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overspeed protection by regulating the flow of hydrogen
peroxide to the decomposition chamber. The key com-
ponent of each speed control is a controller which con-
tains the necessary circuits for sensing unit operation
through the frequency output of a tachometer generator.
During normal operation, the frequency of the power
generated by the tachometer generator, being propor-
tional to the turbine speed, matches a preset frequency
of the controller. Any change in turbine speed due to a
change in load, or from any other disturbance, causes a
proportional change in frequency of the tachometer gen-
erator. This frequency change is sensed by the control-
ler, which in turn adjusts the opening of the flow control
valve to bring turbine speed back to the normal operating
level. During normal operation, the speed of the unit is
automatically controlled to maintain 51,200 rpm by the
speed-sensing element of the controller. Should an
overspeed condition occur (56,000 rpm or greater), the
overspeed sensing element of the controller automat-
ically acts to energize the solenoid-operated APU shutoff
valve to the closed position, thereby shutting off the flow
of the propellant. The unit then decelerates and stops.
It cannot be restarted until the APU switch is first cycled
to the OFF position.

APU SWITCHES.

There are two APU switches (23 and 46, figure 1-2) on
the instrument panel, one for control of each auxiliary
power unit and its associated feed system. When either
switch is turned to ON, battery-bus power is used to
open the helium shutoff valve in the related propellant
feed system, allowing helium pressure to move the
hydrogen peroxide through the feed lines. At the same
time, power is applied to the opening circuit of the re-
lated APU shutoff valve. This permits the propellant
to flow to the auxiliary power unit. Turning the switch
to OFF closes the helium shutoff valve (if the ballistic
control switch is at OFF), shutting off the helium supply.

NOTE

If the ballistic control switch is at ON, the OFF
position of the APU switch will not close the
helium shutoff valve.

At the same time, the APU shutoff valve closes, shutting
off the flow of the propellant to the unit. The JETT
position, powered by the primary dc bus, is used if an
emergency arises and it is desired to jettison the pro-
pellant overboard. The switch is guarded to prevent it
from being accidentally moved to the JETT position.
When the switch is turned to JETT, the following occurs:
The helium shutoff valve in the feed system opens, or
remains open if it is already so, allowing the helium to
continue to force the hydrogen peroxide through the feed
lines. Concurrently, the APU shutoff valve closes and
a jettison and ballistic control valve in the feed system
opens to the jettison position. The jettison and ballistic
control valve serves both as a shutoff valve for propel-
lant supply to the ballistic control system and as a pro-
pellant jettison control. As this valve opens to the
jettison port, the propellant is routed through a line
that dumps overboard at the aft end of the airplane.
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APU COMPARTMENT OVERHEAT CAUTION LIGHTS.

Two APU compartment amber overheat caution lights
(21 and 40, figure 1-2) are adjacent to their related
APU switches on the instrument panel. The lights are
powered by the battery bus. A thermoswitch in each
APU accessory drive compartment is set to energize
the light when the temperature in the compartment rises
to approximately 525° F. The lights read "APU COMP
HOT'" when on. If either light comes on, the related
auxiliary power unit should be shut down immediately.

APU AND BALLISTIC CONTROL PROPELLANT FEED

SYSTEMS.

Two completely independent feed systems provide pro-
pellant for the auxiliary power units and the ballistic
control system. (Refer to ""Ballistic Control System"
in this section.) System 1 is in the left side of the fuse-
lage; system 2 is in the right side of the fuselage. The
systems are identical. Helium gas under pressure
moves the monopropellant hydrogen peroxide to its
basic function of providing fuel to these units at the
required flow rates and pressures. Each propellant
feed system includes a high-pressure, spherical, he-
lium storage tank and a positive expulsion-type hydro-
gen peroxide storage tank. Both tanks are below the
related auxiliary power unit in the forward fuselage.
Helium and hydrogen peroxide filler valves and helium
high-pressure gages for ground servicing are in each
side of the fuselage side fairings. Helium and hydro-
gen peroxide pressure gages common to both systems
are in the cockpit. When the ballistic control switch is
turned ON, or when the APU switch is turned ON (or to
JETT), a shutoff valve is opened to allow helium to flow
from the storage tank. The helium tank contains enough
helium to expel all the hydrogen peroxide in the hydrogen
peroxide storage tank. Helium pressure is reduced from
3600 psi at the tank to 550 psi as it passes through a
pressure regulator. A relief valve upstream of the
pressure regulator prevents overpressurization due
to overcharging or pressure build-up during high-
temperature conditions. From the pressure regulator,
the helium passes through the shutoff valve and pres-
surizes the hydrogen peroxide tank. The positive-
expulsion type hydrogen peroxide tank contains a baffle
cylinder, perforated to allow the propellant to flow to a
pickup tube inside the baffle cylinder. The inlet of the
pickup tube is very close to the bottom of the tank to
prevent it from being uncovered during normal flight
attitudes when only approximately 20 percent of the
propellant supply remains in the tank. Between the
baffle cylinder and tank wall is a collapsible plastic
bladder. The helium enters the tank between the wall
and the bladder where pressure on the bladder forces
the hydrogen peroxide into the baffle cylinder through
the pickup tube and out of the tank. A check valve up-
stream of the tank prevents hydrogen peroxide from
backing into the helium system in case of a bladder
failure. When the tank is emptied to the extent that
the bladder collapses against the baffle cylinder, the
feed pressure will drop off. This pressure drop cre-
ates a pressure differential between the helium and
hydrogen peroxide. When this pressure differential
increases to approximately 35 psi, a differential pres-
sure switch in the system actuates a low-level caution
light in the cockpit. Pressure differential is also sensed
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by a valve that opens at approximately 55 psi and allows
helium to flow to the top of the baffle cylinder, expelling
the remaining hydrogen peroxide. Protection of the
hydrogen peroxide tank against rupture due to overpres-
surization is provided by a pressure relief valve and a
blowout plug. The relief valve is designed to open at
approximately 650 psi (100 psi over normal tank pres-
sure). In case of a malfunction of the pressure relief
valve or an abnormal rate of pressure increase, the
blowout plug will rupture at approximately 900 psi. If
the blowout plug should rupture, the affected system
will be deactivated by loss of the propellant through the
plug. The flow of both of these relief devices is routed
overboard through a vent and jettison line. A thermo-
switch at the base of the tank energizes a warning light
in the cockpit if the hydrogen peroxide in the tank be-
comes overheated. From the storage tank, the propel-
lant is routed into feed lines through shutoff valves to
the auxiliary power unit and the ballistic control system.
Temperature of the propellant at the APU inlet must be a
minimum of 40° F during starting. To prevent freezing
in the feed lines, warm air from the carrier airplane is
pumped into the compartment containing the propellant
feed system hydrogen peroxide components to maintain
a temperature of approximately 120° F. The system is
designed to dump helium and hydrogen peroxide over-
board if an emergency arises.

APU and Ballistic Control Propellant Feed System
Controls and Indicators.

APU Source Pressure Gage. A dual-movement helium
pressure gage (42, figure 1-2), common to both propel-
lant feed systems, is on the right side of the instrument
panel. The gage, labeled "SOURCE, " is calibrated in
pounds per square inch and has two pointers, marked
1" and "2" for system identification. The gage includes
a slip ring, with calibration markings of '"F," ""3/4,"
"1/2," "1/4," and "E."" The slip ring is used to indicate
the amount of HyOy available to the APU's. The quantity
of HyO, available from the tanks is proportional to
sourcez(helium) pressure. Therefore, the slip ring
should be rotated just before APU start so that the "F"
mark is aligned with the No. 1 pointer; then the position
of the No. 1 pointer in relation to the slip ring calibra-
tions will indicate the amount of HgO9 available for APU
operation once they are started. The pressure indicating
system is powered by the 26-volt ac bus. Operating
pressure will vary from 3600 down to 550 psi, depending
upon the helium supply in the storage tank.

APU Hydrogen Peroxide Tank Pressure Gage. A dual-
movement hydrogen peroxide pressure gage (37, figure
1-2), common to both propellant feed systems, is on
the right side of the instrument panel. The gage is
labeled "HgOy'" and is calibrated in pounds per square
inch. The pointers are marked "1" and "2" for system
identification. The gage shows tank pressure in the
hydrogen peroxide storage tanks, sensed by a pressure
transmitter in each feed system. Normal operating
pressure is approximately 550 psi. The pressure indi-
cating system is powered by the 26-volt ac bus.

APU Bearing Temperature Gage. A dual-pointer APU
bearing temperature gage (38, figure 1-2) is on the in-
strument panel. The gage shows in degrees centigrade
the temperature of No. 1 and No. 2 APU upper turbine
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bearings. The temperature indicating system is pow-
ered by the No. 1 primary ac bus. The gage is cali-
brated from zero to 200 in increments of 20 degrees.
The left pointer indicates No. 1 APU upper turbine
bearing temperature; the right pointer, No. 2 APU
upper turbine bearing temperature.

Hydrogen Peroxide-low Caution Lights. Each propellant
feed system has a low-level caution light (22 and 43,
figure 1-2) that reads ""HpO9 LOW' when on. The two
amber, placard-type lights, on the right side of the in-
strument panel, are powered by the primary de bus. A
pressure-differential switch in each system becomes
energized, causing the related light to come on when
the differential pressure between helium and hydrogen
peroxide rises to approximately 35 psi. The light will
come on at this instant, when approximately 20 percent
of the hydrogen peroxide supply is left in the storage
tank. If either light comes on, extreme maneuvers
should be avoided to prevent uncovering the inlet of the
pickup tube in the tank, thus allowing helium to flow into
the hydrogen peroxide line.

Hydrogen Peroxide Overheat Warning Lights. The No. 1
and No. 2 hydrogen peroxide overheat warning lights (20
and 39, figure 1-2) are on the right side of the instru-
ment panel. The red, placard-type lights are powered
by the battery bus and read "HaO9 HOT'" when on. A
thermoswitch at the base of each system hydrogen per-
oxide storage tank energizes the related light if the
temperature of the contents of the tank rises to approxi-
mately 160° F. If either light comes on, the contents of
the affected tank should be jettisoned. Concurrently, the
related auxiliary power unit will automatically shut down.

APU Switches. Refer to "Auxiliary Power Units' in this
section.

Ballistic Control System Switches. Refer to "Ballistic
Control System' in this section.

ELECTRICAL POWER SUPPLY SYSTEMS.

The airplane is equipped with an alternating-current
and a direct-current electrical power system. (See
figure 1-9.) Power for the ac system is supplied by
two alternator-type generators. The dc system normally
is powered from the ac system through two transformer-
rectifiers. A 24-volt battery is available for use in an
emergency to supply dc power to essential equipment.
During ground operation, ac and dc power can be sup-
plied to the airplane by an external power source. Dur-
ing captive flight, the carrier airplane can supply ac and
dc power to the airplane. Both external power sources
supply minimum dc power for initial relay or valve oper-
ation only. Large amounts of dc power then are supplied
from the ac system through the transformer-rectifiers.

AC ELECTRICAL POWER DISTRIBUTION.

Two ac generators supply 200/115-volt, 400-cycle,
three-phase ac power to the two primary ac busses.
Each generator is driven through a gear train by an
auxiliary power unit. (Refer to "'Auxiliary Power Units"
in this section.) Two 26-volt ac busses are powered by
the No. 2 primary ac bus. Automatic frequency control
and voltage regulation are provided forthe ac generators.
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AC Generators.

Each ac generator is driven through a gear train by an
auxiliary power unit and supplies 200/115-volt, 400-
cycle, three-phase ac power to its respective primary
ac bus. Failure of an APU causes failure of the ac
generator it drives. If one ac generator fails for any
reason, the other ac generator automatically supplies
power to both primary ac busses. If either generator
drops "off the line' because of a momentary malfunc-
tion, it can be reset '"onto the line."

Primary AC Busses.

The No. 1 primary ac bus normally is powered by the
No. 1 ac generator; the No. 2 primary ac bus, by the
No. 2 ac generator. However, if either generator fails,
the remaining generator will power both primary ac
busses. External power, on the ground or from the
carrier airplane, will power the primary ac busses,
but only when neither ac generator is on.

26-volt AC Busses.

The two 26-volt ac busses are powered through two
parallel transformers by the No. 2 primary ac bus.
The 26-volt busses are powered as long as either ac
generator is operating. In addition, when external
power is applied to the airplane on the ground or from
the carrier airplane (and both ac generators are off),
the 26-volt busses are powered.

DC ELECTRICAL POWER DISTRIBUTION.

Direct-current power is distributed from the 28-volt
primary dec bus and the battery bus.

28-volt Primary DC Bus.

The 28-volt primary dc bus is powered by both primary
ac busses through two transformer-rectifiers. The
primary dc bus, in addition to powering certain equip-
ment, normally powers the battery bus. Failure of one
ac generator will not de-energize the primary dc bus.
The primary dc bus also is energized when external
power is applied on the ground or from the carrier
airplane.

Battery Bus.

The battery bus normally is powered by the primary de
bus. However, the emergency battery can be connected
to the battery bus to provide emergency dc power. In
addition, external power on the ground or from the
carrier airplane can be applied to the battery bus.

Emergency Battery.

A stand-by, 24-volt, emergency battery is available
to provide emergency power to the battery bus.

ELECTRICALLY OPERATED EQUIPMENT.

See figure 1-9,
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EXTERNAL ELECTRICAL POWER RECEPTACLE.

The external power receptacle is on the upper surface
of the fuselage, aft of the canopy. (See figure 1-16.)
When ac and de external power is applied to the airplane
by a ground unit, an adapter must be used. When ex-
ternal power is applied from the carrier airplane, a
single plug-in unit in the carrier airplane pylon is used.

CIRCUIT BREAKERS AND FUSES.

The electrical distribution circuits are protected by
circuit breakers and fuses on the electrical power panel
in the No. 2 equipment compartment and on the circuit-
breaker panel (6, figure 1-4) on the right console in the
cockpit. All of the circuit breakers on the right console
panel are of the push-pull type. The circuit breakers in
the No. 2 equipment compartment must be properly posi-
tioned before carrier take-off, because they are not
accessible in flight.

If the two external power circuit breakers in
the No. 2 equipment compartment are not closed
before carrier take-off, carrier airplane electri-
cal power cannot be applied to the X-15 Airplane.

ELECTRICAL POWER SUPPLY CONTROLS.

No. 1 Generator Switch,

A three-position switch (15, figure 1-2) on the instru-
ment panel controls operation of the No. 1 ac generator
by means of battery bus power. The switch is spring-
loaded from the RESET position to ON. When the switch
is OFF, the generator is taken "off the line." When the
generator is "off the line," because the switch is at OFF
or because of a momentary generator malfunction, the
switch must be moved to RESET momentarily to bring
the generator "on the line' and then released to ON to
maintain the generator "on the line."

NOTE

Neither generator will operate unless the APU
for the respective generator is also operating
and driving the generator.

To bring the No. 1 generator "on the line" initially, the
switch must be moved from OFF to RESET momentarily
and then released to ON, It is not necessary to move
the switch to OFF when the No. 1 APU is shut down,
because the No. 1 generator underfrequency protective
relay will have tripped the generator off.

NOTE

If either generator is operating and "on the line, "
most external power is automatically discon-
nected. Power to the battery bus, certain
heaters, ready-to-launch light, liquid oxygen
level probe, and stabilization of stable platform
remains on.
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