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Chapter 1 Section I

CHAPTER 1

EQUIPMENT DESCRIPTION

SECTION I

ACE-S/C DESCRIPTION

1-1. ACCEPTANCE CHECKOUT EQUIP-
MENT-SPACECRAFT SYSTEM
DESCRIPTION.

1-2. The Acceptance Checkout Equipment-
Spacecraft (ACE-S/C) is an advanced, inte-
grated checkout system that provides cen-
tralized, programmed control of spacecraft
checkout operations. Bothindependent space-
craft systems testing and integrated system
testing are possible. Large quantities of
test data can be processed and displayed in
real time, as well as recorded for later
analysis, with a relatively small staff of
engineering personnel.

1-3. Specifically, the ACE-S/C station
performs the following functions:

a. Provides the operator controls and
data processing facilities necessary to con-
trol spacecraft test stimuli equipment.

b. Processes, displays, and records
spacecraft parameter data derived from the
spacecraft ground and flight telemetry
systems.

c. Provides self-check and calibration
capability for itself and related equipment.

1-4. The ACE-S/C ground station equipment
may be divided into two functional data-chain
groupings: the Command Equipment and the
Data Recording and Display Equipment. Fig-
ure 1-1 shows the simplified block diagram
for the ACE-S/C equipment at all sites. The
Command Equipment is comprised of those
units that form the communication path over
which all test commands and sequences (in
digital form) are generated and transmitted

to the spacecraft. Verification of receipt of
these commands is transmitted from the
spacecraft area, back through the command
system, to the ACE-S/C station. Test re-
sult data from the spacecraft test area is
received (in digital form) by the Data Re-
cording and Display Equipment which pre-
sents this data for evaluation.

1-5. COMMAND EQUIPMENT,

1-6. Test commands may be initiated at
various system control consoles by setting
switches onunits called Selection-To-Activate-
Random-Testing (START) modules. The
setting of these switches provides digital
command inputs to the Command Computer.
The result of a test command may vary, de-
pending upon the test to be performed. Cer-
tain commands can result in the performance
of individual event functions (specific relay
on/off actions). Other commands can initiate
computer subroutines that control sequences
of events and/or various analog operations
in the spacecraft.

1-7. The testing of each functional space-
craft system is controlled from an associ-
ated system control console. The following
functional systems are tested:
Environmental Control System.

. Fuel Cell and Cryogenics System.
Electrical Power System (A).
Power and Sequential System.
Electrical Power System (B).
Guidance and Navigation System.
Stabilization and Control System.

O AL TR
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h. Service Propulsion and Reaction Con-
trol System.
i Instrumentation System.
Communications System,
Aeromedical System.
Thermo Structures Facilities.

"Nty

1-8. Each system control console operates
simultaneously with, and independently of,
the other system consoles. Each has a vari-
ety of test command capabilities necessary
for complete checkout of a particular space-
craft system. In order that the Command
Computer may systematically process each
of the many parallel inputs from these con-
soles, a unit called the Communications Unit
Executor (CUE), operating essentially as a
commutator, interrogates each START mod-
ule on all of the system control consoles in
sequence. These interrogations occur at a
high scanning rate. Therefore, to the indi-
vidual console operators, there is no per-
ceptible delay in their individual test pro-
cedures. When an interrogation determines
that a command input exists at a particular
START module, the scanning process ceases
momentarily while the CUE transfers the
digital command to the Command Computer.

1-9., The computer interprets and acts upon
each command from a START module. Cer-
tain commands may instruct the computer to
modify memory. Other commands may re-
quire some action to occur in the spacecraft.
In the latter case, the computer formulates
a digital command message for transmission
to the spacecraft. The digital command mes-
sage, which is generated by the computer in
a parallel format, is converted into serial
format by a Data Transmission and Verifica-
tion Converter (DTVC) and transmitted to the
spacecraft over a coaxial hardline link.

1-10. At the spacecraft location, the mes-
sage is received and stored in registers in a
Digital Test Command System (DTCS). The
message is then decoded and applied to ana-
log and relay command modules where the
proper stimulus is generated and transmitted
to the spacecraft.

1-11. Verification of the command message
is achieved by redundant transmission from
the DTVC to the DTCS. A bit~by-bit com~-
parison is made of the redundant words. In
addition, checks are made of each message

Chapter 1 Section I

to determine whether it contains a legal ad-
dress. A verification reply message, con-
taining the results of the foregoing checks,
is transmitted from the DTCS back to the
DTVC. The delivery of a command message
to the Command Computer and the verifica-
tion of proper transmission from the
computer to the spacecraft are indicated to
the control console operator by appropriate
lamps on the START modules.

1-12. DATA RECORDING AND DISPLAY
EQUIPMENT.

1-13. Spacecraft performance and status data
is monitored by sensors coupled to Airborne
Checkout Equipment, carry-on Ground Check-
out Equipment, and Ground Service Equipment.
Most of the measurements are commutated,
converted to digital format, interleaved, and
transmitted in serial pulse-code-modulated
(PCM) form over a hardline link to the data
acquisition equipment in the ACE-S/C
station. A small portion of the data is
frequency-modulated (FM) and transmitted
over a separate hardline link.

1-14. At the ACE-S/C station, the data is
received by the data acquisition equipment.
The Data Acquisition and Decommutation
Equipment (DADE) synchronizes on the in-
coming serial PCM bit stream, decommu-
tates the data, provides an address for each
event and analog data word, and presents
them for parallel transmission, The FM
data is recorded directly on wideband mag-
netic tape and an oscillographic recorder.
The analog and event words, derived from
the PCM data, follow three paths when they
leave the decommutator.

1-15. One path (addresses are not included)
goes to the Display Computer where selected
portions of the data are processed. This
processing includes comparison of analog
data with predetermined limits, and the con-
version of this data into engineering units.

A binary word representing the value of the
data in engineering units is transferred into
a memory in a Symbol Generator and Storage
(SGS) Unit. The SGS uses these words to
generate alphanumeric character display
signals (analog) for application to control
console CRT displays. These alphanumeric
charactersappear in'"page" form on the con-
sole displays. The particular page of data

1-2
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TEST BAY EQUIPMENT

*COMMAND AND VERIFICATION LINES ARE SHOWN SEPARATELY FOR PURPOSES
OF FUNCTIONAL DESCRIPTION, THESE WORDS, IN SOME CASES. ARE CARRIED
ON COMMON LINES, AND ARE SEPARATED BY TIMING ONLY,
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Figure 1-1.

ACE-S/C Equipment Simplified
Block Diagram
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to be displayed at any console is selectable
by the console operator. When a parameter
has been determined by the computer to be
out of limits, the intensity of the character
representing the parameter will be caused to
fluctuate at a low rate (i.e., the character
will appear to blink).

1-16. The second data path transfers the
digital data to the Decommutator Distribution/

Event Storage and Distribution Unit (DD/ESDU).

This unit accepts the datawords and, in the
case of event data, stores each bit (repre-
senting an event) in an appropriate location
in storage registers. The outputs of the
storage registers, connected to indicator
lamps and/or event recorders on the control
consoles, cause the event lamps and recorders
to indicate when an event has taken place.
The analog data words are fed via the de-
commutator distribution circuits of the
DD/ESDU to all of the control consoles in
parallel. When an address decoding circuit
within a console recognizes its particular
address in these data words, it transfers the
data portion of the word via a storage regis-
ter to a digital-to-analog (D/A) converter in
the console. The output of the D/A converter
drives meters or analog recorders located
on the console.

NOTE

The MILA site contains aeromedical
displays which operate from analog
data that is received and processed
identically to that described above.
The primary difference in the aero-
medical display and other analog dis-
plays is in the display devices.

1-17. The third data path transfers digital
and analog data to the Event Distribution,
Recording, and Patching Unit and then to
roll-chart recordersin the Computer Room.
The digital data is processed in a manner
similar to the DD/ESDU.

1-18, Additional signals called Pulsed Inte-
grating Pendulum Accelerometer (PIPA) sig-

nals are received from the test bay equipment.

These signals are received from PIPA signal
generators in the test bay. The PIPA signals
are routed over a hardline from the test bay
to the PIPA circuits in a command and dis-
play console of the ACE-S/C equipment. The

Chapter 1 Section I

PIPA circuits detect phase differences and
phase changes between the input PIPA signal
and a reference signal generated from re-
constructed clock signals received from the
DADE. The phase differences and changes
are displayed on a PIPA oscilloscope.

1-19. SWITCHING EQUIPMENT.

1-20. The Switching Equipment consists of
patching, switching, and power groups. This
equipment provides fast, accurate, reliable
switchover of the various major equipment
groups within ground stations ata given site.

1-21. The information presently included in
this manual is primarily oriented toward the
ACE-S/C Switching Equipment installed at
MILA. Much of the discussion, however,
applies to the Switching Equipment installed
at NAA, GAEC, and MSC. The Switching
Equipment at each of these locations will
contain similarities with the equipment at
MILA; therefore, the MILA equipment will
be considered typical of all sites. Where
differences exist between Switching Equip-
ment at various locations, they are appro-
priately noted.

1-22, The MILA ACE-S/C Switching Equip-
ment consists of four units: the Systems
Patch Terminal Unit 245, Switching Unit 240,
Switching Power Unit 220, and Backup Power
Unit 233. At all other sites the functions
performed by both the Switching Power Unit
and the Backup Power Unit at MILA are con-
tained within a single Switching Group Power
Supply Unit 241,

1-23. The units of the ACE-S/C Switching
Equipment perform three functions:

a. Interface signal processing and
patching.

b. ACE-S/C signal switching.

c. Generation of Switching Equipment
a-c and d-c power.

1-24. Figure 1-2isanoverall block diagram
of the MILA Switching Equipment. Test signals
from 14 of the MILA spacecraft test areasare
supplied to the Systems Patch Terminal Unit
via the A2A Data Transmission System and
hardlines. The A2A Data Transmission Sys-
temis used over distances of 4 to 22 miles and
the hardline is used to carry data from areas
6500 feet or less from the ACE-S/C stations.

1-4
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NOTE

The A2A Data Transmission System is
located at MILA only.

1-25. The incoming test area signals are
modified in order to provide signal levels
and characteristics for acceptance by the
ACE-S/C station equipment. The Systems
Patch Terminal Unit contains attenuators,
amplifiers, equalizers, and patching panels
for uplink (stimulus) and downlink (response)
signal matching and patching to the Switching
Unit. Ten of the 14 MILA spacecraft test
areas available at the input to the Systems
Patch Terminal Unit are selected and patched
on wideband pairs, multi-conductor coaxial,
triaxial, or audio cables tothe Switching Unit.

1-26. The Switching Unit provides switching
control of the 10 selected MILA test area
signals to the ACE-S/C stations. The Switch-
ing Unit contains relay racks, impedance
matching amplifiers, and control panels.
Four control panels, containing indicator
lamps and pushbutton switches, provide
switching control between: (1) MILA test
area and ACE-S/C Computer Rooms,

(2) Computer Rooms to Control Rooms,

(3) CUE to Control Room/Computer Room,
and (4) DCCU to Control Room/Computer
Room, These control panels provide the
capability for switching up to five ACE-S/C
stations to the ten MILA test areas and up to
five Computer Room/Control Room, CUE,
and DCCU combinations. At MSC, only two
control panels are provided. The first of
these panels provides switching control be-
tween the MSC test areas and the ACE-S/C
Computer Rooms. The second control panel
provides switching control between (1) Com-
puter Rooms to Control Rooms, and (2) CUE
to Control Room/Computer Room,

1-27. SWITCHING UNIT 240,

1-28. The Switching Unit permits four dis-
crete groups of cables, from as many as five
separate ACE-S/C ground stations, to be ap-
propriately connected within a station or
cross-connected between stations. The
Switching Unit located at MSC permits three
discrete groups of cables, from two sep-
arate ACE-S/C ground stations, to be ap-
propriately connected within a station or
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cross—connected between stations. Each
group of cables is connected by means of a
pushbutton control panel which activates
reed-relay switches. The following four
functional cable groups may be connected to
the appropriate termination points within an
ACE-S/C station or cross-connected to sim-
ilar terminations at any of four other
ACE-S/C stations:

a. Cables which carry signals to and
from spacecraft test areas and are routed
between the Systems Patch Terminal Unit
and an ACE-S/C station Computer Room.

h. Cables which link an ACE-S/C Con-
trol Room to an ACE~-S/C Computer Room.

c. Cables which insert a selected CUE
Unit between a previously selected Computer/
Control Room combination.

d. Cables which insert a selected DCCU
between a previously selected Computer/
Control Room combination. (Not at MSC,
as no DCCU is supplied for this site.)

1-29. At all sites except MSC, there are
four control unit panels located on the
Switching Unit, one for each of the four
switched cable groups. At MSC, only two
control unit panels are provided: one con-
trol unit panel for the Test Areato Computer
Room cable group and one dual-function panel
that serves both the Control Room to Com-
puter Room cable group and the CUE to Con-
trol Room/Computer Room cable group.
Each control unit panel contains pushbutton
switches arranged in a matrix format to per-
mit selection of any switching permutation
of the respective cable group.

1-30. The Computer Room to Control Room
control unit panel contains 25 pushbuttons
arranged in rows and columns of five each
(5 x 5). The equivalent control unit panel
pushbutton matrix for MSC contain 4 push-
buttons arranged in rows and columns of two
pushbuttons each (2 x 2). Each pushbutton
contains a two-digit number to indicate the
switching configuration that may be achieved
by depressing that pushbutton. The first
digit on each pushbutton indicates the Control
Room selected while the second digit desig-
nates the Computer Room to which the other
end of the cable group will be terminated.
This two-digit nomenclature is a standard-
ized switching matrix designation, where
the first digit always represents the row,
and the second denotes the column.
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Figure 1-2. ACE-S/C MILA Switching
Equipment Block Diagram
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1-31. SUPPORT SYSTEMS.

1-32. There are several systems whichform
an integral portion of the ACE-S/C station,
but cannot be categorized as portions of the
Command, or Data Recording and Display
Equipment. These include the Timing Sys-
tem, the Status Display System, and Switch-
ing Equipment.

1-33. TIMING SYSTEM. The Timing Group
provides real-time signals for the use of the
two computers and the various recorders.
These time signals also drive wall time dis-
plays. In addition, the Timing Group supplies
countdown-time signals to the computer and
wall clock displays.

1-34, STATUS DISPLAY SYSTEM. The
Status Display System consists of go/hold
switches located on the command and display
consoles for reporting the test operation
status to the Test Conductor. The controls
on the consoles are connected to a display
panel on the Test Conductor Console that
displays indications of test countdown hold
conditions.

1-35. COMMAND EQUIPMENT
DESCRIPTION,

1-36. All commands are initiated by posi-
tioning switches on START modules. The
modules are plug-in units and are located in
varying numbers on the system control con-
soles. There are three distinct types of
START modules: R START modules provid-
ing for manual control of discrete events;

C START modules providing for manual se-
lection of computer subroutines and the
parameters required by the subroutines; and
a single K START module providing for man-
ual and automatic means of inserting infor-
mation into the spacecraft Apollo Guidance
Computer (AGC). Figure 1-3 shows the
Command Equipment at all sites except MILA
and figure 1-4 shows the Command Equip-
ment at MILA.

1-37. R START MODULE,

1-38. The R START (relay START) module
contains four pushbutton function switches,
an execute (XEQ) pushbutton, and appropriate
lights to indicate the status of the switches
and of the module. The function switches
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provide the means to select the specific
discrete events desired, and the XEQ switch
initiates the sequence resulting in their oc-
currence. Each module controls the occur-
rence of four discrete events (e.g., individ-
ual relay action at the spacecraft) by providing
a logic 1 or 0 from each function switch.
The presence or absence of a 1isestablished
by the on or off condition of the function
switch.
1-39. C START MODULE.

1-40. The C START (computer communica-
tion START) module includes ten 12-position
switches that provide the means to select a
specific command function. Each individual
switch position provides a four-bit digital
word in binary-coded-decimal form for
transmission to the computer. Thus, the
ottput of the C START is a 40-bit message
which instructs the computer to perform
specific operations (and also may provide
parameters for these operations) and in-
structs the computer in the disposition of
the results. The C START panel also in-
cludes status indication of the switches, an
XEQ pushbutton to initiate the transmission,
and appropriate lights to indicate the mod-
ule status.

1-41. K START MODULE.

1-42, The K START (keyboard START) mod-
ule may be operated either manually (using
a keyboard) or automatically (using a perfo-
rated tape reader). The keyboard provides
18 pushbutton switches. Depressing any one
of these switches initiates the Transmission
of a five-bit word to the AGC. The module
panel also includes fape reader control
switches. These switches provide for auto-
matic sequences of binary words from the
tape or manual sequencing, including both
forward and reverse steps. A visual tape
character readout display is provided. Ap-
propriate display lights on the panel indicate
the status of the module and of various events
within the AGC.

1-43. COMMUNICATIONS UNIT
EXECUTOR.

1-44. The primary function of CUE is to
control the two-way communication path be-
tween the test operators and the Command
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Computer. To accomplish this control func-
tion, CUE sequentially interrogates all
START modules in a repetitive fashion. The
depression of an XEQ pushbutton (R START
or C START) or a K START keyboard push-
button results in interruption of CUE when it
reaches that point in its cycle. CUE, under
control of the computer, receives the com-
mand data and addresses from a START
module and transmits the data and addresses
to the computer. (The address assigned at
this point is used for identification purposes
between the START modules and the computer
only.) The transmission to the computer is
accomplished in two ways. If the data is
from an R START j@wqgg_s_s will
be transferred as a single 12-bit word in
parallel format.

“If the data is from a

C START or K START, the data and address
will be transferred to the computer as four
consecutive 12-bit words in parallel format.

1-45. When instructed by the computer, the
CUE transmits verification replies to certain
lights on the START modules. In the event
of a failure, and when instructed by the
computer, the CUE will display malfunction
codes on a maintenance panel enabling the
CUE operator to isolate the cause of failure.
1-46. COMMAND COMPUTER.

1-47. The Command Computer receives the
address data words from the CUE and per-
forms the required processing. Data from
an R START or K START is encoded into a
24-bit message which includes the required
address for processing at the spacecraft
location, Usually, C START data instructs
the computer to perform preprogrammed
subroutines, the results of which may or may
not be transferred out of the computer.

1-48. The output of the computer is one or
more 24-bit messages presented to a DTVC.
Each 24-bit message is transmitted by the
computer as two successive 12-bit words in
parallel format. The computer selects one
of three DTVC's, depending on whether the
message is intended for external, carry-on,
or service-equipment, DTCS.

1-49, If the Command Computer receives
verification of proper message delivery from
the DTVC, the CUE is instructed to indicate
verification on the appropriate START module
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panel. Should the verification reply indicate
malfunction, the computer will retransmit
the message a predetermined number of
times - each time waiting for verification of
proper message delivery. Should the final
reply still indicate failure, the computer
will branch into a malfunction isolation
subroutine,

1-50. DATA TRANSMISSION AND VERI-
FICATION CONVERTER.

1-51., The DTVC is a two-way communica-
tor and a parallel-to-serial and serial-to-
parallel converter. All computer input/
output communications are in parallel format,
but all transmissions to and from the DTCS
at the spacecraft test area are in serial
format.

1-52. The Command Computer sends a
24-bit message to the DTVC. This message
is sent in the form of two successive 12-bit
parallel words. The DTVC sends each 12-bit
segment twice, in a serial format, Thus, the
output of the DTVC is a 48-bit serial mes-
sage, providing 100 percent redundancy of
the original 24-bit message received from
the computer.

1-53. After transmission of the message,
the DTVC receives a 12-bit verification
reply from thé DTCS. The DTCS transmits
this word twice, forming a 24-bit input to
the DTVC. The DTVC reads the first 12
bits into a register and then performs a bit-
by-bit comparison with the second 12 bits to
assure proper reception.

1-54. The DTVC checks the verification
reply to determine if the transmission was
valid. The Command Computer is then in-
formed of the results of this test.

1-55. DIGITAL TEST COMMAND SYSTEM
(DTCS). (This is not a part of the ACE-S/C
ground station.)

1-56. A single DTCS in its maximum con-
figuration will contain one Receiver-Decoder,
thirty~-two baseplates, and one Guidance and
Navigation Buffer Unit. The thirty-twobase=-
plates are divided into four groups of eight
baseplates each. Each baseplate can contain
four plug-in type modules. The plug-in
modules provide system capability to be
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expanded or contracted to meet particular
checkout requirements. Conventional relay
and latching relay modules provide program-
mable relay closures. Voltage mode digital-
to-analog converter (VMDAC) modules pro-
vide programmable voltages. Each analog
module contains one digital-to-analog con-
verter, while each relay module contains
sixteen relays.

1-57. The DTCS receives the first 24-bit
word from the DTVC and assembles the first
12 bits in half of a 24-position register. It
then compares the remaining portion bit by
bit to check redundancy. The second 24-bit
word of the command message is received
and the first 12 bits are assembled into the
remaining spaces in the register. A bit-by-
bit redundancy check is then performed. If
either redundancy check fails, the register
is cleared and a verification message, coded
to indicate transmission error, is transmitted
back over the uplink line to the DTVC.

1-58. If a successful redundancy check is
completed, decoding of the message address
is begun. Decoding is accomplished at sev-
eral levels. At each level, a number of dis-
crete bits is examined to determine which of
several alternate routes the remaining mes-
sage bits are to follow. Decoding begins with
the more significant address bits. In each
case, the decoded bits are dropped, and only
the remaining bits of the word are trans-
mitted to the next lower level.

1-59. At each level of decoding, the validity
of the address is determined. In every case,
there are fewer valid addresses than the
total which the number of bits would permit,
If the decoded portion of the address is found
invalid, decoding ceases, and a coded veri-
fication reply is sent to the DTVC to indicate
the level of decoding at which the error was
detected.

1-60. The Receiver-Decoder performs the
first step of address decoding and accord-
ingly selects one of the four groups of base-
plates, or the Guidance and Navigation (G&N)
buffer unit. If the G&N buffer unit is se~
lected, the remaining message bits are sent
to this unit which transfers the proper data
into the spacecraft onboard Apollo Guidance
Computer. If one of the baseplate groups is
selected, the remaining message bits are
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sent to all baseplates in this group for fur-
ther decoding.

1-61. A baseplate group may contain as
many as eight baseplates. Only one base-
plate can accept the message as addressed,
and decode the message further to select

one of the modules installed on the baseplate.
The selected module will accept the remain-
ing bits for further decoding.

1-62. There are two types of modules
mounted on the baseplates - a D/A converter
module and a relay module. Any baseplate
can contain up to four modules with any
combination of the two types, or all four of
a single type.

1-63. If a D/A converter moduleis selected,
8 data bits will be transferred to a buffer
memory which exercises control over one
digital-to-analog converter. A second trans-
mission from the Uplink Computer provides
8 duplicate bits which are compared with
those from the first transmission. If com-
parison is exact the first 8 data bits will be
converted to the indicated positive or nega-
tive voltage level as a spacecraft stimulus.
If the comparison is not exact, the data bits
are not converted and a coded verification
reply is sent to indicate the comparison
failure, and the Receiver-Decoder is reset
to accept new words. It should be noted that
a verification message is also returned for
a valid transmission.

1-64, If a relay module is selected, it will
decode the message further to select one of
four subgroups of relays controlled by the
module. Four data bits will be transferred to
a buffer memory of the subgroup which ex-
ercises control over four relays. A second
transmission from the Uplink Computer pro-
vides four duplicate data bits whichare com-
pared with those from the first transmission.
If the comparison is exact, the first four data
bits are shifted from the buffer memory
which causes the four relays to react to the
data bits, with a 1 causing latchanda 0 caus-
ing unlatched. If the comparisonisnot exact,
the data bits are not shifted and a coded ver-
ification reply is sent to indicate the com-
parison failure, and the Receiver-Decoder is
reset to accept new words. It should be
noted that a verification message is also re-
turned for a valid transmission.
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