PARTS LIST

P rOTaCh Quant. Ref No. Description Part No.

3 R1,8,26 470 ohm %W 10% resistor 000027
ASSEMBLY INSTRUCTIONS 4 R2,16,19,
25 10K 4W 10% resistor 000043
1 R3 240K W 5% .resistor 000209
3 R4,11.25 4.7K W 10% resistor 000039
Serni technical circuit description. 2 R6,13(test)220K LW 10% resistor 000059
) 7 R7,9,10,14,

Fig. 5 shows the circuit of a ProTach. Q1 is a photo- 15,18,20 47K W 10% resistor 000051
transistor whose output is a current proportional to the 1 R12 470K W 10% resistor 000063
light level. Phototransistors have a better frequency res- 2 R27,28 68K W 10% resistor 000053
ponse than the more conventional photocells, and the built 6 R17,31,32,
in lens eliminates the need for a -sgparate bulky lens or 33,34,35 150K 1/8W 1% metal film resistor
shielding tube. . Type RN55,1503. Or equiv.

R1, R2, and D1 form a signal compressor which provides . (brn,grn,blk.org,brn) 006024
an output voltase approximately proportional to the percent 3 R22,24,29 10K 1/8W 1% metal film resistor
change in ambient light due to the rotating prop. This means Type RN55,1003. Or equiv.
that the output is not a function of the ambient light level, (brn,blk.blk,red,brn) 006022
allowing the tach to function over a very large range of 1 R30 40.2K  1/89 1% mstal film resistor
light levels, and making it less susceptible to reflections. Type RN55,4022. Or equiv.

Al, through A5 are integrated circuit operational amp- (yel,blk,red,red,brn) 006023
lifiers, Al, A2, R4, R6, R7, R8, R9, C1, C3, C4, and C5 form 2 R5,21 10K Multi-turn cermet pot
a bandpass amplifier. This multiplies the signal about 5000 Bourns 3006P or equiv. 006026
times while filtering out undesireable harmonics and other 1 Cl luf Tan%oscap. 1.0m 25V
unwanted signals such as background movement OT i 001134

A3, R10, R11, R12, R13, and C6 form a Schmitt trigger 1 €9 4.7uf  Tant. cap. 4.7m 6V 001141
which ‘squares up'" the signal from the prop. Hysteresis is 1 C10 15uf Tant. cap. 15uf 15V 001151
incorvorated to minimize reflection pickup. The outnut of A3 2 C2,7 100pf disc cap. 100pf 001200
is used to trigger a monostable multivibrator via R14, C7, 2 €3,5 1000pf disc cap. .00luf or 10n 001035
R15, and N2. 2 C4,6 .luf disc7gap. 100nZ 12V

Q3. Q4, Q5, R16, R17, R18, R19, R20, R21, and C8 form 105

a monostable multivibrator. Its output is a pulse that goes 1 cs .0068uf I
from ground to -V when the output of A3 switches posi
(decreasing light input). This pulse is a fix
determined by C8 and R17. The capacitor sele

the circuit over a wide t

cuit operates from a 02,3,4,5
- 22 2 006028
To"Ep.provide a | 1 YRl
al to engine RPM. 00602¢
A5 is a current subtractor that sup a cu 2 D1,2 000405
the meter equal to the current flowing th h R29 (prop 1 S1
tional to RPM) minus an offset current determined b 006030
Resistors R31 through R35 each subtract a current e S2
4X RPM when connected through the switch to -V. In the 0-5 006031
position, the current through the meter represents the RPM 1 i1
signal, In the 4-9 position, R31 subtracts 4K RPM. Each high- 006032

er scale places an equal resistor in parallel, subtracting 2 PC3-1.2 Printed circuit boards (pair) 006025
an additional 4X RP!M. The current through these resistors ~ommlete 006035
is determined by the regulated supply voltage, -V, which is 2 B =ctO
adjusted by potentiometer R5 to calibrate the meter offset.
D2, R26, R27, and R28 protect the meter from overloads. S3
reverses the current through the meter for calibration. S3
is actually implemented on the PC board by mounting the meter
through different holes. This allows the current through R31
to be read on the meter and the regulator adjusted for a
reading of 4K RPM.

With all the buttons out, R30 is placed in series with
R29 and this divides the current to the meter by five, pro-
viding the 0-25K RPM scale. When S2 is switched to the BATT
position (spring return), R3 is connected to +V and to the
input of AS5. The RPM and offset signals are disconnected.
R3 is chosen so that full scale on the meter occurs when the
battery is at 18 volts. A half scale reading represents
.about 12 volts and is the recommended replacement voltage.

VR1 is an integrated circuit voltage regulator which
supplies a constant voltage, controlled by R5, to all criti-
cal circuits. This also supplies the positive and negative
voltages necessary to power the operational amplifiers.

es 006033
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Note: S
The original construction article for the ProTach anpear- Sm

ed in the July '75 issue of RC Modeler magazine. We wish to

thank RCM for nermission to include essential vortions of

their article in our instructions. PAGE 1




Constru

tting to length. Strip 3/16"
i tin the ends.

Yellow
14 1/4"
1= 5"

+

ing.
TO BOARD 2
r-_"——*——___j
.
we
> o
coPPER GLAD- i %/4’
PC BOARD P — i
SIDE VIEW 172" 3/8"
FIG. 6 - = ) J & é -
ponent leads should be clipped so that they do not N \START
over the outer edges of the clad. Refer to Fig. o CABLE TWIST
erever possible, the lead should be bent to lay along t&e HERE
of the clad rather than he edge of the pad. Do : i =~
the component leads oV y short as this will ca 3 | E=§
solder joint. e BN
< | -
) Do not clip IC 1 . Clip after soldering. 2 1/8 &E
} U ST 1 hold the PC boards when solde =
—
) can be shrunk carefully with a § g:gLE TWIST
t gun does a better job. -
~ HERE
W =
liminary construction steps. £l A
5 . . in f 5/8"
he 36 holes in board #2 (smaller PC ¢
rminals of S1 (6 pushbutton switch) i !
= L Q 1
- s ) 1 | 1/8
2 he 4 holes on board #1 (larger PC boarc i 32’ g
for the meter, with a #17 drill. = |
3. Cut off the terminals of S1 as shown in Fig. 7 with 1 ve o
small dikes and file the rough edges smooth. 8
he &l
w > FIG. 9
5
ﬁ?;?iy// o [ |
N
TO BOARD |
FIGURE 7
(0 ) Enlarge the holes in board #1 for the .008% c2p. =nc

R5, R21 with a #63 drill.
11 parts neatly arranged before begi
~mbly for ease of construction.
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ALL (7) RESISTORS
ON THIS BOARD
ARE 1% TOLERANCE

ASSEMBLY OF BOARD 2

(PUSH BUTTOMS AT THIS END)

= W |
72pd T Pssemil 8_( Izstz21]l the twisted fomr wire cablie om board #2.
9.( ) ‘== the correct emd of the cable is imstalled
is the ssaller of the twe doamis. Befer to Fig. 1 on this B s
following steps. 10.( ) Emst=1l red lead at E. and black lead at D.
E 11.( ) Emst=zll vellow lead at G, and orange lead at F.
IEstall R29 (10K 1%), R30 (40.2K 1%}, aad R51 (150K 12.( ) Sliés 1I'I7 lomg piece of large heat shrink tubing
1%). : i as far as it will go and shrink.
2.( ) Install RSZ,RZS,R34, and R35 (all 150K 1*). 13_( ) ;shbutton switch S1 and solder all
2E % iﬁzzgﬁ ; i;g:: zi;cll;elizgdaztA]‘s Mzke sure all wires are clear of
5.( ) Install 4 1/4" yellow lead at H. ©7 2veid bumning the wire insula-
6.{ ) Install 3 1/2" red lead at C.
7.( ) Slide 1/2" long piece of large heat shrink tubing
over these wires as far as it w and shrink.
14.( ) Cip ome lead of 85 [red.yel.vel) to 5/16", slide
lomg o= inte T. amd short ead back into H. using
Assembly of S2. pl Sel T )
15.€ ) 'S 3 shrink tubing over leads
Refer to Fig. 2 for the following steps. 1 (
16.( ) iy ome= diack lead of cme battery commnector to 4"
and r=d Ilead to 2 3/€". Strip 1/4" off ends.
,Zli_;\ 17.( ) Cliip dlack Iead of the other battery comnector to
523 2 3/¢" amd the red lead to 5 1/4™. Strip 1/4" off
£28% . ends.
1 18.( ) Twist emds of short Black and short red leads toge-
ther == solder. Tim remaiming two leads.
/E =i 19. ( ) Slip battery commector leads through heat shrink
4L T tubizg om S1 leads from SI end.
€ A\g 20.( ) Solder yellow wire to G, orange wire to F, and red
L o wire from SI to B. Imsert black wire from S1 at E.
21.( ) Imsert lomg black battery lead at E. Sodler E.
&l 22.( ) Imsert red battery wire at A.
23.( ) Ciip protrudimg R5 lead to 3/4™, slip a 1/2" long
L_D - piece of small beat shrimk tubing over lead, and
insert at 1. Solder \.
ASSEMBLY OF 52 24.( ) Slide large heat shrink tubing so that it covers

FIGURE 2

exposed commected emds of battery connector wires,
and shrimk. PAGE 3



Preparation 0f Phototransistor Q1.
Refer to Fig. 3 for the following steps.

25.( ) Clip middle lead of Q1 (transistor with lens) as
close to case as possible.

26.( ) Bend 1/8" hook in the ends of the two remaining
leads of Q1.

27.( ) Bend hook in one end of 4" red lead, attach to Q1
lead closest to tab (emitter), bend hooks shut, and
solder.

28.( ) Bend hook in one end of 5° yellow lead, attach
to remaining Q1 lead (collector), bend hooks shut,
and solder.

-
o I =,

29.( ) Slip = 3/¢™ lamg piece of small heat shrink tubing

30.( )

over cach QI le=ad amd shrink, taking care not to
heat Q.

Slip 2 /2" lemg piece of large heat shrink tubing
over both leads as far as it will go, and shrink,
taking care mat to heat Q.

~[T=H) )

Assembly of board 1.
Refer to Fig. 4 for the following steps.

31.( ) Install R1 (yel,purp,bm}, D1 (IN4148), R2 (brn,blk,
org), and C1 (luf), checking oriemtation of D1 & Cl.

32.( ) Install R4 (yel,purp,red) amnd C3 (.001uf disc).

33.( ) InstallAl (741 integrated circuit).

34.( ) Install R6 (red,red,yel) and C& (.1 disc).

35.( ) Install C5 (.001 disc), C6 (.1 disc), and R9 (yel,
purp, org)-

36.( Install A2 (741 1.C.).

)
37.( ) InstallA3 (741 I.C.).
38.( ) Install R7 (yel,purp,org). RS (yel,purp,brn), and
R11 (yel,purp,red). .
39.( ) Install R10 (yel,purp,org). RI1Z (yel,purp,yel), and
R13 (red,red,yel).
40.( ) Install AS (741 1.C.).

L e e

)

Install RIS (Bem blk.org). R26 (yel,purp,brn), R27
(blue,gray org), amd RI& (yel,purp,org).

Install R28 (blwe.gray.org), C10 (15uf) and D2,
checkirg oriestatiem of C10 and D2.

Install VRI (725 I.C.)-

Iestzll R21 (adjustmest potenmtiometer), and R5 ( adj.
pot]-

Instail & (741 ILC.).

Install R23 (yel ,purp,red), R24 (10K 1%), and C2
(100pf disc)-

Install €9 (4.7uf), checking orientation and R22
(10K 1%).

| Imstz211 R20 (yel ,purp,org).

Imstall R19 (brn,blk.org), Q4 and Q5 (M400), and R17
(isex I%).

Imstall Q2 aad Q3 (M400), and R18 (yel,purp,org).
Iastall Ri5 (yel,purp.org), R16 (bmn,blk,org), and
c7 (100pf disc).

Install C8 ( .0068 tubular).

ASSEMBLY OF BOARD | -

YEL

R -
FROM ST " RED
BLK RED! 0o7

‘\ALTERN.\TE
N_ Cl

s
Q2.3,4.5 - M400 \ OF FOET- ADJUST
GAIN ADJUST

DI, 2 - IN4148
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Final wiring.
Refer to Fig. 4 and Photo A for the following steps

53.( ) Slip a 1/2'" long piece of small heat shrink tubings

over the leads from Q1.

Install red lead from Q1 to point C.

) Install yellow lead from Ql to point A.

56.( ) Slide heat shrink tubing as close to the board as it
will go and shrink.

57.( ) Slip a 1/2" long piece of large heat shrink tudbime

over S1 leads, (from board #2).

Install red lead from Sl to point E.

Install black lead to point D.

Install orange lead to point F.

Install yellow lead to point G.

w
I
—~—
-

[N

o
NN PN
(VAN L O N

as it will go and shrink.

63.( ) Clean all soldering resin from both PC boards with
a small brush and solvent.

Tachometer assembly.

Refer to the vhotos for help in the following steps.

64.( ) Remove buss wire from the meter terminals.
65.( ) Remove the solder lugs from the meter terminals ams

discard. 5
66.( ) 'ount meter (*11) with lockwashers and nuts provides
67.( ) !'ount S1 with two 4-40 x 3/8" long B.H. machi

internal tooth lock washers.

P —

PHOTO D
PAGE 5




Checkout.

73.( ) Turn RS with a small screwdriver counterclockwise
until hard to turm.

) Turn R21 clockwise until hard to turn.

) Turn S2 off, and set S1 to all buttons out (0-25K
RPM) . ,

) Install Bl and B2. Eveready #216 or equivalent.

) Turn tach on and point to am incandescent lamp. The
meter should read someshere around 5-10K RPM. De-
press S1 buttons umtil a scale is found that gives
an on-scale reading. Ocher higher scales should read
off-scale to the left, amd lower sca
to the right. You might get ==
two adjacent scales, but the read
different.

) Push S2 to battery check neositiom. Mets

74. (
75.4(

76. (
77 (

)

les off-scale
czle reading on
s should be

..H‘,

ding

78. ( r should in-

dl;a*e around full :cale if the Ea::e‘-es are fresh.
urn off tach.

h
"
[«
o
ot
g
=4

2s your eyeball.
oke 211 adjustmemts wi LI the tachometer om a level
surface, sighting vertically dowm o= the meter needle

80. (
81.(

82.(

87..(

88. (

Using

) Remoumt board 1 in calibrate position (meter holes
clsoest to edge of board).

) Turn om tach with S1 set for 0-5K RPM. Cover Q1 and
adjust meter screw for exactly zero RPM.

) Set S1 for #4 (4-9K) and adjust R5 for exactly a 4K
meter readimg with 91 ( phototransistor) covered.
%¥hat is meant here is to adjust R5 so that the needle
read. 8000. This is 40 microamps flowing through the

meter.

} Repeat zbove two steps and get everything tuned up
just right. :

) Turn off the tach and remount board 1 in the normal
positiom.

) Set S1 to O-5¥, turm tach on,
for zero RP! with 21 covered.

) Uncover Q1 amd zim at an incandescent light source

to obtaim 2 reading. Adjust R21 for a reading of

exactly 3600 RPMi.

Carefully redo the zbove two steps to make sure you

have it just right.

) That's it. Dom"t forget to turn off the tach Install

| cover with four #2 x 3/16'" self- tap screws.

and adjust meter screw

et

ositioming the tach is not critical but the best

signal can be foumd aroumd the outside of the prop path.

Don't

point the tach at the spinner. Don't forget that three

bladed oToD readings need to be rmultinlied by two-thirds.

the tach in the prop or drop it on the runway.
will give you many years of use from your

|
RZ3 R2S. :
re2 |
Roa | l
== I

co T
|
_ |
N [
|

BOARD 1
_l

R29o (0-25% 2PM SCALE)

R31 R32 2R33 3IR34 2IR35
L M .

S St S W) Sl 1

B U 1

.

—
—_—
ON AI-AS5, PIN 4 CONNECTED TO 3—1

—V AND PIN 7 TO +V

g 0-5 4-3 813 12417 16-21 20-25
LBOARDZ #4)  +8) ®12) (#16) (+20) ]
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Pro Tach Alignment Procedure

The alignment of the Pro Tach will be accompli

by following the guide shown in Fig.10 This gui
flow chart. Start at the top of the chart and £
through. The flow chart has been structured so
trouble is experienced with the Pro Tach, the pr
be located and corrected. Fig. 11 shows how to
shoot the power supply. Fig. 12 describesa proce

locating problems in the circuitry associated with A5. A
method for trouble shooting the amplifier and one shot
circuitry is shown in Fig. 13 . Finally, Fig. 14 describes
other problems and their solutioms.

A 0-20V voltmeter, a 9V battery and a 220k ohm resis-
e are needed to trouble shoot the Pro Tach. The 220k ohm
le stor has been supplied in the kit.
T gnment Guide
|
ESFTa—
v

lPower supply

trouble
shooting .

Refer to

1g. 1

i
| Fig

.. .d

J‘ €+ —

Refer to Fig. 5 and i with AS
check G wire, H wire, and | talled
all wiring to S2. Be | i are

; |
sure R3 is correct valuelj

Y

Calibration
instruction
steps.

Refer to
steps 80-88.

B
J Does meter
el indicate Yos met :‘ Ves
Battery > o near full £ ‘
indication? scale on | > L = etc ————
battery ! nshed
test?
No Suspect £ No '
be sure
ponents 523

\

Calibration

No

0K ?

Yes

PAGE 7



Power Supply Trouble Shooting FIG. 11

Power OuUT
supply pP—————8

Trace back thru ’
wire E to de-
termine if power
is on board 2 .

s s 00T s Az power on | |
SOLZET IoimTs board 2 ? ' |
: = No
\ Check voltage on |
wire C at s h { = VR1 is bad.
SZ. i Replace.
J——
| Defective Na R5 is probablvy

i Voltage

—@— switch. - at S27 set incorrectly.

| Repnlace. Set R5 in full

\ + Yes ccY direction. A
F Check wire C.it ‘ Y

| may be open, or poor| Is voltage Ves
g solder joints at between 6V §
both ends. ; 7V at pin 2
of VR1 ?

? No

Possible problems:
VR1 bad.

i = ... .} Solder bridge.
+ Determine | _<@— Bad connection
problem. in components
associated

with VR1.

PAGE 8




A5 Trouble Shooting FIG. 12

Note:

When using this chart ( Figs.
out one set of steps and corrected the problem, you w
arrive at a double asterisk diamond, which asks the gues-
tion shown below.

If no more problems are encountered you may proceed to
”Out”.
the chart until the tach operates properly.

No
Yes

Does tach pass check
out instruction steps?
Refer to steps 73-79.

Jert
-]

Problem in AS
or circuitry
preceeding AS.

No

If other problems are encountered, proceed through

Check
> following.
Yes
|
Y
) Pin 7 should
A be near 18V.
Look for bad wiring, ?
bad components .
D2 in backward. No | Are all of the
L—— Check to see if |~§—— above conditions
calibrate holes met?
on board have ‘,_
been drilled out. + e
Cannot find
a probl
to this T

No

Continued next column.

=

wi

Locate
problem

& correct it.

{

A5 is bad
or Ml is bad.

!

Measure voltage at
output of A5, pin 6.
It should increase
as 220K ohm resistor
is connected between
-V and pin 2 of AS5.

No

A5 is bad
or there

are solder
bridges, bad
connections.

'

Does voltage

<@ increase ?

Y Yes

Take board out &
check M1. Supply
a current to the
meter. Use a 9V
battery in series
with a 220k ohm
res1stor .

See Figure

at left.

ally G wire

or H wire or incorrectly

wired switch.

|

Locate problem
and correct it.

Y

Out

PAGE 9



NO t
Yes
. Correct | —-
problem. % '
| s
|
| ;?’ ctioms —_— - ‘_‘
i o mld be
1 xappraxt 6-7%
Yes ?r

The outputs of Al,
2 & 4 - which is
pin 6, ( with
photo transistor
covered), should
=% also be appr
! the same vol
as that at pim

o

of VRI.

;" Do the input
- . | No output volt

e s o
on Al1,2,3 & 4
check OK?

i

Check output of AS
pin 6. 1%

&= at approx. OV(-v) or

18V (+V) with ph
transistor co\

OV or 18V?

Is output of A3 near

Continued next column | Loy

Does each op amp
function properly?

% Yes

Connect a 220k ohm
resistor between

-V & minus terminal
of op amp (pin 2).
Qutput of corre-
sponding op amp
uld go to a
tage greater

1
than 6V.

properly?

Q! Yes

Trace signal
thru front

end .

Connect voltmete

| Correct

to output of Al. i

=T

1

*'Yes

Connect voltmeter

| Possible problems:

A2 is bad. A com-
ponent associated
with A2 is installed
wrong or is bad.

¢ Solder bridge.

! Poor solder joint.

g output voltage

Continued on Page

to output of A2.

Cover and uncover
phototransistor
while aiming it at
a light source.

No Is a change in

observed?

Yes

PAGE 10




Wl

L

Amplifier and One Shot Trouble Shooting Fig.

i

i

|
|

|

Continued from Page
i
% No Place voltmeter
Lo at output of A4
No X
-
Yes Is there a change
With Possible nroblenms- in output at A4
q§#<3i phototransistor A4 maybe bad. No | when photo-
covered,voltage i g_ Components transistor is
at collector of No | Is there a cl associated - overed and
Q2 should be <% in output with A4 maybe uncovered?
approx. 6V. at the col £ bad or installed =
Voltage at col- Q5 when phot incorrectly. s
Y LEctar BF Q4 transistor Loggte Solder bridge
A - 3 problem. o=
should be approx. cove?eg 33“ LB 56lder Trace signal
0 v. uncoyered? joints.R21 v hoard 2.
maybe turned
? Yes all the way
Possible nroblems: ? CCW. It
Loa Transistors Q2,Q3, should be —
ocate @ Q4,05 could be turned CW. Check R29 & R30 ‘
problem. SEBEetiE &F Lo for bad solder |
stalled back- joints or brLugLa.i
wards. Bad solder Be sure wires I
connection, solder R F & B are not
bridge. open or poorly
soldered.
? Continued next column ? P %

Amplifier & one 5 circui
shot circuitry. Thz 1
This consists of

A1,A2,A3, & A4,
Also Q1,Q2,Q3,
Q4, & Q5.

[¥2]

[R]

o
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Other Possible Problems

Fig. 14

r 5>

Locate
problem.

(op]

L

AL, IE
stops, repla
not, then short pins
2 & 3 of AZ to see

if jittering StOPS.
Proceed through op
amp stages to find
out which one stops
the jittering. Revolace
appropriate on amp.

—-

I d components
or wrong component
value in circuit.
Check to be sure all
v parts are correctly

placed & are correct
values.

Go to amplifier
& one shot
trouble shooting.

Refer to Fig. 13.

Check to be sure
that the resistors

correct values.

on board 2 are the [

{

Does tach o
higher RPM
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