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D-e POWER SYSTEM 

GENERAL 

The normal souxce of D-C power for the StarL!fter is two transformer­
rectifier (TR) units. These units change three-pluise ACto 23- volt, DC. 
Each unit is rated at 28 volts and 200 amperes. The units are located on 
the right hand forward underdeck rack. Cooling of these units is provided 
by normal aJr circulation. 
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A 24-volt lead-acid battery ls provided as an emergency source of power. The 
battery ls used primarily to start the awdllary power unit but may also be used 
1n flight 1f the emergency generator Is Inoperative. Infllgbt emergency power Is 
supplled by a hydraulically- driven A-C/'0-C generator as long as hydraulic 
pressure Is available, · 
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The Input to each TR unit Is 20o-volt, phase-to-phase, 400 Hertz AC from the 
No. 1 or No. 2 essential A-C bus. One unit Is connected to eac.b. bus. The out­
put is supplied through reverse current cutout relays to the D-C buses. No. 1 
and No. 2 DC buses are l.nterconnected and both can furnish power to the iso­
lated D-C bus. The TR units contain ste)>-down transformers to reduce the 
input voltage to a lower value and silicon rectifiers to c.b.ange the AC to DC. 
The s1llcon rectWers are moUDted on a beat sink to dissipate beat. 
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TR units from three different manufacturers are used Interchangeably on the 
airplane. The three manufacturers are Chatham, Westi.Dgbouse, and 
Electrosolids. The three different TR units are described In the following: 

PRIMA~T 

DC 
~s_c_c_o_N_O_A_~_T ____________ ~~+ OUT~UT 

SIX-PHASE HALf WAVE RECT IFICATION 

The Chgthom TR unit essentially Is two, tbre&-pbase, bali- wa.ve power supplies 
which are connected In paralleL Ooe of the power supplles tas a wye-to-wye, 
step-down transformer followed by sL"<. diodes to give bali-wave rectification 
and a ripple frequency of 1200 pulses per second. The other power supply bas 
a delta-to- wye steJr(lown traosfonner which also bas six diodes for bali-wave 
rectification. It also develops a ripple frequency of 1200 pulses per second. 
Due to !he SO-degree phase shift between a delta-to-wye transfonner, the 
ripple developed by the two power supplies Is also out of phase by 60 degrees. 
The two power supplies a.!'& r onnected In parallel to double the ripple frequency 
to 2400 pulses per second. 

The Westinghouse TR unit also consists of two power supplies which are 
connected In parallel. The difference between the Westinghouse unit and the 
Chatham unit Is In transformer connections. The Westinghouse unit bas two 
wye-to-wye, step-down transformers. Ooe of the wye-to-wye tro.nsiormers Is 
180 degrees out of phase with the other. Even through each of the power supplies 
bas bali-wave rectification, the fact that one power supply Is out o! phase with 
the other gives effective full-wave rectification. The ripple frequency of the 
Westinghouse unit Is 2400 pulses per second. 
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The Elec:rosolld TR unit h.:Js a delt:l. ~o delta step-do\•.11 transformer. .R. ct;..:.:­
catlo::. ls accomplished b:- a ful!-wave, three-phase bridge. Again, :-!p;:!.: 
frequency is 2-tOO pulses per seconU. 

Voltage output of the transfo!'lller rectifier unit ls dependent on the loaa. Wi:h 
no load on the TR unit, the volt:tge would rise to an over- volt:tge contllt!."l't. 
To Improve volt:l.ge regulation, the D-C electrical system Is deslgnetl to p!·o­
vide a non:lnal load for the TR units :tt all times. 

The TR units are the normal source of D-C power for the StarLifter. They ar~ 
capable of supplying all the D-C power requirements of the D-C electrlc:tl 
systems. To protect the D-C buses In the event of a fnlled TR unit, .Revers~ 
Current Cutout Relays (RCCR) are Installed In ser ies between the TR unit an,l 
the bus that it supplies • 

·l-4 
. , 

\'0L. In 



n 
I, I 

A- -p 1---~=--. 
~ ~ ~ ~ 
c;J ' '-1"-+v~J..Aj.~,., 

-~ ~~ I 

LJ 
css AC eus 

r--l 
I I 
I 

_Jc,_.----t-t---. I , 
I I 

I L 
I T 

I 

' II 

+ 

'---<...._.~1 A-AJ...__....,W~I • 
L..:- _.J 

TR UH IT 26. 1 V OC 200 Alo!P!Jl ES 
(tL£CTROSOL105 CORP) 

REVERSE CURRE~.'T CUTOUT RELAY 

The reverse current cutout relay Is composed of three lnd!vldual relays 
which are the voltage, control, and current relays. The current relay has 
three separate coils which are wound on one common core. The three cells 
nre the differential voltage coU, bias coU, and the reverse current coU. 

OPERATION 

\\'hen 2S-volt DC Is applied to 
the switch terminal, the 
voltage senslllg coil will close 
Its contacts. The bias coil 
sets up a magnetic field which 
tends to close the bias contacts. 
This i!eld 1s not strong enough 
due to a series resistor. The 
voltage sensing contacts com­
plete the c ircuit between the 
generator terminal and the 
battery terminal through the 
differential voltage coU. When 

---, 

TR 
U N I T 

I JIII (TLft 
I SHU NT 

- --' 

AtVtltSt CURRENT 

R C C R 

' NA IH OC 
sus 

the generator terminal Is at a higher potential than the battery terminal , this 
field and the bins field will aid In closl.ng the bias contacts. The bias coli will 
hold the cootacts closed. The bins contacts apply 28-volt DC to the main coo­
tactor coU !rom the switch terminal; the c011tactor energizes, closing the heavy 
duty contacts which completes the circuit between the generator and battery 
terminals. 
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REVERS£ CURROIT CUTOOT RELAY 

LOAD 

The reverse current coil is one or two turns of heavy wire wrapped around the 
bias and differential voltage coils. Its field has little effect under normal 
operating conditions. If the current reverses, its field opposes the bias coll. 
Flux developed by_ the reverse current will cancel enough of the fiiLX in the 
current relay to cause It to open. Reverse current occurs when the battery 
terminal is at a higher potential than the generator terminal. Reverse current 
could be causes by a faulty TR unit. When the current relay contacts open. 
the clrauit for the coil of the main contactor is opened. This action opens the 
circuit between the lo:td and the source. The reverse current cutout relay ".':!li 

reconnect the load source when be generator terminal becomes more positive 
than the batter:; terminaL The RCCR's between the TR units ar.d the bus a:e 
rated at 200 amperes. Another RCCR, rated at 100 amperes, Is used to connec: 
the Isolated D-C bus to main D-C bus No. 1. All of the reverse current relays 
are mounted behind the fJlght engineer's )i'o. 3 circuit breaker panel. 

BATTERY SYSTEM 

The battery system consists of a battery, battery relay, battery switch, power 
circuit breaker, and an Indicator light. The battery switch Is used for lgnltion 
In starting the APU. It also provides a standby source of power for emergency 
operations. The 24-volt, 11 ampere-hour , lead-acid battery Is Installed In a 
removable battery box loc:tted In the right hand underdeck area. A venting 
system is provided to conduct the e.xplosive gases overboard through an opening 
In the bottom of the fuselage. The venting system consists of a sump jar tubing 
and works on a difference in pressure betwee.n the cargo compartment and outside 
air pressure. \llben outside pressure is less than the cargo compartment pressure, 
air flows through the battery box, through the sump jar, and then to outside air. 
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A check valve on the battery box allows air to flow from the cargo compartment 
to the outside but blocks airflow In the reverse direction. 

OPERATION 

The battery switch is located on the flight engineer's electrical control panel. 
When tlie switch is In the "ON" position, the battery relay is closed to connect 
the battery to the isolated D-C bus. The battery cannot be connected If the 
emer gency generator is operating or If the isolated bus disconnect switch Is ln 
the disconnect position. The battery relay Is located behind the flight engineer's 
number 3 circuit breaker paneL With power on the Isolated D-C bus and the 
battery switch "ON," the battery is on charge. There is no charge-regulatlng 
system for the battery. Battery charging current is determined by bus 
volt<l,ge and the state of charge of the battery. 
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BATTERY INDICATOR UGHT 

The battery !ndlc:.tor light Is located on the flight engineer's electrical control 
paneL When Illuminated, the light Indicates that the battery Is the only source 
of power on the Isolated !>uses. If the Isolated D-C bus reverse current relay 
is ener gized, the open auxiliary contacts will Interrupt the battery on the Indicat or 
light circuit. If the emergency generator Is connected, the Isolated D-C bus 
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bus power relay will be energized, and a set of auxiliary contacts w1ll prevent 
the light from !lluminatlllg. 
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A hydraulically drive::~ A-C/D-C emergency generator is provided to furnish 
emergency D-C power Ill the event o! loss of the nonnal D-C power system. 
In the event that power on the essential A-C bus >;o. 1 Is lost, the bycl:aul!cally 
~!ven A-C/ D-C emer:;;ency generator will be actuated. When the e.~ergency bus 
power relay deenergizes, t!le hydra~c t:1otor control solenoid deenergizes to 
:ll.bw hydrau.i!:: Pressure co drive t!le hn!ra~!c motor which drives the emergen­
c~ · ;ene!":t~c..:. \\-.'len :.!!e ;ec~r~:n!" comes L:.p co speed, the f:-eque!lcy sensitive 
rela~ · e:1erg!zes anc provid~s a ground :or tile e:nergencr generator control 
relay. When energized, the control relay connects the generator output ro the 
emergency bus. Emergency generator output Is also supplled to the Isolated 
D-C !Jus :l:ld the !scl:l:e-i D- C a\'icnics bus th:-oug:h tile closed cont.J.Cts of the 
isolated D-C bus power relay. 

NOTE: A loss of D-C power w1ll not automatically activate the 
emergency generator. 

The emergency :;enemtor can be manually activated hy placing the INSTRUMENT 
POWER switch 'ln the left side of the pUot's L'lstrument panel In the "El'>1EB.GE~C'P' 
position. Positioning the instrument power switch to "EMERGENCY'' removes the 
ground from the emergency bus power relay and causes the relay to deenergize. 
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2,5 KVA Q £Nt~ATOR 
(AC do. DC) 

An emergency power test sw!:::h ls located on the flight engineer's eleccrical 
control pan.el. In the "TEST" position, the emergency generator is operating 
but is not connected to the buses. The voltmeter can be used to check the 
output voltage of the generawr. 

The emergency D-C generator consists of a wye-wound stator and sLx silicon 
diodes. The generator develops a 28-volt , D-C output and a load capacity of 
20 amperes continuously, or 30 amperes for 5 minutes out of each 30-minute 
period of operation. The rotating field strength is controlled to maintaln desired 
voltage output to the rectl.fl.ers which furnish full-wave rectl!led voltage w the 
emergency D-C bus distribution system. 

D- C BUS DISTRIBUTION SYSTEM 

There are seven D-C buses on the Starllfter: No. 1 main, No. 2 main, No. 1 
main avionics, No. 2 main avionics, 1solated DC, isolated D-C avionics, and 
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emergency D-C bus. During normal operation, the buses are interconnected, allow­
Ing power from both TR units to be supplied to the buses as shown ID thP. D-C 
bus diagram. The No. 1 and 2 main D-C bus will supply the Isolated D-C bus; 
however, the Isolated D-C bus cannot supply No. 1 or 2 main due to the Isolated 
D-C bus RCCR. The RCCR opens 1f the Isolated D-C bus attempt s to supply tue 
maiD buses. 

The No. 1 main D-C bus power feeder clrcuit breakers are on the maJn A-C 
power distribution panel. Distribution clrcult breakers are located on the: flight 
engineer's No. 4 circuit breaker panel. The No. 2 main D-C bus power feeder 
circuit breakers are located on the main D- C power panel. Distribution circuit 
breakers are also on the flight engineer's No. 4 circuit breaker panel. The 
main D-C avionics bus receives power from the main D-C power distribution 
panel. The isolated D-C bus Is normally powered from main D-C bus No. l 
through the closed contacts of the Isolated bus RCCR. Distribution circuit 
breakers are located on the flight engineer's No. 3 circuit breaker pan~!. 
The isolated A-C avionics bus Is normally supplied with power from the No. 1 
mab D-C bus through the energized contacts of the isolated D-C bus R.:::C3. 
DuriDg emergency operation, It wUl be supplied power from the tsolatec D-C 
bus which can be powered by the battery or the emergency genera~or. Th. 
emergency D-C bus Is notmally supplied from the No. 1 main DC bus thrcugh 
the closed contacts of the energized isolated D-C bus RCCR and through tl:.e 
closed contacts of the energized emergency bus power relay. Feeder circuit 
breakers are located on the main D-C power panel. The emergency D-C 
generator can supply power to the emergency D-C bus through the power circuit 
breaker located on the emergency generator control box. 
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BUS ll-IDICATOR UGHTS 

The Indicator light control circuit for the No. 1 main D-C bus is energized by 
power from th.e No. 1 main DC bus. In the event that No. 1 main D-C bus loses 
power , the Indicator light relay will de energize and furnish a ground for the 
"OFF'' light causing It to illuminate. The light Is located on the flight engineer' s 
electrical control panel. Operation of the No. 2 bus indicator light is the same 
as No. 1. These llghts also represent their respective avionics buses. 
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The \·oltmeter and selector switch are located on the flight engineer's electrical 
control panel and are used to monitor D-C bus distribution system voltages. 
The meter has a 0 to 30-,·oh scale, and the selector switch has flye po~lt!ons 
as shown In the Wustra:ion. The "E)!ER PWR" position monitors the output 
of the emergency generator. 

D- C LOADMETERS 

Two D-C loadmeters are Installed on the fi!gbt engineer's electrical control 
panel below the D-C voltmeter. The load.meter monitors current of the TR 
unit with one loadmeter for each TR unit. Calibration of the load.meter Is In 

terms of percent of rated load of the TR unit. Full scale on the loadmeter is 
150 percent but the scale is marked 1. 5. 1. 0 or 100 percent on the loadmeter 
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is 200 amperes. The loadmeter ls made up of the meter and a loadmeter 
shunt: The shunt Is connected ln the negative lead of the TR unlt. The load­
meter shunt ls a 50-millivolt, 200 amper e shunt. 
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A two-position switch on the Jllght engineer's electrical control panel, decaled 
ISOL BUSES - "ON-OFF" can be used to dlscoOilect the Isolated D-C bus from 
the emergency generator by deenergiziJ1E the Isolated D-C bus po-ver relay. 
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EMERGENCY POWER 
TEST SWITCH 

This switch is used with the 
D-C voltmeter and D-C volt 
selec~_or switch to check 
the D-C gener:1tor output 
witho11t putting It on the 
line. Positioning the test 
switch to "TEST" removes 
the ground from the 
hydraulic motor control 
solenoid and the Isolated 
bus power relay coils. 
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