»

‘8 NASA CR 54811
AGC 8800-29
M-1 ENGINE TEST COMPLEX DATA
ACQUISITION SYSTEMS
By
J. D. Anderson
Prepared for
National Aeronautics and Space Administration
. Contract NAS 3-2555
N66-23561 | | .

(ACCESSI0 N NUMEER] (THRU) GPO PRICE $
: Z’V, £ ‘ CFSTI PRICE(S) $
| Mheszi..... 2
v (CATEGORY) Hard copy (HC) ?’ 0@

Microfiche (MF) : /5

AEROJET
GENERAL

# 853 July 65

AEROJET-GENERAL CORPORATION

SACRAMENTO, CALIFORNIA



NOTICE .

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the National Aeronautics -

and Space Administration (NASA), nor any person acting on
behalf of NASA:

A.) Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, apparatus,
method or process disclosed in this report may not
infringe privately owned rights, or

B.) Assumes any liabilities with respect to the use of,
or for damages resulting from the. use of any infor-
mation, apparatus, method or process disclosed in
this report.

As used above, ‘‘person acting on behalf of NASA’' includes
any employee or contractor of NASA, or employee of such con-
tractor, to the extent that such employee or contractor of NASA,
or employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment
or contract with NASA, or his employment with such contractor.

Requests for copies of this report should be referred to:

National Aeronautics and Space Administration
Office of Scientific and Technical Information
Attention: AFSS-A

Washington, D. C. 20546

e




NASA CR-54811
AGC 8800-29

. TECHNOLOGY REPORT

M-1 ENGINE TEST COMPLEX
DATA ACQUISITION SYSTEMS

Prepared for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

25 April 1966

CONTRACT NAS 3-2555

Prepared by: -~ Technical Mansgement:
AEROJET-GENERAL CORPORATION NASA LEWIS RESEARCH CENTER
LIQUID ROCKET OPERATIONS CLEVELAND, OHIO
SACRAMENTO, CALIFORNIA
AUTHOR: J. D. Anderson TECHNICAL MANAGERS: J. W. Norris
J. C. Presley
<
APPROVED: D. H. Clark APPROVED: W. F. Dankhoff
Manager M-1 Project Manager

M-1 Test Program

\

A

\"\



ABSTRACT 2 3 g &f

This report describes the Instrumentation and Data Acquisition Systems that
were designed to be used for development testing of the NASA 1.5-million pound
liquid oxygen/liquid hydrogen M-1 Engine in the Test Zone K facilities at
Aerojet-General Corporetion, Sacramento, Californis.
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I. SUMMARY

The instrumentation system described in this report for the NASA 1.5-million
pound liquid oxygen/liquid hydrogen M-1 Engine development test facility, Test
Zone K at the Aerojet-General Corporation, Sacramento, California has the capa-
bility for recording and automatically processing both steady~-state and transient
data. Because of funding limitations, the M-l Engine Program was terminated prior
to the completion of these facilities. The design phase of this effort was between
80% and 90% of completion and the pre-procurement of long-lead items was in process
(i.e., the Digital Data System described in this report was completed). Primary
data is recorded on magnetic tapes in both analog and digital forms. Transient
data is then transferred from the analog tape to the oscillograph for final data
review. Analog data is also taken through the digital system and recorded on
magnetic tape and then processed by the digital computer. The system also permits
the digital computer to have several on-line functions, including real time calcu-
lation and display of mixture ratio, Isp, and other engine performance parameters.
Automatic engine balancing to a pre-set mixture ratio in one test instead of a
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valves, could represent a savings in hundreds of thousands of dollars.

The instrumentation and control systems were designed to service four test
stands. All four test stands would time-share the digital computer system,
analog magnetic tape system, and oscillograph recording system. Test Stands K-1
and K-2 would share signal conditioning, strip chart recorders, and the patching
system, Test Stands K-3 and K-U4 would likewise share similar equipment. These
systems were designed to operate with the test stand located 3500 ft from the
control building.

The following tabulation is & summary of Test Stand K-1 instrumentation
capabilities:

Channels/Stand

Strain Gage (Pressure, Force, and Strain) 180
Thermocouple (Chromel-Alumel) 8l
Resistive Temperature Transmitter (RTT) 60

Flow and Speed iz

Valve Position 2L

Event (Switch Trace) T2

High Frequency 36

Leak Metering 2L

CONTROL ROOM

Strip Chart Recorders 2y

Visual Gages (Low Level) 48
Oscillographs 2 units, 36 Channels each
Analog Tape Recorders 3 recorders, 32 Channels each
36-Channel Event and 5 Analog Channels 1

Digital System (350 Low Level, 100 High Level)
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The K-Area test facility was to be equipped with an intercommunications
system, four television systems per stand, an area warning and public address
system for persomnel safety, as well as a battery of motion picture stations and
enclosures for complete movie coverage of the test stand. The facility was also
to be equipped with an electrical control and process instrumentation system for
loading and transferring propellants. All areas where liquid hydrogen was to be
stored and used were to be equipped with a leak and fire detection system.

IT. INTRODUCTION

This report covers the instrumentation system that was designed for the
M-1 Engine static test complex. The ultimate configuration of this complex had
not been made final at the time of termination; several options were under
consideration.

The configuration for Test Stand K-1 was vertical firing of 30 sec duration
with a capability for altitude start and environmental conditioning. Test Stand K-2
was intended to be a two-position stand providing for horizontel firing with an
altitude long duration run (300 sec) capability, or a horizontal-vertical con-
figuration with an altitude run in the horizontal position. Test Stand K-3 and
K-4 were single position, full-duration (500 sec) vertical firing stands. An
option to this latter configuration was the replacement of K-3 and K-h with a
two-position Test Stand K-3 (A and B). The total complex would provide five firing
positions in any of the options considered. A plot plan of the proposed ultimate
complex is shown as Figure No. 1.

The initial construction increment provided Test Stand K-1, the control
building, and the other support facilities required for Test Stand K-1.
Construction was stopped because of program termination and the systems and
facilities were at various stages of completion. The Aerojet-General Corporation -
funded control building was completed. Criteria for the facilities was provided
by the Aerojet-General Corporation Test Operations Division with detail design and
construction management provided by AETRON, the Architectural-Engineering Division
of the Aerojet-General Corporation. Also, prefabrication and assembly of some
instrumentation systems was performed by the AETRON Foothill Facility. The basic
criteria established for this system are as follows.

The system must accommodate only one of the four test stands for hot-firing

while any one or all remaining three test stands are simultaneously performing
checkouts.

Test Stands K-1 and K-2 were to time share instrumentation signal con-
ditioning, strip chart recorders, patching and checkout equipment located at the
Control Room; test stands K-3 and K-4 (or K-3B depending upon the final
configuration) would likewise share similar equipment.

The analog tape system, oscillographs, digital system, amplifiers and
computer are to be time shared among all four stands.

Page 2
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The control room is implemented with a special purpose digital computer
with peripheral equipment. This computer is required to perform on-line calcu-
lations, on-line parameter limit monitoring, on-line control of engine, off-line
data calculations and processing.

Typically, production engine testing requires approximately 2.7 tests per
delivery (based upon Titan I and Titan II experience at Aerojet-General Corporation).
The first test is a short (20 sec) duration for making balance adjustments in
preparation for the final acceptance test. The on-line computer should be able to
indicate to the test conductor data in formation which could conceivably reduce
the number of tests to 2.0 or less with experience. It is estimated that a full
duration M-1 test would cost approximately $350,000, including such considerations
as the set-up, data reduction, and propellants. Several conditions occurring during
acceptance tests could be minimized by the on-line computer, which represents a
cost savings. These are:

A, The engine is within specification and there is no need to terminate
the test at a shorter duration; the full-duration acceptance test can proceed.

B. The engine is out of specification and may require two more tests to
produce an in-balance condition. Shutdown can be accomplished as soon as steady-
state data is indicated.

In the first case, the computer could indicate that there is no need to
terminate the test. In the second case, the computer could indicate the degree
of adjustment required, and in the second test, it could indicate whether balance
had been achieved.

It is conservatively estimated that the equivalent of 0.5 duration tests
per deliverable engine could be saved through the use of the on-line computer, or
approximately $175,000 per deliverable engine.

For uniformity in test operations, equipment calibration, equipment main-
tenance, and rapid channel conversions, the instrumentation system is implemented
whenever practicable with modular construction,

III. TECHNICAL DISCUSSION

A. SYSTEM DESCRIPTION
Test Zone K was designed for M-1 Engine testing with the total complex
consisting of four test stands or more and a two-position control room. The
ultimate engine test program had the following goals:

Environmental engine conditioning from -260°F to +2LO°F.

Environmental engine tests at 95 to 100 percent humidity and two
hours of rain.
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Engine altitude start tests at -260°F and 0.025 psia.
Engine altitude full duration run tests.
Engine sea~level full duration run tests.

Test Stand K-1 was designed to fulfill the first phase of these test
requirements. It was to have provided altitude/environmental conditioning and
altitude engine start t?sts of 3 sec duration plus engine run tests at sea-level
with 30 sec duration. (1

The remaining program requirements for engine testing were to be
designed into future K-Area test stands (i.e., K-2, K-3 etc.).

The basic facilities were designed to implement additional test stands.
The K-Zone control room is designed with two separate control centers with a common
computer center for all K-Area testing. Test Stands K-1 and K-2 were to time share
instrumentation s%gyal conditioning, patching, and checkout equipment locgted in
Control Center 1. Test Stand K-3 and future test stands were to have independent
instrumentation signal conditioning, patching, and checkout equipment located in
Control Center Number 2. The digital system amplifiers and computer would be
shared among all of the test stands.

1. Test Stand K-1 Data Acquisition (see Figure No. 2)

Test Stand K-1 data acquisition is composed of the following
systems:

a. Strain Gage

This system is composed of 168 channels with test and cali-
bration capabilities, located in the terminal room, and 12 channels that are solely
for K-1 propellant handling and common use.

b, Thermocouple

This system is composed of 84 channels of Chromel/Alumel
utilizing 150°F reference junction. The system is equipped with test, selection,
and calibration features located in the control room. Sixty channels are to be
used for engine application and the remaining twenty~four are for the altitude
environmental soak facilities.

(1) Rotter, L. L., Description of Test Stand K-1 Altitude and Environmental
System, Aerojet-General Report No. 8800-30, 25 November 1965

(2) Criteria for "K" Zone Instrumentation and Controls, M-l Program,
Aerojet-General Corp. AETRON Division, April 1964
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c. Resistance Temperature Transmitter (RTT)

The RTT System is composed of 60 channels of constant current
signal conditioning, calibration, test, and selection equipment in the control room.

d. Flow and Speed

This system is composed of 12 channels with selection, test,
calibration, and signal conditioning equipment in the control room.

e. Valve Position

This system is composed of 24 channels with calibration and
signal conditioning in the control room.

f. High Frequency

This system is composed of 36 channels of signal conditioning
units, voltage controlled oscillators, located in the terminal room.

Test Zone K, in addition to Test Stand K-1, is composed of
four independent propellant storage areas and a flame deflector cooling system
consisting of 2.5 million gallon water storage and a total pumping capability of
140,000 gpm. These propellant storage areas serve the following functions
(see Figure No. 3).

The Liquid oxygen storage area provides liquid oxygen to the
test stand through a fixed piping system. This storage area also contains the
liquid-to-gaseous nitrogen conversion equipment and provides for the storage of
gaseous helium. It has its own control room which is equipped with necessary
controls and instrumentation for propellant handling.

The Liquid hydrogen storage and gaseous hydrogen conversion
area is equipped with its own local controls and instrumentation. There are
backup controls and instrumentation in the main control room.

The auxiliary liquid oxygen unloading area, which is adjacent
to Test Stand K-1, has independent controls and instrumentation for the transfer
of propellants to test stand tankage.

The high pressure gas storage area which is adjacent to
Test Stand K-1, is used for nitrogen and hydrogen gas. Its controls and instru-
mentation are located in the main control room.

The test area is supported by a test area warning system
consisting of a warning light and public address system to provide visual and
vocal warning in all working areas as well as traffic control of all road ways
through the K-Area complex.
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The test stand and areas where liquid hydrogen is handled or
transferred is equipped with gaseous hydrogen detectors that will detect the
presence of as little as 0.46% hydrogen in air, by volume. Those areas where
hydrogen may be handled will also be equipped with ultra-violet flame detectors.
Both the Hydrogen Gas Detectors System and the Ultra-Violet Hydrogen Flame
Detector System provide audio as well as visual warning ?f ? ?azardous condition
by means of a display board located in the control room.

The test stand is equipped with four closed circuit television
systems (Figure No. 4). These four systems provide the control room with a means
for visual monitoring of the test stand and its adjoining areas. The cameras,
which are equipped with infrared vidicons, can provide necessary pin-point location
of the invisible hydrogen flames that may be detected by stationary ultra-violet
detectors.

2. Instrumentation Transmission Cabling

The instrumentation transmission cable designed for use in K-Zone
is the standard multiconductor type cable with a polyethylene insulation. It has
a unique feature in that copper-Mylar tape is used as the cable shield. The tape
was applied with the copper face down against a drain wire with a minimum overlay
of 50% and 100% coverage. The use of this Mylar insulation made it possible to
reduce the over-all diameter of the cable by 20%, which made it possible to
increase the cable packing density in the underground duct bank as well as the
overland cable trays. The reduced cable diasmeter made it possible to obtain
trensmission cable in 3800 ft to 4LOOO ft lengths on one reel which facilitated its
handling in shipment across country as well as by the standard contractor equipment
during installation.

3. Instrumentation Remote Control System

The instrumentation remote control console contains control units
for the following functions:

a. Calibration Control

Calibration steps for all instrumentation systems may be
selected simultaneously as required from three points in the control room.
A master calibration control unit is located in the instrumentation control
console. Remote calibration control units are located in various bays throughout
the control room. Manual or automatic modes of calibration sequences are provided.

(3) Ultra Violet Sensors as Hydrogen Flame Detectors, Aerojet-General Englneerlng
Report No. 9271-1L, 17 March 1965 - g e e

(4) Aerojet-General Memorandum 9110:041k, J. D. Anderson to G. R. Deppe, dated
1 February 1965, Subject: Telev151on as Fire Detector for M-1 Facilities
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In the manual mode, any step may be selected and in the automatic mode, a five-step
sequence is provided. The dwell time for each step is adjustable from one to ten
seconds,

The remote calibration control units are equipped with lamps
that indicate the test stand selected.

b. Instrumentation Test Stand Selection

The strain gage system, resistance temperature transmitter
(RTT) system, thermocouple system, as well as flow and speed system have a test
stand select switching feature incorporated into the signal conditioning units.
This allows the selection of any one of the three stands. The test stand select
switches are of the remote operated rotary solenoid type. The instrumentation
channels are selected in two groups as follows:

System Primary Channels Secondary Channels
Strain Gage 1 - 14k 145 - 168
RTT 1 - 48 k9 - 60
Thermocouple 1 - 48 L9 - 60
Flow and Speed 1-12 _—

The purpose of providing for the secondary selection is to
allow long-term envirommental testing in one stand while a simultaneous test setup
is being accomplished at another stand.

The instrumentation console test stand selection unit provides
stand selection control to the selector contactors, which provide the current to
drive rotary solenoid switches. The rotary solenoid switches provide position data
to a selection logic unit, which contains "AND" logic and generates signals to
light the stand selection indicator lamps.

c. Recorder Display

The recorder display unit provides a central remote control
for all control room recorders. Each record system, with the exception of the
strip chart recorders, has provision for remote indication of operating mode.

A "ready to record," "recording," or "no record" signal is sent to the recorder
display unit, where it is indicated.

The recorder display unit is located in the instrumentation
control console.
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B. INSTRUMENTATION SYSTEMS
1. Strain Gage
a. Function

The 160-channel strain gage system will be used to detect
physical stimuli, such as pressure, force, and strain. The detected stimulus is
converted to an electrical analog signal, conditioned, and transmitted to the
recording center. Twelve additional strain gage channels are provided for propel-
lant handling exclusively.

This system is designed to be compatible with the large trans-
ducer pool available at Liguid Rocket Operations of Aerojet-General Corporation.
Normally-standardized 350 ohm, six-wire, shunt-calibrated transducers will be used
in this system; however, provisions are incorporated for strain gage bridge com-
pletion networks as required. Channel integrity and insulation checkout features
are included with the system.

b. System Components

The system is composed of transducers, drop boxes, bay boxes,
strain gage test and calibration units, power supplies, strain gage signal selec-
tion units, peripheral test equipment, and associated cabling.

The drop box is a l2-channel junction box placed near the
test hardware to provide a convenient connection point for the individual trans-
ducer extension cable.

The bay box is a 48-channel junction box located on the test
stand. Generally, the bay box is the terminus for four drop boxes and hook-up to
the transmission cable is accomplished at this location.

Signal condltlonlng and channel checkout functions are per-
formed w1th the strain gage test and calibration unit in conjunction with appro-

priate checkout equipment (Figure No. 5). This equipment is located in the test
stand terminal room, which is adjacent to the test stand.

A 10V power supply is provided for each strain gage channel.
A voltage check unit is available to permit checkout of these power supplies.

At the control room, strain gage signal selection units are
provided to permit the selection of strain gage channels for future test stands.

c. Operation of Components
(1) Cabling
The strain gage system used is of the six-wire type,

which means that a six wire shielded cable is required to connect the transducer
to the signal conditioning equipment located at the test stand terminal room.

Page 13
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Single channel shielded six wire cables are used from the transducer to the drop
boxes. From the drop boxes to the bay boxes and running on to the signal con-
ditioning unit (strain gage test and calibrate unit), 12-channel S12/S6/cables are
used. From the signal conditioning unit, the transmission cable to the control
room is a shielded two conductor per channel type. For installation convenience
12 channels (S2/C) are bundled to form a S12/S2/C cable in a polyvinyl chloride
sheath,

(2) An individual 10 VDC isolated output power supply is
provided for each channel. Twelve power supply units fit into a rack-mounted
module. The required key electrical characteristics are as follows:

(a) Output voltage regulation: There shall be no more
than 0.1% change in voltage output with a 2.0% change in load resistance and a
simultaneous 10% change in AC supply voltage.

(b) Load Resistance: Resistance shall be 100 to
350 ohms.

(¢) Ripple: Power supply output ripple voltage shall
be less than one millivolt peak-to-peak with any rated load.

(d) Power Supply Noise: An AC component appearing
between output terminals of a balanced 350 ohm bridge excited by the DC power
supply operated at rated conditions shall not exceed five microvolts peak when
one leg of the bridge is shunted to produce an output of 30 millivolts.

(e) Temperature Stability: Output voltage change shall
be less than 0.1% with temperature change of 32°F to 115°F.

(f) 1Insulation Resistance: The resistance of the output
leads to the case or to the AC supply shall exceed 10,000 megohm.

(g) Input Power: This power shall be 115 VAC + 10%
60 cps, single phase.

Voltage check features as well as a means to adjust
output voltage from 9 to 11 volts are included. Complete specifications are
listed in AETRON Standard Specification PI-227, June 1962.

(3) Voltage Check Unit

The voltage check unit provides a means for checking the
operation of the power supplies and to set the output voltage as required. The
voltage check unit reference may be set to the desired voltage plus or minus one
millivolt. By depressing a button on any strain gage power supply, the output
voltage is compared with the reference voltage and read on a null meter located
on the voltage check panel.
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(4) Transducers

The transducers used with the strain gage system fall
into the following genersal categories:

(a) Bonded Strain Gage Pressure Gages:

Standardized pressure geges are generally used for
low frequency pressure measurements. The accuracy of these gages is either + O. 3%
or + O. 5%, depending upon the requirements. The characteristics of these units
are described in Aerojet~General Corporation Specification 320L48/2.

(b) Unbonded Strain Gage Pressure Gages:

These transducers are purchased to conform to
Aerojet-General Corporation Specification 42306.

(¢) Load Cells:

Thrust measurements are not to be made at Test
Stand K-1; however, standardized bonded bridge strain gage load cells are compatible
with this system.

(d) Strain Patches:

Test hardware may occasionally be fitted with
strain patches of several configurations. The system is designed to provide two-
or three-leg bridge completion networks as required for 120 ohm or 350 ohm strain
patches.

(e) Strain Gage Accelerometers:

Low frequency bridge strain gage accelerometers
may also be utilized effectively in this system.

(5) Insulation Test Indicator

Cable and transducer insulation quality can be measured
by a megohmeter with a capability for being conveniently switched to each channel
through the strain gage test and calibrate unit. The megohmeter range shall be
1000 megohms &t center scale and 50,000 megohms full scale with an accuracy of
+ 3% at center scale. Test voltage shall be 10 volts. This unit is described in
detail in AETRON Standard Specification PI-2102, July 196L.

(6) Null and Strain Indicator
A DC null multirange voltmeter is provided as part of
the peripheral checkout equipment. The voltmeter may be switched to any channel

output to check for proper channel functioning. The voltmeter is switched at the
strain gage test and calibration unit. The strain gage test and calibration unit
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has provisions for applying a 50% shunt calibration resistor to the channel under
test; thus, a 50% output voltage may be checked on the voltmeter.

(7) Strain Gage Test and Calibration Unit

The strain gage test and calibration unit provides
switching for checking out each channel and the relay switching of the shunt
calibration resistors. The channel test functions are performed through manual
switching at the front panel. The channel checkout functions are insulation test,
null and strain check, and channelization check. The shunt calibration resistor
relays are remotely-controlled. A four-step calibration sequence in steps of
0, 25, 50, and T5% of full scale is simultaneously applied to all channels. The
shunt calibration resistors and bridge completion networks, if required, are
located on a plug~in printed circuit card for each channel. If a special type of
transducer signal conditioning is needed, spare printed circuit cards can be set
up as required.

(8) Deflection Check Indicator

The deflector check indicator is a sensitive AC voltmeter
that can be siwtched to any channel output through the strain gage test and cali-
brate unit. A small AC signal can be induced magnetically on the transducer
extension cable by a hand-held probe. Verification that this signal appears on
the channel in question assures correct channelling for test preparations.

2. Thermocouple

a. Function

The thermocouple system is used to measure temperatures when
a high degree of accuracy is not required. For uniformity, all channels are of the
Chromel-Alumel type. Eighty-four channels are provided for general test stand use.

b. System Components

The system concists of transducers; drop boxes; reference
Junctions; transmission cabling; thermocouple select, test, and calibration units;

and a programable voltage supply.

The drop boxes are l2-channel junction boxes placed near the
test hardware to provide a convenient connection point for the transducer exten-
sion cables. ’

c. Operation of Components
(1) Cabling
The reference junction box is located on the test stand.

The cabling from the junction box to the drop boxes consists of shielded pairs made
up of a Chromel and an Alumel wire. Connector pins in the drop boxes are also made
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from the same thermocouple metals. Transmission cabling leading from the reference
junction box through the test stand terminal room into the control room is copper-
copper made up in a S12/S2/C#20 AWG configuration.

(2) Reference Junction

The reference junction box used is a 150°F type with
provisions for 92 channels. Temperature stability of the reference junction oven
shall be within + 0.1°F. The individual junction accuracy shall be + 0.2°F. The
unit shall operate on 115 volts AC + 10%, 60 cps, single phase power.

The reference junction box also provides termination
points for the drop box cabling and the transmission cabling.

(3) Transducers

Any Chromel-Alumel thermocouple is compatible with this
system.

(k) Thermocouple Signal Conditioning Units (Figure No. 6)

Thermocouple signal conditioning takes place at the
reference junction and the thermocouple test selection and calibration unit.

The 12-channel per unit thermocouple selection of test
and calibration facilitates the following operations:

(a) Selection Function - Each unit provides an input
capability for 12 channels from each of three test stands. Any one of the stand
input groups mey be selected remotely for the output.

(b) Test Functions - By selecting any one of the
36 input channels through a rotary switch, several checkout functions may be
accomplished. A continuity check can be made, and either the line-to~ground
resistance or the line-to-line resistance can be read on a remote ohmmeter.

The magnet check function can be performed to
assure channelization. Operation is the same as that explained for the strain
gage system.

A fixed 40 millivolt signal can be applied to any
channel to provide a channelization check of the end instruments.

(c) Calibrate Function - During the remotely controlled
calibration function, the output channels are switched to a calibration network.
Precise voltage steps of 0, 2.0, 5.0, and 10.0 volts are applied to the network
from a remote voltage supply that can be programed. The network contains a pre-
cision voltage divider for each channel. Division ratios of 200 to 1 or 1,000 to 1
are available as required by the usage of each channel. The ratio is selected by
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means of a switch for each channel. The resultant calibrate voltage steps are O,
10, 25, 50 millivolts in the high (X1.0) range and 0, 2, 5, 10 millivolts in the
low (X0.2) range. Upon completion of calibration operation, the channels are
automatically switched back to the appropriate test stand.

(5) Programable Voltage Supply

The programable voltage supply provides precision volt-
ages to the thermocouple test, selection, and calibration units. The supply pro-
vides a constant 40 millivolt DC output and a remotely programable output of O,
2.0, 5.0, and 10.0 volts DC.

The absolute accuracy of the 40 millivolt DC output
shall be within + 0.5% with a load variance of from zero to 5 milliamperes and
line variations of + 10.0%.

The absolute accuracy of the programable output shall
be within + 0.02%. This accuracy shall be maintained with the load varying from
zero to 200 milliamperes and line variations of + 10.0%.

One programable voltage supply shall be capable of
handling twelve thermocouple test, selection, and calibration units.

3. Resistance Temperature Transmitter (RTT)

8. Function

The prime function of the resistance temperature transmitter
system is to provide precise temperature measurements in the cryogenic temperature
region. System accuracies should be + 0.1% of the span or *+ 0.1°F whichever is
greater. Four ranges of temperature measurements are provided as follows:

N Range -300°F to -hL25°F
K Range -L00°F to -U25°F
L Range +75°F to -425°F
Y Range -250°F to -L25°F

S8ixty RTT channels are provided for general test stand usage.
b. System Components

The RTT system consists of transducers, cabling, drop boxes,
bay boxes, power supplies, and signal conditioning equipment.

c. Operation of Components
(1) Transducers

A standard precision platinum wire transducer is used
with this system. The accuracy of the unit is + 0.1°F in the range of -300°F to
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-200°F and + 0.2°F in the range of -200°F to +200°F. Complete descriptions and
specifications of the transmitters are given in Aerojet-General Corporation
Specification AGC-4211k/6.

(2) Cabling

A four-wire, shielded cable is required for each chan-
nel from the transmitter to the signal conditioning units located in the control
room. Drop boxes and bay boxes are used as they were in the strain gage system.
The transmission cabling is S12/Shk/C #20 AWG.

(3) RTT Power Supplies

A constant current power supply is provided for each
channel. The power supply output current is adjustable from 0.2 to 2.0 milli-
amperes. Output regulation, with & simultaneous load variation of 5 to 5,000 ohms
and line voltage variation of + 10%, shall be within + 0. 01% of any selected opera-
tional point. Complete details are presented in AETRON Standard Specification
PI-225c.

(4) RTT Signal Conditioning Units (Figure No. T)

The RTT test, selection, and calibration unit provides
the signal conditioning. This is a l2-channel unit with provisions for selecting
12 input channels from one of three stands to the outputs and power supplies. Any
one of the input channels may be selected for checkout operations. Checkout is
performed through switches in the RIT test, selection, and calibration unit as well
as on external test equipment. The checkout functions are similar to those dis-
cussed in the procedure for the strain gage system.

Channel calibration is accomplished by switching the
signal leads from the transmitter to precision resistors, which are in series with
the transmitter power supply circuit. The four-step, remotely-controlled calibra-
tion sequence is 0, 25, 50, and 90% of full scale range. The precision resistors
are on plug-in cards, and the calibration range is altered by changing the plug-in
calibration resistor cards.

L., Flow and Speed

a. Function

The purpose of the flow and speed system is to provide analog
and AC signals proportional to propellant flow rates and the pump turbine angular
velocity. Twelve channels are provided.

b. System Components
This system is composed of transducers, drbp box, bay box,
cabling, a flow and speed selection, test, and calibration unit, and integrators.

A two conductor shielded cable per channel is provided. In this system, the bay
box is shared with the valve position system and propellant strain gage system.
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c. Operation of Components
(1) Transducers

Turbine-type flowmeters that produce an AC signal with
the frequency of the signal proportional to the flow rate can be used in this
system. Pump turbine speed probes consist of a coil with a magnetic core placed
near the teeth of a rotating gear. An AC signal, the frequency of which is pro-
portional to the gear speed, is produced.

(2) Flow and Speed Selection, Test, and Calibration
Unit (Figure No. 8)

The flow and speed selection, test, and calibration
unit is capable of selecting 12 channels for one of three stands. The selector
switch has a fourth position which allows the output to be selected in a group of
calibration signals.

Three groups of calibration signals can be manually
selected for each channel in the four-step, remotely-controlled calibration
sequence. The calibration signals are:

Full-Scale Range Calibration Frequencies
0.5 K cps 0, 100, 250, 500 cps
1.0 K cps 0, 250, 500, 1000 cps
20.0 K cps 0, 1K, 5K, 10K cps

Upon completion of the calibration sequence, the unit again selects the channels
required for the correct test stand input.

The calibration frequencies are generated externally
by the time base oscillator.

A manual input channel selector switch is provided to
allow the checkout of all input channels. Flow and speed probe elements can be
checked for continuity, insulation, and channelization. The required external
test equipment consists of the magnetic check indicator and an ohmmeter. A
channelization check of the end instrument can be made by applying a 500 cps sig-
nal to the channel in question.

(3) 1Integrators

The outputs of the flow and speed selection, test, and
calibration unit are cabled to the integrators, which convert the AC signal to an
analog DC voltage which is proportional to the frequency of the AC signal. A
rectangular wave AC output is also generated for dynamic recording. One rectan-
gular wave cycle is generated for each input cycle. Key items in the unit speci-
fication are:
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(a) Full scale frequency ranges shall be 500, 1K, 2K,
5K, 10K, and 20K cps selectable by panel switch.

(b) Linearity shall be + 0.1%.
(¢) High Level DC Output
1l Impedance shall be 0.25 ohms or less

2 Ripple (peak-to-peak) shall be 0.7% or less
of the output at the full scale input frequency indicated by the range selector.

3 Time constant shall be 7.5 divided by full

scale frequency.

4 The full scale output voltage shall be 10 v
at zero to 20 milliamperes.

(d) Low Level DC Output

A low level (zero to 50 millivolt) DC output shall
be provided by means of a voltage divider.

(e) Pulse Output
The pulse output shall be a rectangular pulse for
each cycle of input. The pulse shall be a one volt, positive, rectangular pulse

for a 100 ohm or less source impedance.

Additional details are presented in AETRON Stand-
ard Specification PI-23ha.

5. Valve Position

a. Function

The function of the valve position system is to provide
analog signals that are proportional to angular or linear positions of the valve
components or other hardware components where position data is required.

b. System Components

The 2L4-channel valve position system is composed of trans-
ducers, drop boxes, bay box, transmission cabling, valve position range and
calibration units, and a DC power supply. The system is of the bridge-type; the
transducer forms two legs and the other two legs are formed by the balance
potentiometer within the valve position range and calibration unit. The required
cabling per channel is three-conductor shielded; however, a four-conductor
shielded cable per channel is used for the purposes of transmission cable uni-
formity and interchangeability.
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¢. Operation of Components
(1) Transducers

The transducers used in the valve position system are
angular or linear motion potentiometers. The potentiometers should be the linear
resistance taper versus motion types.

In most instances, the potentiometer will be included
as an integral part of the valve. This system will accept potentiometers in the
range of 500 to 10,000 ohms resistance; however, a nominal 2,000 ohm potentio-
meter is preferred.

(2) System Circuitry (Figure No. 9)

Signal conditioning and channel checkout is performed
at the valve position range and calibration unit. Two units are provided; each
handles twelve channels,

Excitation for all channels is provided by an adjust-~
able zero to 15 volt DC power supply, which must be able to deliver up to five
amperes. The set output voltage shall remain within + 0.1% with 10% line voltage
variation, 0.1% or 3 millivolts with zero to full scale output current variation,
and 0.1% or 6 millivolts over a period of eight hours after warmup. Each channel

is isolated from the power supply through 100 ohm resistors in each bridge exci-
tation circuit.

The valve position range and calibration unit has pro-
visions for four outputs for each channel. A high level output, a low level out-

put, and two galvo outputs are provided. Galvo damping resistors are located
within the unit.

A DC null voltmeter and an ohmmeter are mounted on a
panel near the valve position and calibration unit. These are required for setup
and checkout of this system during operation. A complete continuity check and
an adequate insulation check can be made using the transducer test switch
(momentary) and continuity test switch.

The balance, calibration adjustment, and range
potentiometers are set-up using the following procedure:

With the valve closed, a nominal 10 V excitation, the
channel select switch set to the desired channel, and the mode selection switch

set to the balance position, the balance potentiometer is adjusted for a null
reading on the DC null voltmeter.

With the switches set as indicated above, the valve
is opened and the range potentiometer is adjusted to a five volt reading on the
DC null voltmeter. Next, the mode switch is set to the calibration adjustment
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position and the calibration adjustment potentiometer is adjusted for a null
reading on the DC null voltmeter.

The valve can then be closed and switches returned to
the off position. This procedure is repeated for all channels after the valves
are insulated.

To set up end instruments, the full-scale (valve open)
signal can be attained by remotely selecting the second or third calibration step
(25% or 50%). This procedure energizes relays that switch the output from the
range and balance potentiometers to the calibration adjustment and range potenti-
ometers, respectively.

The feature for test stand selection of other channels
was not included in this panel, Thus, valve position indication is readily avail-~
able for functional testing at any time.

6. High Frequency

a. Function

The high frequency system shall be capable of acquiring
dynamic pressure, vibration, acceleration, and force data in the frequency range
of steady state to 10,000 cps. A 36-channel system is provided.

b. System Components

The system is composed of transducers, cabling, voltage
controlled oscillators, power supplies, a high frequency calibration control unit,
an sudio oscillator, an AC-to~DC converter, an event counter, FM recording units,
and analog tape recorders. A block diagram of the system is presented in
Figure No. 10.

c. Operation of the Components
(1) Transducers

Either the charge (piezoelectric) or the voltage (bridge)
type transducers can be used in this system. For the bridge-type transducers, a
constant voltage or constant current excitation is available. Transducers gener-
ally used in this system are not standardized for sensitivity. The system frequency
response when using voltage producing transducers is DC to 10 KC maximum. Charge
producing transducers are capacitively coupled, thereby diminishing the low end of
the frequency response to 20 cycles per second. The system full scale charge
sensitivity range is 50 to 50,000 picacoulombs. The system full scale voltage
sensitivity range is 5 millivolts to 5 volts.
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