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ASSEATB I.Y I NSIRUCT ION 5

Seni technical circuit description.

Fig. 5 shows the circuit of a ProTach. Q1 is a photo-
transistor whose outDut is a current nroportional to the
light level. Dhototransistors have a better frequency res-
ponse than the oore conventional photocells, and the built. in lens elininates the need for a qgparate bulky lens or
shielding tube.

Rl, R2, and, Dl forn a signal conoressor ruhich provides
an outDut voltage anoroxirnately proDortional to the Dercent
change in anbient light due to the rotating proo. This neans
that the output is not a {unction of the anbient light level,
allowing the tach to function over a very large range of
light levels, and naking it less susceptitrle to reflections.

A1, through A5 are integrated clrcuit ooerational ar4r-
lifiers, A1, A2, R4, R6, R7, R8, R9, C1, C3, C4, and C5 forr
a bandpass anplifier. This multiplies the signal about 5000
tines while filtering out undesireable harraonics and other
unwanted signals such as background novement

A3, R10, R11, R12, R13, and C6 forrn a Schmitt trigger
whi.ch 'squares up" the signal from the DroD. Hysteresis is
incorDorated to ninirnize reflection pickup. The outout of A5
is used to trigger a monostable multivibrator via R14, C7,
R.15, and Q2 .

Q3. Q4, Q5, R16, R17, R18, R19, R20, R21, and C8 forn
a nonostable nultivibrator. Its outDut is a prrlse that goes
fron ground to -V when the outout of A3 switches positive
(decreasing light innut). This pulse is a fixed h'idth [tiue)
deternined by C8 and Rl7. The capacitor selected cory€nsates
the circuit over a wide teqDerature ra;ge, ald the r-!:ole cir---glit opeiaies from a reE-"rlated ro1!a-Ee. eii-e ::r€ ilrtoJt
imur€ :: 3s-Lter.y l-oltage ;lasees- 12! is a '.!t!t'rr!: ?crten+
tiG:=: :;;: :: ::::::.:.:: ::: -=.::-

l-1. --, iJ, a:f, d Gt irci: ::= s:nui ed filter
orsr-i& . lEsitiE qrt-Dut roltree r&i;i i,: rroportisl-
engine IH.

A5 is a cument subtractor that srmlies a sr-reot to
the neter equal to the current flouing iirur1ft Rllg (propor-
tional to Rpl{) minus an offset current deterriled by 51.
Resistors R31 through R35 each subtract a current equal to
4K RPM when connected through the switch to -V, In the 0-5
oosition, the current through the neter reDresents the RFI{
signal. In the 4-9 position, R31 subtracts 4K RptI. Each high-
er scale places an equal resistor in oara11el, subtracting
an additional 4( RPI{. The current through these resistors
is determined by the regulated supply voltage, -V, which is
adjusted by uotentiorneter R5 to calibrate the meter offset.
D2, R26, R27, and R28 Drotect the meter fron overloads. SJ
reverses the current through the neter for calibration. 53
is actually implemented on the pC board by mounting the neter
through different holes. This allows the current through R31
to be read on the neter and the regulator adjusted for a
reading o! 4K RPI{.

!',/j-th all the buttons out, R30 is placed in series with
R29 and this divides the curent to the neter by five, pro-
viding the 0-25K RPI{ sca1e. !flren 52 is switched to the BATT
posj.tion (spring return), R3 is connected to +V and to the
inout of A5. The RPI{ and offset signals are disconnected.
R3 is chosen so that fu1l scale on the neter occurs when the
battery is at 18 vo1ts, A half scale reading represents
about 12 volts and is the recommended reDlacenent voltage.

VR1 is an integrated circuit.volta.qL regulator whiih
supplies a constant voltage, controlled by R5, to al1 criti-
ca1 circuits. This also suoplies the oositive and negative
volta.qes necessary to Dower the operational anplifiers,

Note:
The original constt uction article for the proTach aopear_

ed in the July'75 issue of RC },lodeler magazine. l.le wiih to
thank IlCl'I lor oerl'rission to include essential oortions of
their article in our instructions.

PARTS IIST

Quant. Ref No. Description
3 R1,8,26 47O ohn %W

4 R2,16,19,
10% resistor

10% resistor
5%.resistor
10% resistot
10% resistor

10% resistor
10% resistor
10% resistor

Part No.
000027

000043
000209
000059
000059

00005 1

0c0063
00005 3

25 10(
1 R3 240K
3 R4 ,lt,23 4.7K
2 R6,13(test)220K
7 R7 ,9 ,L0,14,

1s, 18,20 47K
I R12 470K
2 R27.28 68K
6 R17 ,31,32,

33,34,3s rsoK

3 R22,24,29 10K

R30

R5,21

C1

C9
c10
c2,7
c3, 5

c4,6

c8

Qr

40.2K

rt Q2,5,.{,:
5 _ll-f.3-

i,;

1 Ytl

z Dt,z
lsl

rs2
t.I

2

1
1

1l''ea.
13"ea.
17"ea-
6ttea.
Sttea-
4

4
4
2

4
I

1,/8W L% netal film rcesistor
Type RN55,1503. 0r equiv.
[brn,grn,b1k-org,brn) 006A24
l/8W l% metal filn resistor
Type RN55,I003. Or equiv.
(brn,blk.b1k,red,brn) 006A22
7/8\ |e" mstal filrn resistor
Type RN55,4022. 0r equiv.
(yel,blk.red,red,brn) A06023

10K l{ulti-turn cermet pot
Bourns 3006P or equiv. 006026

luf Tan!^-cap. 1.0m 25V
o, *Y9 oolts4

4.7uf Tanii"cap. 4.7m 6Y 001141
15uf Tant. cap. 15uf 15V 001151
100pf disc cap. 100pf 001200
1000pf disc cap. .001uf or 10n 001055
.luf disc cap. l00nZ I2\'

^_ tzv'or lntz 001050
.0068uf PoIf6dter filn cap.

Sprague 192P6S:9RS or eguir-
1Ti?T -L.}O53 :-8\ 001076

Photo transi--tor- Ciairer

tN
,sll
,lN
>N

r4l/i'

,N
,N

CLT]lSO or erirria-
:[t0* Tresistor

slr:t&craft {6313TDR
(F5 lticroaryere Eeter.

0060:-
fixlt45

al to

-blifi.er, htorola lEl74lCPI
aq: ggiv- 006028
fitltaEe regulator. ilotorola
!fCl723CL or equiv. 006029
LIIl48 Silicon diode 00040-q
fu-shhrtton switch. Switchcraft
65r-16t[-206 006030
FTi slide sritch. Lock/nom.

006031

lGcrGta ::-0;1 0A6032
PC3-1.: PriEted ci:;'.rit boards (oair) 006025

C3se ;r1ete 0060iS
Sna+-*, --aE:!r=ctors for
-:t:=ies 006033
+:6 gr- rire b]ack, orange
+:6 Ea- rire red
*:6E-rireyellor-
i 16- beat shrinl tubing
!;5- bea: shrinl tubing
t-{{:i r 5,'E- lurg B.H- rach scren 00?264
+{ 1!:- t,mth ioc\ rasher AO2Z2S
!-I0 her- mrt 002218
4r hex- nrt 006034
*- r 5i16" self-tap screr 002215
5,'16" nrbber grct 002213

Tools Needed:
Snall diies
Soldering iron rith f/16" tip or smaller

50 to 5O Latts-
. Saall file
Needle nose pliers
Snall \-Acto knife xith +ll blade.
lfire stripper
Solvent, such as 1,1,1-Trichlorethane
Snall brrsh
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groTach r=.**d1Y instruct icns'

I/ARNING:: :: 0o not use acid core solder fol' construction

Use of acid c-rr= solder ';ii i 
" 
--iJ al1.t;arranties ' Royal

Electronics C.arlJr:.:ion 5i11 :':i -'eriice an;- PtoTach on

nhich e.'ic 
".': 

-' :"i'le r ;?s j-r:''

Construction \otes.

a. ( ) Chcck the paats sur:Lr=: ::'3r:-:: -:1= 
l'::s l:st-

;. i j iir".t thc etchi:rg o:i ::= :^:: :::=-' --i :'-e lc roards

fot' att.i inoeilec" i -':'s '
c. ( I it"r" ihc 1.'ajs of :l: --:::--::-':s i'-: :e-;':--^e solder

-iu'ints.
d. ( 'l rt !'e iodies ci- r:es:s:":s \: :':::::::s :-::: l:1- dorrn

sitc-:i; alntact ti-'r= FC :r:::' t::-=r :-- i:-r- -:

P C BOARD- 
-9Or'FDE-l:

Wire PrePa-"::- '

Prepare t!:e i:i-ro---:rr r::=-: l-r J':t::ng to length' Strip 3/16"

i"=iririi.":-:_-oc:,r:r =ru-" ::-:=;: rire and tin the ends.

3Laci Te: '1re:ge Ye11ow

1-f,-::- --:::- i-i1j:" I41/4"
1- 6 -. !- 1- r' i- 6 5i4" 1- 5"

:- :* L- 7"

Rer-:::: ::r': @t' lai: a:alie of i:he four tr'ires

that go i::u r:a:: I :: r:e':: l- -''-'= ;:::-' uriL be:

-- : 'le.i

l-:ls'Ila;i
l-: Lr'i:-m-o=
:- - :=l:ir

ibl.: :4. :=r:le ro J:::::.i
1nE.

S IDE
BOAiO

vlEv,

FIG 6

-crqscT
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tdG>o

2
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.+ef,Li€-
.q{a.Ex_
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I
I

i

'i-'.!. L-olrponent leads should be clipoed so that they do not

.iierlrl oYer tile outer edges of the-clad' Refer to Fig' 6

l,'.."r'.lrl"r' possible, the lIad should be bent to 1ay along the

...,.orthecladIathert]rantotheedgeofthepad.Donot

.': ip tf]" component leads orerl-'- short as this Liil1 cause a

l:,1 :ulJcr joint.
,. t r iro nla clip IC leads' Clip after soldering'

. r' j ilr" " 
snali lise to hold ir'" pc boards when soldering

]1 L conneci ions '
,, i I llcat shrini tubing can be shrunk carefully with a

i:':atcl:, L'r-lt 3 heat gun does a better job'

' . l i::;:::, t'-.- .'.rrSt ruct ion steDS '

'r .;rlargc the 56 holes in board #2 (snaller PC boarCl

:irr- tile t"rrin,l' of SI (6 pushbutton sr''itch) u'ith a

=11 drilI'
j. i I inlarge the '1 holes on board ll1 (larger PC board;

for the meter, riith a #17 drill'
5. l. I Cut off the terninals of 51 as shown in Fig' 7 sith

srna11 dikes and file the rough edges smooth'

FIGURE 7

i.( ) Enlarge the holes in board #1 for the 'CO6S s-ap-

P.5, R21 with a #63 drill'
!i.r'.e all p;rts neatly arranged bef'ore beginning the steP

r: a a. rl''nbly f,or ease of, construcl ion'

.EI

START
CABLE TWIST
HEBE

TWIST

FIG. 9
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TO BOARD I
Ir------;------rov2():8,'

fo@cl J: =u, uS$E >i>
to F(oo

( Pus.{ arTTrE {r Trls Exo)
ALL (7) RESISTORS
ON THIS BOARD
ARE IT TOIJRATTIC€

\:;-j _ t-3#-

^ssElEY oF llrnD 2

1. (

2.(
3.(
4. (
s. (
6.(
7.(

:: : _: -_L 
-:I€g 

o1f & qr --r-!6<_ I:1[= tc Fig- I
th folfcrr6 stclrs-

) Install R29 (IoX 1?), R3' ('rO.Zr l1), -t r5r (150X
t%).
Install R32,R33,R34, and R35 [a11 15Of ft).
Install 3 314" black lead at A,
Install 3 ll2" orange lead at B,
Install 4 l/4" ye1low lead at H.
Install 3 L/2" red lead ar C.
Slide 1./2" long piece of iar:gr h3at shrink tubing
over these wires as far as i-l rr.,ir i-, and shrink,

tet
-: E- ( la-=-,3-- -i+ al*c€ trrE rrre czble u borrd t2-

9- t ) t-. sS e cEtEEt d of tlc c*lc is irst:lled
' c*is]H-' 10.( ) bstril Ed led tt E, ad blact lead at D.
11.( ) LeJ11 yellr lead at G, and otrmge lead at F.
12. ( ) Sffuf. - i- lmg piece of large heat shrink tubing

ovcr 8-!ct€ L:L* es far as it will go and shrink.
13- ( ) lbllt h:t :ra =:shbrrrtton sr.'itch 51 and solder all

srit{ {E E1-.- !{ahe sure all wires are clear of
syitcl tdrofs :c ai-oid burning the wire insula-
tim-

Assernbly of 52.

Refer to Fig. 2 for the followi.ng steps.

14.( ) C'- cm+ i-; d 15 {;ed,f-e:,yell to 5/16", slide
l*E ry ;ffi' f- d, $s'- ead bacl into H. using
p1:=-- a-:tucdE-

15. ( ) Sfig 3 E- f4 6ca= cf teat shrinl tubing over leads
f,rc Si (rJ-C.E-L

16. ( ) Ol; rue i;Er* Id gf crc safteElr cmnector to 4rr

'6i :=d I:-r trB ? 3f{-- Strip 1/{"' off ends.
17, ( ) Cal"? 113.1 lal tf & 'J:5€r batter-r cormector to

: 5 r- d th lEd f€zd io 5 1/{". Strip 1,/4" off
d-<-

) Trif d otr siEn :,i.ct .ed stort red leads toge-
15g: *:1 sol&- Tir. rt ai[ipg tro leads.

) Sllp --Ctr=r'l,i ffit'r lead-s thrq,gh heat shrink
tubi4 {E 5l l* fra Sf cod-

) Solder yetrlr l-irc to G, orange rire to F, and red
rire flcr 5l to l- Ils€rt blacl rire fron SI at E.

) Insert lrG brr* batter-r lead at E. Sodler E.
) Inser r€d b.tt.ry rire at l-
) Cfip protdira f5 leed to 5,/l'-, slip a l/2" long

piece sf :dl h€-t s::-iEl tubing orer lead, aad
insert at t- Solde?t-

) Slrde larg€ b€at shrif,t tubiog so that it covers
erposd co@ected -d. of batter,y connector wires,

18.

19.

20.

2t.
22.
25.

24.ASSEMBLY OF 52
FIGURE 2

F.

E

and shrial- PAGE 3



-5e{.
I ) i'

Preparatioir of Phototraisistor Q1'

Refer to Fig. 3 for the folloving steps.

25.( ) Clip rnicldle lead of Q1 (transistor with lens) as

close to case as Possible'
26.( ) Bend 1/Srrhook in the ends of the txo renaining

-t ^,

25.( ) Sfrt e ll'f 3 FGc' of sEll heat shri-nk tubing
oru cA lt ld d shrink, taking care not to
H q[-

30- ( ) Sfrp i Vf f4 fccc of large heat shrink tubing- 
ovcr E L* -r f,r.s it rill go, and shrink,
tati- GUG rtr t E Qr-

leads of Q1.
27. ( ) Bend hook in one end of 4" red lead, attach to Q1

lead closbst to tab (eritter), bend hooks shut' and

soldel.
28. ( ) B;; hook in ore end of 5" yellov lead, attach

to rennaining Ql lead (collector), bend hmks shut'
and solder-

,G

-.E{-flr
!E!==E!!

?EEl

Assenbly of board 1.

Refer to Fig. 4 for the folloring ste{E'

31. ( )

41.( ) Ir*rff fEF thIll".rl)' r25 firel'purp,brnJ, R27

ftfc;raY,4l, d lra (Yel,PrP,org).
42-( ) rrarr E Gb,gz.crt)' clo (15uf) and D2'

cfcctirg oricrir.f, CfO d D2-

s2. (
33. (
34. (
3s. (

56. (
3?. (
58. (

3e. {

40. (

Install Rr Oef 'purp,bra), Df (fmf'E), R2 (brn,blk,
org), and cr (lufl, checliDg oric{tatim of Dl 6 c1 '
Initall Rir Oel,trrrp,rcd) --d C3 (-00luf disc)-
Install ll (74r irt.zrrtcd cirErt)-
Install R6 (rEd,red,yef) ad Gl (-f disc)-
Install c5 (-ml disc), c6 (.f disc)' and n9 (vel,

43. (
44. (

4s- (
46. I

47 -(
,lt- (
4e- (

Istrll lll ft25 I-C-)-
hst l[ fZf (li, lEt.rcictcr), and R5 ( adj.
rot)-
IEr;lil * (At II_)-
IEll l23 (Ff,tEP,rGd), l2tt (rOI r?), and c2

tlQf aisc)-
fefl Ct (a-tr), ctectirg orientation and R22

trc rt)-
) bstrfl l2O (yel,PrP,org).
) IEtrff fl9 (bra,blt.orE), Q4 and Q5 {lr4o0), and R17

i

*
.1.
i
:

i

)
)
)

)

)

prp, org)-
Iastalll2 (74f I-c-).
InstallAS [711 I-C-)-
I,tstall R7 (yel,Frr-p,org),
Rl1 []rel ,PurP,red).
Install R1O (Ye1,PurP,org), R12

R15 {red,red,ye1).
Install A5 (741 1.C-).

It (yel ,prrp,brn), and

(yel,1xrrp,ye1) , and

(l5r ltr-
lO-( ) btrff qg d (B f[am)' and Rl8 (ycl ,purp,org)'
5f-( ) IEt ff ltS Q=r,1urp,org), R16 fbrn,blk'org), aod

ct Gry disc)-
) Install cE ( -lIEt rrtuIar)-52-(

ASSEMELY OF BOARO I

 LTERXATE
cl

-icE+ji
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Fi lra l

:,;. i

-5r . I'

;5 i
:.4 i
l1 (

s--]. I

r.i). i

51 (

r,l. i.

6i. t

l1.rr:!r' i., I : g. :i anii Phot,r .,\ for t1:: ii: I i:

I Slrn:l i,,':" lor:i r-.ir.c:: ill-- sr:llrii l',a:ii i
.,,.'r- r-]re ir:rLirr i;lin q].
i '.r1, .J . .l '., L:,i .

: ii:,;t: I I yel l,-.n relral ir-oli flr to poini 1

I ill i;:1:. i'rc:t si,r'i:rk t-iri,.i;r! :.:: ci.rs!. +,, ':

1': , :i.l;

I :, li c i: i l" iarg piece of 1r;li: it:..:
o',,:r' S1 l:a.1-.. lfron borr,f l; I ; .

r Insi.iill lcri 1o:il fron Si tc loln,: l:

i Ir-:tall 5ln:k leari lr: :roiirt Ll .

_r ir-Lsia I I olan.qe I ead t,r point F.
) irrs".li11 )ciicrr leac to pcint [].
) S l itle tl.re ireat- shri nk iubing a.s . - - . :

as it will go :nd shrink.
I tlleail a11 soldering resin rrom bi::

a smal'l brrrsh ancl sol v-^ilt.

l:ihonet-cr assenbly.

rle.'er io the l)hotos for hclo lri 1,irc fcllJiirri

-. r ii.i-I;,3',,6, bus:s riii:lr 1'lon tlie nletel'.:rItl:l-:
. . :r.ani-jr, e il'ie soLdr.l ir:g:,r i:.n r-l:: ::r-i:- -.:':t::.r:-.1 
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Checkout.

Turn R5 sith a sra1l screrdriver counterclockwise
until hard to trrm-
Turn R21 elockrise rmtil hard to turn.
Turn 52 off, and set 5l to all btrttqrs out (0-25K
RPil).
Install Bl and 82- Ererady +216 or equivalent.
Turn tach orr amd poirt to ea i-ncudesce[t lary. The
neter should read g-rtere arcmd 5-10X XF!t. De-
press 51 buttms rDtil a scele is fornd thzt gives
an on-scale reading- Ocbr higkr scales shorld read
off-scale to the left, rd ler sczles off-sca1e
to the right. l'ar riltlt ttit a c-scale reading on
tHo adjacetrt scales, bqt tb teatirgs sfioord be
different.
Push 52 to battery ches.t rrcitin- lher slnrld in-
dicate arorm.d firll scale if tL Lctsr!6 ane fiesh.
Turn off tach.
If aii. :las gone r.ell, groccsd ritl * calibration.
If oot, ciecl over all yw sfl*' -i rli solder
c(Ei::e--i :3e.-- -

80. ( ) nmt terd 1 in calibrate position (neter holes
clset to edge of board).

81 . ( ) Trrn c trct rith 51 set for 0-5K RPI'I- Cover Ql and
adjust -tcr scre5 for exactly zero RPI{.

52.{ ) S€t Sf tror +{ (a-9X) and adjust R5 for exactly a 4X

rter readitg rith Ql I phototransistor) c-oveted.
lltat is Et he.e is to adjust R5 so that the needle
reads E{m- this is 40 microaurps flowing through the
Dter-

85, ( ) Rclr€.t abore tro steps and get everything tuned up
iust rittt-

84, ( ) Trrra off tle tact and reil)rmt board 1 in the nolnal
positit:-

85. ( ) Set Sl to (Fstr, trrr tach on, and adjust neter screw
for zero Iilf rith ll covered.

86. ( ) Uncoter Ql -d air at an incandescent light source
to obtair a r=adiag- -{djust R21 for a reading of
exactly 36@ fgI-

87. ( ) Carefally r€& the abor-e tro steps to rnake sure you
har-e it i[st riibt-

88. ( ) That's it- trb,t forget to turn off the tach. Install
the bottccorer ritl fqrr f2 x 3/16'r self-tap screws.

Using the tach-

Positicrag tk tach is not critical but the best
signal ca be fud arm.d the outside of the orop path.
Don't mitrt the tect at the spinner. Dontt forget that three
bladed pro_o readings need to be nultiolied by two-thirds.
Don't stict the tacb in the Drop or diop it on the runway.
Careful baodling rill give you nany years of use fron your
ProTact-

73. (

74. (
7s. {

76. (
77. (

78. (

;9.(

Calibratioe-

1^:s :a:3:Etar rrs !esi!C. ta b 
-rately 

calibrat-
* r:tigur sEEtir! Eit'mF-c- Llrasr, Dte that
t.€l acrqr r"nLI dy LE .s lcoa = lrrr eTeball.
ftte ill reF*- rttl * t&Eter r a level
surface, 5i!,Lti= rwtncrlly h I tle -ter needle

--I-ti-o*-*i*-o*-*iii--rl

CI{ AI.A5, PIN 4 CONNECTED TO
-V ANO PIN 7 TO +V

(O-25K RPI SCALE

-itG
ret
F-t

LrylRg?__ (r4r (+6) Frer_It", ,*al

=

=
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Pro Tach Alignment Procedure

The alignrnent of the Pro Tach will be acconplished
by following the guide shown in Fig.10 This guide is a

flow chart. Start at the top of the chart and follor- it
through. The flow chart has been structured so that L-bsE

trouble is experienced with the Pro Tach, the problel ca
be located and cprrected' Fig' 11 shows how to trouble
shoot the power supply. Fig. 12 describesa procedure fcr

locating problens in the circuitry associ-ated with A5' A

nethod for trouble shooting the anplifier and one shot
circui-try is shown in Fig. 13 . Finally, Fig' 14 describes
other problerns and their solutions.

A 0-20V voltneter, a 9V battery and a 220k ohrn resis-
tor are needed to trouble shoot the Pro Tach. The 220k ohm

resistor has been supplied in the kit.

trro Tac1 -\fiennent Guide

E

Checl ae irstruction
steps- lsfer to steps
75--9 _

Power supply
troub I e
shooting.
Refer to
Fig. 11 .

trcs 
= \'

A5 trouble
shooting.
Refer to
Fig- li -

lqrlifrer € oe
shot tronble
shooting -

Refer to
Fig. 13 .

Does meter
indicate
neara ful1
scale on
battery
test?

Battery
indicat ion?

fiii 
-ter 

go negative
a-n # or Dre of the

il-$- $-i5, l:-1- etc-
E!@s ue ga-shed?

Suspect 45, also
be sure all corn-
ponents associated
with A5 are in-
stalled correctly
and are the cor-
rect values.

r*d 151,51,35,
tr-s- D sue they
-]G !u=strd.:.cd !:or-
!!ely- Ebccl for
cdrhr.fu1&es,
[re r k;oilts
uhd -- Ic
G rII n-rr4 to
H i i.s crttst-

Refer to Fig. 5 and
check G wire, H wire, and

all wiring to 52. Be

sure R5 is correct value.

Ca1 ibration
instruction
steps,
Refer to
steps 80-88.

Other
possible
problens
Refer to
Fig. 14

r!s-
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Power Supply Trouble Shooting FIG- 11

IN

\eg. r-cltneter
E terrinal of
s:. -t)

k=-'-:r: r::::-:: a:
p:-: 11 : :: ::'r-i:
rt-:_ -3-i -'--

Cbcl rcitage at
pir I of, 1?l uith
resPerE! to -l -

I: -t:e 1.I'i i:

=:-: -- E "- :: lal :

l-oltate should
be betseen 6Y
and 7Y.

Is roltage between
6A-Iatpin2
of \R1 ?

Power
supply
is OK

Check toliaqe
at nin 5 of |i1.
It shoulJ be
aooror- -\--

Is Yoltage at
pin 6 approx.VR1 is bad.

Repl ace .

R.5 is orobablw
set incomectly.
Set R5 in ful1
CCI{ direction.

Is voltage
between 6V
7V at pin 2

of VR1 ?

Possible problens:
VR1 bad.
Solder bridge.
Bad connection
in cornponents
as sociated
with VR1.,.. -_

Deternine
prob 1em.

I

I

}:e r:
DiEs li
of tTI -

Trace back thru
wire E to de-
tJimine- if-poi.i
is on board 2

Is power on
board. 2 ?

Check voltage on
wire C at sxitch
q,

lefect ive
srri tch .

ReDl ace.

Vo 1 tage
at s2?

Check wire C. it
may be open, or pool-
solder joints at
both ends.

.r!€_
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A5 Trouble Shooting

Note:
When using this chart ( Figs. 12 E

out one set of steps and corrected

FIG.12

13) and you have chected
the problen, you ui11

arrive at a double asterisk diamond, which asks the $es-
tion shown below,
If no more problens are encountered you nay proceed to
"out". If other problens are encountered, proceed th:roug!
the chart until the tach operates properly.

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

Yes

; -:=: -,J, * -<ELtd
be ae:r roltagE
ttat ls at pi, ?
of YX.l. (Appror-
6-7 V)-

Yes

Problen in A5
or circuitry
preceeding A5 -

Pin 4 of A5
should be at
OV uith rs-
speci tG -f-

Detetri-
probla 6
cor'rect it.

Pin 7 should
be near 18V.

Look for bad wiring,
bad components.
D2 in backward.
Check to see if
calibrate holes
on board have
been drilled out.

Are all of the
above conditions
iret?

Cannot find
a problen up
to this point

Cormect a 220k ohn
resistor betreen
pin 2 of A5 and -V,

Does reter deflect
in lieg. direction?

Yes

Continued next colrmr.
Yes

PAGE 9

A5 is bad
or M1 is bad.

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

Locate
problen
S corr.ect it.

A5 is bad
or there
are solder
bridges, bad
connections.

lJo
Does voltage
increase ?

No Yes

Yes

**\ 22OK

P.e: -L a.-e

-:aa-

Take boar
check M1

a currenl
neter. t
battery i
with a 2i
res istor
See Figur
at 1eft.

'd out G

, srpply
: to the
Ise a 9V
n series
l0k ohm

'e

Io Do,es l

gire
indic,

reter
m
ltion ?

CL
or
Sp
or
vi:

Yes

:cl for a brr
rnsol&red r

:cifically C

H xire or ir
red switch.

*en
rire-
vire
rcorrectl

a
lcate p

nd corr
roblem
'ect it

Out



i

r!
t;r!
ll
ri

Amplifier and One Shot Trouble Shooting Fig' 13'

In

Yes

I

I

I

I

I

I

I

I

Check output of .l5, i

nin 6. It should te :

It ,pp.o*. ov(-v) a: !

transistor covered-

Is output of .45 oe;;
0V or 18V?

Yes

Check the operatlc f,

of A1,2 & A4. 5H
pins2&Stogetae:-
Pin 6 shculd ge ::

ProbLen in
clrcuitrY
betreen
Ql & A4-

;:-::a= a: pin
! --n -d1 ,:,5,6,1
sbar13 be :ero.

&Ei rEi:.!F at
F!.Es : I 3 oi ,li,
i-!,{- Tlese rolt-
eges sic1d 5c
.PIrEor- tLt rolt-
age rtiEi 3PP€.rs
at oir 2 of t-Rl
(approx- 6-7rl -

Correct
problen

'r:i:zge at pin
- si .ql-1.5,&4
sfoz::: -Ee 18Y.

-fiiit--o'aTpnaE of A

2&4-whichis
pin 6, ( with
photo transistor
covered), should
also be aPPror-
the sane voltage
as that at Pin 2

of VRl.

3r3i-5. -

eoss:::: :::a:3Es:
Ba; :: :l:.
1-r-- ----:..r^-- ------I.--.
::-:--; ----*-::-:s-

i Correct
lproblern

Do the input and
output voltages
on A1,2,3 & 4
check 0K?

Possil;i:::cble:-s
Suspeci -i 5 its I fo
associateo com-
ponents. solder
bridge. ei:.

L..

Continued'next column 10

kssi}Ie lroblers:Hqry-
Sol&: iriigE-
hc:' -m*<-ri;e;<-

=r-

Possi5ie p::rtl-s :

Ec,::':-s:-=;1a' r:ira
r=:_@{- Iritcms:er
trac_ r --{aE[E
essc:.eani @aft li
:-s :idLiH GUi3 T
EE H-
35,lil=-
h 5|l& Fi-.-

th

Cover & uncover the
photctrans isto:. rni. I s
....-_
.r,=--l -

Yes

PAGE

€_rH

tu

lt

t

I

ii

t

t

I

Continued on Page

Does each op amp

ftmction properlY?

Connect a 220k ohn
resistor between
-V & ninus teflninal
of op amP (Pin 2).
Output of corre-
sponding oD aInP

should go to a
voltage greater
than 6V.

Check each oP anP,
-\1,.\2,A3, E A4 .

Corre:t
profo!r--

Does each op anp
frmction properly?ksiblc pr6lers:

Hcp4-
Soldcr bridge-
Poor cmestic-
Eta- Trace signal

thru front
end .

Connect voltmeter
to output of A1.

Correct
problen

ls e -l-ge it tf€
(4re roltege ob-
scrred: fhis change

=sy 
-r-€I-erY 

-ll-

Connect voltmeter
to outPut of A2.

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

Correct
problen.

Possible problerns:
A2 is bad. A com-
ponent associated
with A2 is installed
urong or is bad.
Solder bridge.
Poor solder joint.

Is a change in
output voltage
observed?



,]

Amplifier and One Shot Trouble Shooting Fig. 15-
Continued from Page

Is there a change
ln output voltage
at the collector of,
Q5 when photo-
transistor is
covered and
uncoyered?

Yes

Continued next colurnn

Place voltEetei
at output of
Q5 ( collector_;

With
phototrans istor
covered , vo1 tage
at collector of
Q2 should be
approx. 6V.
Voltage at co1-
lector of Q4
should be approx.
0v.

Possible nroblems:
Transistors Q2,Q3,
Q4,Q5 could be
defective or i-n-
stalled back-
wards. Bad solder
connection, solder
bridge.

Locate
problem

Place voltmeter
at output of A4

Is there a change
in output. at A4
rvhen photo-
transistor is
covered and
uncovered?

Possible nrobldns-
A4 maybe bad.
Conponents
assoc i ated
with A4 mayLlc
bad or installed
incorrect 1y.
Solder bridge,
poor solder
joints. R21
maybe turned
all the way
CCW. It
should be
turned CW.

Locate
prob l ern

Trace signal
to board 2-

Check R29 t, R30
for bad solder
joints or bridges.
Be sure wires
FGBarenot
open or poorly
solclclcd.

CtJT

i:och Di4r- Of Pro Tach

=!G- -

:

=E

=
:

=

:
:

:

=

:

a

:

i
i

-
*!
+
==*--
+

-

=
:

i

=
:

i
F

=
I
E

E

=

E

E

t
t
I
I
I
I
I
I
I
II
I
E

Amplifier Q one
shot circuitry.
This consists of
A1,A2,A3, & A4.
Also Q1,Q2,Q3,
Q4, G Qs.

Poser supply.
This cons i-sts
of VRl, Bl S

82.
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Oth'er Possible Problems fig. fa

1,..

{EF,

t

I

I

I
H..-+r!j'

Does Eter akays
read or is
peCSed?

A5 could be bad or
there is a solder
bridge associated
with wire G or -15
conponents -

Locate
problen.

Start Yrth leads A E L
of photo transistor-
Short these leads
together and see if
this stops the jitter-
rng- If this strys
the jitteriag, tlere
is a good ,-trsg 1$1
the pr&lcr is ir ltc
1futo tr:aristor-
llso a lEssibilntt
tlEt grobl.r rs ir ff-
Shortpins2E3of
A1. If jittcrii"
stops" replace Al- ff
not, then short pins
263ofA2tosee
if jittering staps.
Proceed through op
aq, stages to find

bG5 -n r Jittcr
&i- €zh}!-ation?

e jitterifig.
appropriate on amp.

Ias e Probler
fuad?

Not eoorg! or
too nrch
sensitiYit!r?

Suspect incorrectly
placed cotlponetts
Or r.ITOng component
value in circuit.
Check to be sure all
pallts are correctlY
placed & are correct
values.

Go to amplifier
& one shot
trouble shooting.
Refer to Fig. 13.

Check to be sure
that the resistors
on board 2 ate the
correct values.

Does tach operrte E
higher RPM ranges?

76-J PAGE 12


