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Launch Control and Checkout Equipment (LCCE) - General Electric's Apollo Systems
Organization has provided a broad range of equipment used to control and check out the
facilities used in launching America's Apollo astronauts. This hardware is known as
Launch Control and Checkout Equipment (LCCE), and includes systems which spread
over the entire Cape Kennedy Complex. Shown here is a test of the Water Control
System used for cooling and quenching the launch site and storage areas before, during,
and after a launch.

R. J. Wahlin

P.O. Box 2500

Daytona Beach, Florida 32015
Phone: 904-258-3154
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APOLLO SYSTEMS
Space Division

General Electric Company

CHECKOUT AND GROUND SUPPORT EQUIPMENT FOR APOLLO

Fifth Largest Apollo Contractor.

Supplied most of Apollo Ground Support Equipment.

Supplied Equipment for Pre-Launch Checkout and Control of the Apollo Spacecraft,
the Saturn Launch Vehicles, and the Launch Facilities themselves.

APOLLO SYSTEMS DEPARTMENT MISSION AT-A-GLANCE

1. Development of ACCEPTANCE CHECKOUT EQUIPMENT (ACE-S/C) for pre-launch
test and checkout of the three Apollo spacecraft modules.

2. Development of ELECTRICAL SUPPORT EQUIPMENT (ESE) for pre-launch check-
out and control of the Saturn IB and Saturn V launch vehicles.

3. Development of Launch Control and Checkout Equipment for pre-launch control and
checkout of the launch equipment and the launch facilities at the launch complexes.

4. Engineering and technical services, including mission analysis and Reliability and

Quality Assessment.

-More-
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RESOURCES

The General Electric Apollo Systems Organization (General Manager, Gerald T. Smiley)

has about 3,300 employees. It has major facilities in four locations:

ik

Daytona Beach, Florida—Organization Headquarters. Major manufacturing

facility.

Cape Canaveral, Florida—Was responsible for development of launch con-

trol and checkout equipment. Provides engineering services to NASA's
Kennedy Space Center.

Houston, Texas—Primarily concerned with engineering support to NASA's

Manned Spacecraft Center. Responsible for ACE-S/C Program.
Huntsville, Alabama—Major development and manufacturing facility for ESE

equipment. Provides engineering services for NASA's Marshall Space Flight
Center.

Other—Apollo Systems personnel are also located at major Apollo contractor's
facilities in Downey, California, and Bethpage, New York, to provide engi-
neering services in connection with ACE Stations at each location. In addition,
the Organization maintains offices in Washington, D.C., and Dayton, Ohio.

HARDWARE FOR APOLLO

APOLLO SPACECRAFT CHECKOUT

Acceptance Checkout Equipment (ACE).

LAUNCH VEHICLE CHECKOUT AND CONTROL

Electrical Support Equipment (ESE).

LAUNCH CONTROL AND CHECKOUT EQUIPMENT

Electrical Launch Support Equipment.
m  Propellants and Gases Systems.
m  ELSE Control Systems.

] Facility Control Systems.

® - DC Power System.

-More-
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® Instrumentation System
Vehicle Measuring Checkout Systems,
Measurements Monitoring and Recording Systems,
RF Checkout Equipment.
Saturn Telemetry Checkout System.
Saturn Abort Advisory System (AAS).
® Power Systems, Cables, and Racks (Design Management).
m  Cables.
] 60-Hertz Power System.
[ ] Facilities Grounding System.

® Communications and Photo-Optical Systems (Design Management).
Television System,

Operational Intercommunications System (OIS).

Photo-Optical System.

Wideband Transmission System.

Paging System.

Timing and Countdown Systems.

Speciality Operational Television (OTV) and Photo-Lighting Systems.
General Telephone, Data, and Special Audio Systems.

RELATED WORK EXPERIENCE

Organized in 1962 to provide equipment and services for the Apollo Program, Apollo

Systems has since evolved into other aerospace-defense and industrial work areas.

Apollo Systems is under contract to provide equipment and engineering services for

such programs as Minuteman III and Safeguard.

Apollo Systems has also designed and built a Nuclear Power Plant Simulator (NPPS),
which is used to train operators for boiling-water reactor plants. This system dupli-
cates in function and appearance a typical nuclear power plant control room and uti-
lizes digital computer techniques and math modeling to simulate all systems external

to the control room.

-More-
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Another simulation system developed by Apollo Systems involves Computed Perspec-
tive Image Generation, a technique employing computer-generated color TV-like pic-
tures to simulate such operations as spacecraft docking and landings, aircraft carrier
and airport landings and defense oriented applications. A similar technique, called
Digital Radar Landmass Simulation, is used to generate a display on a radar scope for

use in training navigators.

Apollo Systems has also developed a high-speed information search and retrieval sys-
tem known as the GESCAN Rapid Search Machine. This system can search natural

language information files at speeds of up to one million words per minute.

These products and program activities outside the space field illustrate some of the
wide-spread benefits derived from the technological development of our nation's space
program,

-30-
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CHECKOUT EQUIPMENT FOR APOLLO SPACECRAFT: ACE-S/C

Houston, Texas—The Apollo Spacecraft will start on its complicated mission only after
having received a thorough pre-launch testing from a vast complex of ground checkout
equipment provided by the General Electric Company. Designated ACE-S/C, for Ac-
ceptance Checkout Equipment-Spacecraft, the system is capable of testing all space-
craft systems automatically. GE's Apollo Systems Organization has fabricated and
assembled fourteen of these spacecraft checkout systems.

The widespread use of these stations makes it possible to conduct uniform, standard
tests and procedures, and to detect variances in the spacecraft systems while they are

still at the factory, and then after they arrive at the Kennedy Space Center.

Six ACE stations are located at NASA facilities at Merritt Island; three are at the

North American Aviation plant at Downey, California, where the Command and Service
Modules are manufactured; two are at Grumman Aircraft Engineering Corporation in
Bethpage, New York, where the Lunar Module is built; and two are at the Manned
Spacecraft Center at Houston, where simulated space environmental tests are conducted.
One ACE station is located at the Manned Space Flight Center in Huntsville for use on
the Skylab Program,

ACE provides NASA with a highspeed, effective means of testing Apollo's key systems—
communications, instrumentation, biomedical, environmental control, fuel cell and
cryogenics, service propulsion and reaction control, guidance and navigation, stabili-

zation and control, and power and sequential.

-More-
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Each ACE station consists of three rooms of electronic equipment—a control room, a
computer room, and a terminal facility room. This design allows a staff of key

engineers to monitor and control the spacecraft checkout tasks.

Checkout can be handled manually, semi-automatically, or fully automatically. ACE
receives data at the rate of approximately 200,000 bits per second, which is equivalent
to approximately 25,000 data "words' per second. If all the data compiled on a con-
tinuous eight-hour test were printed out and stacked beside the Saturn V, it would stand
65 feet taller than the space vehicle itself.

A systems engineer sitting at an ACE console performs testing on a spacecraft sub-
system by sending a '"command" signal to the spacecraft on the launch pad. Measure-
ments of spacecraft performance are continuously being sent back to "ACE" for dis-
play to the test operator. If the checkout data does not meet prescribed limits, the
various display lights, meters, recorders, and indicators will allow the test engineer
to immediately note the discrepancy. By this method, engineers can check one tiny

circuit deep within a single subsystem or the entire spacecraft.

During launch operations, ACE exchanges key information with a similar system which
checks out and controls the Saturn launch vehicles. This system, known as Electrical
Support Equipment (ESE), was also designed and manufactured by Apollo Systems.
Together, these two systems—in conjunction with the Launch Control and Checkout

Systems—provide the capability for an integrated test for Apollo/Saturn.

=30-
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CHECKOUT AND CONTROL OF LAUNCH VEHICLE OPERATIONS: ESE

Huntsville, Alabama—Saturn V, and Saturn IB, are examined, inspected, tested, and

controlled by the largest array of checkout equipment in the Apollo Program.

This booster diagnosis is accomplished through use of Electrical Support Equipment
(ESE) developed and built by the Apollo Systems Organization of the General Electric
Company. This is the type of equipment seen in the blockhouses and control centers at

Cape Kennedy.

ESE is a vast array of ground support equipment that checks out the launch vehicle and
its support systems. In addition to operator and launch conductor control and display
stations for each stage of the vehicle, ESE consists of a computer complex and associ-
ated equipment, the vehicle telemetry system, primary power and distribution equip-

ment and system test equipment.

This equipment permits engineers to check and recheck the circuits of the launch vehi-
cles, such as those for propellants and gases and vehicle components associated with

these systems.

ESE sends commands to exercise or control each of the critical components of the vari-
ous booster stages. It then reports the information from each of the thousands of test
points to the engineers conducting the tests so they know at all times, in detail, if the

launch stages are operating properly.
ESE, through appropriate interfaces, also supplies operational support to other ground

systems and conducts all switching operations required during the final three minutes

of countdown.

-More-
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At KSC, Electrical Support Equipment is located at the Launch Control Center, the Mo-
bile Launch Facility, and the Vehicle Assembly Building.

General Electric, fifth largest contractor to the National Aeronautics and Space Ad-
ministration, also provides checkout equipment for the Apollo spacecraft. This space-
craft checkout system is known as ACE-S/C. ESE is functionally similar to ACE, but
is about twice as large. ESE is the largest known checkout system in the world.

The Electrical Support Equipment was developed and fabricated by the Apollo Systems
Organization at its Center operation in Huntsville, Alabama.

-30-
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LAUNCH CONTROL AND CHECKOUT EQUIPMENT

Cape Kennedy, Florida—The Apollo Systems Organization of General Electric has pro-
vided a wide range of equipment and design engineering management to check out and
control the launch facilities used in NASA's Apollo Program. This hardware is known
as Launch Control and Checkout Equipment (LCCE), Where other GE-provided sys-
tems check out and control the Apollo spacecraft and the Saturn launch vehicles, LCCE

performs this function for many of the launch facilities, themselves.

The LCCE may be grouped into four main functional system categories:

e Electrical Launch Support Equipment consisting of approximately 800 racks

of electrical equipment in twenty-four systems. These racks of equipment
are used for propellants and gases control, launch support equipment control,
and facility remote control.

e Instrumentation Systems consisting of approximately 650 racks of electrical

equipment in thirty-nine systems. These racks of equipment are used for
measurements, RF checkout, Telemetry checkout, and abort advisory functions.

® Cables, Racks, and Power Systems including the 115 kilovolt network, the

13.2/13/8 kilovolt substations, and the secondary distribution system to
technical loads. Equipment placement drawings for approximately 130,000
cables and 7,000 racks have been provided.

® Communications and Photo-bptical Systems consisting of equipment compris-
ing the Saturn/Apollo Television System, Photo-Optical System, Wideband

Transmission System, Operational Intercommunications System, Paging Sys-

tem, Radio Frequency (RF) System, Timing and Countdown System, and the
General Telephone, Data, and Special Audio System.

-More-
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Specifically, the various systems used for launch control and checkout of the space
vehicle perform the following functions:

a. Provide operator controls and displays necessary to remotely service the
launch vehicle by loading propellants, provide high and low pressure gases
control, vehicle compartment conditioning, and controlling movement of
service and holddown arms prior to launch.

b. Provide protection to the space vehicle, pad, and personnel with control and
displays of a Firex Water Systems area warning system, purging system, and
hazardous gas monitoring system.

c. Provide both visual and oral communications essential in controlling all op-
erations during assembly and checkout of the space vehicle.

d. Provide instrumentation checkout equipment necessary to validate perform-
ance and calibrate on-board sensors, transponders, and telemetry equipment.

e. Provide and distribute critical power to all technical equipment and adminis-
trative facilities.

The LCCE gives NASA a broad launch support capability for the servicing, protecting,
and checking out of the launch vehicle and.spacecraft from arrival of the various stages
at Kennedy Si)ace Center on through testing and assembly in the Vehicle Assembly
Building and Manned Spacecraft Operations Building; and to final flight readiness veri-
fication at the pad prior to and during launch.

=30-
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APOLLO SYSTEMS DEPARTMENT

The Apollo Systems Department of General Electric
Company was organized in 1962 to provide equipment
and engineering services to NASA’s Apollo project.
ASD is the fifth largest contractor in the program, hav-
ing supplied most of its Ground Support Equipment.

This ground support equipment may be divided broadly
into three functional areas:

® Checkout of Spacecraft (ACE-S/C)
® Checkout and control of launch vehicle (ESE)
® Checkout and control of launch facilities (LCCE)

The Apollo Systems Department is headquartered at
Daytona Beach, Florida, and has large Center opera-
tions at Cape Canaveral, Florida; Houston, Texas;
Huntsville, Alabama; and maintains, in addition, a
Washington Office. ASD personnel are also located at
Apollo contractors’ facilities in Downey, California,
and Bethpage, New York.



Before lift-off, thousands of test
points on the Apollo spacecraft
must be checked out. This testing
is accomplished utilizing check-
out equipment built by the Apollo
Systems Department of General
Electric. This equipment, called
““ACE”’ for Acceptance Checkout
Equipment, checks out the three
Apollo modules, but not the launch
vehicles.

An ACE checkout station consists of two main rooms of equipment--

a control room, and a computer room. The computer room contains
two high-speed computers. Advanced system design permits cen-

tralized, preprogrammed operation.

ACE can make tests in three different operating modes - manual,
semiautomatic, or fully automatic. ACE checks all spacecraft sys-
tems including instrumentation, communications, environmental con-
trol, power, stabilization, and control. ACE can test one tiny com-
ponent buried deep within the spacecraft or the entire, integrated

spacecraft.

The 14 ACE stations, manufactured by General Electric, are used

from factory to launch pad.

SPACECRAFT CHECKOUT EQUIPMENT (ACE S /C)



LAUNCH VEHICLE CHECKOUT EQUIPMENT (ESE)

While ACE checks out the Apollo spacecraft, other GE-built equipment
checks out the Saturn launch vehicle. Known as ESE, for Electrical Sup-
port Equipment, this system contains about 10,000 racks, panels, and con-

trol consoles.

ESE is the type of equipment seen in the launch control centers at KSC.
It tests all the thousands of checkpoints on Saturn V’s three stages manu-
ally and automatically. ESE also conducts all switching operations in the

final three minutes of countdown.

General Electric also pro-
vides equipment to check
out and control the launch
facilities themselves.




LAUNCH FACILITIES CHECKOUT EQUIPMENT (LCCE)

The launch facilities are con-
trolled and tested by Launch
Control and Checkout Equipment
(LCCE). This equipment is lo-
cated throughout the entire
launch complex and includes
systems used to check and con-
trol fuelingof the various stages,
as well as equipment concerned

with communications, telemetry,
water control, and other launch

complex operations.

Water Control Systems Provide Fire
Protection, Pad Cooling and Quenching

General Electric’s Ground
Support Equipment never
leaves the ground.....
but without it, neither
does anything else.
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Acceptance Checkout Equipment—Spacecraft (ACE -S/C)—Thousands of system test
points on the Apollo spacecraft must be thoroughly checked out before it can be
launched. These tests are made using checkout equipment developed and manufactured
by General Electric's Apollo Systems Organization. Called ACE-S/C, for Acceptance
Checkout Equipment—Spacecraft, this system is capable of testing all the checkpoints
on the Apollo modules manually, semiautomatically, or fully automatically. Shown
above is the control room of one of the 14 ACE stations manufactured by GE for NASA.
Each station also contains a computer room and terminal/switching facility. These
ACE stations are in use at locations throughout the nation for checkout of the Apollo

modules from factory to launch pad.
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Electrical Support Equipment (ESE)—Duri ng the countdown and launch of the Saturn V
Rocket which starts American Astronauts on their way to the moon, the giant space
vehicle is checked out and controlled by the largest checkout system in the world. Called
Electrical Support Equipment (ESE), this system comprises enough racks of electronic
equipment to make a column 3 miles high, stacked end on end. ESE also provides opera-
tional support to other ground systems and conducts all switching operations in the final
three minutes of countdown. ESE was designed and manufactured by General Electric's
Apollo Systems Organization at their Center Operation in Huntsville, Alabama.
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