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ENGLISH MARK DARTS - THEORY OF OPERATION

by RICHARD D. CLARK

.
THE PUFSOSE OF THIS BRIEF IS TO DO JUST THAT - PROVIDE A BPIEF

DESCRIPTION OF THE LOGIC USED IN AFACEINID'S  DART GAME. IT IS

NOT INTENDED TO BE AN IN-DEPTH LOOK AT THE FUNCTiONS OF THE GAME.

IT COULD BE USED AS AN AID IN TROUBLE SHC'OTING  THE GAME, Ah'D TFE

HOPE WILL BE USEFULL TO POU.

THE COIN ACCEPTOR CIRCUIT CONSISTS OF A 74121, (I.C. 51, '#HOSE
OUTPUT PLUSE IS EXTENDED TIhlE  91ISE, BY VIRTUE OF AN EXTERNAL
R/C h'E?u'ORK, ITS OUTPUT, PIN 6, IS A POSITIVE GOING PLUSE TO
PIN 11 OF 1-C. 4, A 7474. ITS OUTPUT IS PIN 9 KHICH GOES TO
I.C. 25 PIN 13, A 74157 ITS OUTPUT GOES TO PIN 13 OF 1-C. 2,
ALSO A 74157 IT OUTPUTS ON PIN 12 TO I.C.35, ANOTHER 74157
ON PIN 13 WHOSE OUTPUT, PIN 12 GOES DIRECTLY TO THE PROCESSOR.

PIN 6 OF I.C.5 ALSO TRIGGERS THE CIRCUITRY RESPONSIBLE FOR
AUTOMATICALLY SELECTING "301" ON COIN UP.

BY ROUTING I.C. 5's PIN 6 OUTPUT, WHICH IS A HIGH, THROUGH AN
INVERTER, WE.HIT Q50, WHICH ALLOWS A HIGH THROUGH R129 TO GET
TO PIN 6 OF 1-C'. 1, A 74157. IT OUTPUTS ON PIN 7, GOING TO PIN
5 OF I.C. 35 WHICH OUTPUTS 'TO THE PROCESSOR ON PIN 7.

I.C. 51s PIN 1 IS ANOTHER'OUTPUT USED IN COIN UP. IT OUTPUTS
A LOW TO I.C. 10 PIN 10. 1-C. 10 A 7474,BEING AeFLIP-FLOP
CHANGES STATE ON PIN 9, SUPPLYING A HIGH TO PIN 5 OF I.C. 44,
WHICH IS A TWO IhrPUT NAhTD BUFFER.

THE OTHER Ih'PUT OF THIS GATE, PIN 4, IS GIVEN A HIGH, LO!V PULSE
STRING BY I.C. 8. PIN 3. 1-c. 8, A 555 TIhfER, IS CONFIGURED AS AN
ASTBLE hfULTIVIBFdTER,  SO IT WILL CONTIhUOUSLY  SUPPLY THE PULSE
STRING, AT A GIVEN RATE, TO I.C. 44, PIN 4. WITH THE PULSE STRING
AND THE HIGH SUPPLIED BY 1-C. 10, THE GATE OUTPUTS ON PIN 6 A L.O:r
GOTNG PULSE EVERY .387 SECONDS - THIS OUTPUT GOES TO PIN 9 OF
1-C. 21, A HEX INVERTER, \'iHICH OUTPUTS A HIGH GOING PULSE
ON PIN 8

(CON'?. ) -’



v.
-2-

'Iy) THE BASE OF Q49.\VHICH THEN SINKS CURRENT THRU THE SELECT GAME
LAMPS TO GROUND. THE SELECT GAhlE  LAMPS ARE THEN FLASHING ON AND
OFF ABOUT 23 TIMES A SECOND.

ON.SELECTING  A GAME, PIN 6 OF I.C.33 GOES LOW, AND SUPPLIES THAT
LOW TO PIN 9, \YHICH AS WE hlENTIONED EARLIER, GOES TO PIN 5, I.C.44.
THIS DISABLES THE GATE IN I.C.44 AND TURNS OFF THE GAME SELECT
LIGHTS.

UPON COIN UP, '301' IS AUTOMATICALLY SELECTED, AND WILL PLAY OUT
EVEN THOUGH THE SELECT GAME LIGHTS ARE FLASHING. WHEN PRESSING
THE '301' GAME SELECT BUTTON, THE ONLY THING IT DOES THEN IS
TURN OFF THE GAME SELECT LIGHTS.

SELECTING 'COUNT UP' OR 'CUT THROAT' HOWEVER; DOES A FEW OTHER
THINGS IN ADDITION TO TURNING OFF GAME SELECT LIGHTS.

PUSHING 'COUNT UP' PUTS A HIGH ON PIN 14 OF I.C.l WHICH OUTPUTS
ON PIN 12 A HIGHGOINGPULSE  TO I.C. 35 P IN 14. THIS OUTPUTS A
HIGH ON PIN 12 TO THE PROCESSOR.

PRESSING 'CUT THROAT' SELECT BUTTON PUTS A HIGH ON PIN 11 OF I-C.2
WHICH OUTPUTS ON PIN 9, GOES To PIN.10 OF I.C.35 WHICH OUTPUTS
ON'PIN 9 TO THE PROCESSOR.

REMOVE Ah?) THROW TIMER. I.C.6, A 555 TIMER, IS TRIGGERED ANYTIME
COINS ARE FED TO MACHINE OR AhY GAME IS SELECTED. SEQUENCED
AS FOLLORS:

I.C. 33 PIN 5 IS TIED TO DIODES D2 THROUGH D7 Ah?) GETS A LOW
GOING PULSE EVERY TIME COINS ARE FED OR GAME SELECTED. BEING
AN IN-VERTER, IT OUTPUTS A HIGH ON PIN 6 WHICH GOES TO THE 555
TIMER TRIGGER INPUT PIN 2, I.C.6 #ILL TIME OUT IN ABOUT 5 SECONDS.
WHILE THE OUTPUT IS STILL HIGH, IT ENABLES TWO GATES WHICH ARE
PART OF A STRING OF GATES.. SINCE WE.ARE CONCERNED RIGHT NOW WITH
THROW AND REMOVE LIGHTS, WE WILL EXAMINE THAT PART OF THIS STRING.

THE OUTPUT OF THE 555 TIMER IS HELD HIGH FOR A SPECIFIED AMOUNT
OF TIME FEEDING AN Ih?ERTER,I.C.7, ON PIN 1. ITS OUTPUT, PIN 2,
IS HELD LOW UNTIL THE TIhlER TIMES OUT. THE OUTPUT OF I-C.7
G@ES TO I.C.50 PIN 10 AND I.C.ll PIN 10. I.C.50 AND I.C.ll ARE
AND GATES, SO 2 LO\VS IN GIVES A LOW OUT. I.C.13 PIN 10 SUPPLIES
A LOW TO I.C.ll PIN 1. THE OTHER IhTPUT TO THAT GATE COhlES  FROM
I.C.33 PIN 6. THIS ENABLES THE GATE AND IT OUTPUTS A LOW TO PIN 9
OF I.C.50, THIS SIGNAL, ALONG WITH THE LOW FROM I.C.7 GIVES A
LOW OUT ON PIN 3 OF I.C.50 WHICH GOES To I.C.9 PIN 1 AND PIN 4
OF I.C.ll, PIN 5 OF WHICH SHOULD BE LO?V BY VIRTUE OF THE LOW COMING
FROhI INVERTER I.C.33. THE LO\Y IS OUPUT ON PIN 6 OF I.C. 11 AND
GOES TO PIN 9 OF I.c.11, PIN 10, OF VJ-HICH IS RECEIVING THE SuSTAIhTED
LOW FROM I.C.7. PIN 8 OF I.C.ll THEN OUTPUTS A LO\r TO PIN 5
OF I.C.50. IT ALSO GOES To PIN 4 OF I.C.12, PIN 5 BEING THE OTHER
INPUT OF THIS GATE IS GIVEN A LOW BY 1.c.13, PIN 14 ~VHICH Is HELD
LOW Ah?WAY. THIS GATE OUTPUTS A HIGH ON PIN 6 H3IICH GOES TO PIN 9
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OF I.C.23 Ah9 TURNS.OFF  THE THROW DARTS LIGHT. IT ALSO GOES TO
PIN 9 OF I.C.12, THE OTHER INPUT BEING SUPPLIED ON PIN 10 BY PIN 6
OF I.C.10, GIVING A LOW OUT ON PIN 8. THIS SIGNAL GOES TO I.C.23
PIN 5 WHICH OUTPUTS A HIGH ON PIN 6 GOING TO THE BASE LEAD OF
Q36 BIASING IT ON AND TURNING ON 'REMOVE DARTS' LAhfPS.

AFTER THE 555 TIMER, I.C.6, TIMES OUT, THE SYSTEh! JUST DISCUSSED
RELAXES AND THE 'REMOVE DARTS' LAMP GOES OUT AND 'THROW DARTS'
LAMP COhlES ON.

NOTE THAT WHILE TIMER I.C.6 IS ACTIVATED, I,.C.ll PIN 8, OUTPUTING
A LOW, GOES TO I.C.50 PIN 5 WHOSE OTHER IhTPUT IS BEING HELD LOW
BY I.C.36. THIS OUTPUTS A LOW ON PIN 6 TO I.C.27 PIN 13 WHICH
ALONG WITH A LOW FROM I.C.39 PIN 16 PROVIDES A LOW OUTPUT ON
PIN 11 OF I.C.27 WHICH DISABLES THE SCORING CIRCUIT ENTIRELY BY
PLACING A LOW ON THE CLOCK INPUT PINS OF I.C.'S 4-16-17-18, Ah'D
GAME WILL NOT SCORE WHEN 'REMOVE DARTS' LIGHT IS ON.

THE DART HEAD IS BUILT SO AS TO PROVIDE A BINARY CODE TO THE I.C.'S
18-17-16-4 WHICH ARE 7474 FLIP-FLOPS. SCORING A BULLSEYE WILL
APPLY A LOW TO I.C.18 PIN 4, I.C.17 PIN'lO, I.C.16 PIN 4, AND I-C.16
PIN 10. EACH OF THE CORRESPONDING OUTPUTS OF THESE I.C.'S WILL
OUTPUT A HIGH. THESE OUTPUTS ARE FED INTO I.C.25, THEN TO I.C.2,
THEN TO I.C.35 AND THEN TO THE PROCESSOR.

IT CAN BE SEEN BY LOOKING AT THE SCHEMATIC THAT I.C.'S 41, 39,
24, 13, & 15 ALLOW COMMUNICATION FROM THE PROCESSOR TO US. THESE
I.C. 'S ON COMMAND FROM THE.PROCESSOR,  TAKE CARE OF ALL VISUAL
INDICATIONS OF THE GABIE'S PROGRESS, EYCEPT FOR THE SCORE DISPLAYS.

IT ALSO CAN BE SEEN THAT THE PROCESSOR.RUNS THE SCORING DISPLAYS
THROUGH SEVERAL INVERTERS WHOSE OPERATION IS STRAIGHT FORWARD AND
NEEDS NO FURTHER DISCUSSION.

THE INITIALIZATION CIRCUIT FOR THE PROCESSOR IS MADE UP OF DIODE
Dl AND CAPACITOR Cl WHOSE JUNCTION POINT IS THE INPUT TO THE PRO-
CESSOR AT PIN 9, WHICH MUST BE HELD LOW OR THE PROCESSOR WILL
NOT OPERATE.

PINS 18 & 19 PROVIDE ACCESS TO THE INTERNAL CLOCK IN THE PROCESSOR.
WE ARE NO USING A 50PF. CAPACITOR AhTD A 22K RESISTER, INSTEAD OF
1OOPF AND 33K.

THESE COhfPONENTS GIVE US A 417 K HZ. RATE WHICH STABILIZES THE
LED'S_

LIKE WE SAID, THIS ISN'T MEANT TO BE 100% DESCRIPTIVE, BUT \FE HOPE
THERE IS ENOUGH DETAIL TO ALLOW USE AS AN AID IN TROUBLE SHOGTING,
AND SHOULD SERVE TO FAMILIARIZE YOU WITH THE BASIC OPERATIOS OF
THE GAME.

FEEL FREE TO CALL ANYTIhlE YOU HAVE A PROBLEhl YOU k'OULD LIKE HELP
w I TH . ?l-815-962-3919  (ARACHNID, INC.).























1. Remove old power supply, (save screws and spacers).

2. Remove Bust relay, (buzzer).

3. Remove door bell from back of Dart head.

4. Remove three wires from plug that goes up to the top of
game, (gray, blue, and brown). COdrZj&L7 T&Jo &ufL.k T-ix~~~-w,

5. Locate Power sound supply on back of Dart Board, leave about
one inch to remove dart head. Connector is at bottom r.ight.
Use screws and spaces saved in.

6. Install large 20,000 MFD cap near top of cabinet on side.
Make sure you have clearance to remove dart head.

7. Install new harness into game, making sure all plugs are
right.

( Black plug that goes onto power sound supply board goes
with orange wire up.)

.Top of game.
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TO TIB113IlUI~S%BZL~  CUT TBACE

TO I.C. 10

-3, 7
TOCl%CUZF SIDE OF CUT TRACE

Aproblan having to do with the dart g~lne  using the touchplate rather than

the push button for player ohange has cane to our attention.

Sometimes, due to weather conditions, Ngh humidity, etc. The touchplate

becaaes  very sensitive. When this occurs, it is possible to loose up to three

quarters in the machine. This happens in this way. Salleone wishing to play

four players on the dart geme inserts quarters 1 at a time. Perhaps on lnsert-

ing the third quarter h&e hand gets to close to the touchplate or someone walks

by the machine, triggering the player change circuit. When this happens his

first three quarters are w$ped out and his fourth quarter till only give him

one player. This is not a constant problem, and does depend on weather condi-

tions aa to whether it will come about or not. However, we have designed a

very simple add on circuit that eliminates the problem should you choose to

employ it.

The above schematic is the circuit in question and is verysimple  to build

and install. One trace on the motherboard must be cut and you then hqve a four

wire hook up to complete the modification.
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Once installed, the circuit till  prevent  the player change touchplate  fra

operation until a gone has been selected.

If after the circuit is installed, you forget to hit a game select button,

player one will play, but you will not be able to chauge to player two. How-

wer, if you then hit galas select, it till bring the touchplate back into the

circuit.

And it u-ill autaaatically  go to player two. l?mm then on the touchplate

will operate normally through the end of the game.

On the back of the motherboard, under the firat teraiaal on the right of

the large tanmAnal, you till see a short trace, about a halfan inch iulsllgth.
3 0

Cut this tmce. Wewireyouhave  going to the see registerwIll thenbe
-'

sodered to the teuminal ltaelf, on the very bottom. The wirs going tb the . .

collector of the transistor will go to the opposite side of the trace, on the

other side of the cut you made. The wire going to the diode will

Pin 9. And thewire goingtothe 560 resistor goes to ground.

is now complete and the player change till not work until after a

been selected.

go to I.C. 10

Installation

gamehas

~ If you so desire, we till send the completed circuit-ready to install-

for a nominal charge. i,
\







THE FOLLOWING IS A LIST OF PROBLEMS AND SUGGESTED MEANS
2-12-a>

OF SOLVING THOSE PROBLEMS FOR THE 4000 SERIES ENGLISH
MARK DART GAME.

SYMPTOM CHECK

1.) L.E.D. displays are not lit. Transistors Q15 thru 429, these
are 2N4402 PNP's, I.C.'s 44
thru 47 with scope. These are
5~7426 I.e.  ‘8.

EXAMPLE: Units led missing in
player two score display.
Check Q22, if OK, go to I.C.46,
pins 8-10-9, if OK, replace
LED.

2.) L.E.D. on at wrong time.

3.) Missing segment on all scoring
displays.

4.) Segment out all LED's in temporary
score.

5.) Coin up problems.

Transistors QlS thru Q29 these
are 2N4402's.  Check I.C. 44
thru 47.

EXAMPLE: Units led partly or all
the way on in player 1 display.
Check 920, if good, go to I.C.
45 pins 8-10-g. Replace I.C. if
gate is found to be bad.

Check transisters 98 thru Q14.
These are 2N4400's. Check I.C.
48 and i.C. 34 pins 5 & 6.
These are 7405's.

EXAMPLE: G segment missing,
check Q14, if OK, check I.C. 48
pins 1 & 2. Replace if bad.

Check transisters Ql thru 47,
these are 2N4400's.  Check I.C. 43
and I.C. 7 pins 12 & 13.

EXAMPLE: "A" segment out on all
temporary score digits. Check Ql,
if OK, check I.C. 43 pins 1 & 2.
If OK, check I.C. 42, pin 16.
Replace bad I.C.'s when found.

Check I.C. 5, pins 3 & 6, check
I.C.  4, pins 9 & 11. Check I.C.
25, pins 12 & 13. Check I.C. 2,
pins 12 & 13. Check I.C. 35, pins
12 & 13. If all these were OK,
replace microprocessor.
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SYMPTOM CHECK

6.) No score when target segments are
hit.

Check connector from target head
to motherboard. If OK, check IC's
16, 17, 18, 26, 27, 25, 2, 35.
If no problems are found, replace
processor.

EXAMPLE: "1" segment will not
score, check pin one on the
connector. If it looks OK, check
I.C. 18, pins 4 h 5. If this IS

OK, check I.C. 27, pins I,2 6 3.
If OK, check I.C. 25, pins 2 & 4.
If OK, check I.C. 35, pins 3 & 4.
If OK, check micro.

7.) Right after coin up, temporary score Observe the score in temporary
flashes 3 scores and games goes to score and divide by 3. This will
player change. tell you which segment to check.

You will be looking for a stuck
segment, may be held in by a dart
tip. If this doesn't cure the
automatic scoring, check the
following: C8-14-I.C.'s  16-17-18-
26-27.

EXAMPLE: Scoring a 16 with dart
board disconnected, check C-12
and check 1-C. 16, pins 4 & 5.
If OK, check I.C. 26, pins 1,2,
and 3. Replace any chip suspected
of being bad.

8.) Won't select game.

9.) Game goes to player change by
itself.

Check pins on connector. Check
I.C.'s 1 & 2 & 35. Check micro.

EXAMPLE: No cut-throat. Check
pin 5 on connector. If OK, check
I.C. 2,pins 9 6 11. If OK, check
I.C. 35, pins 9 & 10. If OK,
check micro.

Check output I.C. 9, pins 3 & 11.
Check Q50.

EXAMPLE: Game goes to player
change without scoring. Check
output I.C. 9, pins 3 & 11. If
they have pulse train, check the
collector of 450, it should be
low. Replace any component that
looks suspicious under test.

IF THERE ARE ANY QUESTIONS ON A PROBLEM WITH A DART GAME, FEEL FREE TO CALL
ARACHNID, AT 1-815-962-3919 AND ASK FOR RANDY.


