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Figure 1-1. Assembled View of Model F145 lnverter
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SECTION |
INTRODUCTION

i-1, IDENTIFICATION, This handbock contains
overhaul instructions and description for the Model
F145 Inverter manufactured by Jack & Heintz, In-
corporated, Cleveland, Ohla, uun.unn for &
T view of the

1-2. Section I, 11 and I of this handbook contain over-
haul and test instructions for the Model F145 Inverter.
Overhaul and tesl imstructions for additiosal models
are provided in Bection IV by use of Difference Data
Sheets. The additional models included in Section IV
are listed in Section IV index.

1-3. Overhaul and test procedure for models lncluded
in Section IV are the same as the procedure given in
Section I and I except for the specific differences
noted by the applicable Difference Data Sheets,

1-4. The inverter described in this handbook is a self -
contained unit desigmed to produce a dependable, ac-
curately regulated source of 400 cycle, single phase
alternating current at 115 volts from an inpat source
of ¥7-1/2 volts direct current. All alrplane acces-
sorles electrical power with ratings mnd
characteristics listed in Table I can be supplied by
the inverter. Special devices are incorporated in the
elreuit for sutomatically controlling the outpet vollage
and frequency. In addition, adjustment means are
provided for setting voliage and frequency. Sultable
fltering devices are used to attenuate radio nolse,

NOTE
‘rln iaverier cam aperate in aay position but

l is desirable that the squipment be located

#0 that the carbon piles of the voltage andfre-

quency regulitor will be perpendicular to the

normal travel axis of the airplane and there-
the and decel

by
effects,
1-5. LEADING PARTICULARS,

1<8. Table I lists the leading particulars for the
imverter,

1-7. PRINCIPLES OF OPERATION.

1-8. GENERAL. The inverter in principle is a motor-
[ rator, The d-c motor, when connected to a
27-1/2 volt d-¢ power source, drives the alternating
current generator (Illmnr], which in turn gener-
ates an a-c voltage. The gemerated a-c vollage is
to the speed of the rotor mmmm
of the generator fleld flux, At a fixed voltage, the

amount of alternating current delivered by the gener-
ator depends on the load circult impedance (oombined

TABLE I -- LEADING PARTICULARS

CHARACTERISTIC RATING
Output Ruting--Three phase

Full Load (volt amperes) .............. 3500
e T P 115/200

Line Current (amperes) ........
Frequency (cycles per second) . . . .
Power Factor--Percent lag . . .

==Percent lead ..
Phase ROIEION . o.vcovnianansns 'r,-'r:'rl
Input --Direct Carrent

12.5/1.6
.. 400

"o o110 (. uo°n

4109 {
-109C (+14°F)

ter is desligned Inprwﬂll-c voltage at a {requency
of 400 cycles per sscond. This frequency Is a function
of the number of poles in the generator fleld (rotar)
?Id the speed of the motor-genersior combination
rpm).

1-8, The cperation of the laverter is controlied by the

regulat
tains the output voltage (115 volts) within operating
limits II!' avtomatically ewlmllht !h d—l: excitation
to the
I.M frequency within limits by nlu-liul:l.y control-
ling the amount of current to the motor
fleld. To accomplish the woltage control, one of the
carbon piles is connected in series with the

tance inserted ia serles with the fleld, Is & function
of output wvoltage. Similarly, the other carbom pile
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is comnected in series with the motor fleld and the
clroults are o that the magmetic foree ap-
nﬂ.ld to the carbon -lnnt iis proportional to the cutput

this means, the resisiance of the
wlﬂw field and of the motor field is automat-
ically varied te provide the desired output voltage and
frequency.

1-10. MOTOR. The direct curremt motor (prime
mover) converts electrical emergy imto mechanical
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ing the generator field current as required. To ac-
complish this, the mais carbon pile operating codl is
supplied & flxed current from the main d-c supply
through a resistor., In direci opposition to the fixed
current (bucking action), the main operating coil is
supplied a current proportional to the a-c output voli-
age; the a-c output voltage is sepplled to an isolation
transformer whose output, In turs, |18 rectifled tod-c

TEY to drive the current @
raator), The direct current drawa by the motor
depends upon the load of the a-¢ generator,

1-11, Due to low armiture resistance, a d-¢ shunt-
motor draws very high starting currents {Inrush cur-
renta) when connected across the rated d-c power
supply. Also, its starting torque (turning force), and
consequently its rate of acceleration, is low because
of thetime Interval required by the shunt field tobuild
up to normal strength (due to Induction). To avold
undue disturbance to the alreraft d-c slectrical sys-
tem, the motor should accelerate to rated speed in a
minimum length of time and should ot draw excessive
starting current. To accomplish this, a serles start-
Ing-field winding carrying the armature starting cur-
rent is connected in the clrcull Lo provide additional
motor fisld flux during the starting cycle. This in-
creases the starting torque causing rapid acceleration
of the armature and, In turn, reaults in gemeration of
a counter d-o voltage which reduces the starting cur-
rent to normal running valee. Thus the starting cur-
rent is limited to a value not greatly above normal for
a short period of time. The series starting-winding
is mot left in the circult after the motor has attained

regulating t
ﬁll‘m to prevent ‘current flow until the applied d-¢
reached

output

a w.ddlr-lw value. As the I.lﬂrtlr ll started, the
current flow through the main coil of the carbon pile
is from the main d-¢ supply only; this provides for
rapld voltage bulld-up since the fixed current in the
oprni:q coll results in maximem force onthe carbon
pile { ) and, maximam
generator fiald crrest. When the a-¢ output veliage
I o8 to the polat where the voltagersgalating tube
bucking current is supplied to the main carbon
pile coll in & decrouse

force on the carbom pile (increased resistance) amd
decrease in generator field current until a stabilized
condltion is reached when the generator fleld currest
18 just sufficlent tomaintain the correct output voltage.
Oecurrence of conditions which tend to decrease the
a-c output voltage (decrease im Input voltage or in-
crease In load), cause the current through the voltage
reguiating tube to decrease, This results in more
magnetic fores on the earbon plle (decrenss in reslst-
ance) and consequently an increase of generator field
current. With conditions tending to increase the a-c
output voltage, the action is reversed and fleld cur-
rent Is

rated speed alnce It would work agalnst the [req
regulstor, making it difficlt to hold the speed con-
stant. The series starting-winding & 18 rela-
tively high, also aiding in the limitation of starting
current; however, if this winding were left in IM e!r-
cult during , the hea

1-14. FREQUENCY REGULATION. The output fre-
quency of the inverter is directly proporticnal to the
speed of rotation. Frequency or speed regulation is

would be injurious to the nlch‘lm. ‘l‘lntrdm-o, as the
motor approaches its normal rated speed, the opera-
tion of a relay shunts out the serles startingfield=
winding, by-passing the armature current arocusd It,

1-12. \N)L‘I'ACIB AND nmm nmuum
The

by comtrolling the amount of current
l'lv'i.u through the d-¢ motor field by inserting a
carbon pile in series with the field. The carbon plle
operating coil providesa magnetic force on the carbon
vllt. the ﬁﬂﬂlh of which is dependent on the curreat

hrough the coll. This force acts to relleve
or anrnﬂ the pressure om the carbom pile thus
the carbon resistance ([decreasing or in-

trol wvomh: two carbon | piles lo wvvldl valtage
rogulation and speed control. To minimize the effect
of extreme shock and vibration conditions, the regu-
lator is shock mounted in position in the control box.

1-13. VOLTAGE REGULATION, Voltage regulation
in obtained by controlling the amount of d-¢ current
xcitation) flowing through the generator field. Thia
is accomplished by sensing the output voltage and

the field circait re-
sistance in response to cutput voltage changes thus
supplylng enough excitatios current to malntals the
&-c output voltage at iis preset value. The carbon
plle i cted in series with
the gemerator fleld; the operating colls provide mag-
netlc actlon In sech a direction as to relleve some of
the spring pressure on ihe carbon pile, thus changing
the carbon pile resistance and Increasing or decreas-

ereasing the motor field current)and consequantly the
inverter speed. A frequency semsing circult supplies
the current Lo the operating coll through & glow lamp
and a bridge mtiﬂ.er The trwy elreult cmi.nl
of a
as a series resonance Eh"l’.‘ﬂ across the a-c output,
R s to give an Increasing flow of current
as the frequency increases. The clrewil resonates
well above rated frequency so that relatively small
changes in output frequency result In large changes
in current supplied to the operating coll of the carbos
pile. The glow lamp passes aliernating current Lo the
bridge rectifier only after a predetermined output
voltage has been reached, When this voltage value has
been reached, the glow lamp passes current to the
rectifler and direct current s supplied to the operating
call, As the Inverter starts from rest, the a-c output
voltage rises from zero and the Inverter pleks up
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: Paragraphs 1-15 to 1-33
speed. While the a-c voltage is below that required to  rotating field poles slip rings mounted om,
fire the glow lump, the operating coll s de-energieed inmulated from, the shaft, t current, com-

trolled by the voltage regulator,
27-1/2 volt main d-c alreraft power system to the

‘the rate at which

a-¢ output voltage reaches a value to fire
the glow lamp, & small amount of aliernating current
iz passed to the rectifier and direct current to the
operating coll, mmumhu-er-mhnrb-.m
resistance and an increase in motor fleld current, As

the output voltage and !nqu-q Increanes, the ﬂntl

regulator which con-
trols the motor speed is met to hald the speed at ap-
pr BOOO per minute.

current to the
carbos plls resistascs), TM motor fleld current h-
creases untll a stabilized condition is reached where
the motor fleld current value ls that which is required
to maistaln the rated (requemcy, Occurrence of con-
ditions causing & decrease im the inverter speed (de-

versely, Increases In Inverter speed result in in-
ereased motor field current so that the output fre-
quency is maintained within its rated range,

NOTE

The speed of a d-c motor, disregarding the
load placed on it, is always inversely propor-
tional te the motor field strength: that is,
speed I8 increased as the fleld fluxis reduced,
and wice versa.

1-18, Both the 0 and woltage regulatl ir=
cults incorporate negat| provide
stable The freq * carbon
pile containa an suxillary operating coil connected in
saries with a resistor and capacitor. The combination
is connected In parallel ancross the carbon pile sothat
current passes through this coll only under transient
conditions and supplisa & fores to the carbon plle re-
siatance which tends to dampen the tramsient effects.
A capacitor and resistor (connected between the voll -
age regulating carbos pile and the valtage sensing cir-
cult)and an auxilisry ing codl (sensing changes
in frequency) almo tends to minimize voltage transient
effects, Negalive temperature coefficlent resistors
are used as req y temper-
ature compensation. Since the liring voltage of the
vollage regulating tube is affected by surrounding
light, a source of light is included in the regulator; a
apot of radioactlve material serves the same purpose
on the glow lamp,

1-18. A-C TOR. The 2-¢ g tor (alber—
mator} comverts the mechanical energy received along
the shaft from the d-c motor into alternating current
alectrical energy. The principle of operation s sim-
llar to that of a direct-currest generator except that
the alternating current generated In the armature
winding is supplied directly tothe output leads instead
of being rectilied (changed to direct-current) by the
commutator, Unlike the diréct-curres! generator,
the d-c field poles on the shaft rotate inside of the
stationary armature windings. This makes it necea-
sary to supply the direct current, which excites the

1-17. By the above method, the voitige genersted in
the a-c armatare (alternator stator windings) depends
wpon the strength of the rotating magnetic fleld, which
in turn depends upom tuam-! of direct currest

to the through the
uwnm[u-mmu-nmm the higher will
‘be the a-c voltage penerated, and vice versa).lt |n the
Mumdm!dwmrwwutom

wary the alt

lnhﬂnhl.lﬂwvﬂhtlfmwlﬂ to
full load at the a-c output terminals,

1-18, FILTERING DEVICES, The main positive
power supply of the d-c system Is fed through a d-c
radio nolse filter. This prevents any high frequency
currents, some of which are generated in the d-c
motor, from being fed back through the d-z or a-¢
powar where they would cause interference
with radio or radar reception. Each of the a-c output
leads are also suitably filtered.

1-19, LINE AND SHORTING RELAYS. The operating
ﬁl of the line relay is energized from the 27-1,2
volt- d-c system through an external comtrol switch.
When the control switch is closed, the relay closes
lta contacts to furnish the main d-¢ power to the
motor,

1-20. The sharting relay shunts cut the motor series
starting field winding as the laverter approaches
rated mpeed. Its cperating coil is energized through a
resistor across the motor brushes, Since the counter
d-¢ vollage seross the brushes is small during the
initial moments of starting, the voltage supplied to
the cperating coll of the running relay Is not sufficient
to close the normally open contacts. As the inverter
and the o count -
er d-c vollage increases, the voltage nwlldlo&c
Mrl!l-ﬂ call In lllﬂﬂh\ to close the contacts when
the unit approaches rated speed. Then, the shorting
relay closes and shunts out the series starting fleld
winding.

1-21, OPERATING INBSTRUCTIONS.

1-22. Close the "CONTROL SWITCH" to turn on the
loverter, Open the "CONTROL SWITCH" when the
inverter power is no longer required.

1-23. ¥ any abnormal conditioms of voltags, fre-
guency, current, or nolse are noticed, the Inverter
should be turmed off immediately and the cause in-
vestigated and corrected.




T.0. 8CT-1-13-3

Figure 2-1. Exploded View of Inverter



