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R.C.M. & E. Test
Report

EDITORIAL REVIEW & TEST

CITIZENSHIP APC
{ PROPORTIONAL SYSTEM

L

THE Citizenship APC system is a dual, independent,

simultaneous proportional control system with a non-
simultaneous trimmable throttle control. This means
that, for example, elevator and aileron may be operated
in true proportional manner but when throttle change is
required, the two main controls zero auwtomatically during
the time the throttle servo is moving to the required
position. Coupled aileron/rudder systems are possible
by wiring in a parallel rudder servo to the aileron circuit,
Here, a straightforward electrical connection to each
of the servo leads is all that is required. The manufac-
turers claim that the system is suitable for class 1, 2 and
Pylon racing. Class 1 operation is possible when using
the coupled aileron/rudder system (E.A.R_j,

The Citizenship outfit is all transistorised, the trans-
mitter known as the A.P.T. employs a silicon power
output transistor, The transmitter radiates a pulsed tone.
The tone frequency being 3750 c.p.s., bursts of this tone
are used as the control code; the rate being variable
between 20 and 60 cycles per second, this information
controls the elevator. Pulse width (symmetry) control
the rudder or aileron servos. The throtile operates on
pulse omission system, ie., a continuous tone gives high
motor, continuous carrier low motor,

The system is failsafe, in that should the pulsing
information or signal be lost, the decoding network in
the receiver “sees™ this condition as a “low motor”
command., Both other servos return to neutral under this
condition normally and the failsafe mode produces the
same result,

The reason for this system using a high frequency
audio tone upon which is impressed the pulse information,
i to reduce the chances of interference caused by other
signals and elecirical noise t in a model.

The receiver known as the A.P.R. is a superhet and
employs a selective tuned filter which has quite a narrow

F. mange.

The servos used for elevator and rudder are propor-
tional feedback analog devices and have a rack type linear
output. The throttle servo is of similar construction but
is progressive, control is effective on all servos by varyin
the reference voltage to, in the case of the Teedbac
servos == and — 63 volts and the throttle serve 4 and —
*75 to 3 volts,

Tx Physical Data

e
T in. high = 5§ in. wide = 2§ in, deep + 1 in. lever
projection,

Si

PROPORTIOMAL
TRANIMITTER

Aerial

174 in, retracted, 434 in. extended, Loading coil 16
in. from bottom end. Upper section is telescopic and
screws into loading coil unit. When this is removed the
total projection of the aerial is reduced to 8 in. for
convenience of transport.

Control Levers
Two separate plain dural rod levers are used, the right
hand lever moving sideways for aileron or rudder control,
the left hand one moving vertically for elevator control,
The levers move 4 in. each side of neutral. Adjacently
laced flat dural strip trim levers have a total throw of
s in, and are mechanically linked to the main control
pots 5o that the pot in question is rotated independently
of the control stick. The effect is to provide a change of
neutral position but not to extend the total throw of
the servo, Trim affords a variation of approximately
20 per cent of the normal control movement. A normal
lever switch is used for the motor control, this is the
centre biased off type normally emploved with reed
outfits, It is placed above the elevator control stick,

Construction

The case is 2 two piece folded aluminium box 16 gauge
material anodized red with white silk screened legend.
Rear of the case is retained with four PK screws which,
as supplied, had not been driven in to tap their threads in
the case material.

The case is fitted with four rubber feet and balances
well when held in operating attitude with the eentrol
sticks either under the thumbs or between thumbs and
forefingers. There is no waterproofing around the stick
apertures although, these being narrow slots, are perhaps
less likely 1o be “rain traps™,

The components are mounted on the front face of a
1/16 glass epoxy p.c. board located in the upy i of
the case, The aerial screws onto the hracket to the
front of the Tx. case and there is a further bracket below
the board to locate a VT9 or PP9 battery, The manu-
facturer states that a 430 milliamp hour, 9+6 volt DEAC
pack may be used as an alternative source of power,
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Test Figures

Currents

Carrier 38 mA

Solid tone 77 mA

Pulse 64 to 73 mA.
Modulation

Square wave 375 K.

employed.

Scope display showed increase of approximately 10
per cent in level when modulated.

Pulse frequency was checked at 20 c.p.s. min.—&0
¢.p.5. max. The symmetry was approximately 25/75 per
cent—75/25 per cent.

Stability

Voltage was reduced to 6v. with no apparent drift in
the complete system. At 5v. the elevator conttol was
affected and motor went to high.

Controls

All controls moved smoothly and elevator and aileron
sticks were biased to centre with scissors type springs.
The effort required to move the stick to full deflection was
T-5 azs, There was no apparent foat at neatral and the
trim levers, although friction locked, move freely, We
noticed however, that the leads connected to the control
pots were mof anchored. The pots only move a very
small amount on trim, but this is a point which might
be improved upon.

Receiver

The A.P.R. receiver is small by proportional standards
and should fit easily into rudder-only and intermediate
class models. It is a superhet employing three LF.
stapes and six transistors. Operating voltage is (hree
volts although the last stage of A.F. amplification
(transformer coupled) o tes on 4-3v. The LF.
employed i3 0-455 and the crystal although a plug-in
iype has a bonding wire soldered to its case. (The Tx.
on the other hand has an easily removable plug-in
crystal). The decoding network i= mounted on a separate
P.C. board in the other half of the two piece case, both
sets of components face inwards,

The decoding system fed from the tuned filter has rate,
symmetry and pulse omission detector sections and
operates on a centre tapped supply.

Collector modulation

Physical Data

Size

2—in, long * 1 11/16 in. wide < 13 in, deep.
Weight

3-27 ozs,
Harness

8 in, (6 colour coded wires terminating in an 8 § in,
flat plug visually polarised).
Construction

Two piece folded 18 s.w.g. aluminium red anodised
with white silk screened legend. Two circuit boards
employed with vertically placed components on 1/16 in.
glass epoxy p.c. boards. Aerial led out thfough separate
grommet in case, supplied 12 in. long, recommended
length 36 in.

Test Figures

Currents (Fx. and decoder)

32 mA min. 30 mA max. (depending on signal in-
fermation).
Sensitivity

Better than 3 microvolis,
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Stability

The Rx.'decoder operated successfully down to an
input of 3-7v. (total). The manufacturer states that dry
cells of up to 6v. total may be used as an alternative to
DEACs, The test was however, conducted with 4:Bv.
cenire tapped 500 DEKZ power supplies for Rx. and
SETVOE,

Servos

The AP.C. (proportional) and A P.M. servo (motor
control) are of similar construction. Unlike some other
makes of proportional servos the mounting system is by
means of blind nuts, which although supplied fitted to
the bottom of the case, can be transferred to the side.
Machine screws (supplied) are used to mount the servos
onto the fuselage =i or a servo mounting tray, The
output arm emerges off-centre to the servo, so if the
direction of movement is not as required, the servo has
o be re-positioned so that the pushrod attachment is in
correct alignment,

The A.P.C. servo has a 6 transistor feedback circuit
using a carbon track linear pot and has limit switches
operated by the same wiper connections.

_The A.F.M. servo has a simple 4 transistor switching
circunt.

Mechanically, the servos have similar gear boxes and
construction. Each uses a Mabuchi AM.170 motor.
A brass pinion on the armature shaft drives a nylon
spur gear which is mounted on a long shaft carrying a
nylon worm. The worm engages in a further spur gear
pinion combination, this pinion operates a short nylon
rack on a movable block which carries the feedback and
limit switch wipers, The output arm bolts onto this
block and iz guided by a cut-cut in the case. Two nylon

blocks are used to support the gear system,
although the final gear combination runs om a steel
post with brass bearing sleeve. The post is rivetted to the
bottom of the case.
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TX.

RI : 10K R1& : IIK Cl0 : 0056 uF
A2 : 203K RIT © 23K €Il : 05 gF
R : 4700 Rig : 47K C12 i 47 LF

R4 : 33D RI% @ 1K C13 : 90 pF

RS : 330 R1D : 4700 elecirolytic
Ré : 150D €1 : 160aF €14 : 4T uF
BT : 100K alectrolytic wlectrolyeic
RE : &BK C1 : 4700 CI5 : & gF
g% Sl T

Ril : 100 Cs : 00fuF VA2 : 15K 1 in.
RiT ¢ 1000 €6 : I pf

i, g e

RIS : 12K T C9 i 0 pt

Mo provision is made for shock absorbing on the
servos and it is concluded that modellers will adopt the
servo mounting tray method, fixing this item to the model
with rubber grommets as a means of shock absorbing.
The servo cases are grounded to the servo battery centre
tap. It s most important that the serve cases do not
touch the receiver case, as this is also grounded to its
own battery supply and could cause a short circuil.
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RX. CIRCUIT YALUES

R1 :1K R10 : 1508 CE : AT pF
R2 100K R11 : 10K C8 :10p!
R3 :‘I'[l"l R12 : 4TH CT .05 wF
Rd 100K R13 : 10K CB :5pif
RS :4.TK C1 :25uF C8 :.05 uF
R6 : &0 elactralylic Ci0 : 15 pd
RT 100K C2 :.05 uF Ci1 : A uF
R8 :300 C3 :15pl C12 : 2000 pl
R8 10060 Cd :.05 uF C13 : 4T uF

This particular point, although stressed in the manu-
facturers instructions might become overlooked, although
we feel it would be better to avoid this problem. For
example, il the equipment accidentally became displaced
in a model, the servo and receiver cases could come into
contact. We would thercfore advise that the receiver
case be thoroughly bound with insulating material. A
uh'nllar ution should be taken with the connecting

Eﬁls board made from glass epoxy p.c. matcrial
namm all the sockets and onfoff switches for the com-
plete harness. It is into this unit that the DEACs and all
sections of the sysiem plug. It is also important to note
that the plugs and sockets are only viswally polarised
whereas they could have been physically polarised by
transposing pins and sockets at one end of the plug/
socket units.

Physical Data
Size

2% in. long x I Q',I'I'E deep (+ # in. output lever pro-
Jection} = 1 im.

Mounting hnle t:enms in bottom 2 9/64 in. = 21/32
in. {width).

Mounting hole in side 2 9/64 in. »« 14 in. (high).

The output lever when at neutral is § in. from opposite
end to motor,

Servo moves in direction of motor end on positive
reference voltage and opposite end on negative reference
voltage corresponding to down/up right/left high/Tow,
elevator, radder and motor pns:l:lnns respectively.

Total clulpul. arm movement § in, linear (limit to limit).
Harness 8 in. long & colour coded wires terminating in

8 pin plug.
Test Figores
Currents

4+8Bv. centre tap DEAC used, readings taken in 2-4
half of supply.

LUnl 250 mA.

Stall 350 mA.

All servos stalled 95 mA.

Dutput power.

AP.C. maximum recommended loading 14 ozs.
(stall 20 ozs.). 1

APM. maximum recommended loading 19 oz,
(stall 28 ozs.)

Float of output arm 3 /64 in.

Each servo was in turn mounted on the servo analyser
and the completed system operated by the transmitter,
The servo was afranged to i ce one trace on the
recording tape and the transmatter control stick coupled
1o & second recording pen on the same strip. Measure-
ment was therefore possible to ascertain ution.

Maximum speed (with control stick released from full
throw position to neutral; 0-7 sees.)

Trim

Trim moved the centre position of the servo 21 per
cent. Mo further increase of was possible as for
maximum stick deflection in either direction the servo
reached the end of its limit track. There was little notice-
able free movement of control stick after this condition.

The servos moved smoothly under load, although when
unloaded a slight jerkyness was apparent, This would not
necessarily be the case when flight loads were imposed
on the model.

The throttle serve would move a small amount in
response to a Iquic:h: flick to the throttle key on the
transmitter, this proceedure also caused elevator and
rudder servos (o twitch in the direction of neutral if held
deflected at the time, The operation of throttle causes
the servos to move to their own meutral and not the
transmitter trlmmtd neutral, It is therefore |n1]:|qrtant
that the model is trimmed to Ay with all trims “newtral™
this is easily dune in a similar manner to reed models
which do not employ elevator trim servos,
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PROPORTIONAL
ACTUATOR ¢

MODEL NO.APC

Ci fizau;'gfziﬁ_ -
R

Resolution at newtral was tested by mechanically
amplifying the servo throw. The servo was operated and
returned o within 3 per cent of neutral, This, considering
the mechanical float is acceptable. It should be pointed
out that as the feedback pot wapers are mounted on the
output arm, mosl of this Moat i cancelled owut, this does
however mean that if the control surface is displaced
mechanically, a slightly higher battery consumption s
to be expected due o the fact that the servoe will be
correcling this exiernally induced crror.

Summary

The system operated nccurately on the test bed when
subjected 1o flight simulated conditions, interference
wis deliberately produced and i s misresting to note
that the system was not affected by a worn Mighty
Midget motor close to the aerial, or o wesk signals
from a reed transmitter on the same spot frequency,
Thee manufaciurer indicates that careful acrial positioning
is advisable for the best operation of this owtfit and
reconmmends that the receiver aerial b2 laken from the
fuselage side on the opposite side of the main hames
then to the tip of the tailplane, up over the top of the fin
and down to the opposite tip of the tailplane

Thie systerm tested is now to be installed in a model boat,
using Lhe elevator feedback servo 1o glve proportional
throdtle  in  addition to simulianeows  proportional
rudder, This is just another application of a dual simul
Feedback systemn and we hope 1o peport baler on its
performance under these conditions, High speed model
boats can be successfully operated with proportional
SRS,

Orther tests conducted on the complete system showed
that it opemted between 32°F. and 120°F, and that
although undamped mountings were used on the servos
the latter were nod affected (during the limited period of
the test it any rate) by vibration,

AP M. throdile servo operated al approximately the
same speed, accomplishing complete transit from high
to low modor im |15 secs

Geeneral Comments

The system is low priced and although the throdthe
controd §s not simultaneous and not proportional, the
receiver is & superhet and the whole system can be quite
light if the DEAC 225 packs or even a DEAC X258 and
4 U7 pen cells (Rx) are used. Pylon race enthusiasts will
apprecinte this point

The conmecting board suppleed does nod have an
additional socket although the lands are ready 10 receive
one for connecting & pamalled servo for operation with
C.ALR, systems,

The n'.anul'al.'lurl.'r_ aupplied dedails relating 1w the
feedback servos showing that the reference supply can be
part of a receiver power pack, but that the motor supply
of course requires to he of greater capacity as stated in
the test,

Mamufacturer

Citizen-Ship Radio Corporation, 810 East G4th Streer,
PO, Box 20007, Indinnapolis 20, Indiana, US4,
D¥istrihutor

Ripmax Lid., 20 Highgate Road, Kenish Town,
MWL S
Prices
£115 complete
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