TR ].7'k ; L

15
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18.3 TREST EQUIPMENT DESIGN

Design of test equipment for submodule and system checkout.
All necessary special test equipment shall be contlractor designed
and furnished. The test specifications will include details
pertaining to the special test equipment necessary for checkout
of the submodules and the system as a whole. Since it will be
for bench test and checkout, the test equipment should not be
elaborate in appearance or design, but should be functional
and emphasize simplicity. The proposed test equipment shall
be subject to critical review and approval by GSIC. One
complete set of test equipment will be required for use by
the contractor during the fabrication and test period.
Another set or portion thereof may be required for use by
GSFC at the time of ETyU:  delivery. Ixact functioning
and purpose of the individual test sets will be determined
by what circuitry the contractor, subject to GSFC approval
includes in the reSpectlve submoaules

H 4 1

q

Y
4
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118.4 PHE-LAUNCH TESTING EGUIPHMENT

, The contractor shall provide the necessary ground support
~equipment for pre-launch testing.

18.4.1 Pre-Launch Support Eduipm@nt‘

This will consist of an accurate noise source, the
L ) ' _necessary interface comnnector, CW Balun, and dummy antenna,

T T T T Tt C o T S N T T T T T L PR T P P

i : ' 18.4.1.1 Interface The ground support equipment
| T w1Ll have provision for monlfoxlnﬂ the video output of each

L v channel and all other outputs. Inputs for opermtmon via ;
external power supplies shall be provided., Also any neaoscalv
comm@nds iox thc opcrwtlon of the unit shall be provmded

, 18 4. ] 2 Cu Bdlun Plovm%:on% are Lo be 1nc1udcd}
for 1n501t1ng CW signals from a single- ended unbalanced 50 1
P o source to the input of the balanced EQdJOmL*CTn.( This shall be
3 ‘ B - provided over the entire frequency range Wlth a minimum of .
' ' 1nsertlon loss (less thqn 3 db).

16
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'18.4.1.3 Calibration. Calibration data shall be
supplied with delivery of the ground support equipment. The
methods used forx calibration are to be discussed and approved
by the NASA technical director.

18.4.1.4 Sync Pulse and Frame Pulse Generator. The
ground support equipment must supply simulated bit clock and
frame sync pulses for the proper operation of the dual radio-
meter unit. '

18.5 DOCUMENTATION : . .

The basic philosophy of the data required is that it must
be sufficient to summarize the program, document technical
advances, fully describe developed equipment, and in particular,
to permit fabrication, adjustment, test and operation of
developed equipment by any qualified source.

18.5.1 MONTHLY STATUS REPORTS

These reports should be informal in appearancc
and presentation. They should be comprehensive but concise
in nature, and should inform regarding the state ol schedule,
rate of progress and expenditure, all failures referenced,
current problem areas together w1th remedial action suggested,
and problem areas which are anticipated. Urgent problems may
be discussed by telephone and these conversations should bhe
referenced in the reports.

18.5.2 IﬁTEGRATION DATA .

Porty~F1ve (45) davq' fter award of contract the
followxna shall be delivered in one (l) repxoduc;b]< and
five (5) ocopies: :

(1) OutllnL drawings showxn" overa Ll dlmtﬂ“lﬁnb,
mounting features, connector location and
type; and :

(2) Interconnectionrdingrams.

“18.5.3 TEST PLAN

A test plah shall be provided in five (5) copies

Cowith the first unit delivered. It shall be fully detailed,

and shall completely deseribe botl qualification toatlng and

LT
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18.5.4 TEST DATA AND PRELIMINARY OPLRATION INSTRUCTIONS.

Complete test and calibration data and preliminary
operating instructions in five (5) copies shall be provided
with each unit delivered. The test data shall be taken prior
to delivery on each unit and shall be in accordance with the

specification.

18.5.5 ENGINEERING DRAWINGS

: Engincering drawings of the last unit shall be
provided in five sets, one of which shall be reproducible, with-
in 30 days after delivery of the last bardware item. The
dravings shall be class II (i.e., the contractor's drawing
standards shall apply) in accordance with GSFC specification
%623-63-147 (based on MIL-D-70327). All electrical and
"mechanical drawings, including complete schematics and parts
lists, shall be provided. Any contractor specifications that
are referenced shall be supplied also in the same number of

copies.

18.5.6 DRAWINGS/CALIBRATION.

' Lab type drawings of the ground support equipment
and calibration data of the unit shall be delivered one (1)
copy of each with delivery of the ground support equipmen@,;

18.5.7 TFINAL REPORT

4 final report shall be provided in 20 copies within
30 days after delivery of the last hardware item. It shall
comply with requirements of GSTC $5-250-P1Bior Lype»III,reports;
and shall include but not be limited to: o

(1) a sumpmary of the program;
(2) operaition of the system;

(3) theory of operation to fully explain the Qpera“ion{

of the system (functional block diagrams and
 sehematies shall be provided as required);
(4) maintenance data if applicable;
(5) complete circuit descripilon;
(6) complete sct of specifications;
(7) a reliability analysis; T
(8) & complete failure analysis;
(8) radiation eifccts analysis;

(1L0) complete design information and drawings Toy any

test jigs used in testing the unit;

18
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! .
(11) test procedures; :
(12) a complete set of calibration data for each
unit delivered, GSE and flight hardware.

18.6 PREPARATION FOR DELIVERY
- 18.6.1 GENERAL

Equipment prepared for delivery shall be packaged
in a manner to ensure delivery without damage. It shall be
enclosed by a vapor barrier, which shall contain a desiccant.
The humidity state shall be ascertainable without breakage
of the vapor seal. The packaging shall also be suitable for
storage. The package and equipment shall survive a temperature
range (non-operating) of -30°C to +60°C. : :

18.6.2 SHIPPING INSTRUCTIONS

o .
The F.O. B destlnatlon shall ‘be Goddard Space
Flight Center, Greenbelt, Maryland. = Packages shall be

marked as follows

Natlonal Aeronautlcs ‘& Space Adm1n1strat10n
‘Goddard Space Fllght Center

Code 693

Greenbelt Maryland 20771

ATTENTION: Richard R. Weber

Helios Electronic Components -
HANDLE WITH EXTREME CAUTION

| Completed hardware shall be packaged as specified
by level C of FED STD-102. A telegram stating date of shipment,
name ot carrier, waybill number and airline frelght number shall
be forwarded on shlpment to the :
: i )
'Natlonal Aeronautlcs and" Space Adm1nlstratlon ,
Goddard Space ‘Flight Conter S
" Code 693 .
Greenbelt Maryland 20771

19.0 NOTES

19.1 PARTS LISTS

Parts Lists will be submitted to:

19
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National Aeronautics and Space Administration
Goddard Space Flight Center
Code 693 '

* @Greenbelt Maryland 20771

ATTENTION: Richard R. Weber

: For review prior to commencement of fabrication.
If nothing is heard within a 15 working day period approval may
- be assumed.

20 .
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26.5
50
65
85
115
150
195
255
340
445 .
585
765
1,010 |
1,320
~ 2,25’6"7

3,000




‘ ICONNECTOR TYPE AND PIN DESIGNATIONS

. Connector Type: "Cannon DDM36W4P with coax msert
. type DM53740-1

. . . ) _
Pin No. . Type e et e Function
n- Al Coaxial : R.F. Input from Preamp A y
- A2 Coaxidl R.F. Input {rom Preamp B
A3 Coaxial _ . Noise Source Qutput to Preamp A
- Ad Coaxial Noise Source Output to Preamp B
1 #20 Solid Pin ~ Noise Source Temperature Output
. 2 : J} , -t .46 VA
3 4 X +6 VB .
- 4 S Spare '
-5 - Noise Source Level Select One - N1
6 ) | Preamp A Chassis and Signal Ground
7 i e Noise Source Level Select Two - N2
8 o 3 " Preamp B Chassis and Signal Ground
.9 ' | Redundancy Command
10 SRRt SR Cal/Data Command .
11 - | . -6 VA '
12 : -6 VB
13, R . Interlock
14 A R " Interlock
15 : 412V for Thermistors and Redund'mcy ercumy
16 By +12V for Thermistors and Redundancy Cir cuxtry
1 S A0 Control Line for Oscillutor A
18 - AUControl Line for Oscillator A
19 o " . ° A2 Control Line for Oscillator A =
20 : , ) A3 Control Line for Oscillator A
21 . 1 BO Control Line for Cscillator B
22 '~ ..% .. . . Bl Control Line for Oscillator B
23 1 BZ Control Line for Oscillator B
24 : C B3 Control Line for Oscillator B
25 : - 6.0 Volts Power S
2 - i : +6.0 Volts Power
21 . ... . SRB-A Output
28 B ' 'SRB-B Output |
29 | Attenuator Contro! & Range Flag One
30 S § ' ~ Attenuator Control and Range Flag Two
+ 31 - ~ Preamp B Temperature Monitor
- -32 ’ N Chassis anl Signal Ground
33 I Chassis and Signal Ground
34 S . Preamp A Tempcmture Monitor
* 35 Y -6.GC Volts Power
- 36 #20 Solid Pin -6.0 Volts Power
[ . - : ¢
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’ HELIOS PROJECT

EXPERIMENT DATA AND COXMMAND
HANDLING REQUIREMENTS

S5¢ Description of Commands and Data for Experiment No. 5c.

5¢-1 Description of Commands .

5c-1 1 @) Normal Operation - On command the Cxpcrlm»nt
will step through the frequcncics in pairs,
.é.g. 1-9, 2-10,...8-16. Several sampLes~"
are taken at each pair.
(B) Radiometer 1 or 2_choi¢e - On command the
- experiment will switch from'rdaiometer 1 to
. 2 or from 2 to 1. -
(C) éweep’Frequency'Operation - On command the
experxment will operate in a ”sweep"
frequency mode - steppxng sequentially
P through the 16 freguencies repeatedly.
(D) Two Frequency Operatlon - On command the
experiment w111 continuously sample an
' arb1trary pair from A (8 choices)
“(E) Slnwle Frequency Operation - On command the
expcrzment will lock on a specified observing
. frequency. (16 choices) '
 5cf1u2,_Command Executiénvmdni%oring'
’Verification'of all commands should appear

: . ‘as an experiment mode readout in Tu format
5¢c-1.3 Criticality of Commands

No critical commands are forseen‘

f 5c-1.4 Requlred accuracy of time of Execution. Dev1at10.

of 10 m1nutes frOm requc:tcd tlme lb "encrally

acceptable.
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5cf1.5 Command Profile

|

5%-1.5:1 Profile during countdown - Radio-

meter 1 will be. operating in mode A

5¢-1.5.2 Profile During Switch-On - Following

Injection
5¢-1.5.2.1

5¢c-1.5.2.2

Nominal Switch-On Sequence.

Radiometer 1 in-Mode A

: qntil further notice.

QOntingencyAPIans for

‘Switch-On Sequence. Radio-

"meter 1 or 2. Modes by

order of preference A,C,D,E.
Remain in same configuration

until further notice.

5c-1.5.3 Profile During Normal Mission

- 5¢-1.5.3.2

5c-1.5.3.1

1
‘NOrmal Profile

Radiometer 1 in Mode“A

with cccasional (perhaps 2

per month) requests for

‘other modes

Contingency Plans.

‘A choice will be made for

the best of the available

" modes.
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5¢-2 . Descriptiop of Data

j
S5c-2.1 ° Engineering Data

5¢-2.1.1

Ehgineering Telemetry List and

~ Description. 3 voltage monitors

50-201 . 2

"5¢-2.2 'Sclentlflc
-‘45c-2.2J1

8c-2.2.2
5c-2.2.3

5c-3 Presentatlon of Data

,S/C'rotation of data is put in memory

for radiometer power supplies o
3 temperature monitors ... ... .

Sampling Rates

A sampling rate of agproximately

once per hour is sufficient.

Data ‘

?ﬁe scientific data consist. of one
?utput from the radiometer which con-
tains a measure of the antemna ...
temperature and auxiljary outputs |

for attenuator setting and frequency

“indicator. These will all go into

the DPU whieh serves Exp 5.
The Block Length is 304 bits.

Sampling Rates. The 304 bits in a

block are generated in one S/C rota-
tien and stored in a memory.; After
they'are telemetered to Earth anotheri
for transmission. At normal data
rates severar rotatlons will be lost.
between those whlch are accepted by

the memory.

' 5c-3 1 Real Txme Presertatzon

5c-3.1,13;

Englneerznv Real Time Prcsentatlon
5c—3 1 1. 1 Real Time Proflle

The voltage and temperature




iz empantr
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 5¢-3.2

5c-3.1.1.2

5¢-3.1.1.3

Qeadings constitute only

ﬁ few readings per hour.

They are needed only' in

1
i

the early phases of the

|

flight or for any critical

developments in the S/C

;later.

‘The voltage and temperature

. |
readings will be inter-

preted by hand via calibra-

;tions.

Method of Real Time Pre-

" sentation A tabularylieting

- 5¢-3.1.2

Sc1ent1f1c Time Proflle

is adequate

Data are needed|

:for several days after launch and experl—:

P " ment turn-on.

5c-3.1.2,2

Description of Data. The

. | R
antenna noise temperature

yifﬂdetermined by hand via

ol - .
‘calibration curves from the

'5¢-3.1.2,3,;

. Presentation.
- receiver output voltage vs

'gtime is required for each

.Quick Look Presentatlon

5c-3 2 1 Engineering Qu1ck

radiometer output voltage

,the attenuator sett1ng and

the temperature of theAw

) electronlcs.
I

M%thoduof Real Time
A display

frequency for evaluatlon of
system performance. o

Look Presentation.m,‘

The same requxrements as discussed
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Sc-4 -

1n 5¢-3.1.1 will apply to Quick
-Look engineering data to detect
malfunctions throughout the mission.
5¢+3.2.2 Scientific Quick Look Preseatation
. 5¢~3.2.2.1 Quick Look Proflle

Several hours of datayﬁy

iare required at least once

.  per week L
5c-3.2.2.2 Depcrlptlon of Quick Looh;;
SRR Data. Same as 5c-3.1.2
. 5c-3.2.2.3 Method of Data Tramsmitted.
‘5c;3.212.2 “ethod of Data Presentatlon
";Same as 5¢-3.1.2.3

f
i
!

Operatlonal Mode Status \ionltonnrr

Sc-4.1 - Monltorlnﬂ ‘Points

5&44;2 : Method of Dlsplay
;5ce4;3“cﬂ Method of Recording-Notes
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APPENDIX A 3

Reliability and Quality Assurance Provisions for Helios

Project Instruments
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1.2

2.

‘contract.

2.2

' APPLICABLE DOCUMENTS
2.1

i

. 2.2.3 NHB 5300.4(33) - "Requlrements for Soldered ‘Electrical

' 2;3.2'kGSFC preferred Parts List, Latest edition in effect

SCOPE [ o T

INTRODUCTION. This specification sets forth the minimum
reliability and quality assurance (R&QA) provisions re-

quired for HELIOS project instruments.

RELATION TO OTHER CONTRACT REQUIREMENTS. To the extent

that any inconsistencies exist between the contract
schedule and this specification, the contract schedule

shall take precedence.

GENERAL. The following documents form a part of this

specification;to'Qhe extent described herein and in the

NASA HANDBOOKS
2.2.1 NHB 5300.4(1A) (Formerly NPC- 250-1), "Rellablllty
Program Provisions for Aeronautzcal -and Space
. System Contractors," Apr11 1970 Edition.
2.2.2 NHB 5300.4{1B) - (Formerly NEC 700 2), "Quality
'Program Prov151ons for, Aeronautlcal and Space

‘System Contractors," April 1969 Edltlon.

Connections," May 1968 Edition.

GSFC Documents

2 3 1. S-312-P-1 - "GSFC Specification for Contractor
‘Malfunction Reporting,” March 24, 1970. o

~on date of Request for Proposals.

Ty
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2.4 DOCUMENTATION SUBMITTAL. The contractoxr shall submit all

3.
3.1

documentation specified herein and tabulated in Appendix A.

The definitions of approval, review, and information in

Section 1B103 of NHB 5300.4(1B) apply to this requirement.

:The contractor shall prepare a milestone chart for docu-

mentation submittal and dlstrlbutzon.

REQUIREMENTS | _
QUALITY ASSURANCE. The contractor shall establish and

Taintain an effective quality program to satisfy, as a

minimum, the following provisions of NASA Handbook
NHB 5300.4(1B): |

';.1;1
D 3.1.2

Chapter 1: Int:oduction. all paragraphs."
Chapter 2: Quality Program Management and Planning.
pParagraph 1B200 General. '

 Pparagraph 1B20l Organization.

Paragraph 18202-1 Trainina

- “Paragraph lBZO6 Quality Program Plan

3.1.3

3.1.4

- 3.1.5

B 3.1.6

RELIABILITY. The contractor shall implement a relzabzllty*‘_f

Chapter 3: Design and Development Controls.

All paragraphs.

Chapter 4: Identification and Data Retrieval.
Paragraph 1B400 General. -
Paragraph 1B40l1 Identification Methods.'ﬁ‘
Paragraph 1B402 Documemtation. ;

Chapter 5: Procurcment Controls.

- Paragraphs 1B500 through 1B506.

Chapters 6 through 13, All paragraphs;

program in accordance with the followxng provxs:ons of

NASA Handbook NHB 5300 4(1A)|




3.3

3.4

‘SdLDERING. The contractor shall establish and maintain“a'*iﬁ

3.2.1 éhapter l: Scope; ~All paragraphs.
3.2.2 Chapter 2: Reliability Program.Management.
Paragraph lA?Ol-l, Reliability Program'P}an.
Paragraph 1A205-3, Supplier Control.
3.2.3 Chapter 3: Reliability Engineering.
Paragraph 1A303-1, Failure Mode, Effect and
. Criticality Analyses.
Pa;agraph 1A305, Design Review Program,
éaragraph 1A306, Problem/Failure Reporting
|  and Correction. '
Paragraph 1A308, Parts and Materials Program
3.2.4 Chapter 4: Testing and Reliability Evaluation.
Paragraph 1A402-2, Testlng-Quallflcatlon of
! ‘Hardware.
,wParagraph 12402-3, Testing - Test Specifications,
: Procedures and Reports., | (_ |
PROPOSED R&QA PROGRAM PLANS. The contractor shall submit

a Reliability ﬁrogram Plan and a Quality Program Plan with -

. his proposal. The plans shall describe how the contractor

will ensure compliance with the requlred R&QA provisions
and use the same paragraphing format of NHB 5300.4(1B) and
(1a) . The contractor shall also submit a cost estimate for

each element in the Program Plans.

s%lderlng program meeting the requlrenents of NASA Handbook

. NHB 5300.4(33).

3.4.1 The-documents required by paragraph 3A207 shall be
. submitted to the designated GSFC QA representatlve

~for revxew.

£
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3.6

3.7

-

CONFIGURATION CONTROL. The contractor shall submit a

|
prbposed and a final Configuration Control Plan to

P

descrlbe the contractor's formal means of technical

evaluatlon, documentatlon accountlng, and approval of

—
changes to end-items in accordance w1th GSFC requirements

B . [}
for Configuration Control.
e

MALFUNCTION REPORTING. The contractor shall report

——

malfunctions to GSFC as required by S-312-P-1.

PRﬁFERRED PARTS LIST. The contractor shall select parts
from the GSFC Preferred Parts List (PPL). Parts not on
the PPL wlll be consxdered as “Non-Standard Parts" and

RO 4

wﬁll requlre the approval of the Parts Branch, Code 311
p—m T ———— Y

GSFC. - The contractor shall submit appropriate data as
—

necessary to Justlfy the use of any non-standard part.

e s e h s —— 1 -
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B g RAQA DOCUMENTATION SUBMITTAL CHART
R o> R ) ,
Q L SUBMIT FOR - |
'mam'r REF, APPR REV, INFO, SEND TOt . QTY. DUR
- a Proposed Quality Program Plan |s-702-p21 | | «x Project Off. | 5 | With Proposal
) .’) Quality Program Plan T i1B206 x U Project Off.{ 5 Within 30 days after award
“ “sChange Control System Document 18302 x Project Off. 5 With Configuration Control Plan
Test Specifications, Inspection and Test |1B702, x Project Off. S 30 days prior to start of appl.
Procedures, and End-Item Inspection and |1B703,and test
“Pest Specs and Procedures 1B704
End-Item Insp. & Test Report 1B705-7 x | Project Off. 5 With documentation package
Written Requests for NASA C.O. Apptoval 1B805 x i Contract.Off. S When written
_ Documentation Package 1B1102-2 x With End-Item| 5 With shipment
2. > Proposed Reliability Program Plan 81%79_2-2-1 x Project Off. 5 With Proposal
‘ - @ Reliability Program Plan 14201 x ; Project Off, 5 Within 30 days after award,
" Design Review Input Packages j1A305-1 x Project Off. | 10 15 working days before meeting
Design Review Meeting Minutes 1A305-1 . X Project Off, | 10 5 working days after meeting
, Design Review Reports . 1A305-1 x Project Off. | 10 30 days after meeting .
T- Parts, Devices, & Materials Specs. 1A308-4 x Project Off, 5 with Parts, Device, & Matr.
List
Parts, Devices, & Materials Qualif. ‘l‘est 1A308-5. x Project Off. 5 With Parts, Device, & Matr.
Specs. & Reports : ; ’ List
., Parts, Devices, & Materials Lists 1A308-6 & | x Project Off. 5 60 days prior to initiation ot
~ ’ detailed design
Parts, Devices, & Materials Application A398-7« x Project Off, 5 With Design Review Input
Review o ‘ . Package
Quahflcation Status List 1AN02-2 « x Project Off. 5 ; |With Parts, Devize & Matr. List
g GSFC Malfunction Report Fotm u-z -B=312-P-1 | x Pro,ject Off. - As required by $-312-P-1
Mo aContiguration Control Plan -702-P-1 | = Project Off. 5 Within 60 days after award
Nb Proposed Configuration Control Plan S=702-P=1 x ' Project Off. 5 With Proposal
* - é; FELITS e e, o s
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. o | - Reliability Analysis for Helios Dual Swept Frequency Radiometer
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i RELIABILITY ANALYSIS FOR HELIOS DUAL SWEPT FREQUENCY RADIOMETER SYSTEM

-

NTRODUCTION

DEFINITION OF THE SYSTEM

CONFIGURATION OF THE SYSTEM

DEFINITIONS OF OPERATING STATUS
FAILURE MODE ANALYSIS FORMAT |

‘ DISCUSSlON OF ANALYSIS RESULTS

6.1 Pre-amplifiers o

‘6 2 Radiometer

NON-REDUNDANT ELEMENTS

CONCLUSIONS AND RECOMMENDATIONS
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RELIABILITY ANALYSIS
FOR |
HEL1OS DUAL SWEPT FREQUENCY RADIOMETER SYSTEM

1.0 INTRODUCTION

This is a qualitative failure mode analysis of the Radlometer system developed by 1

‘ Washington Technological Assoclates for the NASA Goddard Space Flight Center under

Contract No. NAS 5-11396.
The reliability estimate (calculation enclosed) givesa value of .861, well within the
relia‘bri;llty goal of .80 given by the specifications. |
The estimate is based upon reliability data available in MIL Handbook 2178 and on the
use of the newly manufactured oscillators installed in flight systems 1 and 2. By using factors :

for space use, failure rates were obtained for the components used and the reliability of the

system was calculated.

The failure rate for the hybrid oscillators was calculated on the basis of discrete com-

ponents. It is a fair assumption that if the assembly process is mature and accurately controlled,

- the hybnd assembly will be more reliable than a printed circuit board or a cordwood construction:

umt because the number of connections is reduced by one-third to one-half

The first oscrllators built demonstrated an abnormally high failure rate. This was traced
f_.to incomplete removal of frichlorethelyne used in the cleaning process. Premature failure was

| dlscovered on a number of units, including some of the units in prototypes 1 and 2. The process

was changed and tlghtly controlled with the Government witnessing at every step in the process for

L t'llght l and 2 As a result, we do not know ol" a slngle operahonal t'allure ot' these new osclllators.

YT S S W




Recently, however, it hos been reported that the unit in B spacecraft, i.e. bthe flight 2
radiometer, shows some signs of instability that may or may not result in a failure. The
suspecfed channels are two channels on radiometer A and one channel on radiometer B. -
If;gne assumes that the two channels on radiometer A fail ' then the experienced failure

rate is 1.97 X 1075 rather than the .394 X 1073 predicted. Using 1.97 x 107> in the

“reliability calculations shows the reliability of radiometer A to be .693 and the re-

ch}mdance reliability of the radiometer system to be .8045.

'2.0 DEFINITION OF THE SYSTEM

The Helios Dual Swept Frequency Radiometer system is designed to meosure__the amplitude

o# a eifferential signal obtained from a pair of monopole antennas mounted on the Spacecraft,
in the radio spectrum between 26.5 khz. and 3 Mhz. The measurement of the amplitudé of the
differential signal is derived from samples of amplitude at sixteen discrete frequencies, which
,ore obtained from a continuous sweeping of the entire b’and, Amplitude colibrotron is ootoineo- |
by means of an internal source of constant value. |
3.0 C(SNFIGURATION OF THE,,SYSTEM

| ‘Tl'v\e systAem is shown in simplified block diagram and in the complete‘schemotic blueprint

-attached tp this report.

The two antennas are mounted on the spacecraft 180 degrees apart to obtain the differential

E componenf of the field; they feed separately into the two pre-amplifiers. These preamps are

matched for gain and phase Shlﬂ' ond their gain is oufomohcolly controlled by the rodlomefer to

obtom a range of 90 db. An internal noise source for cohbrohon purposes is mcluded ond is

g ‘controlled by a relay.

The outputs of the two pre—omphflers are connected dlfferenholly to fhe mput of the :

- Radiometer's omplu‘fuers,




The two radiometers are used in standby redundancy and consist of the following main

components:
a)  The super heterodyne amplifier with sixteen seporate local oscillators, a mixer,
crystal filter, 1.F. amplifier, detector, and log omplnfuer

b) The range control circuit (which oufomatucolly mod|f|es the gain of fhe pre-ompllfuers

and telemeters the appropriate gain flags) .

<) i’he telecontrolled logic command for the switching of the local oscillators, the
“hoise calibration signals and redundancy. command.

4.0  DEFINITIONS OF OPERATING STATUS

For the purpose of this Failure Analysis, the system is assumed to have successfully |

survived the launching stresses and to operate in space vacuum within-a temperature range

of -20 to +70 degrees Centigrade.

b A failure is defined as the complete absence of the signal indfcaﬁng the level of radiation

" to be measured, and/or the absence of the range flag.

o A partial'fcilure is defined as any irregularity in the radiation level signal, whether this

is produced by improper calibration, improper frequency sweeping or other anomaly.

A successful operation is obtained whenever the 5|gno| level is transmltted at oII frequencies

.
=
]
established and the level flags show proper performance of the gain c'onttol sysfem

5.0 FAILURE MODE ANALYSIS FORMAT . o

The enclosed failure mode onalysus is made at the subassembly Ievel the effect of

the failure of the mdwndual ports in the short und open mode is the effect on , the porhculor

subossembly considered.

Each subcssembly is mdncated by the htle sheet, the parts list, and the fei‘lrure: mode

: ond effects sheet.
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For example, the first analysis is on the Pre-amplifier, .and the effect of the failure
short is the failure _er,partial failure of the pre-amplifier, not of the total system. In the case
of the Radiometer, its subassemblies are listed on the parfs list of the Mother Board PC 731.

With the exception of the oscillators, all subassembl ies of the Mother Board are essenticl to

-the- operation of the radiometer; therefore, the indication of failure of the subassembl_y isa

direct indication of the failure of the radiometer. The failure of any one of the 16 oscillators
would imply only failure of the radiometer to transmit that particular frequency of the faulty
oscﬂlator, and should therefore be considered only a porhal failure of the rudlometer

In other words, the effect of redundant conflguratlons is not indicated in the analysis
;ﬂeets, but will be considered only in the discussnon.ﬁvy

6.0 DISCUSSION OF ANALYSIS RESULTS

6.1  -Pre-amplifiers

The two amplifiers are matched to eliminate os much local interference and self-
generated noise as possible; however, since each pre-amphfler can be collbroted separofe|y
from the ground, one can still obtain a calibrated signal in the radiometer even with one of the

two pre-amplifiers not functioning. Depending upon the amount of internally generated noise

-~ and local interference, the fcil’ure of a pre-amplifier can be considered a partial failure of the
"system , even though the two pre-ampllﬁers are not strnctly connected in redundant configuretion.~

| The very Icrge percentage of parts at fhe 0.001 established level of failure rate makes this con= ;

| ; ﬁgurohon highly acceptcble. | | | : |

- : 6.2 Radiemefer

The two radlometers are in redundont configuration as exp|mned prevnously and fhere- |

fore, no s|gna| part follure wull produce a system fculure. In this sub-assembly ‘ the Iarge
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number of canponent pdrts purchased to low established failure rate levels, and the highly
e | . ‘ L
derated operating conditions assure a long failure-free operation.

7.0 NON-REDUNDANT ELEMENTS

The Noise Source is the larger non-redundant element in the system, its function, however,

cannot be considered absolutely essential to the operation of the system, because the system is- -

i . L L3 .
ciallbrofed completely before launch with a much more accurate signal source. Itsiuse in space

|
" is needed only in the event of a variation in the received signals, to determine if they are pro-

duced by a failure in the system or some other malfunction in the rest of the satellite.
Other non-redundant elements in the system that must be considered critical are: the

redundancy switching, the transformer board, and the command interface.

- 8.0 CONCLUSIONS AND RECOMMENDATIONS .~

 This failure analysis has shown a well-balanced design configuration of the various com=

assurance of reliable performance of the system,

i
A large percentage of the parts used have established reliability levels or were selecfed

from the Preferred Parts List; however, many parts had to be qualified.

Lbonents in the system, with redundancy used only at the largest components level giving adequate

It is interesting to note that the preliminary reliability analysis delivered on October 3, 1972

relied primarily on estimated data for most parts. The failure rate presented in the final report

is higher by a factor of approximately 2.5 but the reliability estimate for the radiometer dropped

only from .992 to .970. This small drop is largely because of the redundancy of the radiometer.

It can also be seen that if the oscillator failure rate is assumed to be twice as great as presented

_( 394 x 1073 to0 .788 x 10'5) the radiometer reliability decreases from .970 to .952 and the )

- 'system rehabuhty decreases from .861 to .845. As prevnously shown if two oscillators fail the

to. 8045

rate is mcreased from 394 X 10-5 to 1. 97 x 10 and the system rellablllty decreases from 861’s o

B-7
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RELIABILITY ESTIMATE

FOR

HELIOS DUAL SWEPT FREQUENCY RADIOMETER SYSTEM

'ELEMENT

: Pr‘éamp

' Mixer

Filter

AGC
Oscillator
Mother Board
Output Card

. IF amp

Amp

Logic 1
Logic 2
Logic 3

TOTAL RADIOMETER

- Noise Source

Noise Switch

TOTAL NOISE

Redundancy Sw.
Transformer
Command Interface

FR(10™5)  FRT

446

.22
.062
.253
394
.016
426
093
195
126

* TOTAL SYSTEM RELIABILITY

~ RELIABILITY REDUNDANCE
e-FRT RELIABILITY

.0446 .956 o9

.2088 .8196

S 3

) .WO

0671 .935
1066 .993

.0055 .985

0265 973
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APPENDIX C-

Helios Radiometer Experiment 5C Test Plan
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HELIOS EXPERIMENT 5C TEST PLAN

e Prepared for

National Aeronautics Space Administration
Goddard Space Flight Center
. Greenbelt, Maryland 20771
Code 693

NASA Contract # NAS 5-11396

Prepared by

Washington Technological Associates,Inc.
979 Rollins Avenue
Rockvnlle, Maryland 20852

A Subsudmry of Quanta Sysfems Corporahon |

WTA No. 3436

13 July 1973
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HELIOS EXPERIMENT 5C TEST PLAN OUTLINE

1.0
2.0

3.0

GENERAL

ELECTRICAL TESTS
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1.0 GENERAL

“

The purpose of this test plan is to provide testing and operating procedures for
qualifying and operating the HELIOS Radiometers. This plan includes operating procedures,

elect:ical tests, mechanical measurements, integration, and environmental tests.

1.1 Test Equipment
- All test equipment used to test or operate this experimér& must be dalibrd;;a
at the time of the test, as defined in the WTA Q'Qality Assurance Handbook and as monitored

by the appropriate DCAS RepreSenfaﬁve (s).

1.2 Test Documentation

. Each test must be recorded on data sheets made for that purpose or in data notebooks,

" as appro;;riate. Each entry must be dated, signed, and the test equipment used noted.




2.0  ELECTRICAL TEST
The purpose of electrical testing is to verify that the equipment meets the electrical
specifications of GSFC Specification S-693-P-2 as amended by Contract NAS 5-11396.

Certain electrical tests can best be accomplished before the Radiometer is packaged,

i.e., ltems referenced in 2.2, 2.3, 2.4, 2.5 = all othxérs are tested with a complete Radiometer.

2,1 dYsta| Filter Bandwidth

The purpose of fhis test is to demonstrate that the following speyc:ifi<:;ti‘ot|vsﬁ are valid:
1‘.‘" ‘Bandwidth - 10 kHz #+ 1 kHz at 3db points.
2. Skirt Selectiyity |
st
10 kHz - <-3db
23 kHz - >-60db
‘Ripple = <.3db

| Thus test is made with the Radiometer. connected to and operated by the GSE, but

~without preamps. Connect the Radiometer and test equipment as shown on figure 2,1-1.

Operate the Radiometer as outlined in Appendix A. Turn on GSE and Radiometer power

and ud|usf the channel selector to Channel 10. The filter response should now show up on

' fhe screen. Measure and record the 3db and 60db bandwidth and ripple at room: temperafure.

‘Data from thls fest s'-lould be recorded on Test Data Sheet 2 l-l

c-5
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HP

Figure 2.1-1
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(Sheet 1 of 2 )

i Test Data Sheet 2.1-1 ]
HELIOS RADIOMETER _ | |
e Radiometer A/B Preamp A/B |

R DO?e Time Started Time Ended

Crystal Filter - S/N

Test Conditions:

- Test Equipment Connections: ' B : :




(Sheet 2

of 2 )

Test Data Sheet 2.1=1

" HELIOS RADIOMETER

Radiometer A/B Preamp A/B

i

1

Ddte Time Started

Time Ended

i

Crystal Filter - S/N

25°C

. fC‘

3db Bandwidth

O —————————
————————————

Ripple

Temperature -

-20°C

—————————
—————————————

+60°C -

\
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2.2  Crystal Oscillator Frequency Stability
w T

This test is used to determine the total frequency variation over the temperature
rdnge of =20° to +60° C. Because of monitoring difficulty, this test must be performed
with each bscillator as a separate entity. |

Set up equipment as indicated in figures 2.2-1 and 2.2-2. Note the output

frequency at +25° C, =20°C, and +60° C. Subtract the maximum positive and negative
Y

excursions: - The result is the fotal frequency variation of the oscillator.
Data from this test should be recorded on Test Data Sh‘eefs’2.2-l and 2,2-2,
j R +6 VDC Power Supply -
r 1 i
, :Crystdl I, o
I —l— 5 3 Oscullc.:tor|
) &3 Under | | SRR
N Test ' B k .
1 TT e o1 o7 1
| j B ', A l ~ " Frequency o
; s 71 ',Counfer
o S 1 || HP5246L
o = | e
e e
GRS e e
Envuronmental Test Chamber B S L e e
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~ Test Data Sheet 2.2-1
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

Date " Time Started

Radiometer A - Crystal Oscillator

Test Conditions:

. Test Equipment Connections:

(Sheet 1 of 2 )

Time Ended

R R R,




' Test Data Sheet 2.2~}
HELIOS RADIO METER

(Sheet 2 of 2

e

Radiometer A/B Preamp A/B

' Dote" e Time Started

Radiometer A - Crystal Oscillator

o | Frequency
- Channel S/N _ @ 25°C

1

Time Ended

Frequency Frequenc*
@ -20°C @ +60°C

ot N
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T
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. (Sheet 1 of 2 ) " ;
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: |
Test Data Sheet 2,2-2 |
HELIOS RADIOMETER
Radiometer A/B Preamp A/B
3 Date Time Started - Time Ended
: :
i Racjiometer B- Crysrtal70$ci||ator
2 . Test Conditions:
Test Equipment Connections:
|
. i
i
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(Sheet 2 of 2 )

- Test Data Sheet2,2-2 - -
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

Date, Time Started : Time Ended

Radiometer B - Crystal Oscillator

o Frequency Frequency Frequé‘rvurc.y )
Channel S/N @ 25°C @ -20°C @ +60°C
1
2
3; ,

10

n
o ; ,‘2;
]3

"

16




2.3

Log Amp Stabilization

Test procedure for the log amplifier.
Connect + 6V supply to the proper terminals of the board.
Record the current for supply. |

Connect the test equipment as shown below:

TEST CONNECTIONS

|
I |
. LOG .AMP CARD

[

Digital

Voltage

“Source

T+ -

5V Power l
- Supply L

L DVM

e




| o
2l.3.l Vary input voltage in seven steps as shown below and record output voltage at
DVM with ambienttemperatbre at ~10°C rooﬁ temperdture and +60° C.
lh!pr (mv) L ' Out;ut (volts)
- 4

“10mv

20 mv

40 mv

=100 mv

~250 mv

~400 mvy

]’esi‘Dah Sheet 2.3,1-1 should be used to take data for this test.

s

R I L




Test Data Sheet 2.3.1=1 -
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

Date T Time Started

Log Amp

Test Conditions:

Test Equipment Connections:

(Sheet 1 of 2 )

Time Ended

: «:C-;’|67 E
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(Sheet 2 of 2 )

Test Data Sheet 2,3,1-1
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

Dafé ‘ Time Started Time Ended

Log Amp

0
0

& -, B5°C -20° +60°.
S/N Input ~ Output Output - Output
|

10mv

ZO:mv
40 my

ldOniv

250 mv

400 mv
|

|
. | |
S/N I}Omv ! .
26 mv
40 mv i

i

100my_
~ 250my

EENREI RN

ERRNEERREE

400 mv

C-17
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4 Né)i'se Source Calibration

This test is used to determine the frequency response, and variation of output level

ov{.er temperature , of the noise source assembly PC-722. Because of monitbring difficulty,

|
s test must be performed with the noise source as a separate entity. Set up equipment as

indicated in figure 2.4-1. Record the output level at 425°C, -20° C, and +60° C Also,

ot the ouiput level versus frequency at 425° C on a graph, Switching either S1 or 52 to
b4 ,

=6 VDC should reduce the output level by approximately 20db. Swifching both S1 and S2

should reduce the output level by 40db.

Data from this test shall be recorded on Test Data Sheet 2,4-1.

f-évpc -6VDC Ground

'

=

I
: | —

_ 1 E3orE4 | Spectrum

“E1 E2 ES ' Anaylzer

. PC 722 | HP85538
S U S J S1, o— = -6VDC
Environmental Test Chamber . ' A -

' o +6 VDC

2 o ____w -6VDC

Figure 2.4~1

S T T T
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(Sheet 1 of 2 )

Test Data Sheet 2,4-1
HELIOS RADIOMETER
Radiometer A/B Preamp A/B

Date Time Started Time Ended

Noise Source Output Level

S/N

‘ Test Conditions:

Test Equipment Connections:




(Sheet 2 of 2 )

i §

m ' Test Data Sheet 2.4~-1
. HELIOS R;ADIOMETER

Radiometer A/B Preamp A/B

Date Time Started Time Ended

Noise Source Output Level

TEMPERATURE
S/N . 25°C -20°C +60° C

10 kHz
500 kéHz
;l MHZ

i2‘ MHz

3MHz

—40db

i
1
Pelg
! i
Vo
i
|

I 524l _ ASKINARNE Lo 08 O e e
Bl ~ OMHz- ~ 1MHz ‘2MHz ~ 3MHz




2,5 Preamp Operation

2.5.1  Preamp Input Impedance
o
This test is used to determine the input impedance of the preamp assembly PC-716.
Set up equipment as indicated in figure 2.5.1-1, Mode "A". Set the signal

generator to 20 kHz and note the output level. Change to Mode "B" and adjust the poten—-

tiometer for a 3db reduction in output level. Measure and record the potentiometer resistance. .

enerator to 20 kHz; adjust the potentiometer to the resistance obtained with the preamp at

R > S~

20 kHz, and return to Mode "A" ~ the output level should be the same as that obfained in
Mode "A"above. Adjust the frequency to 3MHz. Adjust the potentiometer to the resistance
obtained with the preamp. Note the output level. Change to Mode *C" and adjust the

cuﬁacifor for a 3db reduction in output level. Return to Mode "A". Set the signal generator

~ to 20 kHz and note the output level. Change to Mode "C" and adjust the potentiometer for

a 3db reduction in output level. Measure and record the potentiometer resistance. Repeat

this procedure at every octave up to 3MHz. Compare the results obtained in Modes "B" and

, "C" They should be the same. Measure the COpO¢I'|'OI’. The resulf is the equwalent input

: lmpedance .

Dclfa from this test sho|| be recorded on Test Data Sheet 2 5.1-1.

Repeat this procedure at every octave up to 3 MHz. Chcmqe to Mode "C",  Adjust the signal .
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(Sheet 1 of 2

Test Data Sheet 2,5.1-1 .
HELIOS RADIOMETER

Ra(::iibmeter A/B Preamp A/B

!

Date Time Started Time Ended

|
Preamp S/N

Input Impedance Temperature 25° C

Test Conditions:

Test Equipment Connections:

em
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(Sheet 2 of 2 )

-
Test Data Sheet 2,.5,1-1
HELIOS RADIOMETER -

Radiometer A/B Preamp A/B

Date i Time Started , Time Ended

P’re&o mp S/N
|

Input Impedance : Temperature 25°C

Calibrate Test Set Up:

?rieq(gency - | o Voltage Open Circuit - , ATerminafed with 16pf/100K's
20 |;Hz ‘ | o | |
, 200 kHz
sk
IMH_z | ch s




2.5.2 Preamp Phase Matching
I This test is used to determine the phase match of the preamps.
| Set up equipment as indicated in figure 2.5.2-1(A). Zero the vector voltmeter.
Set Qp equipment as indicated in figure 2.5,2-1(B). Vary the input frequency from 20 kHz
to 3 MHz while monitoring the phase difference on the vector voltmeter. Record the maximum
| - positive and negative excursions of phase. ' Repeat the above procedure in the mid and low
‘gain modes, The total phase discrepancy should not exceed ‘é‘»‘o.
‘ Data from this test should be recorded on Test Data Sheet 2.5.2-1,
i | Signal !
. s 'Generator , ’
~ HP651 ‘ , nAN
J e ) : - “A" <: Chqnnel A VeCfOl‘
' : ' : Voltmeter
: > uAu nA g Channel B' B HP8405A
>51 ohm ‘
' MODE "A“~
f . Channel “A"
o » . RS Preamp "A" aliled ———  Vector ,
IR "A" Qe — Channel "B" Voltmeter
S . W ‘ Preamp ngu ” HP8405A
1y " Figure 2.5.2-1

S ERTp PR RS

C-25
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Test Data Sheet 2,5.2-1
HELIOS RADIOMETER
Radiometer A/B Preamp'A/B
Date | Time Started | Time Ended

Preamp S/N and

" Phase Matching

Test Conditions:

Test Equipment Connections:

- C-26
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(Sheet 2 of 2 )

Test Data Sheet 2.5.2-1
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

%

Dq‘te e Time Started Time Ended

Preamp S/N - and

Phase Mofchig_

st I

[t ]

- Phase (Relative) |

Frequency o @25°C @-20°C @ +60°C

20 kHz
100 kHz

500 kHz

e
|
2 MHz

3 MHz

Cc-27
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2.5.3 Preamp Guin VMatching
The fe.?.f is used to ééterrﬁihe the gain match of the preamps.w"':
Set the equipment as indicated in figure 2;5.3-1 . Starting in the high gain mode
at 20 kHz, record fhe gain at octave intervals up to 3MH£. Repeat in the mid and low gain
modes. | |
Change fo the other preamp and repeat the above procedure. The gain plofé 7<K>f the |

two preamps should track fo within 0.6 db across the frequency spectrum in all gain modes.

ri"‘
-

Data from this test should be recorded on Test Data Sheet 2.5.3-1.

!

Signal Generator

HP651

Preamp

VIVM
HP3400A

- c-28
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Date

l
Predmp /N

of

(Sheet 1
'Test Data Sheet 2.5.3-1
HELIOS RADIOMETER
Radiometer A/B Preamp A/B
Time Started Time Ended

and

" Gain Matching

‘ Test Conditions:

Test Equipment Connections:

- C-29
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(Sheet 2 of 2 )

}

Test Data Sheet 2.5, 3-1
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

R , Date - Time Started Time Ended

Preamp S/N _and

‘ Gain Matching

. Temperature

Frequency : 25°C -20°C +60°C

E E20'kHz ,

' 500ngz
lEMHz

B ) 2 MHz

3 MHz

| €-30
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2,6 Post Detection Time Constant
" The At'e:st is used to determine the time constant of the output card PC-729, Set

up equipment as indicated in figure 2.6~1. Inject a 100msec pulse at a repetition rate of

“approximately 5pps into the inpuf‘c;f the log amp. Note the output waveform, it should

indicate a time constant of 8.2 msec.

pata from this test shall be recorded on Test Data Sheet 2,6-1,

e ;- Ground
Radionictsr , Support
o Unit

“To

| Log Amp Input ) .‘To :;Ouf
[ B Out
g |
. Pulse | | ;
- Generator .+ | Oscilloscope

C-31
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(Sheet 1 of 2
Test Data Sheet 2,61
HELIOS RADIOMETER
Radiometer A/B Preamp A/B
Date Tirfxe, Started Time Ended

|
|
Post Detection Time Constant

et

S/N and

Test Conditions:

Test Equipment Connections:

c-32
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(Sheet 2
* Test Data Sheet 2.6-1
HELIOS RADIOMETER
Radiometer A/B Preamp A/B
Date L Time Started Time Ended

Post Detection Time Constant

Time Constant

s/N

s/N

|

Cesa
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2,7 dﬁtput Voltage Stability

: The output voltage stability may be measured by monitoring the A out or B out -

i .

|

jacks of the ground support unit. Data from this test shall be recorded on Test Data Sheet 2.7-1,
! = :

2.8  Power Consumption

The 2 6VDC power cbnsumpﬁon may be read directly from the front panel meters.
The +12 VDC power consumption may be measured by inserting a current meter into

the line between Pins.31 and 32 of J2 on the Radiometer and P|n 23 of J3 on the ground

l

support unit. Data from this test shall be recorded on Test Data Sheet 2.8-1.

2,9 Precalibration

'l'i‘iis test is used to determine the functional capability of the Radiometer- system.
Set up the equipment as indicated in figure 2.9-] . Set the ground support unit

u;:) for manual operation, Turn on the noise source and adjust the manual attenuation for
1
!
-110db. Note the residual level. Adjust the manual attenuation to =100db and note the
i
l

level. Keep reducing the attenuation in 10db steps while noting the output level. There

should be a linear change in output for a fog change in input level until the output reaches

. ai)proximcfely 4,5 volts. At this point, the Radiometer should go to range two. Continue
S
dfecreosing attenuation through ranges two and three until saturation is reached (approximately
|
- 5.0VDC). A dynomlc range of approximately 90db should be obtained. Repeat the above

: procedure on Channels 5, 10, and 16 at temperatures of 25° C,+60° C, and -20 C

Data from this test shall be recorded on Test Data Sheets 2.9-1,

Precalibration is used only when calibraiion with the com‘pufer is anticipated.

C-34
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(Sheet 1
I Test Data Sheet 2,7-1_
HELIOS VRA DIOMETER
Radiometer A/B Preamp A/B
Date | : “Time Storted ~ Time Ended

Output Voltage Stability

Radiometer A - S/N Radiometer B - S/N

Test Conditions:

Test Equipment Connections:
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1‘:‘?
JH
B
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(Sheet 2  of

Test Data Sheet 2.7-1
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

Dofe | Time Started : Time Ended

Output Voltage Stability

Radiometer A - S/;N

Test | Time- e Oufpuf kVoltage
1

2

3
4
6
Radibmef‘erig_ /N’
Tesft |
],

‘ fm_ﬂ;_.a.-'_;'_wh_

O

- C-36
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" Date

Test Data Sheet 2,8-1
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

Time Started

Power Consumption

Radidmeter A -MS/N Radiometer B~ S/N
|

Test Conditions:

Test Equipment Connections:

(Sheet

1

of

2

)

Time Ended

- car
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Date

Power Conrsumvpfion

Radiometer A - §/N

+16V
i

-6V

+12V

+ 6V
RV,

+12V

i Test Data Sheet 2, 8-1
HELIOS RADIOMETER
Radiometer A/B Preamp A/B

Time Started

+ Normal -

Minimum  Maximum

(Sheet 2 of 2 )

Time Ended

Calibrate

Minimum Maximum

‘Radiometer B - S/N

- C-38
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1 .

L ‘ : Ground
L - Support
f Unit

Noise

Preamp
IIAII

‘Output

Input
Balun

[

Radiometer

Preamp
ng"

Figure 2.9-1
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(Sheet 1}
‘Test Data Sheet 2.9~} |
HELIOS RADIOMETER
Radiometer A/B Preamp A/B
Date‘ a Time Started Time Ended

Mécrhanical Tests
-

Radiometer S/N Preamp S/N and

"~ Weight: o
Radiomefer - Unpotted
Potted
Preamp S/N
' ' ] .
LEanofted
Potfled:
Preamp S/ N
~ |
3 ,
lUnpotfed

~ Potted

s a g iy gt

DRI SRy VO YR PRI CI T S N




!
|
Date

Precalibration

Radiometer A

Inpuf Level
-100 dbm
- 90dbm
- 80dbm
- 70 dbm
- 60dbm
- 50 dbm
- 40dbm

= 30dbm

- 20dbm

(Sheet 2 of 7

' Test Data Sheet 2. 9-1
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

Time Started Time Ended

Temperature +25° C

Ch'annel 1 Channel 5 Channel 10 Channel 16

C-41
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(Sheet 3 of 7 )

' Test Data Sheet 2, 9-1
HELIOS RADIOMETER
Radiometer A/B Preamp A/B

Date : Time Started Time Ended

Precalibration

Radiometer B Temperature +25°C

Input Level Channel 1 Channel 5 Channel 10 Channel 16

=100 dbm

90 dbm

80dbm

70 dbm

60 dbm

50 dbm

40 dbm

30 dbm

20 dbm

| C-42
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Date

[

Precalibration

Radiometer A

Input Level

~100dbm

90 dbm

80 dbm

70 dbm

60 dbm

50 dbm
- 40 dbm,
- 30dbm

= 20dbm

(Sheet 4 of 7

Test Data Sheet 2, 9-1
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

Timer Started : Time Ended

Temperature -10°C

Channel 1 Channel 5 f Channel 10 Channel 16

C-43




Sheet 5 of 7 )

Test Data Sheet 2, 9-1
HELIOS RADIOMETER
Radiometer A/B Preamp A/B

Date Time Storted Time Ended

Precalibration

Radiometer B s — Temperatufe -10°C

Inédf Level Channel 1 Channel 5 Channel 10 Channel 16

|

~100 dbm

~ 90 dbm

80 dbm

- 70dbm

60dbm

50 dbm

40 dbm

30 dbm

20 dbm




(Sheet 6 of 7 )

3 Test Data Sheet 2, 9=
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

Date - Time Started Time Ended

i Precalibration

Radiometer A Temperature +40° C

Input Level Channel 1 Channel 5 Channel 10 Channel 16

-100 dbm

90 dbm -

80 dbm

70 dbm

60 dbm

50-dbm

40 dbm

30 dbm

20 dbm

C-45
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Date

Precalibration

Radiometer B

; lné ut Level

{

~100 dbm
- 90‘dbm

80 dbm

70 dbm

60 dbm

50 dbm
- E 40 dbm
- 30idbm

- 20dbm

(Sheet 7 of 7

)

E‘Test Data Sheet 2. 9~1
HELIOS RADIOMETER

Rcidiometer A/ B Preamp A/B

Time Started : Time Ended

“Temperature +40° C

Channel 1 Channel 5‘ | Chan‘r‘lrerl 10 Channel 16

i i E R e ey TR R




2,10

2,10.1

CALIBRATION PROCEDURE FOR EXPERIMENT 5C WITH COMPUTER

internal Calibration

Radiometer A

""" ~ 1

Select command 09

Press the "Execute Command" key
Select command 01 (reset)

Press the "Execute Command" key
Select command 20 o
Press "Execute Command" key

The computer will store the test data on magnetic tape. At the end of the calibration

cycle, the com;ﬁﬁfer will stop data storage and print all data which has been stored.

Radiometer B

Select command 10

Press the "Execute Command” key
Select command Ol (reset)

Press the “Execute Command" key
Select command 20

Press "Execute Command" key

The computer will provide data storage during the calibration cycle and a print

out after all test data has been_qccumula'red.

2.10.2 ngwlvi;braﬁon with External Inputs

Radiometer A

Set the bit-rate 1024

Turn on the Experiment 5C

Turn on the DPU

Select command 01 (reset)

Press the "Execute Command” key and wait for 20 seconds
Select command 10 (Radiometer B) S

Press the "Execute Command" key and wait for 20 seconds
“Select command 09 (Radiometer A)

- Press the "Execute Command" key

C-47




e ST

The computer sforéSA\inpuf amplitude versus éutpuf amplitude. Each of the 16 chonﬁels
isfmonifored 16 times at each input level. The experiment input level is increased 3db after
tHé 16 frequencies have been monitored. This proces; continues autorﬁcﬁcolly until the rad_io—%
meter has been calibrated at 16 Frequéncies with 129db to 0db in 3db increments. At the end
of one complete sequence, the computer will automatically stop data acquisition and will print
all data fér Radiometer A,

Radiometer B

Select command 10
Press the "Execute Command"” key

The computer accumulates and prints the Radiometer B data in the same fashion as

|i’ did for Radiometer A.

2.10.3 Environmental Calibration

Install the unit in a temperature chamber and make all necessary electrical g
conneciions. .
Stabilize chamber at -20°C. Repeat Tests 1 and 2. One must turn the
chamber contro! off while data is accumulated., Noise' created by the chamber
control circuitry can cause interference which may produce false readings. At
the end of each data accumulation period, turn the chamber on and allow at least
. 15 minutes for restabilization. o o ’
Stabilize chamber at 0° C. Repeat Tests 1 and 2.
Stabilize chamber at +40° C. Repeat Tests 1 and 2.

Stabilize chamber at +60° C. Repeat Tests 1 and 2.
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3.0 MECHANICAL TESTS
Each unit shall be weighed on a Double Beam Balance. The units shall have
covers applied where app'icable but shall be less connectors.

Data from this test shall be recorded on Test Data Sheet 3.0-1.
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Test Data ‘Shgef 3.0-1
HELIOS RADIOMETER

Radiometer A/B Preamp A/B

Date : . Time Started . Time Ended

Mechanical Tests

!.Weight (grams)

Radiometer

|
lqmp
|
{
|

Preamp

i

Preamp Housing

|
T
t
|
|
|
i
1

before preamp is installed

i
!

kPrédm'p Housing

after preamp is installed

' Unpotted Potted
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COMMAND FUNCTIONS
EXPERIMENT 5C

PART V

Qommc:'nd Command No.

Reset ' 01 N

Frequency Bit - 0 | 05

Freiquency Bit-1 : 06

Fréquency Bit = 2 , - 07

Frefquency Bit - 3 - 08
MODE Bit - 0 03
MODE Bit - 1 o w 04
MF)DE Bit - 2 - 02
RADIOMETERA 09

- :
R ]

RADIOMETERB 10

Calibrate | i ” 20

PR T =5

s

C
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. A RPN |

A

Test Performed by

DAJE\‘

Environmental
Conditions

‘ TIME

Identity of
Test

\

I
Characteristics be‘ing
Investigated

Parameter Measurements (or specific test specification paragraph)

Test Equipment Used

Type

Serial #

Calibration Date

" Observed Failures

: Fiaiylur'e Report #

i
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Operating
_ Time
i Operational Discrepancies

;j 5
I . Repairs and Maintenance
| ‘

Unusual or Questionable Occurrences
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1.0 CALIBRATION

Colibl;afion of the Radiometers was done differently on each unit.

The flight 1 Prototype was calibrated at GSFC using the Helios Computer. This
data is available at GSFC. |

The Flight 2 Prototype was hand calibrated at WTA. The data was delivered
with the equipment.

The Flight 1 and 2 units were hand calibrated at WTA. The data is on data

sheets included in the log books previously delivered.
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