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GENERAL SERVICING INFORMATION

In most cases, failures are due to defective components and cannot be located visually, However, when
servicing a unit it is advisable to give every unit a thorough visual inspection. Even though the cause of the
trouble may not be discovered visually, it can reveal future trouble: poor soldering, frayed wires, looss com-
ponents, ete,

‘When the cause of the difficulty is located or is obviously in one portion of the system, check the en-
tire system anyway. There may be other defects or weak spots which might cause trouble later.

In cases of erash damage, an even more comprehensive inspection should be undertaken. Check especi-
ally for damaged wiring, loose parts, cracked or otherwise damaged circuit board lands, and especially the
battery pack and switch harness. The battery case should be unwrapped and each cel| closely inspected for
damage. Feel the cells under their sleeves for dents which may not be evident on the exterior by running a
thumbnail along the sleeve using moderate pressure.

The airborne portion of the system is subject to use far more severe than the transmitter and ag such,
great care should be exercised when servicing any portion of the receiver, servos, and battery pack, Poor
soldering techniques or inadequate care in assembly and testing can be magnified after being subjected to
even moderate vibration,

Check component installation, wiring, and plugs carefully to ensure stable performance even under
SEVErE enviranment,

Where soldering on parts of the airborne package is necessary, extraordinary care should be used. Many
of the circuit lands in the receiver and servos are quite small and as such should be worked on carefully. Ex-
cess solder should be removed with a bulb type solder sucker or wicking braid, rather than heating the joint
and knocking the solder frem the joint by rapping the board sharply on a table.

After all soldaring has been dona, the circuit hoard should be cleaned using a suitable solvent to re-
move flux and residue from the soldering operation. The board should now be clossly inspected for solder
bridges, bits of wire or other debris, and then sprayed using the asrosol listed in the “Materials Necessary™
section,

When spraying transmitter boards, use care to keep the lacquer from hitting the padder capacitors, as
this will cause detuning later when the spray has completely hardened.

Never perform any tuning procedure while a2 sprayed board is drying. Tune either before spraying or
after the spray has dried for at least one hour or else the wet lacquer will cause inaccuracies in tuning,

When servicing equipment, do not fail to leok at mechanical aspects of the system — gimbal action,
hardware, clearances, and so on. A great deal of trouble can result from poor mechanical operation rather
than electronic failure.

With regard to the transmitter gimbals, be sure all stick assemblies move freely without rough spots ar
excessive play. Notice trim action to see if there is any binding or looseness. Since much of the transmitter
is mechanical in nature, checks should be made in such areas as antenna connector, battery mounting,
board clearance around gimbals and the case, and proper circuit board insulation from the back of the case,
Complaints of trim control loss are usually the result of loss of pressure between the plastic cups around the
pot hody. This problem can be cured by fusing the two pieces together with a hot soldering iron.

The other area of mechanical consideration is the serve, Cheek gear trains for missing, chipped or bent
teeth, smooth operation, and proper clearance. All mounted components, motor, feedback element, and
circuit board should ba checked for proper fit. Servos are subjected to much of the aircraft’s vibration level,
and care should be used to ensure successtul operation under all expected conditions,



EQUIPMENT AND MATERIALS

Acrylic Spray —
General cement typa BB65 only — for spraying printed circuit boards.
Tuner Lubricant —
for cleaning switch contacts and pots. Brands such as Spra-Kleen, Admiral tuner lubricant, are recorm-
mended,
Component Cooler —
Such az Propellon “Instant Freez” — for checking temperature sensitive components,
Solder —
Ersin 60/40 5 core, Kester, Alpha, or any type with small diameter and high grade rasin flux,
Clath and Plastic Tape —
1/2" wide black cloth — for wrapping battery packs; 3/4" wide, any color — for wrapping motars where
NEcessary.
Mylar Tape —
for wrapping KP5-12 servos.
Heat-Shrinkable Sleaving —
1/8" 1.0, 3M16" 1.D. — for servo harnesses and some receiver components.
Trichlorethylane —
or equivalent solvent — for use in clearing flux from printed circuit boards,
Silicon Lubricant —
Dow Corning type FC-1290, or equivalent — for lubricating servo feedback potentiometers,
R.T.V. — 118 Translucent Silicone Rubber Adhesive Sealant —
for bondings, supperting crystals, and strain relieving wiring.
REQUIRED EQUIPMENT
Oseilloscopa —
Must have a DC coupled vertical amplifier with calibrated attenuator from .1 W/CM to at least 2 V/CM,
and frequency response must be flat to at least 500 KC. The time base must be calibrated.
Suggested Types: ;
Tektronix — 502, 503, 504, 450 series, or any in the 530's, 540, 550, 560 series with proper plug-infs),
or 7000 series,
Telequipment — Maode! 5644,
Hewlett-Packard — 1224, 130, 1765, 180, or 1200 series.

Voltmeter —
Any VOM with at least 20,000 OHM/VOLT sensitivity calibrated to within 3%, such as Simpson 260, or
any WVTWVM,

Servo Tester -
Separate source of variable width pulse for operating servos independent of the normal R. F. system.
Servo Neutral Standard —
Supplies a fixed width pulse to a servo in order to check and set servo neutral to factory standards.
Alignment Tools —
General Cement Mo, B276 “blade” type tuning wand, and General Cement Mo. B60E6 “hex" alignment
tool, For Series '72 and later systems, Ceramic bladed tools are recommended for transmitter B.F. coil
glugs,
Heat Gun —
Small hair dryer type is sufficient if air temperature exceeds 160% F,

OPTIONAL EQUIPMENT

Signal Generator —
Must have 8 calibrated attenuator accurate to 1 uV. Instrument comparable to Hewlett-Packard G0BE
through F is recommended.



THEORY OF OPERATION

The transmitter produces a crystal-controlled R.F. Carrier which is pulsed off each time one of the en-
coder channels stops.

In the wave train shown below, each “off” pulse represents the beginning of an information channel.

The space between each pulse is variable, and is dependent upon the control stick position of the cor-
responding encoder channel,

The time between the first encoder start pulse in one frame and the same pulse in the succeeding frame
is fixed. Therefore, the period labeled “‘sync pauwse” varies &s each control is moved. The sync pause carries

no actual information as such, merely providing & long period during which the receiver decoder resets and
readies for the first pulse in the next frame.

The start of each encoder channal is applied to the modulator which produces a 350 microsecond “off"

pulse to an R. F. amplifier stage. The result is an amplitude modulated carrier which is transmitted to the
receiver,
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The receiver picks up the signal, amplifies and detects it, and then shapes the pulses and converts the
- sarial train of pulses into separate pulses whose widths correspond to the interpulse time. These pulses are

then passed to the servos and used to position the outputs on each servo unit in response to the position of
the control stick on the transmitter,
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TRANSMITTER

ENCODER CIRCUIT (Fig. 1)

The transmitter encoder consists of a free-running multivibrator (Q101 & Q102) in conjunction with
three to six “half-shot” or monostable timers (2103 throwgh Q108).

The free-running multivibrator sets the frame rate of the encoder and starts the chain of half-shots
through the timing eycle. The trailing edge of the waveform at Q102 collector (Fig. 2 ) drives the base of
(1103 negative by an amount determined by the position of the wiper on R105 (Fig, 3 ). C104 then starts
charging through R107 and R108 toward the positive supply until the voltage at the base of Q103 reaches
the turn-on point of Q103 {  .6v) returning the collector potential to near ground (Fig. 4 ).

Fig. 3 0103 Base Waveform

Fig. 2 Q102 Call Waved
in eotar Waveform (W= 1w/Div., H=2ms/Div.}

(V=2v/Div. H=2ms/Div.)

Fig. 4 04 Collector Waveform
(V= 2v/Div.  H=2ms/Div. ]

The trailing edge of Q103's collector pulse acts on 0104 in the same manner as Q102 collector upan
0103's base. This action continues on through the remainder of the chain until Q108 has concluded its
timing cyele. The half-shot chain is now at rest for several milliseconds until Q102's collector again switches
toward ground restarting Q103's timing cycle.

It is during this pause that the receiver decoder resets and awaits the beginning of the next frame af in-
formation.

Fig. 1 (fold out at left)



ENCODER SETUP AND ADJUSTMENT

Tao set up the transmitter encoder, it is necessary to have a D, C. oscilloscope with a calibrated time
base. Before attempting to adjust the encoder, it will be necessary to disable the RF section in order to pre-
vent stray radiation from upsetting the timing adjustments. This is most easily accomplished by temporarily
grounding the base of the RF oscillator transistor,

With the circuit board lowered from the control sticks, all necessary adjustments can be made easily.

The frame rate should be checked first to insure that sufficient time is allowed for the receiver decoders
to synchronize. Since this averages out at 3.5 milliseconds for a typical receiver, and allowing some leeway
far voltage, compaonent, and temperature variations at least 5 milliseconds should be allowed in the frame
rate setting following conelusion of the last half-shot timing cycle. Assuming all controls at the widest ex-
treme (1.9 milliseconds) the frame rate should be at least 13 milliseconds for a four channel encoder. Typi-
eal frame time for a four channel is 16 millisecends and 18 milliseconds for a & channel.

The frame rate can be meassured by attaching the scope signal lead to the collector of Q102 and meas-
uring the time between successive portions of the waveform, To set each encoder half-shot, clip the signal
lead of the scope to the junction of the differentiator capacitor and the pick-off diode (C103 & D103 res-
pectively for Q103). Set the vertical sensitivity to 2v/div. and time base to 200uS/div. Trigger the scope on
the leading edge of the positive pulse and position the trace to read the time to the tip of the negative pulse

(Fig. 5 }.

Fig. & 0103 Differentiator Waveform
(W= 1%/Div. H=.2ms/Div.)

Regardless of the stick mode, the first channel will always be the vertical stick on the left looking at
the TX from the rear. The small tab to the rear of the stick potentiometer positions the potentiometer in
the stick assembly. To adjust neutral, set the trim tabs to center on all functions. While holding the trim tab
stationary with one hand, adjust the tab until the tip of the negative pulse is 7/div. from the leading edge of
the positive pulse, This corresponds to 1.4 milliseconds, Now move the control stick being adjusted to its
minimum pulse position and note the scope reading. If the range pot located on the circuit board is proper-
Iy adjusted, the time bese should read 1.0 millisecond or § div. If it reads less than 1.0 milliseconds, rotate
this pot until it reads a bit over 1.0 milliseconds. Then allow the stick to return to neutral and re-adjust the
tab 1.4 milliseconds.

Recheck the minimum pulse width for 1.0 milliseconds and adjust the range pot again if necessary.
By alternately adjusting the neutral tab and range pot, it should be possible to obtain the pulse timing men-
tioned above. When this has been accomplished, check the maximum pulse width, still without trim. It
should be very close to 9/div. or 1.8 milliseconds.

Follow the above procedure for the remainder of the channels, except throttle, landing gear switch,
and auxiliary controls in the case of a six channel. To adjust the landing gear switch channel, locats R121
and B123in the encoder section, and set both pots to mid-range. Observing the wavaform, toggle the switch.
The waveform should go narrow when the switch is pushed away from the front of the transmitter, and
long when the switch is pulled to the front. With the switch in the long position, adjust R121 for 1.9ms, and
toggle the switch to the narrow position. |f the waveform is greater than 0.9ms, adjust R123 to widen the
wavefarm one division, If the waveform is less than 0.9ms, adjust R123 to narrow the waveform ong divi-
sion. Readjust R121 to 0.9ms, and toggle the switch. It should be nearer to 1.9ms. By adjusting alternately
between B121 and R123, it should be possible to obtain the pulse timing mentioned above.



In the case of the throttle and auxiliary controls, simply adjust the range pots and control stick tabs
for the extremes of throw, or 0.9 milliseconds to 1.9 milliseconds.

Once all channels have been adjusted, the encoder setup is complete.
Remove the jumper between the oscillator base and ground.

SINGLE STICK KPT-45 and KPT-65
ENCODER SETUP

Setting the encoder for this transmitter is very similar to the setup for two-stick models, with the ex-
ception of throttle and rudder controls.

These controls are provided with electrical trims rather than mechanical. Throttle trim is located to the
right of the main control stick. Rudder trim is located above the main control stick.

Throttle control range is adjusted by holding the control lever and rotating the potentiometer shaft, or
by holding the potentiometer shaft and rotating the control lever.,

Adjusting neutral in the rudder assembly located in the housing beneath the knob is accomplished by
loosening the set screw holding the knob on the potentiometer shaft and slipping the knob off the shaft,
This exposes the potentiometer shaft and spring assembly. The potentiometer shaft is then rotated to neu-
tral. The knob is then replaced and the set screw tightened, The range pot is adjusted in the usual manner.

Mote: Rudder trim pot adjustment tab should be set fully left and throttle trim pot adjustment tab fully
down prior to setting encoder channels. (The above refers to the adjustment tabs on the rear of the
gimbal, not the trim control tabs on the front of the case.)

The trim pot positions are set in the same manner as main stick pots. Hold trim tabs on front of the
transmitter case while rotating the pot tab on the rear of the gimbal.

MODULATOR

From each of the collectors in the timing chain is a differentiator and a pick-off diode. The diode passes
only the negative portion of the pulse and applies it to the base of transistor Q110 through current limiting
resistor R134. (Fig. 6 ) Transistors Q108 and Q110 form a monostable multivibrator or “one-shot”. It has
a period of from 300-400 uS, determined mainly by the value of R131 and C136. The output at Q109's
collector is shown in Fig. 7 . It can be seen that the output pulses to ground potential from the supply
voltage, This output is used to control supply voltage in one of the RF stages and thus serves to modulate
the RF carrier. Proper operation of the modulator is indicated by observing the output waveform available
at the “hot" side of R132.

Fiﬂ- B 1110 Base Wavaform Fig. 7 0108 Collector Wavefo
(V="1v/Dlv. H=2ms/Div.} (V= 2v/Div, H=2ms/Div.




SERIES SEVENTY KPT-4B, -6B & -45, -65 TRANSMITTERS

Changes in the transmitter for 1970 are mainly internal. The Master-Slave feature described in the fal-
lowing section, and new 27 & 53 MHz RF sections described later are the only substantial revisions.

A new molded antenna post, P/N 801-193, and switch guard, F/MN 200-049, are convenience items
which may easily be added to Gold Medal Series equipment. |f a new antenna post is installed on an older
transmitter, it will be necessary to wse the new antenna having a tapped hole in the base, P/N 200-033,

The Master-Slave feature may also be added to Gold Medal Series eqguipment, however, it is more in-
volved and is best done by the factory or an Authorized Service Center.

The parts necessary to perform the conversion are listed below:

1 — Transfer Control Pushbutton P/M 109-010
1 — Choke Mounting Board 010-152
3 — 22uh RF Chokes 103-022

5 — 12" Wire, stranded 26 AWG, one each - orange,
blue, yellow, grey, orey/white

1 = 22K 1/dw 10% Resistor 087-223
1 — .05uf Dise Capacitor 113018
1 = 0luf Disc Capacitor 113016
Trainer Cable 200030

The circuit board on the two-stick KP-4 & 6B transmitters has been altered slightly to accommodate
the Master-Slave system and the new 27 MHz RF section. It is listed under the old part number, since the
older circuit board assembly is no longer available.

KPT-38 TRANSMITTER

The Series Seventy 3 channel unit is electronically much like the 4 and 6 channel units already de-
seribed. The encoder has one less channel and on 27 and 53MHz, a different modulator arrangement is used
to achieve 100% modulation without three RF stages. The 72MHz version uses the standard three-stage RF
section and buffer modulation.

In 27 and 53MHz units, the oscillator is the modulated stage. In practice, modulating the oscillator
presents some potential problems since the circuit will begin to oscillate well below nominal supply voltage.
In modulating the oscillator then, it is necessary to adjust eircuit constants so that the oscillator doesn't
start until nearly full supply voltage,

For the 3 channel, emitter modulation was chosen since it is easier to control the slope of the modula-
tion over the narrow voltage range necessary 1o reverse bias the oscillator stage.

Tuning the 27 and 53MHz transmitters is very much like any other type except that when tuning the
oscillator, some starting pulses can be seen on the trailing edge of the output waveform. Thess are normal
with this type of modulation. The oscillator trimmer should be peaked then advanced very slightly clock-
wise, and the final tuning and loading trimmers peaked as usual. Fig, 16 and 17

SPECIAL PARTS FOR KPT-3B8 TRANSMITTERS
MECHANICAL PARTS

Control Stick Single Axis w/pot S00-020
Case, Front KPT-3B 904-074 ;
Case, Back KPT-3B 904-075
Bracket Pot and PC Board Mounting o04-076
Bracket PC Board — Antenna Ground [04-077
ELECTRONIC
Complete PC Assembly 27MHz T-14 300-135
T2MHz T-14 300-136

6E3AMHz — special order anly — consult factory

5K Control Pot for single axis stick 106-001



SERIES SEVENTY ONE

In 1971 on KPT-6B and 65 models we introduced a landing gear switch in place of the fifth channel
auxiliary control potentiometer. On the KPT-6B model all necessary parts are mounted on a separate PC
board including the switch which in turn is mounted to the TX case. The three wires from the switch board
are then soldered to the TX board similar to pot wiring. (Fig. 8). The KPT-65 model, however, uses a dif-
ferent approach. The PC board is mounted to the TX board using through wiring, and in turn the switch is
mounted to the TX case and wired to the switch board {Fig. 9].

Drawings showing switch location are after page 24
Encoder setup for the landing gear switch is covered in the TX encoder setup section.

In 1971 the KPT-35 transmitter was introduced. |t is electronically the same as the KPT-3B trans-
mitter. A different P. C. Board layout was used to accommodate the mounting of the stick assembly.

There was also a slight change to the R. F. Section, a .001uf Dise Capacitor was installed in series with
the loading coil to remove the d.c. potential from the antenna. |t is recommended that this be installed in
the Saries Seventy R. F. Section also. Tuning of the R. F. Sections is the same as the KPT-3B. Figs. 16 and
17 show the R. F. Section schematic,

SPECIAL PARTS FOR KPT-35 TRANSMITTERS

Mechanical Parts

Control Stick Two Axis w/pots 200012
Case, Front 904-079
Case, Back 904-080
Case, Front and Back — Dual Frequency 904-090
Bracket, Board Mounting 904-082
Bracket, Pot Mounting 904-083
Electronic
Complete P. C. Assembly 27 MHz 300-143
53 MHz 300-144
72 MHz 300-145
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TRAINER SYSTEM BLOCK
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KRAFT TWO-STICK AND SINGLE STICK TRAINER TRANSMITTERS

Trainer transmitters are becoming more and more popular and, therefore, & brief word on Kraft
Systemns Trainer Tranemitters has been included with this issue of supplementary information,

The Trainer Transmitters are basically complete transmitters less the AF transmitter portion and bat-
tery pack. They are made to be used with normal transmitters containing a master-trainer switch added at
the factory. An interconnecting cable links the trainer to the master transmitter and derives its power from
the master transmitter.

In operation, with the trainer box connected to the master, all encoder logic in both boxes is operative
as long as both power switches are on. The master-trainer switch simply selects which control box is to
modulate the RF carrier from the master transmitter. The master-trainer switch is spring loaded to return
control to the master transmitter the instant the button is released. (See block diagram at left.)

The only requirements on trainer transmitter interchangeability is that both the master and trainer be
of the same type, i.e., two-stick or single stick; and in the case of two-stick units, of the same mode. Other
than that, a Trainer Transmitter is compatible with any master transmitter equipped for trainer unit opera-
tion.

Master transmitters which are regularly used with trainers should be checked and tuned with the train-
er cabled in and en. RF output should be observed on a tuned wavetrap and oscilloscope while alternately
switching back and forth between master and trainer.

NOTES:

Trainer Systemn Block Diagram (fold out at left)
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SERIES SEVENTY MASTER-SLAVE SYSTEM

All Series Seventy four and six channel systems feature a Master-Slave provision. This enables Series
Seventy systems to be used with each other in the same way the Gold Medal Series “Buddy Box™ system
operated, One transmitter is used as the Master and one as the Slave or trainer.

When this system was introduced, it used a slide switch on the bottom of the transmitter to select the
mode of operation, In these units, with the slide switch in the Master position, the unit operated normally.
Depressing the Transfer Control button, the modulator selected the logic drive signal from the Slave unit.
At the same time, power was being applied to Pin 3 of J102 to power a Gald Medal Series “Buddy Box™ if
this was usad in place of another Series Seventy transmitter.

When the slide switch wag set to Slave the RF oscillator was disabled and the logic output line was
switched off the modulator and applied to Pin 1 of J102 to drive another Series Seventy transmitter in the
Master position. At the same time, power was removed from Pin 3 to prevent both transmitter batteries
frem being on the same line,

In April 1970, the Master-Slave system was changed to eliminate the slide switch and use a coded con-
necting cable to select Master or Slave operation, Since the AF oscillator in the Slave unit must be disabled,
it was necessary to shunt power away from the oscillator by returning a low value of resistance from the de-
coupled side of the oscillator tank to ground through a shorting wire in the slave end of the connecting
cable. Because the modulator in the Slave unit is no longer disconnected from the logic output line, capaci-
tive triggering was used on the modulator to prevent locking out the Master transmitter modulator if the
battery voltage in the Slave unit is substantially higher than the battery voltage in the Master transmitter.

The existence of two types of Master-Slave systems presents a compatibility problem for the customer,
The switch-type system can be easily modified for the new system by moving one switch wire and adding a
resistor as shown on the schematic.

It is also necessary to modify the cable for the switch system if it is to be used on the later Series
Seventy systems. The necessary changes are shown on the schematic. Gold Medal "Buddy Boxes™ can no
longer be used with the transmitter once it has been modified. It is still necessary to wse the slide switch to
sglect Master or Slave operation in addition to plugging in the proper cable end, due to the fact that the
oscillator and modulator circuit changes are not present in the switch-type Master-Slave transmitiers.

Operational checks on both types of Master-Slave systems are straight forward. Check the oscillator
disabling to be sure the oscillator is indeed “off” in the Slave mode, either by throwing the slide switch to
Slava, or shorting out Pins 4 and 5 on J102, depending on the type of system, Modulator operation may be
checked by using & second transmitter and the interconnecting cable.

If & switch-type Master-Slave system is modified as shown on the schematic diagram, it is necessary to
engrave “MOD-2" on the bottom of the transmitter near the switch to serve as notification that the unit is
compatible with newer systems.

If wou are ordering trainer cords for these systems, be sure to note which type of trainer system it is.
Unmodified switch-type systems and Gold Medal Series units used with a “Buddy Box™ will use P/N
200-010. Modified switch systems and newer Series Seventy systems use P/N 200-030.

NOTES:
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AF SECTION — OPERATIOM AND TURNING

MOTICE: IM ORDER TO TUME TRANSMITTERS QN 27 OR 72 MHz YOU MUST HOLD A VALID
SECOND CLASS OR HIGHER RADIC-TELEPHOMNE OFERATOR'S LICENSE ISSUED BY
THE FEDERAL COMMUMICATIONS COMMISSION,
TUNING TRANSMITTERS ON 52 MHz REQUIRES THE OPERATOR TO POSSESS AM
AMATEUR OFERATOR'S LICEMSE.

27MHz —  Fig. 10

The AF zection consists of transistors 0207 and 0202, 02071 operates as o eries mode orystal escil-
lator with output on 27 MHz.

1202 operates as & grounded-base class “C" amplifier. Modulation is applied to the callector through
RFC 202. Tuning is accomplished by C204 and C206 in a “PI'" type configuration,

To tune the transmitter, it iz necessary to wse 3 lunad wavetrap in conjunction with an oscillascope or
sensitive DG meter. {Fig 11 | Also a non-matallic luning tool such as General Cement type B276 is nocessary
for best results.

With a crystal installed, and the board in place on the contral stick assermblles, rotate all timer capacitor
seraves counter-zlockwisa at least five Tull turns. While cbsarving tho output indicstor, rotate G202 clockwiss
until the oscillator starts, Continue 1o rotate C202 until a peak reading is obtained. Slowly turn C202 until
the peak reading is just passed and beginning down again,

Mow begin rotating C204 clockwise until 8 decreass in output is noted,

205 should now be rotated clockwise untila peak indication is obtained, £204 should be checked to
see that it is tuned just to the paint where the output begins to decrease, as there is some slight interaction
between C204 and C205. :

The on-off switch should be turned on and off several times to insure that the RF ascillator is starting
reliably each time:

The RF tune-up is now completed.

52 MHz — Fig. 104

The RF section consists of trangistors Q301 and Q302, Q301 operates as a series mode crystal escilla-
tor with output an S2MHz,

0302 eperates as a common emitter clas G amplitier, Madulation is applied through RFC 301 to the
collector of (302, C305 and C306 in a “'PI1” coenfiguration tune the transmitter output slage. ;

The tunad wavetrap shown in Fig. 11 should be used preferably with an ascilloscope,

Tuning is accomplished in the same manner as deseribed in the 27MHz section, The only excaption is
thal the Pl-input trimmer, €308, should be adjusted for maximum modulation percentage. Using the tunaed
wavetrap and ascilloscope, note the position of the scope trace with the transmitter off. With the trans
mitter on, the tip of the pulses - or “off” time, should be as close to the zero reference line a5 possible.
C305 will have the mast effect in contralling the modulation percentags in the transmitled output.

72 MHz — Fig. 108

Trunsistors 0401, 0402, and Q403 form the three stage RF section. Q401 operates as a series mode
crystal osgillator operating at 36MHz,

Q402 operates as a buffer-daubler in a common-emitter canfiguration. The collector Lank is resenant 2t
72MHz and provides drive for the final amplifier stage Q403. Modulation is applied to this stage 1o sup-

press switching transients in the. final tank,

0403 is operated as a common amitter class C amplifier praviding cutput power at 72MHz through a
Pl section tank tuned by C408 and G407,

A tuned wavetrap and an oscilloscope are mandatery Tar tuning this type af transmitter, cortinged

<] - (Figs. 10, 10a, 106 & 11 at left)
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all trimmer cupacitors should be rotated counterclockwise at least five turns, Begin rotating c403
clackwise until the oscillator starts, as observed on the oscillossope. Tune CA03 slightly beyond peak, and
mave down 1o G404, Rotate C404 clockwise until maximum output is indicated. Turn clockwise ng mare
than 1/8 of a turn beyond peak, unlil output power beging to fall off,

CADE and CA0F are now tuned clockwise to peak in thal erder, The abserved wavetorm on Lhe scope
should look very similar 1o Fig. 1211 the output waveform appears more like Fig, 13 with the spikes rising
aboye the wavefarm, the transmitter is not properly tuned. This particular symptom is generally the result
of deubler mistuning. Rotate G404 clockwise until the wavelarm is free of overshoot. It is generally neces-
gary to touch up C406 and C407 in order ta oblain the peak reeding mentioned above,

The transmitter is now funed.

R.F. TRANSMITTER CIRCUIT — 27 & G3MHz

Serins Severty 4 and 6 channel systems now use the three-stage transmitter circuit used on F2MHz
units.

27MHz equipment with a throe-stage AF section {Fig, 141 employs a modulated buffer-amplitior stage.
Tuning of these transmitters is much the same as 72MHz.

Begin with the oscillator, then tune the buffer tank, The buffer tuning is Tairly sharp, so it may be
necessary to adjust the buffer tuning slightly in order to get a usable signal when tuning the oscillator. The
next adjustment should be the fimal PI tank input. Turn the trimmer screw clockwise until 2 definite drop in
putput is noted. (Begin this adjustment with the trimmer serew fully counterclockwise.] Then tune the load-
ing trifmmer for maximum and repeak all prior adjustments, This procedure should be done while observing
the transmitted waveform on a tuned wavetrap and oscilloscope as described on pages 11 and 12 ynder
T2MHz transmitter tuning.

EAMHz transmitters are tuned in exactly the same manner as aboe, (Fig. 15).

‘When tuning transmittars using a tuned wavetrap and oscilloscope, be absolutely certain that the wave
trap is tuned to the correct frequency, otherwise the obssrved signal can be on a harmaonic or ather product
frequency and the transmitter will not seem to tune properly.

KMOTES:

Fig, 13 QOutput Wavetarm (72mHz|

. : !
Fig. 12 Qutput Wainwform [72mHz) IDetuned]  [H=2mafem|

|H=2ms/crm)
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DUAL FREQUENCY OPTION

Series Seventy-One systems are offered with an optional Dual Frequency system. The customer may select
either of two pre-determined frequencies by operating switches located on both the transmitter and receiver,
There is no retuning or any other adjustment required to change frequency.

Dual Frequency is available on any two adjacent frequencies on the 27 MHz band and any two adjacent fre-
quencies on the 72 MHz band except 76.640 MHz. This option is not made available on 53 MHz equipment.

TRANSMITTER
Dual frequency transmitters contain a circuit board which holds the two crystals, mounted directly to the
frequency select switch. The frequency select switch, in turn, mounts to the case itself, Two wires connect
the erystal switching circuit to the main P. C. board in the holes normally occupied by the crystal on single
frequency transmitters, (See schematic)

If an existing Series Seventy-One or Series Seventy system is to be converted to Dual Frequency, it is im-
portant to locate the switch in exactly the same location as factory-equipped units. A location drawing for
KP-4 or -6B transmitters is given following the text on page 24 . Series Seventy-One KP-45 or -63 systems
have the switch located on the bottom of the transmitter. Placement is not as eritical as the two-stick sys-
tem, however it is best to follow the diagrams as closely as possible.

Switch location on 3 channel models is shown along with the other drawings at the end of the text. The
KP-2B switch location is identical to the KP-3B.

ALIGNMENT

Four crystals, closely matched, are used in Dual Frequency systems. Crystals are supplied in matched pairs,
pre-aged and closely matched at the factory.

The transmitter tuning procedure is identical to that used on single frequency systems. The anly difference
is in observing the transmitted signal while switching the frequency-select switch between tha_twu 'freguen-
cies. The oscillator should be adjusted for best results with the weaker of the two crystals, if there is any
noticeable difference in activity between the two. The one crystal which requires more collector capacity
in the oscillator should be tuned up first, then the other crystal checked. The remaining stages can be tuned
to either crystal, then check the output of the transmitter whan the other crystal is switched in.

If a frequency counter is available, final cutput frequency can be checked to observe switching operation.
The proper frequency labels should be affixed to the transmitter case next to the switch to indicate the

operating frequency in each switch position.
PARTS LIST — DUAL FREQUENCY OFTION

TRANSMITTER
a1 Switch, 4.P.D.T. 109-007
- P. C. Board only 010-155
- Switch Guard Package 200-049
X1, X2 Crystals as required *
- Frequency Labels ; as required *

- Complete Tx dual frequency assembly less crystals and frequency labels 300-158

* Refer to Master Parts Index for Part Numbers and ordering information
on these items.

q Figs. 16 & 17 (fold out at left)
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TRANSMITTER — TROUBLE SHOOTING
INFORMATION

Failures or defects in the transmitter are in general due to poor transistor performance. Do not over-
look the possibility of other component failures; however, in general, most faults can be corrected by re-
placement of a transistor. Listed below are general difficulties which might be experienced along with the
miost common cause of the defect.

NO RF OUTPUT — ENCODER INOPERATIVE

Check voltage supplied to circuit board itself. If voltage is delivered to board, check for broken cir-
cuit lands,

NO RF OUTPUT — ENCODER OK — MODULATOR INOPERATIVE

Check signal at collector of Q110 for positive pulses, indicating @110 is functioning. If Q110 seems to
be OK, Q109 is most likely at fault.

NO RF OUTPUT — ENCODER AND MODULATOR OK

Check for proper adjustment of oscillator tuning capaciter. |f adjusting trimmer does not restore oper-
ation, and oscillator voltages check O, suspect crystal.
RF OUTPUT — NO PULSES ON CARRIER

Check encoder operation. |f all encoders are operating but ne modulator output pulses appear, suspect
@110, I no signal is present at the base of 0110, check free-running multivibrator Q101 and Q102
RF OUTPUT OK, ONE OR MORE PULSES MISSING
Check half-shot timers for proper operation. |f one stage fails, all successive half shots will be inoper-
ative, ;
RF OUTPUT OK, MODULATING PULSES OK; MODULATION DISAPPEARS WHEN RF SECTION
IS BEING TUNED.

Check to see that R134 and C132 and C137 are installed.

RF OUTPUT LOW
Batterias check OK, suspect crystal or RF amplifier transistor(s) if re-tuning does not restore output.

NOTES:



PARTS LIST — TRANSMITTER ENCODER
* Parts used on 6 channel only
** Parts used on single-stick units only

RESISTORS — All values in OHMS (K=1,000)

R101
R102
R103 *
R104
R108
R106
R107
R108
R109
R110
R111
R112
R113
A113 **

R113A**

R114
R115
R1186
R117
HITE **

R117A **

R118

R119*
R120 *
R120 **

100K aw 10%

4.7K Yow 10%

BOK aw Potentiometer
120K ow 10%

5K Yow W.W. Potentiometer
47K Yow 10%

50K Hw Potentiometer

9K pAY 5%

5K Yaw W.W. Potentiometer
47K Haw 10%

50K Yw Potentiometer

91K Yw 5%

1.4 Yew W.W. Potentiometer
2K Yaw W.W. Potentiometar

Used on single stick throttle for units with 5/N 5144 to G068,
Qrder by description given here and specify S/N of unit,

2K Yow W.W. Potentiometer

Used on single stick throttle trim for units with 5/N 5144 1o 6058,
47K Yaw 10%

50K Yaw Potentiometer

91K Yw 5%

5K Yaw Potentiometer

1.5K Yw Potentiometer

Used on single stick rudder for units with 5/N 5144 to 6058.
Order by description given and specify 5/N of unit.

5K Yaw W.W, Potentiometer

Used on single stick rudder trim for units with 5/'N 5144 to 6058,
Order by description and specify 5/N of unit,

47K Yow 10%
50K Yaw Potentiometer
91K Yaw 5%

68K Yaw 10%

Used on 6 channel single stick units only — S/N 5144 tp 6048.

057-104
0657-472
106-018
057-134
106-006
057-473
106-018
040-011
106-006
057-473
106-018
040-011
106-018
106-010 Spec

106-010

057-473
106-018
040011
106-006
106-012-R

106-006-S

057-473
106-018
040011
057-683

15
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R121* Bk Taw W.W. Potentiometer
R121 I??m 5K Yaw Trim Potentiometer
R122* 47K Hw 10%
R123* GOk Y Potentiometer
R124 * 91K Yo 6%
R125 * 1.4 Yaw W.W. Potentiometer
R116 * 47K taw 10%
R127 50K Taw Potentiometer
R128 9K e B%

i 62K Yaw 5%

Used on 4 channel single stick units only. S/N 5144 to 6068,
R129 47K Hw 10%
R130 4.7K A 10%
R131 8.2K Yw 10%
R132 1K Yaw 10%
R133 10K Yaw 10%
R134 1K Yaw 10%
R135 47K How 10%
R136 1K 12w 5%
R137 22K Taw 10%
ADDITIONAL

On single stick units /N 6069 and up, the following resistors and potentiometers

have changed value.

R113 ** 5K

R113A ** 7.5K

Used on single stick throttle trim for units with 5/N 6059 and above.

R117 =* 5K

Used on single stick rudder for units with 5/N 6059 and above.

RI117A * 25K

Used on single stick rudder trim for units with S/N 6058 and above.

R120 and
R128 are 9K

R116 becomes 62K

aw

T

ow

Yaw

for single stick units with S/N 6058 and above.

Yaw

W.W. Potentiometer
Used on single stick throttle for units with 5/N 8059 and above.
W.W. Potentiometer

Potentiomeater

W.W. Potentiometer

5%

For single stick units with S/N 6059 and above,

106-006
106-024

057-473
106-018
040-011
106-006
057-473
106-018
040011
040012

057-473
057-472
057-822
057-102
057-103
057-102
057-472
073-102
067-223

106-006

106-021

106-013

106-006

040-012



See also capacitor section for changes on single stick units S/N 6059 and above.

CAPACITORS
cio Juff 260w Mylar 10% 115-018
c102 Juff 260w Mylar 10% 115018
ci1o3 .003uf Disc Ceramic 20% 113014
C104 047uf/100v Mylar 10% 115-008
c105 .003uf Disc Ceramic 20% 113-014
C106 J047uf 100 Mylar 10% 115-008
cio7 .003uf Disc Ceramic 20% 113014
ci108 047uf/ 100w My lar 10% 115-008
ci09 003uf Disc Ceramic 20% 113-014
ciio* 047uf/100v Mylar 10% 115-008
c11 * .003uf Dise Ceramic 20% 113014
cnz:+ D47uf/100v Mylar 10% 115-008
cna- L03uf Disc Ceramic 20% 113014
c114 O47uf 100w Mylar 10% 115-008
C115 J003uf Disc Ceramic 20% 113-014
C116-125 D01uf Disc Ceramic 20% 113-012
Ci126 " -

129+ 001uf Disc Ceramic 20% 113-012
C130 =132 _001uf Disc Ceramic 20% 113-012
c13z 40uf/16v Alum. Electrolytic 116-008
C1356 JAuff 10w Disc Ceramic +80 - 20% 113019
C136 .068uf/100v Mylar 10% 115012
C137-138 0071 uf Disc Ceramic 20% 113012
C139 Duf Disc Ceramic 20% 113016
C140 3.3pf Disc Ceramic 10% 113-003
ci41 Duf Disc Ceramic 20% 113016
ci142 05uf Disc Ceramic 10% 113018

For single Sticks S/M 6059 and above:
C110 *=* .022uf{100v Mylar 10% 115-004
Usad on Geh single stick units with 5/N 6059 and above.

c114 ** 022uf/100v Mylar 10% 115-004

Used on 4ch single stick units with 5/N 6059 and above,

CHECK SUB-PARTS LISTS CAREFULLY FOR SERIAL NUMBERS AND DATES WHEN ORDER-
ING PARTS BY PART NUMEER.

17



TRANSISTORS AND DIODES

Q101108
Q106 * — 107 *
Q108

Q108

ailio

D101-108

D10¥ *— 108"
D109 - 111

D112

CHOKES

RFC 101 thru 103

MISCELLANEOUS

M1-1 0-1ma
1101 Mo. 1820
s51 4.PD.T.
5102

5103 2P5T

B 101 KB-8
4101 2 pin

J 102 & pin

T 104

1GS

Transistor 2ZN3392
Transistor 2N3392
Transistor 2MN3392
Transistor 2N2431 or
MPS-6562
Transistor 2N4122 or 52783

Diode, Silicon DA-B0E or IN4148
Diode, Silicon DA-805 ar IN4148
Diade, Silicon DA-BOS or IN4148
Diode, Silicon, Rectifier 200v @ 750 MA

22 uhy RF Choke

Choke Mounting board for master-slave-system

Edgewise Meter

Lamp

Slide Switch

Push Button Series "“70- 71"
Toggle Switch Serias 71"
9.6v Battery with cass
Interlock Receptacle
Flush-mount Receptacle
Complete T-10A PC Assembly
2TMHz-4ch

27TMHz-6ch

53MHz-d4ch

53MHz-6ch

72MHz-4ch

72MHz-Bch

101-004
101-004
101-004
101-005
101-012
101-003
100-101
100-101
100-101
100-100

103-022

010152
126-001
400-003
109-007

KB-8
120-007
120-004

300-100
300-103
300-101
300-104
300102
300-105

Landing Gear Switch Board complete with switch 300-154



27MHz RF SECTION

RESISTORS — All values in OHMS (K=1,000)

R201 4.7K
A202 4.7K
R203 150
R204 a7
CAPACITORS

C201 001 mf
c202 1. 100pf
c203 001 mf
c204 1. 100pf
C205 1. 100pf
COILS

L201

L202

L203

L204

RFC201
TRANSISTORS

Qzo1, 202

XTAL

Yawr 10%
Yaw 10%
Yaw 10%
Tew 10%

Disc Ceramic
Mica Trimmer No. 423
Disc Ceramic
Mica Trimmer No. 423
Mica Trimmer No. 423

Osc. Tank Coil

Osc. Output Coil = Part of L201
Final Tank Coil

Loading Coil

22uhy RF Choke

Transistor 2M23694
2TMHz Transmitter Crystal
Order desired crystal frequency.

53MHZ RF SECTION

RESISTORS — Values in OHMS (K=1,000)

R301,302 47K
R303 150
R304 220
R305 4.7
CAPACITORS
€301, 303, 304
C302, 306
C305

Taw 10%

Yw 10%

Yew 10%

Yw 10%

001 mf Disc Ceramic

7 - 100pf Mica Trimmer No. 423
1-12pf Mica Trimmer Mo. 420

057-472
057-472
057-151
056-047

113012
112-002
113-012
112-002
112-002

103-002

103-003
103-003
103-022

101-006

057-472
057-151
057-221
056-047

113012
112-002
112-001
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COILS

L301, 302
L303

L304

RFC301
TRANSISTORS
Q301, 302
XTAL

RESISTORS

R4D1, 402 47K
R403 270
R404 470
R405 10
RA406 18
CAPACITORS
C401,405  .001mf
Cc402 01mf
C403, 406, 407
Cc404

COILS

L401, 402

L403, 404

L405

RFCA401
TRANSISTORS
Q401, 402, 403
XTAL

Osc. Tank Coil
Final Tank Coil
Loading Coil
22uhy RF Choke

2N 23694,
B3MHz Tansmitter Crystal

Transistor

Order by crystal frequency desired.

72NHz RF SECTION

Taw 10%
A 10%
Hw 10%
Yow 10%
Yow 10%
Disc Ceramic
Disc Ceramic
7 - 100pf Mica Trimmer No. 423
1-12pf Mica Trimmer Mo, 420
Osc. Tank Coil
Buffer Tank Coil
Final Tank Coil
22uhy RF Choke
Transistor 2M2369A
36MHz Doubler Crystal

Order 72MHz frequency desired,

103-005
103-006
103-002

101-0086

057-472
067-271
057-471
057-100
057-180

113-012
113-016
112-002
112-001

103-007
103-008
103-009
103-022

101-006



KPT-3B and 35 RF SECTION PARTS LIST — 27 MHz

RESISTORS — (K=1,000)

R1 2.2K 1/4W 10% 057.222
R2 47K 1/aw 10% 057-472
R3 160 ohm 174w 10% 057-151
R4 1.5K 1/4W 10% 057-152
RE not used

REB 22K 1/4W 10% 057-222
R7 1K 1/4W 10% 057-102
R& 4,7 ohm 1/4W 10% 056-047
CAPACITORS

€1 O01uF Disc Ceramic 1132
Cc2 L001uF Disc Ceramic : 113012
c3 7-100pF Mica Trimmer No. 423 112-002
C4 10pF Disc Ceramic 113-004
C5 J001uF Disc Ceramic 11302
CH 7-100pF Mica Trimmer No. 423 112002
c7 7-100pF Mica Trimmer No. 423 112-002
CB 10pF Disc Ceramic 113-004
cs .001uF Disc Ceramic 113m2

COILS AND CHOKES

L1 & L2 Ose. Tank and Ose. Output 103-002
L3 Final Tank 103-003
L4 Load 2.2 uhy RF Choke 103-025
LE 22 uhy RF Choke 103-022
TRANSISTORS

az2 2N3392 NPMN Transistor 101-004
Q1 & Q3 2N2369A NPN Transistor 101-006

MISCELLANEQUS
Heat Sink 904-050
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KPT-3B and 35 RF SECTION PARTS LIST — 53 MHz

RESISTORS — (K=1,000)

R1 22K 1/4W 10%

R2 4.7K 1/4w 10%

R3 160 ohm 174w 10%

Rd 1.5K 174w 10%

RS 220 ohm /4w 10%

R6 2.2K 1/4W 10%

R7 1K 1/4W 10%

RE8 4.7 ohm 1/4W 10%
CAPACITORS

c1 001uF Disc Ceramic

c2 J001uF Disc Ceramic

[ 7-100pF Mica Trimmer No. 423
c4 10pF Disc Ceramic

C5 LO0uF Disc Ceramic

C6 1-12pF Mica Trimmer Mo, 420
c? 7-100pF Mica Trimmer No. 423
c8 10pF Dise Ceramie

ca .001uF Disc Ceramic

c10 001uF Disc Ceramic

COILS AND CHOKES

L1&L2 Ose. Tank and Osc. Output Coil

L3 Final Tank Cail

L4 Loading Tank Coil

LS 22 uhy RF Choke

TRANSISTORS

a2 2N3382 NPN Transistor
a1 & a3 2N2369A MNPMN Transistor

MISCELLANEOUS
Heat Sink

057-222
057-472
057-181
057-152
o57-221
057-222
057-102
05e-047

113-012
113.012
112-002
113-004
113-012
112-001
112-002
113-004
113012
113012

103-004
103-005
103-006
103-022

101-004
101-006

904-050



SERIES ‘70 4B and 6B — SERIES ‘71 4B and 6B; 45 and 65
27 MHz RF SECTION PARTS LIST

RESISTORS — All values in ohms {K=1,000)

R1 4.7K 1/4W
R2 47K 1/4W
R3 270 ohm 1/4W
R4 150 ohm 1/aW
RE 100 ohm 1/4W
RE 160 ohm 1/4W
R7 10 ohm 1/4W
RE 100 ohm 174w
CAPACITORS

C1 J00TuF

cz 7-100pF

c3 .01uF

c4 680pF

Ch 7-100pF

Cé E80pF

c7 68pF

ca 14-150pF

co 14-150pF

c10 01uF

c1 .01uF

COILS AND CHOKES

L1&L2 Osc. Tank, Osc. Output Coil
L3& L4 Buffer, Buffer Output Coil
LS Pi-Tank Coil

L& Final Loading Cail

L7 22 uhy RF Choke
TRANSISTORS

Q1 & Q2 2ZN2369A

a3 40081 RCA

MISCELLANEOUS
Crystal 27 MHz

10%
10%
10%
10%
10%
10%
10%
10%

Disc Ceramic
Mica Trimmer No. 423
Disc Ceramic
Disc Ceramic
Mica Trimmer No. 423
Disc Ceramic
Disc Ceramic
Mica Trimmer No. 424
Mica Trimmer No. 424

Disc Ceramic

Disc Ceramic

MNPN Transistor
MPM Transistor
Specify frequency desired

057-472
057-472
0657-271
0E7-151
057-101
057-181
057-100
057-101

113012
112-002
11306
113-020
112-002
113-020
113-009
112-004
112-004
113-018
113-016

103-026
103-027
103028
103-003
103-022

101-006
101-015



RESISTORS

R1 4.7K

R2 4.7K

R3 220 ohm
R4 160 ohm
RS 100 ohm
R& 10 ohm
R7 10 ohm
CAPACITORS

c1 L00MuF
c2 7-100pF
c3 .D1uF
C4 1-12pF
Cs 001uF
C6 not used
c? not used
C8 7-100pF
ca 7-100pF

COILS AND CHOKES
L1&L2

L3I & L4

LS

LE

L7

TRANSISTORS
Q1,028 Q3

MISCELLANEOUS
Crystal 53 MHz

E3 MHz RF SECTION PARTS LIST

174w 10%
1/4W 10%
1/4W 10%
1/4W 10%
1/4W 10%
1/4W 10%
1/4W 10%
Disc Ceramic

Mica Trimmer No. 423
Disc Ceramic
Mica Trimmer No., 420

Disc Ceramic

Mica Trimmer Mo, 423
Mica Trimmer Mo, 423

Osc. Tank and Output Coil
Buffer and Buffer Output Coil

Pi-Tank Coil

Loading Coil

22 uhy RF Choke
2N2369A MNPM
Specify frequency desired

Transistor

057-472
057-472
057-221
057-151
087-101
057-100
057-100

113-012
112-002
113-016
112-001
113-012

112-002
112-002

103029
103-030
103-031
103-006
103-022

101-006
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RECEIVER

FRONT END SECTION R-9A (Fig.18)

Transistors 0501 through Q505 form a conventional super-hetrodyne receivar. 0501 is used as amixer
in eonjunction with 0502, the local oscillator. The IF output frequency of 455 KHz is tuned by |FT-501,
Q503 and Q504 operate as |F amplifiers at 455KHz.

Transistor Q506 operates as a class B detector and also supplues AGC to the IF amplifiers, Diode DE02
in conjunction with bigs resistors R612 and R513 acts as a high level clipper to pass only the upper .7 volt
of the detected waveform and feed it to the logic stages,

Under most conditions &n interfering signal must reach 60-B0% of the command signal in order for it
to interfere with reception. Consequently, this network is highly effective in eliminating interference from
noisa or transmitted signals. However, if the clipping level is less than 0.7V, the receiver will be very sensi-
tive to slight phase shifts,

ALIGNMENT AND TESTING

With the proper crystal installed in the receiver board and secured with RTV silicon rubber, alignment
can be parformed. A DC oscilloscope is necessary for best results.

Attach the scope signal lead (isolated by RF chokes — Fig.18) to the top of RE16 which is the Class B
detector. With a strong signal from the transmitter, observe the waveform on the oscilloscope. |T the receiv-
er |F stages and oscillator are operating, either the waveform shown in Fig. 20 or Fig. 21 should be seen.

If the waveform is similar to Fig. 20, reduce signal strength and begin aligning IF transformers | FT501
through |FTS03. Rotate the tuning slug in each |F transformer to maximum detected signal. Fig. 21 shows
the signal at the detector when the |F transformers are not properly aligned,

Fluh, BF CHOKE {2}

T R tﬁ

Irrrqu

my

Fig. 20 Detected Wavelorm Fig. 21 Detected Waveform
{V=_5w/Div. H=2ms/Div.} I. F. cans misalipned
V= Bw/Div, H=2ms/Div.}

<J Fold Outs At Left
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{Alignment and Testing - continued)

Should no signal be obtained at the detector, check the collector of transistor Q504 for a waveform
similar to Fig. 22 . If it cannot be obtained, trace toward the mixer until the collector of Q501 is reached. If
no signal ean be obtained here, suspect either a defective crystal or mixer transistor.

If neither component restores operation, check voltages in the mixer and oscillator circuits to locate
the faulty stage.

Fig. 22 456 KHz I. F. Signal
(V= 5v/Div. H=2ms/Div.}

"

PN —

nﬁriiiiithi

With the IF transformers aligned, the mixer and antenna coils can be tuned. Insert a hex alignment
tool in one slug and tune for maximum detected ignal. Then move to the other slug and tune it for maxi-
mum also. Be sure the antenna wire is fully extended and trailing from the bench. When tuning is com plete,
seal RF coil cores with wax.

If a calibrated signal generator is available, the receiver sensitivity should ba checked prior to.final tun-
ing. Couple into the receiver antenna coil through a two-turn loop on the generator output cable. (Fig. 23 ).

Coil up the receiver antenna and adjust the generator for 400 or 1,000 Hz modulation. Reduce the
putput sufficiently to see the peak of the modulating waveform clearly.,

SIGNAL GENERATOR

(280

RF ouT R=470
€= .001uf

Fig. 23




Peak L501 and L502 for maximum if necessary, Reduce the generator output until the detected signal
i 0.5v amplitude. The signal generator should read a maximum of 3.50V. A reading under 2.0uV may show
possible receiver instability. Under no circumstances should receiver sensitivity measure less than 1.0uV on
any frequency. On 62MHz sets, the acceptable minimum is set at 2.0uV for best overall operation. |f it was
necessary to change the setting of L5071 or L502, retune as above with antenna extended before szaling,

If adjustment of receiver sensitivity is necessary to bring the receiver within tolerance, it is best to raise
or lower |F emitter resistors RS0B or RB09, Lowering the value will increase sensitivity and vice-versa. These
resistors should be no lower than 120 ohms nor no greater than 330 ohms. If it is necessary to exceed these
limits, imnvestigate further in that most likely the receiver has a defective or low gain mixer of |F amplifier
tramsistor.

If sansitivity chacks are satisfactory, check clipper level. (Fig. 24 ) The upper 0.7v of the detacted wave-
form should appear at this point.

The clipping diode is forward biased by approximately 0.7V to 0.8V, This bias is obtained by the volt-
age difference between the collector of detector transistor Q505 and the cathode end of diode D502, Tao in-
sure proper operation, first check the voltage at Q608's collector. This should be very close to the supply
voltage {within 0.2V with no input signal), If it is not, check the voltage drop scross diode DS01 which
should be approximately 0.54V. Since transistor Q505 requires 0.6Y to conduct, if the voltage is correct at
this point, 0505 collector should be approximately at the supply voltage. If the voltage is too high at diode
D501 (the base of Q506), suspect 5 defective diode first; and second, check the value of resistor R511 which
should be 18K, If this voltage is correct and the collector voltage of Q505 is still low, it will be necessary to
replace transistor Q505, If the preceding stages are correct and the clipped signal observed at the cethode of
diode D502 is still less than 0.7V, check to be sure that resistor R512 is 15K, Then, if necessary, reduce
R513 from 150K to 100K, If the clipped signal iz still not within tolerance, replace diode D502.

The next step is to check to see that the amplifier to the logic formed by transistors Q506 and Q507 is
operating at the designed input level, Reduee signal input until the signal at the collector of detector trans-
istor (505 is approximately 0.35V. The signal amplifier stage should now be amplifying the signal near
saturation and this may be checked at the collector of transistor Q807. It should then be checked at the gate
outputs starting with the collector of Q511, If the logic is not operating with a detector voltage swing of
0.35V, troubleshoot in the normal manner suspecting a low gain transistor at 0506, Q507, or Q509.

Fig. 26 shows the output of the receiver board applied to the logic board.

Fig. 25 Receiver Output to Logic

Fig. 24 Clipper Waveform Ve Se/Div. | Hegma/Div.]

(= Ev/Div.  H=2ms/Div.]
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DUAL FREQUENCY RECEIVER

Dual Frequency receivers use a separate P, C. board mounted in the receiver case which holds the crystals
and the six other components necessary for this option, (This does not apply to KP-2B systems. See data on
KP-2B for information.]

The frequency-select switch is wired to this board and is external to the recsiver case itself. This permits
mounting the frequency-select switch on the fuselage of the aircraft.

The crystals are switched indirectly by applying proper diode bias to the crystal desired. This is necessary
to prevent . F. leakage from the wires between the switch and the receiver. (See schematic. )

Due to the diode in series with the crystal, it was necessary to change the oscillator injection level to the
frixer stage. A special oscillator choke (see parts list) is used on Dual Frequency models and must not be
replaced by the choke used on single frequency receivers.

In converting a receiver to Dual Frequency, it is necessary to use a new receiver case, the frequency-select
P. C. board, the new oscillator coil and the necessary crystals, Dual Frequency receiver cases are available
only for Series Seventy and Seventy-One systems. Gold Medal receivers cannot be converted to dual fre-
guency operation. The P. C. board assembly for the receiver is supplied from the factory with the switch
and all components installed, less crystals.

RECEIVER ALIGNMENT (DUAL FREQUENCY)

Receiver alignment is performed in the usual manner, except that |. F. alignment must be performed while
switching between the two frequencies to optimize alignment, The first and second I. F. transformers have
the most effect on |. F. frequency, and should be centered somewhat betwesen the two resultant I. F. fre-
guencies. The last |, F, transformer should be tuned for maximum on one frequency, and the direction the
slug is tuned when peaking to the other frequency remembered. Retune to the first frequency, then turn
the slug 1/8 turn of sa in the direction of the second |. F. frequency to center I. F. response curve.

If it is not possible to center |, F. alignment around the two crystals, it is possible one crystal is too far away
from nominal. Replace one transmitter/receiver crystal pair and try re-aligning the 1. F, stages. |f no better
rasults are obtained, change the other crystals and re-align.

The receiver frequency for each switch position should be indicated by placing frequency labels on the
switch cover to indicate the proper switch position for each frequency.

RECEIVER
51 Switch, 4.P.D.T. 108-007
-~ P. C. Board only 010-158
- Switch Cover 901-200
R1, R2 47K Taw 10% 057-472
C1,C2 .o Subminiature Disc Ceramic 113021
D1, D2 DABOD5 Silicon Diode 100101
X1, X2 Crystals as required ™
- Frequency Labels as required *
- Receiver Case, 3 & 4 channel (Dual Freg.) 801-203
- Receiver Case, 6 channel (Dual Freq.) a01-204
- Rx Oscillator Choke for Dual Freg. Rec. 102-032
- Complete Rx Dual Freguency Assembly — less crystals, frequency 300-167

labels, case and oscillator coil

* See note under “Transmitter”



RECEIVER TROUBLE SHOOTING INFORMATION

Due to its environment, the receiver may be subject not only to component failures, but can exhibit
trouble under vibration or temperature extremes, Temperature variations can be checked on the bench with
& hot air blower and a freeze type spray.

Vibration failures are much more difficult to track down on the bench. Some vibration problems are
due to cracked components or loose wires in plugs and can be located on the bench. Gently rocking parts
while monitoring the output on an oscilloscope will most often reveal the location of loose or cracked parts.
If the source of vibration trouble cannot be located and has been definitely narrowed down to the one part
of the system, try a replacement and see if the problem ceases. If so, it might be advantageous to simply re-
place that portion of the system and serap the defective part. In dealing with vibration problems don't neg-
lect to examinge the switch harness as a possible source of trouble.

Some other causes of difficulty are listed below:

POOR RAMNGE — Generally lack of sufficient sensitivity, assuming model installation is correct,
Check AGC voltage and part values in receiver. Often re-tuning is all that is
necessary,

RECEIVER UMNSTABLE — Oscillation or instability in a receiver is often the result of defective
|F Transformers. Most often the input |F is the one at fault. Check also for
proper AGC action to be sure that gain is being adjusted to suit signal condi-
tions, On rarer occasions, a bypass capacitor opens in either the mixer or de-
tector stages.

RECEIVER OK — Mo output to logic board — Generally, the cause lies in the logic board itself,

If the signal at the clipper is OK, but there is no signal at the base of O508,
mere than likely Q506 is defective, To check, lift the blue wire off the logic
board and see if the signal appears now. |f so, Q506 is defective. If not, re-check
coupling from clipper to the blue wire on the receiver board.

RECEIVER OK — No output from logic board to servos — & stage by stage check will generally
reveal the defective stage. If a failure ocours in any counter stage, all succeed-
ing stages will be inoperative, Isolating the defective part can generally be ac-
complished by voltage checks.

RX DUAL FREQUENCY
ASSEMBLY

29



RECEVER LOGIC
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COMPONENTS THIE SIDE OF LIME ARE USED ON 3 &4 COMPOMEMTS 0N THIS SIOE OF LME ARE UISED
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LOGIC OPERATION (Fig. 26)

Logic board assemblies contain the necessary eireuitry to convert the pulse train into saparate outputs
to drive individual servos.

The waveform in Fig. 27 is seen at the base of inverter transistor QB06. Fig. 28 shows the resultant
collector signal. Transistor Q507 further squares the pulses and provides driving signal to the pulse omission
detector 1508 and counter trigger generator O509, The waveform at 0507 collector is shown in Fig, 29,

Transistor Q608 operates as the pulse omission detector providing logic reset betwean frames. The col-
lector waveform at Q508 is shown in Fig, 30, This waveform controls base bias on transistor Q5089 which is
also receiving narrow pulses from Q507 through a .005mT capacitor.

+1 ikl ,‘ ‘.
‘ I

Flg. 27 0508 Base Recaiver Qutput Fig. 28 0506 Collector Waveform :
to Logic W= 1w/Div. H=2ms/Diiv. |
(W= 5w/ Div. H=2ms/Div.)

Fig. 30 Q508 Collector Wavetorm

Fig.28 0507 Collector Waveform (V=1v/Div. H=2ms/Div.]

(V= 1w/Div. H=2ms/Diwv.}

<] Fig. 26 (fold out at left) 30
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Fig. 31 shows the base signal at transistor 509, The ramp seen during the sync pause is the result of
the rising collector voltage at Q508. The waveform &t transistor 0509’ collector is shown in Fig.32 . It can
be seen that at the initiation of the base voltage ramp, the voltage &t the collector falls toward ground poten-
tial and remains there until the first pulse in the next frame. |t is during this down time that the counter
stages are reset and held off until the first pulse in the next frame. The signal at the collector of Q509 is ap-
plied to each of the emitters of the PMNP transistors in the shift register. This connection serves as a shift com-
mand each time a negative going pulse appears at O509"s collector. During the sync pause, all counter stages
are shut down ceasing the count.

Fig. 32 0508 Collector Wavetorm

Fig. 31 0509 Base Waveform
(W= 1w/Div. H=2ms/Div.)

(V= 1v/Div. H=2ma/Div.)

Fig. 33 15t Channel Trigger Signal Fig. 34 0510 Ermnitter Waweform
(V= 1w/Div. H=2m=/Diwv.| (V= 1v/Div. H=2rma/Div.}

A differerentiator is connected to this same point, with a triggering diode connected to the first count-
er stage. When the first pulse of the next frame drives the collector of Q508 positive, triggering diode DEO3
passes this positive pulse (Fig.33 ) to the first counter stage transistors 0510 and Q511. 0510 and Q511
latch on and the voltage at the emitter of Q510 rises to approximately 4% (no load) {Fig. 34). The secend
pulse turns off all counter stages, thus terminating the positive pulse at Q510 emitter. This output pulse
is fed to a differentiator and triggering diode connected to the second counter stage. This diode, D504,
passes the negative going or trailing edge of the first channel output pulse. The time constant of the differ-
entiator is sat such that the second counter stage is still receiving a triggering signal after the second turn-off
pulse has ended. Therefore, the second counter stage now latches on, until the third pulse occurs, The se-
cond stage Is turned off with the others and passes a triggering signal to the third stage. In this manner,the
counter cycles through all channels, converting the serial type information to separate parallel type informa-
tion to supply positioning informiation to each of the servos.



SERIES SEVENTY RECEIVERS

The RF section has remained unchanged for 1970 production. The logic circuitry has been repackaged
to take advantage of the board mounted block plug now used.,

The accompanying layouts show the new logic assemblies and plug, The 3 channel receiver is actually
a 4 ehannel receiver with the last stage of logic disconnected by clipping out diode DB0B. This was neces-

gary to prevent the customer from plugging & servo into the unused block plug position and driving it hard
over, since the sync pause appears at this last logic output.

Six channel receivers use a number of 1/B watt resistors in order to take advantage of their decreased
gize and provide a more serviceable package, The 1/8 watt resistors are noted both in the layout and parts
list.

MOTE: On 27 MHz Series Seventy receivers manufactured afrer May 20, C517 was changed

to a .05uf disc capacitor from a 005uf dise capacitor to improve receiver noise im-
munity to servo motor brush arcing. This change is for repeatability only and not
required on prior recelvers unless bothered by motor noise.

SERIES SEVENTY-ONE

The R. F. Section of the receiver has remained unchanged for 1971 praduction. The logic board was
charged to accept the dynamic decoupler and in doing so the 1/8w resistors were replaced by 1/4w resistors.

DYNAMIC DECOUPLER

In Series Seventy-One Receivers a dynamic decoupler was installed to isolate the receiver and decoder
from the servos and supply.

Tramsistors 0522, RS51, and C527 make up the dynamic decoupler. 0622 is used as a pass transistor
while RE51 and C522 make up the time constant at which the decoupler filters. C527, being in the base of
0522, takes advantage of the gain characteristics of the transistor and multiplies the capacitance at the
emitter.

OPERATIONAL CHECK

This check is performed by checking the voltage drop from collector to emitter on Q522. It should be
between _6 and .8 volts,

NOTES:
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RESISTORS —

R501
R502
R&03
R504
R505

R506
R507
RE0E

RE09

RE10
RE11
R512
R513
R514
R515
R516

R&17
RE52
REG3
CAPACITORS
501

Cce02

C503

C504

PARTS LIST — R-9A RECEIVER

All values in Ohms [K=1,000}

27K Yoww
10K Yow
10K Yoww
4.7K Yw
470 ohm (27 or 53 MHz) Yow
270 ohm (72 MHz) Yow
1K Yaw
1K Yow
270 ohm (27 MHz) Taw
150 ohm (52 MHz) Yw
270 ohm {27 MHz) Yaw
150 ohm (52 MHz) Tw
220K Yaw
18K Yaw
15K Yaw
150K Yw
5.6K Yaw
22K Yw
1K Yaw
470 ohm Yaw
4.7K Yow
47K Yaw
(27MHz) 27pf

(53MHz or 72MHz) 15pf
(27MHz or 53MHz) 1pf
{72MHz) 0.5pf

(27MHz) 27pf

(53MHz or 72MHz) 15pf
(27MHz) 27 pf

(53MHz) 15pf

{72MHz) 22pf

10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%

Disc Ceramic
Disc Ceramic
Tubular Ceramic
Tubular Ceramic
Disc Ceramic
Disc Ceramic
Disc Ceramic
Disc Ceramic
Disc Ceramic

057-272
057-103
057-103
057-472
057-471
057-271
057-102
057-102
057-271
057-151
057-271
057-151
057-224
057-183
067-163
057-154
057-562
057-223
057-102
067-471
057-472
057-472

113-007
113-005
114002
114-001
113-007
113-005
113-007
113-005
113-006



C505
CEO6
ceO7
Ce0a
C509
C510
C511
cs12
c513
Cc514
CB15
C518
ce17

ch28
C528
CB30

05uf
001uf
.05uf
05uf

4. Tuf/6v
O5uf
05uf
Oluf

1.0uf/ 35V
33uf/BV
33uf/BV
.005uf
.005uf
(Series ‘70 - 2TMHz) 05uf
10pf

007 uf
00 uf

COILS, TRANSFORMERS AND CHOKES

RFC-501
RFC-502
IFT-501
IFT-502
IFT-803
L501

L502 A, B

SEMICONDUCTORS
Q501 to QS04

as0s

D501 to DSO2

Oseillator Choke — tapped

Oscillator Choke — tapped Dual Frequency
455KHz IF XFMR — Input

455K Hz IF XFMR — Interstage

455KHz IF XFMR — Qutput

Antenna Coil 27MHz

5E3MHz

T2MHz
Mixer Coil  27MHz

53MHz

T2MHz
G1551 or D16G6 Preferred NPM
2N3382 MNPN
DABOSE or TN4148

Disc Ceramic
Disc Ceramic
Disc Ceramic
Disc Ceramic
Tantalum

Disc Ceramic
Dige Ceramic
Disc Ceramic
Tantalum

Tantalumn

Tantalum

Disc Ceramic
Disc Ceramic
Dizz Ceramic
Disc Ceramic
Disc Ceramic

Disc Ceramic

Transistor
Transistor
Diode

113-018
113012
113-018
113-018
116-004
113-018
113-018
113016
116-002
116-005
116-005
113-015
113-015
113018
113-004
113021
113021

103-023
103032
103013
103014
103015
103016
103018
103-020
103017
103019
103021

101-008
107-004
100-101
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DB09 to DS10

DABOS or 1N4148

ELECTRONIC ASSEMBLIES

R-94A

R-94

RESISTORS — All values in ohms (K=1,000)

Receiver Frent End
Receiver Front End
Receiver Front End
Receiver Front End
Receiver Front End

Dual Frequency
Dual Freguency

Diode

2TMH:z
53MHz
T2MHz
2TMHz
T2MHz

Dual Frequency Assembly with Switch Less Crystals

PARTS LIST — LOGIC BOARDS
L7, 14, 15, 16, 17, 164 and 174

** Denotes 1/Bw Resistors

R518
R518
R519
R519
R520
R521
R521
RE22
RE22
RE23
R523
RB24
RB24
R526
R527
R528
R529
R530
R531
R532
R533

100K
** 100K
2.2K
se2.2K
47K
1.5K
**1.5K
4.7K
47K
15K
*=15K
47K
il ¥ 4
4.7K
4.7k
1K
3.3K

3.3K
1K
1K

Yaw
1/Bw
Yaw
1/8w
aw

1/8w
Yaw
1/8w
law
1/8w
Yow
1/8w
Taw
Taw

Taw

Taw

10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%

100-101

300-106
300-107
300-108
300-175
300-176

300157

0s7-104
053-104
057-222
053-222
057-472
057-162
053-152
057-472
053-472
057-153
063153
057-472
053-472
067-472
057472
057-102
"057-332
057-104
057-332
057-102
057-102



ALL COMPONENTS LISTED BELOW USED ON & CHANMEL LOGIC

ALL COMPOMENTS LISTED BELOW USED ON 6 CHANNEL LOGIC EXCEPT

R534 3.3K
RE35 1K
RE35 =K
R536 100K
R537 A3K
R538 1K
R538 K
R539 B.BK
R540 5.6k
R540 **5.6K
RS41 5.6K
RE542 5.6K
EXCEPT AS NOTED.
RE43 100K
RE44 33K
RG545 1K
R545 K
R546 100K
R547 33K
R548 1K
R548 1K
R549 B.BK
R550 B.BK
RE51 3,4, &6ch 33K
Series ‘71 only
CAPACITORS
Ccs18 05uF
CE19 005uF
C520 22uF
C521 to C524 .005uF
AS MOTED.
€525 and C526 J005uF

C527 Series 71 only 33uF

Hw
Tow
1/8w
Yawy
Ywy
Hw
1/8w
Yw
w
1/8w
law
Maw

Yw
Yaw
Yw
1/8w
taw
AT

1/8w
Taw
Yaw
Yew

10V
100V
25V
100V

100v
W

10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%

10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%

Dise Ceramic +80 - 20%

Dise Ceramic
Tantalum

Disc Ceramic

Disc Ceramic
Tantalum

20%

057-332
057-102
053-102
057-104
057-332
057-102
053102
057-562
057-562
053-562
057-662
057-562

057-104
057-332
057-102
053-102
057-104
057-332
057-102

053-102
057-562
057-562
057-332

113-018
113-015
116-001
113015

113-015
116-005
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DEB09 to DS10

DABOS or 1N4148

ELECTRONIC ASSEMBLIES

R9A

R-9A

RESISTORS — All values in ohms (K=1,000)

Receiver Front End
Receiver Front End
Receiver Front End
Receiver Front End
Receiver Front End

Dual Frequency
Dual Frequency

Diode

27MH:z
B3MHz
T2MHz
2TMHz
T2MHz

Dual Frequency Assembly with Switch Less Crystals

PARTS LIST — LOGIC BOARDS
L7, 14, 15, 16, 17, 164 and 17A

* * Denotes 1/Bw Resistors

R518
R518
R519
R519
R520
R521
R521
RE522
REZ22
REZ3
RB23
R524
R524
R526
R527
R528
R529
R530
R531
R532
R533

100K
** 100K
2.2K
22K
47K
1.5K
**1.5K
4.7K
47K
15K
16K
47K
a7k
47K
4.7k
1K
3.3K

3.3K
1K
1K

Yaw

1/8w
Yw
1/8w
Taw
Taw

Taw

Taw

10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%

100-101

300-108
300-107
300-108
300-175
300-176

300157

057-104
053-104
057-222
053-222
057472
057-152
053-152
067-472
053-472
057-153
063153
057-472
053-472
067-472
057-472
057-102
“057-332
057-104
057-332
057-102
057-102



ALL COMPONENTS LISTED BELOW USED ON & CHANMEL LOGIC

ALL COMPOMENTS LISTED BELOW USED ON 6 CHANNEL LOGIC EXCEPT

R534 3.3K
RE35 1K
RE35 =K
R536 100K
R537 A3K
R538 1K
R538 K
R539 B.BK
R540 5.6k
R540 **5.6K
RS41 5.6K
RE542 5.6K
EXCEPT AS NOTED.
RE43 100K
RE44 33K
RG545 1K
R545 K
R546 100K
R547 33K
R548 1K
R548 1K
R549 B.BK
R550 B.BK
RE51 3,4, &6ch 33K
Series ‘71 only
CAPACITORS
Ccs18 05uF
CE19 005uF
C520 22uF
C521 to C524 .005uF
AS MOTED.
€525 and C526 J005uF

C527 Series 71 only 33uF

Hw
Tow
1/8w
Yawy
Ywy
Hw
1/8w
Yw
w
1/8w
law
Maw

Yw
Yaw
Yw
1/8w
taw
AT

1/8w
Taw
Yaw
Yew

10V
100V
25V
100V

100v
W

10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%

10%
10%
10%
10%
10%
10%
10%
10%
10%
10%
10%

Dise Ceramic +80 - 20%

Dise Ceramic
Tantalum

Disc Ceramic

Disc Ceramic
Tantalum

20%

057-332
057-102
053-102
057-104
057-332
057-102
053102
057-562
057-562
053-562
057-662
057-562

057-104
057-332
057-102
053-102
057-104
057-332
057-102

053-102
057-562
057-562
057-332

113-018
113-015
116-001
113015

113-015
116-005
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TRANSISTORS AND DIODES

MNPMN
PNP
NPM
PMP
NPN
PMP
NPN
PNP
MPMN
PNP
NPN
PMP

NPN
PMP
NPN
PNP
MPN

Q506 2N3302

Qso7 2N4122 or 52783

Q508 2MN3392

Q509 2N4122 or S2783

Q510 2N3392

asi11 2N4122 or 52783

as12 2N3392

Q513 2N4122 or 52783

Q514 2M3392

Q515 2N4122 or S2783

Q516 2N3392

as17 2M4122 or 52783
COMPOMNENTS LISTED BELOW
AS NOTED.

Q518 2M3392

as19 2N4122 or 52783

Q520 2N3392

Q521 2M4122 or 52783

0522 Series ‘71 only MPSGEE0

D503 to DE06 DA-BOS or TN4148

Transistor
Transistor
Transistor
Transistor
Transistor
Transistor
Transistor
Transistor
Transistor
Transistor
Transistor
Transistor
USED ON B CHANMEL LOGIC EXCEPT

Transistor
Transistor
Transistor
Transistor
Transistor
Diode Silicon

COMPONENTS LISTED BELOW USED ON 6 CHANNEL LOGIC EXCEPT

AS NOTED.
D&07 and D508 DA-805 or 1TN4148
PLUGS AND CONNECTORS

Diode Silicon

JE0 4 x 4 Block Plug
Jeo2 4 Pin Female Plug — Aileron
JB03 and J&04 4 Pin Female Plug — Auxiliary 6ch only

Complete 4ch Ax Harness
Complete Bch Ax Harness
The above harnesses are for 1968 and 1969 Gold Medal Series and PCS-4
JB0s Geh Block Plug Multicon
JBOE 4ch Block Plug Multicon

101-004
101-005
101-004
101-008
101-004
101-005
101-004
101-005
101-004
101-005
101-004
101-005

101-004
101-005
101-004
101-005
101-013
100-101

100-101

120-013
120011
120-011
200-015
200-016

120-022
120-021



ELECTRONIC SUB-ASSEMBLIES

L-7R/N 300-109 — Bch Decoder Gold Medal Series — Replaced by P/N
L-14 — 4ch Decoder Gold Medal Series
L-15 P/N 300-111 — 4ch Decoder 1968 - 1969 PCS-4 Replaced by P/N

L-16 P/N 300-141 = 4¢ch Decoder Series “70" with Plug Replaced by P/N
L-17 B/N 300-142 — Gch Decoder Series “70" with Plug Replaced by B/N

L-16A — 4ch Decoder Series 71" with Plug
L-17A — Gch Decoder Series 71" with Plug

Rx Case 4ch ‘68 and ‘69 Gold Medal w/lid

Rx Case Gch *68 and '69 Gold Medsl and PCS-4 w/lid

Rx Case 3ch and dch Series ‘70 and later and PCS-4 w/lid
Rx Case Gech Series *70 and later wlid

Rx Case Dual Frequency 4ch Series "71 and later

Rx Case Dual Frequency Gch Series ‘71 and later

Switch Harness — 4 Pin Flat Plugs, Gold Medal Series 1988-1969 and
PCS-4

Switch Harness — 4 Pin Multicon Plugs, with charge Receptacle —
Series ‘70 and later and PCS5-4

300-156
300-110
300-165
300-155
300-156
300-155
300-166

201-162
901-163
901-196
901-187
8901-203
g01-204

200-008

200-029
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KPS-9 SERVO
(Fig. 35 )

THEORY OF OPERATION

There are two versions of this amplifier in use at present. The two are guite similar. The major differ-
ence being in the reference generator, where two temperature compensating diodes were added on the 511

assembly, also in the electrical damping loop, the addition of a non-linear element. Other than these differ-
ences the circuit operation is identical.

The theory of operation is much the same as that of any serve amplifier of this configuration,

The reference generator (Q601, 602, and 603) is a one-shot multivibrator triggered from the leading
edge of the input pulse. Triggering is applied at the junction of RE07, RGOS, and RE10, through RE08. This
pulse is commutated through CE03 and C604 (feedback capacitor), to the base of Q601, The base imped-
ance at this point is extremely high. Do not attempt to monitor this signal unless the instrument impedance
is greater than 100 megohms shunted by less than 10pf.

The combination of Q601 and Q602 form a high gain stage to insure the voltage level at the base of
Q603 is below 0.5v during down time of the reference generator, The operation of Q603 is typical.

Diodes D601 and DE0Z are used for temperature compensation of the reference generator. They com-
pensate for the shift in base-emitter voltage in 6071 and 0602 with temperature, The output wave-form of
the reference generator (fig. 36 ) is applied to summing resistor RG12, with RE617 receiving the input pulse.
The two signals are thus added algebraically (fig. 37 ) and the resultant signal is applied to the bases of
pulse stretcher transistors 0804 and QB605. z

1 P W | 1 i 1
Fip. 36 Refarance Generator Output Fig. 37 Summing Junétion
- W=, Bw/Ditv, H=2ms/Div.} (W= _Bu/Dhiv. H=2ms/Diw.}

Fig. 37 Surmming Junction
(V= 5w/Div. H=2mzDiv.

"4:] Fold Quts at Left
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Any difference in pulse widths batween the reference generator and the input pulse appears as an error
signal at the junction of R611 and RE12. Depending on the polarity of the error signal, either Q604 or Q605
will be turned on. The voltage level at the common collectors is normally near supply center tap. Q604 con-
ducting will enable pulse stretching capacitor CB07 to charge toward negative supply voltage for the dura-
tion of the "on" time. Upon conclusion of Q604 turn on, CBO7 slowly discharges toward center tap volt-
age (fig. 38 ). The long time constant serves to smooth out the signal delivered to the motor,

When Q605 is turned on by a negative error signal, C607 is shunted out and discharges toward positive
supply for the duration of the error signal. The pulse is “stretched” as before, (fig. 39 ). The resultant col-
lector signal is applied to the bases of Q606 and QB07. Q604 turning on thus turns on 606 which then
turns on QBOR (fig. 40). The same is true for Q607 and Q609 when Q806 is turned on {fig. 41).

Fig. 38 0604 & QE05 Callestar Waveform
Positive Error
(W= .5v/Div, H=2rna/D¥iv.}

Flg. 40 Q606 & QE07 Driver Emitter
Positive Error
[W=.5v/Div. H=6rmz/Div.

Fig. 38 QB04 & Q606 Collector Wawetarm

MNegative Error
(W= _Bw/Div. H=2ms/Div.)

———

Fig. 41 Q606 & Q6807 Driver Emitter
Megative Error
[W=.5w/Div. H=5rms/Diw.}

Resistors RG617 and RE18 form a feedback network which acts to control servo dead band by applying

negative feedback to the driver transistor emitters.

Electrical damping is provided by R619, R620, R621, and RE10, CE10 and DE03.
RE19 and DE03 form & non-linear network to provide damping proportional to the servo direction.



NEUTRAL ADJUSTMENT

The only adjustment necessary on this servo is that for neutral position.

Two padder capacitors are provided on the rear of the variable capacitor with which to adjust the cap-
citance of C604 at neutral position,

To adjust these padders, it is necessary to have an accurate reference pulse such as supplied by a Kraft
Servo Neutral Standard,

The servo’s wheel output shaft should be aligned such that the sides of the sguare shaft are parallel
with the case sides when the servo is at newtral,

If work on the servo has necessitated removing the top section of the case, the capacitor gear should
first be sat to its neutral position before the linear output arms are set in position, With the capacitor gear
set as above and all other gears and the gear plate in place, set the output rack arms in place directly opposite
each other and In such a position that the output tabs are aligned as near center in the top case slots as pos-
sible. The notches on one end of each rack should point toward the capacitor gear.

The top case should now be attached and the serve plugged into the Neutral Standard. |f any change in
servo position is notad, proceed to adjust each of the padder capacitors until the rotary output is aligned as
mentioned above, This completes the adjustment of servo neutral,

SERVICING

Other than obvious transistor or other component failures, there is little trouble which is peculiar to
this type of sarvo,

The reference generator configuration is somewhat unique in that a relatively small timing capacitor iz
used necessitating the high impedance of the input base.

Feedback capacitor CB04, can give the same symptoms as any capacitor — i.e., open, shorted, or leak-
ing. A short will evidence itself by both sides of the capacitor showing the same signal, Open sections will
show up & a narrow output pulse from the reference generator, whose width changes with C604's shaft
position.

Transistor failures are evidenced by checking for proper voltage levels at the various elements,

Electronic failures beyond the reference generator are fairly obvious and should require no explanation.
A quick check with the oseilloscope will generally reveal the defective stage.

Operational troubles such as excessive chatter, hunting, drift, ete,, are generally mechanical rather than
electronic.

Capacitive feedback elements subjected to high vibration levels tend to lose shaft torque, This loss of
pressure affects electrical damping in the servo, The servo will bounce one or more times returning to neu-
tral position. In this case, the most expedient remedy is to lower the value of RE10, thereby increasing the
amount of damping signal to the reference generator,

Hunting or erratic response is most often the result of increased electrical motor noise. In motors with
high noise levels, the hunting may become more pronounced under vibration as the brushes tend to bounce.
Dead spots and loss of power are also symptomatic of poor motor operation.

Occasionally a servo will tend to “hang on™ or buzz in extreme travel positions. If trouble is encounter-
ed in this regard, check for correct values of RE17 and RE18.

Thermal runaway in the output transistors (Q608 and Q609) is evidenced by charred cases in these
transistors.

Where germainium output transistors are used for Q608 and QB08, 2N2430 and 2N2431 respectively,
base “tie-back”™ Resistors RG15 and RE16 must be 150 OHMS to eliminate the likelihood of transistor run-
away.

On newer versions of this amplifier, an epoxy packaged TO-18 style silicon transistor type 2MN4946 or
MPS-B560 has been installed. Where this transiztor is used for Q608, the base tie-back resistor, R615, should
be 820 OHMS. For Q609 an MP5-6562 may be used and RE16 should be 820 OHMS,

When doing any work on the printed circuit board, be sure the board is thoroughly cleaned and-dried.
The leakage paths caused by flux or other residue remaining on the board, especially in the area of the ref-
erence generator, can cause serious problems with drift and intermittent reference generator operation.

after cleaning and drying, spray the entire F. C. board with the aerosol spray listed in the “Materials
Mecessary” section and bake dry with a small heat gun,
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PARTS LIST — KPS-9 SERVO

5-11 PC ASSY

RESISTORS — All values in OHMS [K=1,000; M=1,000,000)
RE01 13M ew 6% 055-136
RE02 1K w 10% 057102
RE20 1K Yw 10% 057-102
RG21 1K Maw 10% 057102
RE&03 3.3K Yaw 10% 057-332
RE&04 22K Maw 10% 057-223
RB05 4. 7K Haw 10% 057-472
RB06 10 Yaw 10% 057-100
RE07 1.2K Haw 10% 057-122
RE08 8.2K Yaw 10% 057-822
RE09 2.2K Yaw 10% 057-222
RE10 6.8K Taw 10% 057-682
RE11 39K Yaw 10% 057-392
RE12 309K Yw 10% 057-392
RE13 47K Taw 10% 057-473
RE14 47K Yaw 10% 067-473
RE15 150" Yaw 10% 057-151

g20* Yaw 10% 057-821
RB16 150 Yaw 10% 057-151
RE17 100 Yaw 10% 057-101
RE18 68 Yaw 10% 057-680
RE19 560 Yaw 10% 067-5661
* See Text.
CAPACITORS
CB01 002uf Disc Ceramic 113013
Cca02 007 uf Disc Ceramic 11302
c603 27pt Disc Ceramic 113-007
C604 A-D 20-205pf Variable PVWC-2X 112-003
CG05 LO5uf Disc Ceramic 113018
CB06 05uf Dise Ceramic 113018

608" 05uf Disc Ceramic 113-018



609+ 05uf Disc Ceramic

Ca07 1.0uf/ 25w Tantalum
CB10 1.0uf/26v Tantalum
CE11 4. Tuf/Gv Tantalum

* Supplied with motor ass’y p/n 800-003

TRANSISTORS
Q601 Transistor 2M4250
Qe02 Transistor 2M4122 or 52783
Q603 Transistor 2N4122 or 52783
Q605 Transistor 2MN4122 or 2M4250
QB06 Transistor 2N4122 or 2M4250
QB4 Transistor 2N3392
Q607 Transistor 2M3392
QB08 Transistor 2M2430

2N4946 *

MPS 6560 *
Qs09 Transistor 2MN2431

MPS 6562
* See Text.
DIODES
DE01 Diode, Silicon  DA-BOS or 1TN4148
De02 Diode, Silicon  DA-805 or TN4148
D&03 Diode, Silicon  DA-805 or 1TN4148
MISCELLANEOUS
P&01 4pin Male plug or

Gpin Male plug

ME01 Motor — only

Motor ass'y with wires and CB0B and CE09

113018
116-002
116-002
116-004

101-010
101-005
101-005
101-005
101-005
101-004
101-004
101-002
101-007
101-013
101-003
101-012

100-101
100-101
100-001

120012
120-010
800-000
800-003



MECHAMICAL ASSEMBLY KPS9
{See exploded parts view — Fig. 42}

Key Mo,
8 Motor, KPS-9 & ohm 800-000
7 Case, Top 901-118
17 Case, Center 201-119
28 Case, Bottom 901-120
10 Rack Retainer 201121
= Case, Complete 801-122
13 Gear, Frist Intermediate 801-123
14 : Gear, Second Intermediate 901-124
12 Gear, Drive a01-126
1 Gear, Capacitor 001-126
- Gear Set a01-127
20 TR R N S R
- Output Rack Set 901-128
8 Right Qutput Rack 901-129
9 Laft Output Rack 901-130
3 Arm, Linear — Straight 801-131
4 Arm, Linear — Right Angle 901-132
] Arm, Rotary Output a01-133
G Wheat, Qutput a01-134
- Output Wheel & Arm Set 801-135
21 Capacitor, Variable 112-003
29 2-66 x 3/4" Flathead M.S. (pkg. of 20} 500-008
2 2.56 x 7/16" Flathead M.S. (pkg. of 20) 500-010
16 356x 1/8" Round Head M5, = - - - -
1 Mo. 2 x 3/18" 5.M.S. (pkg. of 20} &00-011
25 Mo, 2% 1/8" 5.M.S. (pkg. of 20) 500-008
15 1/4" 0.D. Grommet (pkg. of 20 500-003
19 1/16" x.420 Gear Pin 500-006
24 1.72 x 1/4” Round Head M.S. (pkg. of 20} 500-024
26 See Electronic Assembly 300121

27 See Connector Assembly 120-010



Fig. 42
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SERVO AMPLIFIER
KPS-9a, 10, 11, 11A and 12
{Parts in Parentheses Refer to KPS-10 Serval
{Schematic — Page 52 B)

THEORY OF OPERATION

Q1 10701} and Q2 {Q702) form the reference generator whose pulse width (Fig.44) is determined primarily
by R1{R701) and C3 (C703), and the voltage at the wiper of R16 (R714),

The reference generator is triggered by the leading edge of the input pulss through C5 (C70E).

The resultant generator signals and input signal are added by R6 {R705) and R (R706) (Figas). Depend-
in on the polarity of the error signal, either Q3 (Q703) or 04 (Q704) will be turned on. The voltage level at
the commaon collectors is normally near supply center tap, Q3 (Q703) conducting will enable pulse stretch-
ing capacitor CB (CT0B) to charge toward negative supply voltage for the duration of the “ON"™ time. Upon

conclusion of 03 [(Q703) turn on, CB (C708) slowly discharges toward center tap voltage (Fig#&§. The long
time constant serves to smooth out the signal deliversd to the motor.

Summing Junction
(W= 5 /Div. H=2ms/Div.) (V= 5w/Div. H=2ma/Diiv.]

Fig. 44 Reference Genarator Dhutput Fig. 45

Fig. 45 Summing Junction Fig. 46 03 (O703) & Q4 (Q704)
(V= .5/Div. H=2ms/Div.] Collector Waveform
Posiitive Error
(W= BwiDi. H=2mn%/Div.)
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When 04 (Q704) is turned on by negative error signal, CB (C708) is shunted out and discharges toward pos-
itive supply for the duration of the error signal, The pulsa is stretched as before, (Figd7). The resultant col-
lector signal is applied to the bases of Q5 (Q705) and Q6 (Q706), Q3 (Q703) turning on thus turns on Q5
(Q705), which then turns on Q7 (Q707) |Figd8). The same is true for Q6 (Q706) and QB (Q708) when 04
(0704} it turned on (Fig49). Resistors R13 (R712) and R12 (R711) form a feedback network which acts
to control servo dead band by applying negative feedback to drive transistor emitters.

Electrical damping is provided by R14 (R713} and is proportional to the servo direction.

Fig. 47 03 (Q703) & 04 (Q704) Fig 48 OS5 (Q70E) & OB (706}
Collector Waveform Driver Ernitter
Megative Error Positive Error
{v= G/ Div. H=2ms/Div.) (W= _Bu/Div. H=5ms{Div.]

Fig. 49 05 (Q705) & 06 (Q70E)
Drriver Emitter
Megative Error
(=B /D, H=5ms/Div.]

KPS-04
(Fig. 43)

in order to standardize production, the KPS-9A serve has been introduced. Utilizing the same basic
mechanical configuration as the KPS-9 Capacitive Feedback Servo, an adapter housing was added in the
game location as the capacitor, which in turn holds the feedback potentiometer and its wiper. The other
change in the mechanics is the final gear driving the potentiometer wiper shaft itself.

The amplifier is nearly identical to the KPS-10 servo, with the exception of the component layout and
an additional resistor [R2] in the base of transistor Q1. This additional resistor iz selected at the factory to
equalize travel variations which are more critical in this servo due to the presence of the linear output arms.



Meutral in this servo is et just as in the KPS-10 servo, and the same precautions should be taken with
the KPS-94 regarding the potentiometer element and wipar assembly.

The wiper assembly on both the KPS-10 and the KP5-94 has been altered during production on units
manufactured after March 1988 to include a “C" ring on the wiper shaft itself. The addition of this device
prevents crushing of the wiper fingers when the gear is pressed on the shaft. As a result of thiz change in
wipers, it will be necessary on repairs to this servo to ascertain whether the older or newer type wiper assem-
bly is present. Since the earlier compaonents are no longer available, any damage to either the wiper assembly
or the potentiometer gear will necessitate replacement of both thesa parts,

OLDER GEAR NEWER GEAR
This area changed

for “C" ring wiper

A further change has been made in the potentiometer housing itself which “keys"™ the housing to the
case center-section. An additional two holes are drilled in the center-section and the holes which used to
mount the housing become locating holes for two bosses on the housing, There is no change in gither the
wiper assembly or the potentiometer gear for the newer housing.

Servicing considerations on the remainder of the servo are similar to all other servos, Be especially care-
ful that both housing mounting screws are tight or neutral drift may result in operation.

SERVICING NOTE ON KPS-9A and KPS-10 SERVOS

Due to the recent addition of a silicon autput transistor to replace the 2N2431 Germanium type, an
increase in high frequency gain under open loop conditions has necessitated returning the pulse stretching
capacitor to battery center-tap rather than positive supply. Although the tantalum used here is reverse bias-
ed in one direction, the small amount of reverse voltage causes no noticeable leakage current to flow.

When servicing servos with the MPS-6534 transistor, note whether or not the modification has been
made and modify if necessary, When replacing a 2N2431 with the new MP5-6534, modify the pulse stretch-
ing hookup along with the base resistor for the MP5-6534,

On the KPS-94 servo, the simplest method of modification is to replace the capacitor with a new unit,
inserting one lead, with the body of the capacitor vertical, into the hole on the land the negative end went
to before, and routing the upper lead over to the top lead of the 27 ohm resistor which is also battery cen-
ter-tap, and soldering it thera.

The KPS-10 servo presents more of a problem, since it necessitates separating the two decks in order
ta modify the upper deck. The easiest method is to replace the feed through wire at the notched end of the
board with one lead of the pulse stretching capacitor, and laying the body of the capacitor parallel with the
board. The other lead is then sleeved with teflon and routed to the end of the 27 ohm resistor connected to
center-tap and soldered here. A diagram of this method is included.

48



49

-

mivileiz:

KPS-10 MODIFICATION

PARTS LIST — KP5-9A SERVO
RESISTORS — All values in ohms {K=1,000)

R1 62K How 5% 040-012
R2 Selected at factory — may be 2.2K to 22K Yw 10%
R3 33K How 10% 057-332
R4 1.BK Yaw 10% 057-182
RS 22K Yaw 10% 057-223
RE 39K Hw 10% 057-392
R7 3.9K Yow 10% 057-392
R8 B2K * Yaw 10% 057-823
RS B2ZK * Yaw 10% 057-B23
R10 820 Yaw 10% 057-821
R11 150 (820 Haw 10% QE7-181
(057-821)



R12 68 Yow 10%
R13 27 A 10%
R14 10K o 10%
R15 1.5K Yaw Ceramic Potentiometer
R16 100  Yw 10%

* Was 47K on units manufactured prior to March 1969

CAPACITORS

C1 1.0uf/256V Tantalum

c2 001uf Disc or Tubular Ceramic
C3 047ut/200V Mylar

c4 001uf Disc or Tubular Ceramic
c5 330uf Disc Ceramic

C6 J05uf/10Vv Disc Ceramic

i LO5uf/ 10V Disc Ceramic

ce 1.0uf/ 15V Tantalum

c9 LOBuf/ 10V Disc Ceramic

C9 iz mounted on motor — all other components mounted on P, C. board.

TRANSISTORS
a1 2N4122
Q2 2N4122
Q3 2N3392
a4 2N4122
Qa5 2N4122
Q6 2N3392
Qa7 2N4946 iMay be replaced by MPS-6560 — P/N 101-013)
Q8 2N2431 { Germanium) or MPS 6662 — P/N 101-012}
MISCELLANEOQUS
P1 4 Pin Male Plug
6 Pin Male Plug
M1 B ohms motor with standard pinion

COMPLETE AMPLIFIER ASSEMBLY

057-680
057-270
057-103
106-012
057-101

116-002
113012
115-009
113012
113011
113018
113-018
116-002
113-018

101-005
101-005
101-004
101-005
101-005
101-004
101-007
101-003

120-012
120-010
B00-000

300-129
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MECHANICAL ASSEMBLY KPS-9A
(See exploded parts view — Fig. 50 )

Key Mo.
18 Motor, KP5-8A 10 ohm
T Case, Top
17 Case, Center
28 Case, Bottom
10 Rack Retainer
— - Case, Complete
13 Gear, First Intermediate
14 Gear, Second Intermediate
12 Gear, Drive
" Gear, Pot
= Gear Set
20 Pot Housing
- Output Rack Set
B Right Output Rack
8 Left Qutput Rack
3 Arrm, Linear — Straight
4 Arm, Linear — Right Angle
5 Arm, Rotary Qutput
[ Wheal, Output
—-—= Output Whesl & Arm Set
21 Pot Wiper 1/8" Shaft
22 Pot Element 1.5K
29 2-56 x 3/4" Flathead M.5. (pkg. of 20)
2 2-56 x 7/16" Flathead M.S. (pkg. of 20
16 1-72 x 3/16" Machine S. (pka. of 20)
1 MNo. 2 x 3/16" SM.5. (pkg. of 20)
25 No. 2 x 1/8" 5.M.5. (pka. of 20
16 1/4" 0.D. Grommet (pkg. of 20)
19 1/16" x .420 Gear Pin
23 Fiber Washer (pkg. of 20)
24 1-72 x 1/4"" Roundhead M.5. (pkg. of 20)
26 See Electronic Assembly (for Series 71 300-139)
27 - See Connector Assembly

800-008
201-118
901-119
801-120
201121
201122
901-123
901-124
901125
901-158
901-159
901-157
901-128
901-129
901-130
901-131
901-132
901-133
901-134
801-136
106-011
106-012
500-009
500-010
500-059
500-011
500-008
500-003
500-006
500-026
500-024
300129
123-010



KPS-9A

Fig. 50
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KPS-9A SERVO AMPLIFIER

R2  Selected at factory
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KPS-10  SERVO AMPLIFIER
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KPS-10
(Fig.51)

Setting of the KPS-10 servo is limited to plugging the serve into a neutral standard, loosening the two
srmall hold down screws at the rear of the pot element and rotating the element bady until the wheel is cen-
tered. Care should be taken when moving the element, as ceramic is brittle and may chip if too much pres-
sure is used. When the servo has been neutralized, re-tighten the hold down screws,

The KPS-10 amplifier, due to its compact package, should be handled carefully during any operation
where it is exposed.

Should it be necessary to repair the amplifier assembly itself, it is recommended that the fault be lo-
cated while the amplifier is still wired to the maotor and fesdback potentiometer, Once the area of difficulty
has been located, remove the amplifier from the servo case by unsoldering all five wires from the amplifier
to the motor and potentiometer.

With the amplifier now free, unsolder the five "feed-through’ connections using small braid type strap
soaked in flux and wicking the solder off the circuit land area. Straighten the feed through wires and gently
pull the decks apart. Repairs may now be made easily and the boards rejoined and installed in the servo case.

The main areas of possible trouble in the KPS-10 amplifier lie in the motor and feed-beck potentio-
meter. Motor failures evidence themselves as erratic control responss, lack of power, and dead spots. Poten-
tiometers used in this serva may exhibit poor wiper contact.

Complaints of wide dead band or drift in this servo are very often the result of poor mechanical fit in
the wiper assembly, either between the wiper shaft and the pot gear or between the shaft and the wiper in-
sulator disc. Complaints of this type may be observed by plugging the sarvo into the neutral standard or
servo tester and rotating the output wheel in one direction by hand and noting if the servo shifts neutral.
Wery often, the servo will not return to the same neutral each time it is moved from neutral, if the above
problem exists.

If there is excessive play between the shaft and the output gear, & thin coating of solder applied to the
brass shaft will generally clear up the problem.

Cases of the shaft rotating in the insulator disc are best solved by replacing the wiper assembly com-
pletely.

The same considerations concerning germanium ve, silicon output transistors (see KPS-8 servicing infor-
mation) applies to the KPS-10 amplifier. Where R709 is substituted for RB15 in the text and Q707 is sub-
stituted for QB08, R710 is substituted for AG16 and Q708 is substituted for OG08.

KPS-10 180° Servo
For 1807 servo throw, the following parts differ from those shown in the parts list:

R701 Selected value for proper travel and centering.

May range from 561K to 75K,
R713 33K 1/ 4w 10% 057-333
R714 BK Potentiometer Element 106-018
R715 1.8k 1/dw 10% 057-182

Special care is needed when adapting an existing servo to 1807 operation. Besides the parts changes shown
sbove, the stops on the top face of the potentiometer gear must be removed.

When selecting R701, use care to insure that the pot wiper falls very near center on the pot element itself
when the servo is at neutral. This makes certain the resistance from either end of the element to the wiper
is great enough in all pesitions to insure stable triggering of the reference generator,

<] Fig. 51 (fold out at left}
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SERVICING NOTE ON KPS-10 SERVOS

On KPS-04,-10 servos manufactured subsequent to February of 1988 | the i

o1 ikl | 3 potentiometer wiper has
been changed to mcll.gde a “C" ring locking device on the wiper shaft. This prevents damage to the potentio-
meter element and wiper fingers whean the drive gear is pushed on the wiper shaft.

As a result of this new wiper, slight modification was necessary on the middle case section as well as the
gear itself. The injection molding dies were changed accordingly, and &s a result, older style gears and case
middle sections are no longer being manufactured. Once the supply of older parts is gone, only the newer

type case, gear and wiper can be supplied. Therefore, repairs to any one of these three items will reguire
changing all three of these parts.

The part numbers of these newer style itéms will be the same as for the older style parts.

NOTES:

PARTS LIST — KPS-10 SERVO
RESISTORS — All values in OHMS (K=1,000)

R7ON 75K Tew 5% 040-010
R702 3.3K Tew 10% 057-332
R703 22K Taw 10% 057-223
R704 1.8K How 10% B——
R705 39K How 10% 057-392
R706 39K Yow 10% 057-392
R707 47K Yw 10% RS

o o 10% 057-823
R708 ATK Yoy 10% 0a7-473

B2k law 10% 057-823
RT09 150° Yow 10% 057-151

B20* Yaw 10% 057-821
R710 160* Yaw 10% 057-151

820 Yo 10% 067-821
RT11 68 Taw 10% 057-680



R712 27 Yow
R713 8.2K Yw
R714 1.5K Yaw
R715 100 Yow
* Sea Text.
**Patentiometer element.
CAPACITORS
c701 1.0mf 26w
c708 1.0mf 25w
c702 001mf 100w
C705 001mf 100v
c703 .047mf 200v
C705 330mf
C706 L05mf 10w
cyo7 L05mf 10w
c709 L05mf 10w
TRANSISTORS
avol 2N4122 or 52783
ayoz 2MN4122 or 52783
Q704 2N4122 or 52783
a7yos 2N4122 or 52783
Qro3 2N3392
Q706 2N4946 or 2N4970
Q707 2M4948 *
MPS 6560 *
2M2430
Q708 2N2431 ¢
MPS 6662 *
* Bee Text.

MISCELLANEOUS

PTN 4 pin Male Plug
& pin Male Plug
M701 6 ohm Motor with thin pinion

Complete Amplifier Assembly

10%
10%
10%**
10%

Tantalum
Tantalum
Tubular Ceramic
Tubular Ceramic
Mylar

Disc Ceramic
Disc Ceramic
Disc Ceramic

Disc Ceramic

057-270
057-822
106-012
057-101

116-002
116-002
114-003
114-003
115-009
113-011
113018
113-018
113.018

101-008
101-008
101-005
101-005
101-004
101-007
101-007

101-013
101-002

101-003
101-012

1200012
120:010
800-002
300-122
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MECHANICAL ASSEMBLY KP3-10
(See exploded parts view — Fig. 52 )

Key No.
18 Motor, KPS-10, KPS-11, KPS-11A 10 chm

4 Case, Top
13 Case, Center
20 Case, Bottom
- —= Casze, Complete
10 Gear, First Intermediate

8 Gear, Second Intermediate

Gear, Drive

& Gear, Pot
- Gear, Set

2 Output Wheel

3 Output Arm
——— Qutput Wheel & Arm Set
14 Pot Wiper 1/8" Shaft
16 Pot Element 1.5K

1 MNo. 2 x 1/4" S.M.S. (pkg. of 20)
21 2-56 x 1-1/4" Flathead M.5. Phillips (pkg. of 20)
17 1-72 x 1/4” Roundhead M.S. (pkg. of 20}
16 Fiber Washer (pkg. of 20)

1/16" x 420" Gear Pin

] 1/16" x .205" Gear Pin, Drilled
12 5/32" Grommets (pkg. of 20)
19 See Electronic Assembly (for Series 71 300-160)
" See Connector Assembly

56

800-006
900-136
901-137
901-138
901-139
901-140A
901-140B
801-141
901-142
801-143
801-160
901-144
901-145
106-011
106-012
500-007
500-012
500-024
500-024
500-006
500-021
500-002
300-122
123-002



Fig. 52
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LOWER DECK
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KPS-11A SERV
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KPS-11 and KPS-11A SERWOS
Fig. 63

These Series Seventy servos use the same basic amplifier configuration as the Gold Medal Series KPS-84
and KPS-10,

Referring to the (KPS-10 Servo Amplifier, or the KPS-94 servo Amplifier ) , the circuitry
is identical with the exception of the timing components in the reference generator. The 75K base resis-
tor to the first transistor is now approximately 16K and the .047uf coupling capacitor is now a . 22uf
tantalum P/N 116-009. Up to the output transistors, the circuitry is identical to the KPS-94 and KPS-10.

In 1970, a new silicon complementary pair MP5-6560 (NPN) and MPS-6562 (PNP) are used as output
transistors, These transistors offer superior gain and low saturation at no increase in cost.

The KPS-11 servo with linear outputs must have its reference generator base resistor trimmed as was the
case with the KPS-94, in order to optimize linear output travel. This resistor is factory selected in the
same manner as the KP5-9A.

Since the bottom case of the KPS-11(A) servo contains the mounting ears, crash damage usually resulting
in snapped ears can be repaired without tearing the gear train out, It will be necessary, however, to un-
solder the board wiring to the plug in order to remove the bottom of the case.

The mechanics of the KPS-11(A) servo are similar to earlier types, with the exception of the output racks
and pot wiper shaft, The output rack gears have take-off tabs molded as an integral part of the gear. This
has advantages over screw-on tabs such as those on the KPS-9, in that there is very little danger of an out-
put tab ever coming off in the air due to a forgotten screw,

The pot wiper shaft used on this servo and the KPS-12 is designed to permit centering the servo while it
is completely assembled. A molded wiper contact assembly holds one knurled end of the shaft, and the
output gear fits over the opposite end. The screwdriver slot in the gear end of the shaft may be turned to
center the servo while the servo is plugged into a neutral standard or receiver. It is not necessary, there-
fore, to rotate the pot element once it is installed in the mechanics, and wired to the amplifier,

If it is necessary to remove the PC board from the mounting posts during repair, be sure to note that the
insulating washer beneath one of the mounting screws is replaced during re-assembly. There are two sep-
arate PC lands near one hole which may be shorted if this washer is not replaced. Later versions of this
amplifier have a modified layout which does not require this washer.

It has come to our attention that some customers are using screws other than those supplied to attach
the output wheel to the wiper shaft. Please check to see if any damage has been caused by improper use
of screws on this shaft. If you note any damage, replace the shaft and inform the customer of the damage
caused by sheat metal screws to the wiper shaft. A 1.72 x 1/8" binder head screw is the only proper
screw to use on this servo,

During initial production, incorrect material was mistakenly used for several gear shots. In the field after
a period of time, the pot shaft began slipping inside the gear. We are now supplying a rotary output cap
with all KPS-11 servas to be attached when the linear outputs are used. By installing the cap and screw,
the pot shaft cannot slip inside the fourth gear, Service Stations and dealers have been sent a supply of
of these caps for the use of their customers. These caps are aveilable direct from the factory by order-
ing P/M 901-201.

In August 1970, the KP5-11 motor was changed to & 3 ohm type from its present 6 ohm motor, Ex-
perience with the KPS-12 has shown the 3 ohm motor to have longer average life as well as increased
torgue output, The 6 ohm version will still be available in limited quantity for replacements, however,
the 3 ohm type may directly replace the 6 ohm motor without modification and in most cases is prefer-
able to the latter type.
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RESISTORS — All values in ohms (K=1,000)

R1
R2
R3
R4
R5
RE
R7
RE
RS
R10
R11
R12
R13
Ri14

R15
R16

CAPACITORS
c1

PARTS LIST — KPS511, A SERVO

Ceramic Potentiometer

10% only

10K Yw 10%
Selected — Value ranges from 2.2 — B.2K
3.3K Yaw 10%
1.8K Yow 10%
22K Yaw 10%
39K Yow 10%
3.9K Yaw 10%
B2K Hw 10%
B2K ow 10%
1K Yaw 10%
1K Haw 10%
68 Yw 10%
27 w 10%
10K ew 10%

{may be 10K 1/8w 10%053-103 on earlier versions)
1.5K Yow
100 Yew 10%
1.0uf/285¢ Tantalum
007 uf Disc Ceramic
22uf/35v Tantalum
O01uf Disc Ceramic
L03uf Disc Ceramic
05uf Disc Ceramic
[05uf Disc Ceramic
1.0uf Tantalum
J05uf Disc Ceramic

057-103

057-332
057-182
057-223
057-392
057-392
057-823
057-823
057-102
057-102
057-680
057-270
057-103

106-012
0s57-101

116-002
113-012
116-009
113-012
113-014
113018
113018
116-002
113-018



TRANSISTORS

o1 2MN4122 101-005
Qz 2M4122 101-005
a3 2M3382 101-004
a4 2Na122 101-005
a5 2N4122 101-005
Q6 2M3392 107-004
Q7 MPS-6560 101-013
a8 MPS-6562 101-012
MISCELLANEOUS

P1 4 pin plug Multicon Socket Contacts w/wires 123-002
M1 Motor 6 ohm 800-002
M1= Motor 3 ohm BOO-005
Complete Amplifier sub-assembly 300-139

* was made available after September 18970

NOTES:



MECHANICAL ASSEMBLY KPS-11, -11A
(See exploded parts view — Fig. 54 )

Key No.
17 Motor, KPS-10, KPS-11, KPS-11A 10 ohm B00-006
] Case, Top KP5-11 201-161
Case, Top KP5-11A 901-162
16 Case, Center 801-183
25 Case, Bottom 801-164
- Caze, Complete KPS-11 801-189
- Case, Complete KPS-114 901-180
13 ; Gear, First Intermediate 901-165
10 Gear, Second Intermediate 901-166
12 Gear, Drive 901-167
] Gear, Pot. 801-168
i Gear Set 901-172
7 Right Rack Gear KF5-11 801-169
8 Left Rack Gear KPS-11 801-170
- Rack Gear Set KPS-11 80111
28 Output Shaft Cap KPS-11 901-201
2 Output Whee| 901173
Output Arm 8901-174
T Output Wheel & Arm Set 901-175
18 Pot Wiper Support Disc 901-176
1" Pot Shaft 500-033
29 Pot Wiper Contact 106-023
19 Pot Element 1.5K 106-012
15 Gear Pin .060" x 375" 500-028
14 Gear Pin 060" x 250" 500-030
24 0-B0 x 1/4 Machine Screw (pkg. of 20) 500-022
§ 2-56 x 3/16 Pan Head M. 5. (pkg. of 20) §00-037
26 2.56 x 7/32" Flat Head Phillips (pka. of 20) 500-031
27 1-72 x 1/4" Binding Head M.5. (pka. of 20) 500-039
1 1-72 x 1/8" Bindimg Head M.S. (pkg. of 20} 500-032
22 1/4 0.D. Grommets (pkg. of 20) 500-003
20 Fiber Washer (pkg. of 20} 500-025
21 See Electronic Assembly 300139

23 See Connector Assembly 123-002
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KPS-12 SERVO

Mew in Series Seventy, the KPS-12 servo is the smallest servo in the line. & miniature 3 ohm motor and
two-deck amplifier make this small size attainable,

The electronic package is very small and extreme caution must be exercised in handling it during repair.
If it is necessary to repair one of these amplifiers, carefully remowe the tape from around the package.
Since both foil sides of the boards are exposed, preliminary trouble-shooting can be performed with the
decks together. When the trouble has been isolated, simply spread the decks apart and replace the defec-
tive part. The two boards can then be folded back together and re-wrapped in the tape. When repairing
amplifiers, be sure to wateh component clearances, especially between decks, as well as lead dress on all
wiring.

The amplifier circuitry is quite similar to that used on the KPS5-11{A) except for a couple of values shown
in the parts list for the KPS-12.

The mechanics is relatively simple, employing the outside eentering capability explained in the text of
the KPS-11(A) servo.

PARTS LIST — KPS-12 SERVO
RESISTORS — All values in ohms (K=1,000}

R1 16K Hw 5% 06E-163
R2 not assigned
R3 33K aw 10% 057-332
R4 1.8K 1/8w 10% 053182
RS 22K Yw 10% 057-223
R& 39K 1/8w 10% 053-3892
R7 39K Yaw 10% 057-382
RE 47K Yw 10% 057-473
R9 47K 1/Bw 10% 053473
R10 1K Yw 10% 057-102
R11 1K Yw 10% 057-102
R12 33 Yow 10% 057-330
R13 27 Yaw 10% 057-270
R14 10K 1/Bw 10% 053-103
R15 1.6K Hew Ceramic Potentiometer 106-012
R16 100 Taw 10% 057-101
CAPACITORS
cl 1.0uf/ 25w Tantalum 116-002
c2 O01uf Ceramic Disc or Tubular 113021 or
114-003

<] Fig. 55 (fold out at left)
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c3
ca

C5

ce
c?
ca
co

TRANSISTORS

a1
Qz
Q3
Q4
Qs
aes

arz
Qs

22uf/35v
001uf

L0033uf

1.0uf/26v
1.0uf/26v
1.0uf/26v
J05uf

MISCELLANEQUS

P1
M1

Complete Amplifier sub-assembly

Tantalum 10% only
Ceramic Dise or Tubular

Ceramic Disc {or .005uf Disc)

Tantalum
Tantalum
Tantalum

Disc Ceramic

2M4122

2N4122

2MN4946

2N4122

2M4122

2ZNS0B8 (may be a 2N4946 in some cases)
MPS-6560

MPS-6562

4 pin plug — Multicon Socket Contacts wiwires

Motor, 3 ohm miniature

116-009
113021 or
114-003
113-002 or
113-016
116-002
116-002
116002
113018

101-005
101-005
101-007
101-005
101-005
101-014
101-013
101-012

123-002
800-004
300-140
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MECHANICAL ASSEMELY KPS-12
(See exploded parts view — Fig. 56 )

Key No.
20 Motor, KPS-12 12 ohm
5 Case, Top
13 Case, Center
21 Case_ Bottom
—-——— Case, Complete
12 Gear, First Intermediate
11 Gear, Second |ntermediate
10 Gear, Drive
8 Gear, Pot Output
S Gear, Set
4 Output Wheel
1 Output Arm Short — two holes
3 Qutput Arm Long
Qutput Arm Short — one hole
- Qutput Wheel & Arm Set
14 Pot Wiper Support Disc
9 Pot Shaft
16 Pot Wiper Contact
17 Pot Element 1.6k
15 Gear Pin 050" x 400"
1-72 % 1/8" Binding Head M.S. (pkg. of 20}
B 3/16" 0.D. Grommets |pkg. of 20)
18 See Electronic Assembly
19 See Connector Assembly

800-007
901-177
901-178
901179
8901-181
901-180
201-181
901-182
901-183
8901-187
901-184
901-185
801-186
801-198
801-188
801-192
500-034
106-023
106-012
500-081
500032
500-040
300-140
123-002
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MECHANICAL ASSEMELY KPS-12
(See exploded parts view — Fig. 56 )

Key No.
20 Motor, KPS-12 12 ohm
5 Case, Top
13 Case, Center
21 Case_ Bottom
—-——— Case, Complete
12 Gear, First Intermediate
11 Gear, Second |ntermediate
10 Gear, Drive
8 Gear, Pot Output
S Gear, Set
4 Output Wheel
1 Output Arm Short — two holes
3 Qutput Arm Long
Qutput Arm Short — one hole
- Qutput Wheel & Arm Set
14 Pot Wiper Support Disc
9 Pot Shaft
16 Pot Wiper Contact
17 Pot Element 1.6k
15 Gear Pin 050" x 400"
1-72 % 1/8" Binding Head M.S. (pkg. of 20}
B 3/16" 0.D. Grommets |pkg. of 20)
18 See Electronic Assembly
19 See Connector Assembly

800-007
901-177
901-178
901179
8901-181
901-180
201-181
901-182
901-183
8901-187
901-184
901-185
801-186
801-198
801-188
801-192
500-034
106-023
106-012
500-081
500032
500-040
300-140
123-002
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KB-4A BATTERY PACK

Item Mo, Per Assembly Part Number
Casa, Top and Bottm 1 901-195
Cell Stack 2.4V 500 MAH 2 130-004
Connector, Gold Medal Series and PCS-4 1 120-011
4 Pin Female Brunner
Wire - Red, White, Black 11" 990-019
Connector, Series ‘70 and "71 Wired 123-001
Tape, Cloth 12" 990-014

KB-48 BATTERY PACK

Case, Top and Bottom 1 901-150
Cell Stack 2.4V, 500 MAH 2 130-004
Connector, Gold Medal Series and PCS-4

4 Pin Female Brunner 1 120-011
Wire - Red, White, Black 17" 890-019
Connector, Series “70 and 71 wired 123-001
Tape, Cloth 12 290-014

KB-4C BATTERY PACK

Casze, Top and Bottom 1 201-151
Cell Stack 2.4V 225MAH 2 130-006
Connector, Gold Medal Series and PCS-4

4 Pin Female Brunner 1 120:011
Wire - Red, White, Black - 980-019
Connector, Series “70 and Later wired 123-001
Tape, Cloth 10" 890-014

THE KB-4A, B & C BATTERY PACKS HAVE BEEN DISCONTINUED AS REPLACEMENT PACKS,
BUT REPLACEMENT PARTS ARE AVAILABLE FROM THE FACTORY. WE HIGHLY RECOM-
MEMD THE USE OF THE KB-4E OR KB-4F PACK DUE TO ITS SUPERIOR QUALITIES. SEE
KB-4E AND KB-4F,

KB-4E BATTERY PACK

The KB-4E fast charge battery pack is designed to withstand extreme vibration, The cells will accept
charging rates to C/3 continuously without damage. The 550 MAH rating is at the 1C discharge rate, and in-
creases to 600 MAH at C/10 discharge rate. When charging these batteries using the KBC transformer dharg-
ar, Install a type 1815 lamp in the receiver side of the charger.

Due to the nature of the electrolyte used in this battery, shelf life is shorter with these cells than with
the standard pencell ni-cads. Initial charging of a KB-4E pack should be done at the C/3 rate to help activate
the electrolyte, This is generally done at the factory during manufacture of the packs. However, when buy-
ing replacement cells, it is necessary to initially charge the cells at the C/3 rate.

CELL FAILURE

Occasionally a cell will fail to take a charge even at the high rate. Since these cells are designed for
heavy-duty use, they can also withstand instantaneous high charge rates without damage. |n order to “clear”



a cell which has been reverse charged or will not accept a charge, a high current source is needed. Generally
a power supply capable of 3-6 AMPS at 1-12 volts is all that is necessary. A 12 volt transformer and half
wave rectifier will suffice. Current should be monitored during “clearing.” Apply the power supply voltage
across the cell and if the cell takes a charge at all, a decrease in current will be noted. Continue the clearing
operation for 10-15 seconds. Charge the cell at the normal C/3 rate for 6-8 hours. Check cell condition by
discharging into a known load.

KB-4E BATTERY PACK

PARTS LIST
Item Mo, Per Assemnbly Part Mo.
Case 1 801-211
Cell Stack, 2.4v/650 MAH 2 103-006
Connector, wired 1 123-0M
Tapae, Cloth g 200-014
Label 1 B00-050

KB-4F BATTERY PACK

A higher capacity version of the KB-4E, the KB-4F, provides a 1 ampere capacity. The same construe-
tion is used in these cells as is used in the KB-4E, and the charging instructions are the same as for the "E”
version, with the exception that all charging times should be doubled.

KB-4F BATTERY PACK

PARTS LIST
Item Mo, Per Assembly Part Mo,
Case 1 801-213
Call Pack, 4.8v/14_H. 1 130-008
Connector, wired 1 123001
Tape, Cloth 10 990-014
Label 1 600-050

KB-4D BATTERY PACK

The factory has received many sets for repair which were inoperative or erratic due to improper instal-
lation of batteries in the case or batteries other than those recommended In the instructions,

Customers with this type of trouble should be advised to pay particular attention to the instruction
manual regarding batteries. Contacts should be cleaned regularly with an eraser, and only premium batteries
such as Alkaline Energizers or Mallory Duracell batteries are to be used, Ordinary carbon-zine standard bat-
teries often have false bottoms which lose eontact under even the slightest vibration, These batteries are not
really capable of delivering the necessary power to operate the systemn reliably for any length of time as well.

The KP-2B receiver is designed to operate from either a dry-cell pack or rechargeable batteries, Since re-
ceiver sensitivity depends on supply voltage to a certain extent, units being converted to nickel-cadmium
batteries should be checked for sensitivity. Most receivers will lose only 3/4 to TuV sensitivity and will re-
quire no adjustrment.

PARTS LIST
KB-4D
MNo. Required
1 Casae, Battery — Alkaline Pencell a01-206
1 Battery Connector W/3 wires 123001
1 Rubber Grommet 5/32" (Pkg. of 20} &00-002

69



KB-4BC & 4CC BATTERY CHARGERS
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KB-4BC & -4CC BATTERY CHARGERS

These chargers employ the a-c impedance of a capacitor to provide a charge rate suitable to the battery be-
ing charged. Employing a full-wave bridge rectifier allows the use of smaller value capacitors than would be
required for half-wave rectification,

In practice, about 40 MA is available per microfarad of series capacitance. This yields sufficient current to
charge a 500 MAH nickel-cadmium battery of up to twelve cells series connected,

In order to properly charge the 225 MAH KB-AC battery pack, however, the charge current should be held
below 22 6 MA, By halving the series capacitance, a charge rate of 20 MA will be obtained, The closest stan-
dard value is .47uf which yields close to 19 MA.

Due to the fact that the a-c impedance of the capacitor is being utilized rather than its d_c. blocking charac-
teristics, it is necessary to employ a capacitor which is 8¢ RMS rated at more than 120 volts. Typically a
good mylar capacitor is capable of handling an a-c voltage 40 per cent of its rated d.c. working voltage. This
means the minimum d.c. rating should be 300 volts, The 400 volt capacitors used in these charges provide
a safety factor of 40 volts RMS to prevent damage due to abnormally high line valtage and transients. It is
clear from the foregoing discussion that the series capacitor used in these chargers should never be rated at
less than 300-400 volts d.c.

The only service necessary should perhaps be the replacement of a burnt out lamp. When installing new
bulbs, solder the tip connection as quickly as possible to prevent damage.

A word of caution when unplugging the charger fram the wall: If the plug is pulled at the right moment, the
capacitor can have a charge across it of well over 100 volts. To avoid the possibility of savere shock, always
discharge the prongs of the 117 volt plug against a metal plate with the battery pack connected, before ser-
vicing the charger.

PARTS LIST — KB-4BC & -4CC BATTERY CHARGERS

CAPACITOR
c1 1.0uf @ 400v Mylar {KB-4BC only) 115027
0.47uf @ 400v Mylar [KB-4CC only) 115025
DIODES
D1-D4a 200w P.R.V. @ 750 MA Silicon Rectifier 100-100
LAMP
11 GE No. 1820 28w {KB-4BC only) 4000032
GE No. 1819 28v {KB-4CC only) 400-002
PLUGS and CONMNECTORS
il 4  pin Female flat receptacle 120011
P1 117VAC Line cord — made from part of a TV cheater cord 200-000
CASE
Charger case with jewel and lid 801-154
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TRANSFORMER BATTERY CHARGER
Model KBC

In order to eliminate the danger of non-isolated battery chargers and provide a more flexible charoer. the
KBC Transformer Charger was introduced in 1971 models. ol

In addition to providing isolation from the 4. C. line, the transformer used allows operation from both 110
and 220 volt power and by changing the lamps in each side of the charger a number of charge rates are ob-
tainable, Separate leads are provided for both the transmitter and receiver battery packs and either or both
may be charged as desired,

COMm,

The illustration below shows the eonnections for 110 or 220 volt operation, and the location of both lamps
in the charging circuit.
RECEIVER

CHARGE RATE
BULE -

LIME :
CORD ;  TRANSMITTER
RGE RATE
MOWVE THIS Em
WIRE TO NEXT
TERMINAL FOR 220 V.
OFERATION

The lamp used in each half of the charger circuit determines the charge rate. Listed below are several charge
rates and the |amps necessary to provide them:

Battery (MAH) Charge Rate {mA) Tx (8.8,) Rx (4.8,)
450-560 45 mé, * 1820 * 1820
225.260 oamaA - wm=aa * 1819
450-660 (FC) * “* 150 mA (fast charge) * 1818 * 1816
225-250 (FC) * ** 75 mA (fast charge) amaas * 1488

*  |FC) indicates fast charge type batteries.
*#+ | amps required for 3-4 hr. charge rate batteries. Do not use with standard charge rate batteries.



PARTS LIST — KBC BATTERY CHARGER

Transformer
T MO/220VAC  50-B0Hz (Pri.)
24 VAC/300MA. (Sec.)
Diodes
o1, B2 200w/760MA  Silicone Diode
Casa Parts
Cherger Case
Red Lens
Decal
Mise.
Lamp Socket (2 reqd.)
Case Screws (4) 2-B6x 5/16”
XFMR Mounting Screws Mo, 4 x 1/2"
XFMR Mounting Nuts Mo, 4/40
Lamps
Mo. 1488
Mo, 1815
Mo. 1816
Mo. 1818
MNo. 1820
Cables
Lina Cord
Tx Charge Cord

Rx Battery Charge Cord

Part Mo.

103-033

100-100

901-205-
901-156

500-053
500-044
500-045

400-005
400-006
400-002

123-007
123-008
123-000
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KP-2BE TWO CHAMMEL TRANSMITTER
{Fig. 1)

The KP-2B two channel system while using much of the same type of circuitry of larger systems, has several
ditferences which require explanation. (See Fig. 1)

Q1 and Q2 with their associated components form a free-running multivibrator. R1 and RY are control pots
which each eontrol the length of one half-cycle of the multivibrator. R2 and C2 delay turn-on of one side
of the multivibrator to assure starting each time the power is applied.

C11 and C12 set the timing of the modulator pulses which identify each channel, 3 and Q4 form an “or”

gate which is alternately turned off, turning off Q5, far a length of time determined by the size of C11 and
©12 and their respective retumn resistors. Since C11 is three times the value of C12, the turn-off pulse it pro-
duces is roughly three times that of C12.

In an actual unit, the modulator pulses are about 250uS and 750uS for C12 and C11 respectively. The ab-
solute pulse width is not overly critical; a three-to-one ratio between the pulse widths however is critical.

Set-up of the transmitter is accomplished by eonnecting a scope to 01 collector and adjusting RY for 2 mil-
liseconds neutral, and B3 to give a travel of 1.5 to 2.5 milliseconds over total control stick throw without
trim. The other side of the multivibrator is set in the same way, by adjusting A1 and RS, The overall frame
timing depends upon the setting of the control sticks and may be between 3 milliseconds and 5 milliseconds.

The modulator differs from that found on other Kraft sets, since the timing is actually not directly con-
cerned with the output switching transistor, Q 5. Emitter modulation of either the R,F, Buffer or R.F. Final
amplifier transistor (depending on frequency) is used on these systems. R .F. tuning is the same &s that of
other sets. Refer to tuning procedures on pages 11,12 of the Kraft Service Manual. R.F. Sections 72MHz
(Fig. 2) 27MHz (Fig. 3.

Any servicing problems with the transmitter will generally be confined to transistor failures, Since the trans-
mitter is dry-battery powered, some difficulties may be experienced due to weak batteries.

When a unit is returned for servicing first check the batteries regardless of how new the customer claims
they are. Use only the type of battery specified in the instruction manual [Eveready Mo. 276 or equivalent),
The transmitter is not designed to work on any other type of battery and faulty operation may result if this
caution is overlooked.

PARTS LIST — ENCODER/MODULATOR
RESISTORS — All values in ohms (K=1,000)

R1 5K Tew W.W. Potentiometer 106-006
Rz 6.8K Yaw 10% 057-682
R3 50K Yaw Carbon Potentiometar 106-018
R4 100K w 10% 057-104
R5 50k Yowr Carbon Potentiometer 106-018
RE 100K Hw 10% 057-104
R7Y K Yow W.W. Potentiometer 106-006
RA ATK Yow 10% 057-473
R9 270 ohm Y 10% 0s7-2711
R10, R11 100K e 10% 057-104
R12 2.2K Yaw 1085 057-222
R13 270 ohm Yaw 10% 057-271
<] See Fold Out At Left
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CAPACITORS

c1 40uf 16w Alum, Electrolytic
c2 4 Tuf Bv Tantalum
C3-C5 001t 100w Disc Ceramic
CB 047uf 10% 200v Mylar
c7 047 - 10% 200v Mylar
C8-C10 00 uf 100w Disc Ceramic
cn Oluf 100w Mylar

c12 L0033uf 100w Mylar
C13-C16 007 uf 100w Disc Ceramic
c17 Auf 200w Mylar

ci8 001 uf 100w Disc Ceramic

TRANSISTORS AND DIODES

Q1-04 2M4122 PMP Transistor
Qs MPS-6560 MPMN Transistor
D1 DA-805 or IN4148 Silicon Diode

TRANSMITTER R.F. SECTION

2TMHz
RESISTORS — All values in ohms (K=1,000)
R1 47K - Yow 10%
R2 4.7K Yaw 10%
R3 150 ahm Yw 10%
R4 10 ahm Hw 10%
CAPACITORS
c18 05uf 10w Disc Ceramic
Cc20 Dluf S Disc Ceramic
c21 7-100pf Variable Trimmer No. 423
c22 001 uf 100w Disc Ceramic
c23 001 uf 100w Disc Ceramic
C24 7-100pf Variable Trimmer Mo, 423
C25 T-100pf Variable Trimmer MNo. 423
C26 .007uf 100w Disc Ceramic
c27 D5uf 10v Disc Ceramic

116-008
116-004
113012
115009
115-009
113012
115-001
115-000
113012
115-018
113012

101-005
101-013
100-101

057-472
057-472
057-151
057-100

113-018
113-016
112-002
113-0n2
113-012
112-002
112-002
113-012
113-018



TRANSISTORS
Q1-Q2

MISC
XTAL

colLs
L1/L2
L3

2MN23694 MNPN Transistor

Order by Crystal Frequency Desired

27MHz Osc. Coil
27MHz Pi Coil

TRANSMITTER R.F. SECTION

T2MHz
RESISTORS — All values in ohms { K=1,000)
R14 47K ew 10%
R15 3.3K Yewr 10%
R16 160 ohm Yw 10%
R17 18 ohm Taww 10%
R18 10 ahm Kw 10%
R19 270 ohm Yo 10%
CAPACITORS
c19 J05uf 10v Disc Ceramic
c20 Muf Sl Disc Ceramic
c21 7-100pf Variable Trimmer No. 423
c22 001 100w Disc Ceramic
c23 001 100w Disc Ceramic
c24 7-100pf Variable Trimmer No, 423
C25 7-100pf Variable Trimmer No. 423
C26 001uf 100v Disc Ceramic
c27 06uf 10w Disc Ceramic
ca28 27pf NPO Dise Ceramic
c29 1-12pf Variable Trimmer No. 420

101-006

103-026
103-003

057-472
057-332
087-181
057-180
057-100
0s7-271

113-018
113-016
112-002
113012
113012
112-002
112-002
113-012
113018
113-007
112001
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TRANSISTORS
Qg-08

MisC
XTAL

coILS
LL2
L3
L4-LE
RFC-1
RFC-2

22uf
2. uf

2N2369A NPN Transistor

Order by Frequency Desired

72MHz Oscillator Coil

T2MHz Pi-tank Coil

T2MHz Buffer Coil
RF Choke
RF Choke

ELECTRONIC SUB-ASSEMBLIES — Transmitter

27MHz
T2MHz

PC Assembly — Less Crystal
PC Assembly — Less Crystal

Dual Frequency Board with Switch-less Crystals

CASE PARTS

MECHANICAL PARTS — TRANSMITTER

Front and Rear Case Complete — single frequency
Front and Rear Case Complete — dual frequency
Battery Bracket (2 required)

MISCELLANEOUS PARTS

Slide Switch
Battery Clip

Antenna Post Assembly

Switch Guard wiscrews
Control Sticks — Assembled — |Includes Potentiomater

101-008

103-007
103-008
103-008
103022
103-025

300-146
300-148
300-158

904-084/085
904-08E
904-086

108-007
120-008
901-173
200-049
200-022
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KP-2B RECEIVER

The receiver, decoder, and servo amplifiers are contained in a single unit which is economical but compli-
cates servicing the unit somewhat.

The recelver front-end is located on the inside top of the case, The cireuit is very similar to the R-9A front
end used on ‘other systems. The major differences are in AGC, the absence of a diode clipper and decoupling
resistor, (See Fig. 4]

Receiver sensitivity is adjusted by means of the emitter resistors of O3 and Q4 (R8 & RY). Better AGC re-
sponse was necessary due to the fast information and lack of a sync period.

It should be noted that a different oscillator choke is used for single and dual frequency receivers. When
converting & unit to dual frequency, check the parts list at the end of this section and use the appropriate
choke.

All receiver boards are adaptable to dusl frequency by adding a switch and the necessary components. No
gxternal circuit board is required. Refer to component layouts for location of components.

The Kp-2B receiver is designed to operate from either a dry-cell pack or rechargeable batteries. Since re-
ceiver sensitivity depends on supply voltage to a certain extent, units being converted to nickel-cadmium
batteries should be checked for sensitivity. Most receivers will lose only 3/4 to TuV sensitivity and will re-
guire no adjustrment.

PARTS LIST — R-10 RECEIVER FRONT END

RESISTORS — All values in OHMS (K=1,000)

R1 27K Taw 10% 057-272
R2 10K Yaw 10% 057-103
R3 10K Yaw 10% 057-103
R4 47K Yaw 10% 057-472
RS 270 ohm Yaw 10% (72 MHz only) 057-271
470 ohm Yaw 10% (27 MHz only] 057-471
RE 1K aw 10% 0s7-102
R7 1K Yaw 10% 057-102
R& 270 ohm - 1K Yw 10% adjusted for sensitivity
RS 270 ohm A 108 0&7-271
R10 1BK Yaw 10¢% 057-183
R11 1K Yowr 10% 057-102
R12 47K Yawwr 10% 057-473
R13 10K Yawwr 10% 057-103
R14 1K e 10% 057-102
R1& 220K Yaw 10% 057-224
R16 4.7K Yaw 10% used on dual freq. only 057-472
R17 4. 7K Yaw 10% used on dual freg. only 057-472
<] 27 MHz 2 Channel Transmitter o\ o0oo0e

72 MHz 2 Channel Transmitter
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CAPACITORS
C1

c2

C3

c4

C5
Ca
c7

c10
c1n
C12
c13
c14
c18
Cl16
c17
c18
ci19

TRANSISTORS &

Q1-04
as

D1-D2
D3-D4

27pf

15pf

1pf

0.5pf
27pf

16pf
27pf

22pf
J05uf
O5uf
L05uf
05uf

22pf
05uff10V
33uf
O5uf/ 10V
O5uf/ 10V
4. Tuf/6v
J05uf/ 10V
1.0uf/35V
Osuf 10V
O0uf
001uf

DIODES
D16GE
2N3392

DA-805 or 1N4148
DA-805 or TN4148

Disc Ceramic (27 MHz)
Disc Ceramic (72 MHz)
Tubular Ceramic (27 MHz)
Tubular Ceramic (72 MHz)
Disc Ceramic (27 MHz)
Dise Ceramic (72 MHz)
Disc Ceramic (27 MHz)
Disc Ceramic (72 MHz)
Dise Ceramic

Disc Ceramic

Disc Ceramic

Disc Ceramic

Disc Ceramic

Disc Ceramic

Tantalum

Disc Ceramic

Disc Ceramic

Tantalum

Disc Ceramic

Tantalum

Disc Ceramic

Disc Ceramic — Used in dual freq. only
Disc Ceramic — Usad in dual freg. only

MPM Transistor

NPN Transistor

Silicon Diode

Silicon Diode (Dual Freg. only)

113-007
113-005
114-002
114-001
113-007
113-005
113-007
113-006
113-018
113-018
113-018
113018
113-006
113018
116-005
113018
113018
116-004
113-018
116-002
113-018
113-012
113-012

101-008
101-004
100-101
100-101



COILS & TRANSFORMERS

L1 27MHz Antenna Coil
72MHz Antenna Coil

L2 27MHz Mixer Coil
T2MHz Mixer Coil

RFC-1 Oscillator Choke — Single Frequency — 3 Turn tap

RFC-2 Oscillator Choke — Dual Frequency — 8 Turn tap

IFT-1 Input 1. F. Xfmr (yellow)

IFT-2 Intermediate 1. F. Xfmr (white)

IFT-3 Qutput |. F. Xfmr (black)

MISCELLANEOUS

Xtal Order by erystal Fraquancy desired

Switch Dual Frequency select switch

ELECTRONIC — SUB-ASSEMBLIES

27 MHz R-10 Front End — Less Xtal
72 MHz R-10 Front End — Less Xtal
27 MHZ R-10 Front End — Less Extals (Dual Frequency)
72 MHZ R-10 Front End — Less Extals (Dual Frequ=ncy)

103-018
103-020
103017
103-021
103-023
103-032
103-013
103-014
103-015

109-007

300-149
300-150
300173
300-174
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LOGIC — SERVO UNIT
(Fig. 5)

The servo amplifiers are very similar to those found in the KPS-94 through KPS-12. Component values have
simply been altered due to differences in pulse width and repetition rate.

Servicing of the receiver-servo unit should be mainly in replacing gears, motors, and other mechanical items.
The servo machanics are, except for the case, the same as the KP5-12 servo, (Fig. 6]

The factory has received many sets for repair which were inoperative or erratic due to improper installation
of batteries in the case or batteries other than those recommended in the instructions.

Customers with this type of trouble should be advised to pay particular attention to the instruction manual
regarding batteries. Contacts should be cleaned regularly with an eraser, and enly premium batteries such as
Alkaline Energizers or Mallory Duracell batteries are to be used. Ordinary carbon-zinc standard batteries
often have false bottoms which lose contact under even the slightest vibration. These batteries are not really
capable of delivering the necessary power to operate the systemn reliably for any length of time as well,

The decoder and serva amplifiers are located on the printed circuit board at the bottem of the unit.

The decoder section contains two amplifiers (O1 & Q2), a pulse-width detector Q3, and a flip-flop Q4 & Q5.

(03 detects the wide pulse and through D1 sets Q4 to sync the flip-flop to feed the proper channel to the
servo amplifier connected to its collector, The waveform present at the collector of 3 will show the longer
pulse extending downward and flattening out as 04 is set. Complaints associated with channels '"reversing”
should lead to an examination of 03's collector waveform to verify that the wider pulse is in fact resetting

the flip-flop.
\.| Proper Waveform

at Q3 Collector

If adefinite "bottoming” of the wide pulse is not apparent, check transmitted pulse width to see if the wider
pulse is close to 750u Seconds. If it is, alter the value of ARG (27K) downward to speed up the charging rate
of C1.

The KP-2B receiver incorporates a capacitive multiplier voltage filter located on the lower deck (06, C5, &
R13). This filter stahilizes the supply voltage and provides clean drop out below minimum signal levels, This
filter is not connected to the servo amplifiers, only the receiver and decoder. There is a slight lag in turn
on due to the effective capacitance of the filter { 3,000uf) but is of no inconvenience in most cases.

PARTS LIST — DECODER/SERVO AMPLIFIERS
RESISTORS — All values in OHMS {K=1,000)

R1 100K Yavw 10% 057-104
R2, R3 22K Yaw 10% 057-223
R4 47K Yew 10% 057-472
R5 22K Yow 10% 057-223
RE 27K Yew 10% 067-273
R 3.3K Haw 10% 057-332
R8 22K Taw 10% 057-223

<

Logic — Serve Amplifier (fold out at left)
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RO

R10

R11

R12

R13

R14, R30
R15, R31
R16, R32
R17, R33
R18, R34
R19, R35
R20, R36
R21, R37
R22, R38
R23, R39
R24, R40
R25, R41
R26, R42
R27, R43
R28, R44
R29, R45

CAPACITORS
c1

c2,C3

Cc5

8B, C15
C7,C16

CB, C17

cs, Cig

22K
100K
3.3K
10K
1.5K
100 ohm
91K
33K
22K
10K

820 ohm
10K
B.2K
B2K
82K
22K

1K

1K

68 chm
27 ohm

047uf
330pf
33uf
00
00
.056uf
.047uf
330pf

Yaw 10%
Yaw 10%
Yaw 10%
Yaw 10%
Yaw 10%
4w Carbon Potentiometer
v 10%
Yw 10%
w 10%
Yow 10%
Yaw 10%
Yawv 10%
aw 10%
Yaw 10%
Yaw 10%
Yw 10%
Yaw 10%
Yaw 10%
Yw 10%
AT 10%
Yw 10%
10% 200v
BV
100v
100v
10% 200
10% 200v

Mylar

Disc Ceramic
Tantalum

Disc Ceramic

Disc Ceramic

Mylar

Mylar (May be either)

Dise Ceramic

057-104
057-223
057-104
057-332
057-103
106-012
057-101
040-011
057-332
067-223
057-103
057-821
057-103
057-822
057-823
067-823
067-223
057-102
057-102
057-680
087-270

115-008
113-011
116-005
113012
113012
115-028
115-008
113.011



cig, C19 .05uf
C11,C20 [05uf
C12, C21 4. 7uf
C13, C22 O5uf
Cc14 05uf

TRANSISTORS & DIODES

a1
Q205

Q6

Q7, a8, Q9
Q1s, Q16, Q17
10, Q11

18, 019
Q13, 021

14, 022
D1-03

MISC

Wiring Harness with switch
Electronic Sub-Assembly
Battery Pack

10V Disc Ceramic

10v Disc Ceramic
BY Tantalum
10W Disc Ceramic
{Mounts on motor)

10v Disc Ceramic

2N3382 MPM Transistor

2N4122 PMP Transistor

2N5088 MPN Transistor

2N4122 PMNP Transistor

2N3382 MPM Transistor

MPS-6562 PMP Transistor

MPS-6560 MPMN Transistor

DA-805 or 1TN4148 Silicon Diode

{See Battery Pack Section)

113-018
113-018
116-004
113-018

113-018

101-004
101-005
101-014

101-005

101-004
101-012
101-013
100-101

123-008
300-161
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Key No.

[ % ] =y
Mwm abr\:m

MECHANICAL ASSEMBLY KP-2B

(See exploded parts view — Fig. 6)

Motor, KPS-12 12 ohm
Case, Top

Gear Plate

Case, Bottom

Case, Complete

Gear, First Intermediate

Gear, Second Intermediate
Gear, Drive

Gear, Pot

Gear, Set

Output Wheel

Qutput Arm Short — two holes
Output Arm Long

Qutput Arm Short — one hole
Output Wheel & Arm Set (one each)
Pat Wiper Support Disc

Pot Shaft

Pot Wiper Contact

Pot Element

Gear Pin 050" x .375"

1-72 x 1/8" Binding Head M. 5. (Pkg. of 20)
2-66 x 1/4" Pan Head Screws (Pkg. of 20)
No. 2 x 1/8 5. M. S. (Pkg. of 20)

1/4” 0.D. Grommets (Pka. of 20)

2.56 x 3/4" Flathead M. S, {Pkg, of 20)
Receiver Electronic Assembly

Logic/Servo Assembly

Switch Harness

800-007
901-208
901-209
801-210 -
901-207
801-180
801-181
801-182
801-183
g01-187
a01-184
801-185
801186
901-198
901-188
901-182
500-034
106-023
106-012

500-029
500-032
500-052
500-008
500-003
500-008
300-151
123-008



KP-2B
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2 CHANNEL LOGIC !
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3IC SERVO AMPLIFIER

& WHITE TO POT.

MOTOR
@
WHITE L
TO MOTOR '
i N 8Lk
M BRN. BLK. .
SWITCH GRN.& WHT,
HARNESS ]
WHT,
BRNA& WHT.
o
o,
(9, o)
BROWN
TO MOTOR




