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lntroduction to the Terrapin Turtle Assembly Manual

£ necessary) in
ssembly. This
-working Turtla
d of glitches

The Terrapin Turtle can be assemblasd and debugged (i
2 faw hours by anyone with experiesnce in electronic ki
manual covers all the steps necessary to assemble a full
and also includes a sactlion of useful hints an getting ¢
=4t may have cropoed up.
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All Turtle parts are included in the kit. The toeols you will need are a3

fallows:

4 soldering iron with a fine-peinkt tip

longnese pliers

vair of wirecucters, diagonal cuttaers or shears
Elac-bladed screwdriver

volt=-ohm metar (helpful in debugging)

1/16" or 3/15" Allen wrench (included with your kit)
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Two nelpful hints before you start assembling your Turtle:
(l.)] READ ALL OF THESE IHETH”UCTI‘CJNS THROUGH BEFORE YOU BEGIN
ANY ASSEMBLY WORK.
(2.} CHECK TO SEE THAT YOU HAVE ALL YOUR PARTS! (You don't
want any nasty surprises later on!)

Alsa, any warnings or helpful hints will be written in CAPITAL
LETTERS so bDe on the lookout for those. B8e patient, take your time, and
nave fun in the process!



MECHANICAL PARTS LIST

NAME

Motors

Wneels

Tires

Pan solenoid

Pen plunger (nestad in che2 solanoid)
J2n Spring

Plastic threaded balls (Turtls Toes)
Touch sansor disc (yallow nlastic)
Toush senscor ball joint

Allen wrench

Mo Car prackecs

2" moter spacers

Speaker mount (black rubber strip)
Solenoid mounting brackerts
Ball-point pen refill
Sgeaksar

5=32 x 1/4" screws

$9 lockwashers

=32 % 1" scraws

=32 Nuts

dottom place

13=-32 dome scraw

13=-32 white nylon dome washer
%=32 white nylon washers
1/4=329 % 1/2" scraws

1/4 lockwasners

13=32 nut

118 star wasner

5=32 black Allsn scrow
4=40 X 1/4" screws

t4 £lac brass washer

ELECTRONIC PARTS LIST
NAME

Printed circuit board

1¥ ohm resistoars

512 ohm raesistors

10d ohm resistars

3.3%X ohm resistors

15K ohm resistors

51X ohm resistors

5.9% ohm resistors

1N49Al dindas

1N478 zener diode (2.5volts)
LED's

500 ohm potentiometers (trimmers)
L/1¢eh uf capaczitor

955 integrated cirzuit (timer)
04dC4 Darlingten transistors
2n2222 transistors (tin cans)
Microswicches

Solderless spade connectors

20" 22-gauge hookup wirs

Male Amphenol connector
Heat-shrink tubing

Ten-£foot signal and contral cable

AND: one 3" diametar plastic doma
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The main steps in assambly of the Turcle are 1) the soldering of
Tomponents to the prscut, pre-drilled printed circulf doard walzh
Funcstions as the electronic concral for all of thz Turtle's actiwvities,
and 2) mechanical assembly of tha motasr unit which doublss as the
Turtle's body. The Turtle is put together £following this gJeneral cutlins:
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CIRCUIT BOARD
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HQesistors
(3) Diodes
(CY Transistors

(D) Poteantiomatars

(E) Integratsd circuic

({F) Microswitches j

(G) Light amitting diodeas (LED's)
(H) Capacitor

(I} Darlington transistors

(J) Jumper

{X) Attachmant of cable £33 board
(L) Lsads

Attach the ball joint anéd touch-sensor disk
Assemble the saolencid and pen unic
Mount the sclencid to the bobtom plate

ttach one motor elactrically
Screw the spacers, motor bdrackets and PC board on
aforementiconed motor
Wind the cable around the spacers
Connect the othar motor alectrically, and attaczh wikth
the motor brackats '
Fully attach the PC board to the assembly
Actach the toes and the speaker mount ta the bottom
plate
Attach the speaksr electrizally
Attach the solenoid elactrically and meount the bottom
plate ke the PC board-motor assembly
Mount the speaker to the bottom plate
Put the tires onto the wheels and mount these onte
thelir axles
Scraw on the dome
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working components of the Turtle are also structural.

The gearplates of the drivemotors also serve as the main body of the

davice, They are
bdotctom plate and

held by rigid spacers and brackets. Together with the metal
glass-epoxy PC beoard, a rigid framework is formed.

While wyou're ha2ating up your soldering iron, read ahead a few pages
to familiarize yourself with the upcoming procedurss.
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1.) THE PRINTED CIRCUIT BCARD (Illustration, plaasa)

First, remove ths PFC board and electranics dag Ifrom your Tarrapin
Turcle kic. The PC board is a pre—-cut five-inch diametsrc glass apoxy disc
with drilled holes Lo accommodate all the components.

As a general ogverview, the osbject of this phasa of assemely (s
to insert components through tha top of the board (tha side wich all tha
diagrams and printed resister values) and solder the component leads
to the tinned zopper conductive foil on the opposita side of kths
Board.,

A) RESISTORS- Assure yourself that all elactronic componants Irom
the parts list are zsontained in tha ziplock baggies that vou took Lfrom
your kit. Take out the zolerful little cylinders with tha long metal
l2ads and sewmarats thase from the rest gf che slactronics bag. Identify
thasa resistors by their varisus color cades.

COLOR CODE KEY: RESISTORS ARE PRINTED WITH STANDARD COLOR-~-CODE 3ANDS.
THEREZ ARE THREE SANDS IDENTIFYING THE VALUE OF THE RESISTOR, AND ONE
BAND INDICATING THE PRECISION OF THE INDICATED VALUE (THIS LAST CAN o
IGNORED) . THE RESISTOR VALUE IS INDICATED 8Y: PIRST COLOR (FIR3ST
DIGIT) , SECOND COLOR (SECOND DIGIT) :AND THIRD CCLOR (A X1 MULTIPLIER
WHICH INDICATES THE NUMBER OF ZEROES THAT ¥OU HAVE TO TACK ON TO THE
FIRST TWO INTEGERS. THE DIGITS AND THEIR CORRESPONDING COLORS ARE:

: ?T EM.J‘;&PLER
K RESISTO
—i— 51000 ORMS

RESISTOR

g = 3LACK 5 = GREEN
1 - BRCWN 4 = BLUE

5 = BED 7 = VIOLET
3 = QRANGE 3 = QREY

4 = YELLOW Q@ = WHITE

(THE LETTER "X" IN REFERENCE TO RESISTORS, REFERS TO KILO-0HMS
OR ONE THCUSAND QOHMS)



SBend the leads of the resistors so that they ar2 properly spaced for
insertion ilnto the board. * A GOOD TRICK FOR AZHIEVING PROPER SPACING IS
TO SEND THE LEADS QVER THE EDGE OF THE PC 3CARD AS ILLUSTRATED. THE B0ARD
SAPPENS TO 3E THE RIGHT THICXNESS REQUIRED BETWEEN THE RESISTOR 300Y AND
+HE RIGHT ANGLE 2END NEZDED IN THE LEAD * Zach resistor location is marked
on the oSoard for proper placgcement and resiscance value. Unmarked locations
raguirs IXK resistar, Resistars zan be inserted into thair board
locations in either dirsction; it does not macszzar how the Hands are
srisnted for the cresistor ts do its job. AEter bending the lesads, insart
=1@ rasistors inte the board and sclder them in. B3UT, befars we 3o any
further, a lictle more needs =0 be said about soldering and what
sonstitutes a good tachnique as f£ar as sur Tur=le is =ancerns

|
BEND ||
RESISTOR LE#
SOLDERING

Goed soldering is a key factor in proper assembly of any 2lectranic
Sevice, Dut is especially sssential in the case 9f your Turtle. To solder
correctly, use a small 25 to 40 watt pencil soldering iron. The saldering
Lron tip must be kapt slean during osperation, and this zan usually e dons
Jy wiping the tip occasionally with a damp sponge or clath. (We at
Tarrapin have found that a sponge is pretcy handy.) After making sur=2 the
cip is clean, "tin" the soldering iron by coating the tip with solder.

[f the solder won't adhere to the iron or "sakas", then z2lzan and cin
again. (A good solder type to use has a sizs of approximately 22-gauge
with a 50:49 tin-to=lead ratiog)

ixercise extreme care when soldering underneath the PC board. A
solder "bridge"” between two of the Ffoil areas of the board must be avoided
at all costs for your Turtle to function properly. A bridge is formed when
cwo different foil lines are joined by solder. This may be the resulr sf
<02 much sclder being melted into the target area, of an accidenral
dragging of the iron across several foils, or of carelessly touching a
prior joint with the tip. * INSPECT THE SOLDERING AREA BEFORE AND AFTER A
SOLDERING JOINT IS MADE *

Use the minimum amount cf solder necessary for a good 29
Should a2 bridge develop, turn the PC board upmside-down and touch
lron to the bridge. This should melt t=he saclder down onts =h '
thus destroy the bridge.

Once the electrical component is properly placed in the BC board,
=urn the whole board upside-down so that the lead is presented towards
youd. * FOR EFFICIENCY'S SAKE, PLACE ALL THE COMPONENTS THAT YOU PRESENTLY
SOLDERING INTO THE 3CARD ALL AT ONCE AND THEN COMMENCE SOLDERING. FOE
EXAMPLE, IF YOU'RE SOLDERING RESISTORS, WHICH ALL HAVE RELATIVELY THE SaAME
REIGHT, PLACE THEM ALL IN THE BOARD, TAKE A FLAT OBJECT WHICH WILL
CCMPLETELY COVER THE 30ARD, PLACE THE FLAT ON TOP OF THE RESISTORS AND

- e ow

FLIP THE WHOLE 30ARD OVER. THUS YOU ARE PRESENTED WITH NOTHING BUT

- ok

SOLDERING AREAS * Place the soldering iron tip at a 45- degrae angle k3

-k = - ==



p 28

Soth the component lead and the Socard foil. Heat for approximataly
thr2e seconds. Apply solder to th2 zonnaction on THE ATHER SIDE “rom the
soldering iron. The foil and the ~2omponen: laad should melt =he scolder,
AcC 2Zhe 1ronm diractly. Lat ths solder flow around the jeoint and chen
Simultaneously 1ift the iron and the solder straight up to aveid forming
2Ny oridge.

3@ sSure that cthe components ars inser=ed 2all =ha way down ints ths
iolas , so that the bodies of tha components 2r2 as zlase as sossibls o
tle PC Doard. Wnen tha solder is cool, clip =2he leads claanly off tha
Sottom of tha board, nearly flush wizh the surface itsel?. This will
Prevent accidsntal grounding of the 2lectrizal circuit =3 tha maechanizal
assambly. * DO NOT USE ACID-CORE SOLDER OR PASTE PLUX *
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8) DIQODES - There are nine p
your kit. * BE SURE NOT TO
DIODES * In many Turtle kit
from the zenar diode rather
ePoXY case with a2 silver ban
in the circuit. However, som
The main difference between
diodes are visibly fatter in
Sackage,is smaller than the
INT748 orinted z2round the nqid

Diode cases have a sing
This corresponds to the stra
8 diode in circuit diagrams
De oriented with the band on
PC bDoard.

DIOCDE
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QRIENTED
CORRECTLY

DERA

ower diodes and one zener dicde included in

CONFUSE THE POWER DIODES FROM THE ZENER

S, the power diocdes zan be distinguished
2asily becauss they are packagedin a black

d at on end to indicate their orientation

e kKits will contain glass-package diodes.
thesa and the zener device is that the sower
appearance. The zener diode is in a glass

rest of the diodes and has the designation
dle of the case.

le black or silver band printed at one =nd.
ight line in the symbolic reprasencacion of
(and on the Turtle's PC board). Disdes must

the case matching the straignt line aa the

ZENER
CIODE:

——
g

WRONG



Band the diode leads for insertion ints the board. Proper spacing
may be achisved by gripping the diode l2ad next to the Dody with 2 pair
2f long-nosed pliars and bending tha2 lead over the pliszrs' jaws. Insert
-2 diodes ag illustratced,

= BE VERY CAREFUL WITH THIS STEP AS THE DICDES MUST 3E INSERTED IN
THE PROPER ORIENTATION AND THE ZENER DIODE MUST QCCUPY ITS CORRECT SpPOT
ON THE PC BOARD * 35older in thes diodes and £lig the lesads £flush with tha
032 T3 .
C) TRANSISTCRS - Find the sawven Etransistors in vour 2lactronizgcs 2aqg.
T8y are packaged In wWnat appear to be tiny tin cans wich thres very
fine alesctrical lsads coming sut of tha bottom. Insert the transistors
ints the PC board with the small metal tabs sn thes bases of the packages
aligned with the tads on tha board pattern.,
T RANSISTOR
e
=
E = Ea'"ﬂf"-.f—r ER | = c,
- =y
B e BARE
‘i -
C = COLLECTOR 3

The three leads on the bottom of the transistor are refaerraed Lo as
ha amitter, the zollactar and the hase. The cab raefarred to s always
located near the emitter. The base is in tha center. * 3E CAREFUL!
TRANSISTORS MUST BE ORIENTED CORRECTLY * Solder the transistors to the
hoard and zlip their lesads.

D) POTENTIOMETERS- Potentiometers zan alsc be thought 92£f as wvariabl
resistors, The potentiometers that are part of your turtle look llKE small
Dlue blocks with white notched discs in the zenter of ona side. These are
trimmer pots and are mounted on the PC board to 2nable you 2 adjust the
motor circuit and synchronize the Turtle's movements, Solder the pots :o
tne board and clip the leads. Make sure that the adjustment slots on the
POts (the white discs referrad to previously) face towards the fronc of

L ¥ A—/\/\/\/—C
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POTENTIOMETER —>



E} INTLGRATED CIRCUIT- The inceqrated circuic used on the Turtla is a
Ealrly common $55 IC timing dewics. Insar: =his intc the °C Soard. * IT
[S ABSOLUTELY NECESSARY FOR THE IC TO HAVE PROPER DORIENTATION IN THE
3CARD TQ ACHIZIVE GO0D PERFCRMAMNCE » Attampiing C£o operata hhe Turtle
with tha timer put in backwards will mestc likely resulz in damaqge t2 che
335 anc an inoperative Turtlas. The 2ins ars numberad (by zonvention) as
saown in the drawing below, with tha 355 sesn in 2 Top viaw,., Tha neotch
or dot visible on the zase denctas ths " 2in %1 " and, The 555 mus: e
insercad in the Board so zhat this notch or 2ot is locaced a: chs same
and as the drawing on the BC hoard.
10 < 08 100 ﬁa
INTEGRATED CIRCUIT — 2 T 7
3 Je OR3g fe
- Ly ns
F) SWITCHES- Thera are four microswitches mounted in tha Tursls wnich,
when activatad by the touch Eensau disc, indicats to your microcomputer
cthat the Turtle's shell, or dome has come into =ontact with an abjecz.
The switches ars the dark brown rectangular objects that have three
thizk leads protruding from the base and a small rad Dushbutton oan the
oD
[nsart the switches in a star pattern in the zsenter sf khs Bgard.
Since the switch lesads are short and rather wide, che “oles drillad Zor
Cnam are rather large. You shouldn't expect a correct £it far all the
~2ads; the switches will not hold themseslves in pesition while baing
solderad. Aftar placing the switches ta correspond to ths2 white regtanglas
srintaed on the board, place 2 bBook or some other suicabla flac object on
S99 them so that they won't fall out wnen you turn the board to zhe
copper-clad side far soldering.
MARE SURE THAT THE 20DIES OF THE SWITCHES ARE MOUNTED FLUSH TO
THE PC BOARD. _
SWITCH
’;LUSHEWITH
S @ CARD
L;]
e —s — -—
CORRECT INCORRECT
Siace the lzads of these switches are substantially thicker than
tlos2 of the components we nave oSeen Jealing with previously, thay may
réewire more heating than ths lesads of =he other components in order to
3et the solder to El:w. Maka sure that your solder joints make jood

contact with the foil to ensure proper operation.

NC
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G) LIGHT =MITTING DICODES- Your Turtle has two ligh:t smitting disdes
which serve as its "eyes". They are easily recognizabls as small rad
cylinders with very long lezads.

T2 cachode of thesse diodes is markad by the flat sids on the
cas2. Tals flat side must correspond to the flat side symbolically
representad on the Z2irsuit baard:

. [ -

LIGET EMIT TING BEND LEDS
F
- 1
‘D ‘N
J A D
AB A A D

Insart the LEDs, leaving 1/4 inzh of lead on tha tap of the hboard.
Solder them into the board and then bend the i-ﬂc=s down sg¢ that khay
Liz almest flush with ths surfacea of the board, gacing Zorwards. Clip
zflz2ir leads close t2 the bottom of the moard
#) CAPACITOR- The aﬂECl‘ﬂu grovided with your kit appears as one of two
types of packages; a racet anqu‘ar =i acm block or a blue or vellow disc,
ooktn with long 1ead5. Insart 1t in its proper place in tha board, gently
adjusting the lsads of the :ap ﬁ'-ar to fit the holas in the board.
Orientation is unimpeortant in this zasa., Solder the capaciter in and
=lip ths leads.

!J‘{F ca aciTor Fadkﬁﬁﬂﬁ

t) DARLINGTONS- The darlingtons are power transistors far the Turctle's
Motar circult. They are packaged in a brown epoxy case with three shor:
leads coming from the bottom and a large metal plate procruding £rom the
Sop, much like a flag,

Insart the nine darlingtons in the in the spots indicatad sn the BC
Joard, AND IN THE CCZRRECT CQRIENTATION. Tha notchad @dges on tha cases
must be aligned with the notches on the symbols printed oan the 2C 5oard.

e &
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EMITTER
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The darlingtons have chrese relatively short leads. 32 sure that =he
Leads contact the foil on th2 board. Solder the traasistars £s =ha board
and <.1p l2ads, The tabs at the tops 2f the darlingrcons sasulsd not Toaucsh
whilea th2 Turcle is in gapearacion.

JY)JUMPER- A "jJjumper" is a2 pieca of wire that =annects osna line of fail
20 Las PC Dgard to another. Thare is nne jumper wire an =42 Tursla pC
coard to facilitate the efficiency of the design. Iz 2ls0c Sunctions as a
zest point for the supply wvoltags. This jumper can 52 mads fram an
2xcess lz2ad clipped from 2 resistor. The location af the jumper is
indicacad on the PC board by a lina sonnacting twe nolas. Use 3 pair 2
211275 o gSend the rasistor lzad to che dimensisns shown A=rs and salder
fe eEo tha board

A) CABLZ AND CONNECTOR- WHEN READING THE INSTRUCTIONS FOR THIS SE
PAY CLOSE ATTENTION TC THE CORRESPONDING DIACRAM. The males Amphen
sonnsctor consists of sevaral parts: -he blue plastic connecear blaock, 3
Nood and cabls zlamp combinatisn that slips ante ths = ble side of tha
sonnactor Dleck, the ra2taining shell t=hat holds the connszctor bSlack in
a2 ood 2nd two very tiny screws (3E ZXTREMELY CAREFUL WHEN OPENING THE
SAG CONTAINING THE AMPHENOL CONNECTOR) that hold rhe hood and ra*a*n ng

sn2ll together. We have inzluded a shors langth of heat sharink cubing &»o
fasten a small length of cable to the =3nnaction to a2t as a strain
relief. To prapare :=he =ahle faor soldering, cut off approximately one
inch of cable and save for use as mentionaed above as 2 strain rel iaf,
skrip baca the sutesr (gray) ;nsu1a:inq jacket about one inzh. Strip the
individua :andu tors lnside of acnr:x-ma:_hy 1/4 inzh of cheir
iHSUlaLlﬂn- THE INDIVIDUAL CONDUCTCRS ARE COMPOSED OF STRANDED WIRE. BE
CAREFUL WHEN “*HTPFIHG OR RUN THE RISK 9F EEEAKING THE FINE STRANDS. The
whits-gray wire is unused and can be usasd =» replace another wire if
necessary. Tin each wire :y heating the end and allowing the wire 5o
"wick" a certain amount of solder to itself :o avoid fraying of the and.
LE the end hecomes frayﬂﬂ Defore you get a chance o tin it, ouk poink
on the wire by twisting it, much as you would do with a thread.

TQ SLIP FIRST THE HQOD (WITH THE CABLE CLAMP TOWARDS THE TURTLE) AND
THEN THE PIECE CF HEAT SHRINK TUBING ONTO THE CABLE SEFORE STARTING T
SOLDER THE CABLE TO ITS CONNECTOR BLOCE.- The tz2rminals on chs =snnecrtor
Jlack should also be tinned before a solder connaction is made, It is

Oest to heat the terminal oy touching the soldering iron to the side of

the terminal facing the inside area af the twe rows and applying a small
amount of solder to the groove. To =zonnect the wire =s the cerminals
neat the terminal again in the samﬂ manner. When the solder malts, s
tne tinned wire into the groove, remove the soldering

wire in place until the solder csols. Falloaw the =zann

=
S2low for both soldering the cable ts “he Turtle direc
connactions nacessary forthe Amphenol plug.
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mpeisnol Wire Colar Turtlas FUNCTION
in number hole
nlack A Lights (L)
Drown B nern high/low (T)
rad c left touch (LT)
orange D left motor 1 (LM1)
vyellow E Dower
green 13 pen (P)
blue G laft matar 2 (LM2)
purple H ground
gray I ground
5] white J Dack touch (BT)
i white=black K cight mokar 2 (RM2)
p white=brown L Dowar
3 wnice=-red b ground
4 white-orangs N right motor 1 (RM1)
-] wWwhite=-yallow 5| tight Eouch (RT)
al white graen P front tauch (FT)
£ § white-plue 2 Noen on/off (H)
3 white-purple R for user
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T™ma saple utilised for the Turtle is too small for Ins slamp gon the
~sanector hood to work. Thersfore a straian relief must be Iormed. Puc
-wa ane inch saction of zable which you zZut previously alongsicds taz
main cable aven wizh =ha cut end wher2 you intend o DutT your nohencl
sennector. Slip th2 heat shrink cubing over the doublse saction of cable
and snrink i: using the heat from a match or your soldering 1ron. Taxke
-are zhat you don':t heat the cable excessively; 3S vma insulatcion Zoul<
sasily malt and allow some of =h2 small coanductors ta shoct osut. The
mood and rstaining shell can now D2 slipped onte Ta2 Zonnscool nlock and
-he position of the strain relisl adjustac. Thas =zbla zlamp is =th2en
=izhtzned over the doublas thicknaess of canle and the shell and nood ars
scrawed Logeatnar.,

[} LEADS FOR THE MOTCR, SPEAKER AND PEN SOLENOID HOQOKUP- For thlis parc
af the procedurs, you will need the 22-gaugse Hookup wire and che
soldarless spade t=2rminals. Cut thes hookup wire into aight pisces,
making two of the pieces approximately an inch longer than the others.
Strip she insulacion from both ends of your wire pieces so that abDouf a
1/4 in ch of bare wire is 2xposed. Using your plisrs, <rimp tas spade
csrminals =3 sne =2nd of each of =hs six shorter pisces of wire. Usa Lase
-wo longer piaces for hooking up the speaker. YOU WILL 3E SOLDERING
TEESE WIRES TO THE ?OIL SIDE OF THE SCARD, NOT THE PRINTED-SYMBOL SIDE!
Dlace and solder the wires according to the Jiagram:

(]

o SPEAKER

s

COMPCNENT
SIDE

ORTLE 1™ O

T

GROUND-—-—a-

LEET RIGHT

MOTOR MUTD [l
1 D,

2

TERRAPIN




Clip tha esxcess wire from the tgp of tha PC board. Connect the
speaker ta Ehe speakar hookup wires by scldering sna wirs to sach Eab oan
tae speakar. Do nNet us2 an 2¥gess amount of hsat, 2s yvou run grsat risk
2f damaging thes speakar. |

ignore the "usar” hole in the diagram. However, tha graund clip
mglas are rathsr important in thea debugging procsss. To farm a ground
clip; make a loop about a 1/4 inch high out of the sxcess from 2
componant lead (another clipped rasistor lsad will do nigely). seoldar,
as indizaced, in to the two holes in the ground folil on the PC Doarcd,
imgarting the graund loop from tha component side. This loop providas an
aagyway 0 acsess Jround when using a VOM's or gscilloscope's proba
zilips for testing purposes.

FTEY =

FHIS CONCLUDES
CONGRATULATIONS! 11!
SOLDERING IRON.

ASSEMBLY OF YQUR TURTLU
THE ToUR

QURSELE ON TEE 3ACE AND PUT AWAY

— |
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3 Janacral Introduchio 15 sectlon, your main gohisctive will
e To assamble the Turtle's motors, een/solenoid, and speakar ints =
sonersnt framewocrk %9 rest tha 8¢ Hoard and K2ep your Turtla tagether.
38 careful with tais saction, as some of th2 operacions dassrilhed arps
Zacaptivaly trizky and can =ast your & lotiof time znd affart 1f oot
groperly exacuted. Again, always read 2 faw linas or pagas an2ad in
drder to familiarize yourseli with what's coming up. This has been Ffauad
-0 pravent rude awakenings and gray hairs among kit asssmblers. Just
remember: you're halfway :=here!
L) BALL JOINT AND TOUCH SENSOR DISX - find =he ball joeing, vallow
2lastic pulley (touch-sansor disc), =he ser screw (a small
Slack-anodizad Allen screw), and the 210 hex nuct and lock washer. Insars
the 2all joint, threaded end down, through the zenter of the 2C board.
(Insert from the component side af khe Docard.) Fasten the balljeint to
Q2 PC Doard using the lockwasher and the #1080 hex Aut. Then place tha
touch-sansor disc on the shaft of the ball jeint sx= anding upwards from
<le component side of the PC hoard. The projecting hub on the pulley
Siould Bbeon 5P of this whole assembly wizh the flak side of =ha pulley
Sfacing the PC board. With the flat surface of rha pulley resting on tha
rad buttons of the microswitches, use tha snclasad Allen wrench to screw
the sec screw into thz thresaded hols in the pulley's hub. DO NOT TIGHTE!
JUST YET. Allow for adjustment of the pulley so thast thare is a ainimum
oE "play" between the disc and the micraoswi==hes. Tighten down the set
Screw Lo «<eap the disc in place. Pressure on the ball jeint in any
direction should cause the corresponding microswitch to make an audibls
click.

b wm SET SCREW
| 1l Touck Disk
| BALL JOINT
T
o I§; al

==

— PC BOARD
= L OCK WASHER
XX # 10 NUT
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<) PEN SQLENOID ASSEMBLY- tha pen 2ssambly consists of the2 solengid,
salencid plunger, 9all point pen refill cartridge, four 5=-32 x lL/4°
scraws, two small angles brackets, two 4-45 x 23/8" screws, four %4
Logcxkwasners , the Dottom plats and a spring. Screw the angle brackacs
(Using L2 non-threaded Nole) onto the solanoid bedy with fhs 5=-12 %
L/4" screws and %5 lockwashars. Then attach the angle brackests =o zhe
oottom plate using the same size scraws and lockwashars. The sides of
Eha solenold dody should be parallesel co ths 2dges of tha bottom gplace,

e =

|
i

. e

~EN

i

R
sl

I
1

SCREW—=]
e -"| SOLENOID ) 7
E Y SPRING

-____qhhh7
N SPADE SOLENQID ;‘L“,L_!
| 2 LUG PLUNGER t:i

/

Qi TR | ANGLE BRACKET
= =T |

bEGT‘GMR |
; ot OCK " PLATE
WASHEAR . \WASHER
SCREW

Remove the standard ball point pen refill from its paper packet. (If
vaur Turtle's gen runs dry, thesa refills are available at almost any
gstationery store) Following the instructions on the packet, break ths

refill off at the bottom lina, Note that there is a crimp in the pen
nearest the point end. Using your plisrs, squeeze this area to Jet rid
cf the crimp so that you can insert the pen into its holder, ti

clunger. Insart the pen through the center of the plunger, with the ball
end of the pen zoming cut of the pointed snd of the plunger. Secure the
men in this position by inserting 4-40 % :31/9" screws into the threaded
holes at the top of the plunger. Adjust the pen so that it protrudes
approximately 7/39" Erom the pointed end of the plunger. Adjust the 4-40

srews, using them as you would a noermal sat screw, ts grip the pen and
hold it in position. DO NOT CRUSH THE PEN WITH THE SET SCREWS. Slip the
music-wire soring over the pointed end of the plunger, and using the
pair of pliers, wrap the end of the spring around one set screw. Insart
this whole assembly into its respective spot in the solensid. The ball

end of the pen can bHe seen now to extend through the bottom plate. Taks
the 4 E£lat brass washer, place it over thes ballpeint and of the pen and
crimp th2 pen bensath the bottom plate to prevent the assembly from
falling out of the solenoid. IN DRDE TO INSURE THAT YOU DO NOT

4H ERRUPT INK FLOW WHEN CRIMPING, PLACE A SCREW OR OTHER PIECE O

2
HARDWARE BETWEEN THE HANDLES CF YOUR PLIZRS S50 THAT THE JAWS CANNOT
;_HFFZT:L? CLOSE.



1) TURTLE TOES AND SPEAKE QUNT: You will need the blazk threaded
Balls (Turtle Lo=es) , Lwo 1;4" gplit ring lock washers, two 1/4=-20x1/2"7
screws, sSpeakar mount (belting with pre-punchad hsles), and tne Dotiom
mlace., Screw ane Turtle o2 anto the botcoam (non=solenoid) sids= of tn
bDotctom olate using one scraw and lockwasher. Mount Ch2 oLner Cos
inzluding &the speakar mount. The speaker mount should be placed on ta
side opvesite the solesnoid spade terminals. Form the speaker mount in
a ring, matching :the holes. Insart th2 scrsw through ths holss, noldi
the loop together, with the head of the screw inside The cing. Tng
sgpeaker mount now dafines the fraont of the Turtlsa.
L !
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4) RICHT MOTOR ASSEMBLY: You will naed one of tha motoars, cthe Ehraa
aluminum hex Ccross sactign spacers, Ltwo motor Srackats, four 5-12x1"
scraws, four %5 lock washars, sne 5-312 nut, the o2 board, two A-312xl/4"
scraws, and two 35 nylon washers. Attach three spacers a2nd t=wo brackats
=2 kha motor with long screws and lock washers. In tha unused spacs
insaert & long screw, lock wasiher and nut Attach Eha pe BDoard to EtEhs
ta9 2f the motor brackats wikth short screws and nvlion washers, Tha 'Enn
is the side with Lwo spaces Thaé motor shaft should 2e near bths bottom.
The front is the side with the nut. The front of ths pgc Hoard is chs
sida containing the Turtls ayes (LZDS) It is important o use the aylon
washers nDetwasen tha Dottom of ths PC board and che bHrackats., L[f£ ths
aylon washars ars naglacted, 2lactrical shorts may develop. Xesp all
alacerizal leadg ingids the Turzle, betwean ths front and back spasers
To provide strain relizf for the Tarrapin intarface zable, wind it
around thea back spacers
MQTOR ASSEMELY
| SPACER|
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MCTOR ZLECTRICAL LEADS: Attach tha right motar lsads AM1 to rignt spade
lug ! and AM2 to right spade lug 2 by sliding the spade tarminals 2ato
=h2 spade lugs, with spade lug 1 on th2 sucside and spade lug 2 on the
inside. attach th2 laft motor lsads to the laft motor: with LMl on Che
inside, LM2Z on the outside. Tapa the spada tarminals with ZTommaon
slaghirizal tage (1E availabla) to insulatz cham. ZEND THE SPADE
TERMIMALS SO THAT THEY AVOID CONTACTING THE MCTOR CASINGS AND CAUSING
Sd0/TS.
LEFT MOTOR ASSEMBLY: The leit motor is orientec symmacrizally opposits
=iz right motor. The motor shaft goes near the bottom. Attazh ik t2 Lths
spacars and the remaining two brackats using 5=32x1l" screws and lock
washers., Use a 5-32 nut where there isn'tc a spacer. Scraw the pc bozard
onto the brackets with 5=-32x1/4" screws and nylon washers bhetween th2 pC
Joard and the braskets, You may have £o bend the brackecs to maka things
£ =
ATTACH PEN SOLENQID LZADS: Be sure Ethat cthe pen sglanoid lesads =zcomes
=arcugh the centar of the Turtle, between the Ewo motors. Attach tihe
spade tarminals cto the spade lugs on the solenoid.
ATTACH B8CTTOM PLATE: Screw the 5 plates onte the motor brackets
with 5=32x1/4" screws and lock washers. The solansgid inserts straight
up into the centar of the Turtle, Setween the two mMotors. Be carsful not
3 arsak tha speakar leads.
TIRES AND WHEELS: Strektch the zires onto tha wheels. This may be
somewhat difficult, as the tires must stretch substantially. Loasan sat
zrewS with the Allen wranch (Turtle tuner). Put whsels on the motor
shafts (sticking out of the sides 2f the Turtle). Make sure that the
sat screw is on the outside of the wheel. Rotata each wheesl until the
sat sgcrew is gwer the flat porticn of the shatt. Tighten sek screw anto
snaft to secure wheael.
DOME: Screw the dome onto the shafkt of the ball joint using the
Ig=32xl" screw, with the nylon shoulder washer under the dome, curved
gide down

Baehold vour finished Tarrapin Turtle!



CPERATING INSTRUCTIONS; TALXING TO THE TURTLZ

Communication between the Turtle 2nd your compuisar takas place swver tas

Tur=ls =abla. The 15 connectians an th2 connector provide:

sight wires for Turtle contcrol

faur wires for the tsusn 38nsars

sne spares for user expansion

2ne power

ona ground
SOWER SUPPLY: The Turtle will operatcs with a supply voltaga
anywhere becween 12-18v, It requires one amp wnile ﬂﬂVLPq, a maximum of
~wo=thres amps wnile :usn**g an object and lass while idling. Thetrs is
ne need Zor a saparate logicz supply.

logic 3 = v, - 3.5v,
logic 1 = 2v, = su:uly.
T™is is TTL compatibla,
TURTLE CONTROL REGISTER: (iaputs %o the Turtle): The aight wires
=mat coantrol the Turtle should be connectad to a parallel output port
serving 2s a Turtle control registsr. The Turtle itself contains no
mamocy. A change in state in any of thess 2ight linses is immediacaly
caflected in the Turtle. The bit assignments and functions are as
follows:
T # P L[ M2 EM1 RM2 SM]

RMl, AM2 - Right motor RT - right
LMl, [MZ - Lafys motor LT - lef:
L - Lighes FD - Eforward
B - Fan B - back
5 = Harn
T - Tone control
MOTORS: Each motor is conktrolled by two bits in the zsontrol register. I£
the bits are th2 same (i.e. both @ or 1), the motor will Dbe off. ©Cne
heing "1" and the othar heing "0" will turn the motor on with the
dirsccion being controlled by the bit thdt is 2 "1". Slower speeds can
be had by feeding a square wave of different duty <cycles to the motors.

This will nave the 2ffect of trying to turn the motors on and off very
rapidly, but due to mechanical inertia, they will just spin more slowly.
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g a 2 1T ofE off aff
5] 0 & 1 off FD turn LT about lelt side
4 5 L T aff BY curn RT about left sids
a2 2 1 L ofE afF ' off
d 1 a 7 ¥D off turn LT aboul cvight side
) il G L P PD meve IZscward
o 1 i S e - curn cight about center
4 1 A I FD' aff Eurn LT about righec sides
L g 5 3 8K 2f£f Edrn RT about right side
L 0 o 1 BK & Eurn LT About Senberl
15 5 1 0 3K 8K move mackward
I {J 1 1 BK o£ff turn LT about right ‘sids
: 1 3 4 off
L 1 a3 ] =EE FB eurn LT about lz2f:t side
L5 1 1 @ oFEf BK curn RT about lafz side
L 1 1 1 off »ff wff
Note: the polaricy of forward vs. back on 2ach motor cdepends oan Now
cha ¢ board is sonnascted to the motors. IE your Turtle's mokars go back
wttan the tabls says forward, you z2an zaorract this by simply axchanging
=he Etwo spades lugs and leads, one for the other.

LIGHTS "g" kurns kthem off
"1" kurns tham an

DEN AT is up
"1" ig down

HCRN *g" is gquiet
1" is nolisy

TGHE A" is the low tone on the harn
1" is the high tone an the horn.

TOUCH SEHSGR REGISTER: (outputs Erom the Turtle): There are Eﬂur wires
=mat reflect the state of the touch disk. Thase should be wir o

¥

garallsl Lnnu: port. They are always valid, and need not be ﬂnan‘ed

i

BT = back btoucsh/FT - frant touch
BT FT RT ET - .
AT - right toueh/ LT- left taouch

Each bit corresponds to one of the four touch sensors. If the Turtle
humps intec something, the dome will cause the touch disk to press on one
of the four microswitzshes.

"7" means something is touching.
"1l" means no touch.

ADJUSTMENTS

PEN: For best drawing ability the pen should be adjusted in the
11

following manner: Connect the Turtle £3 2 12-13 wvolt power supply and
to the zarallel interface on your Somputsr. Remove &the Turtls bottsm
plate and turn the pen solancid on by writing a legic "1" to the
parallel intsrface bit connected te the pen. The soft iron solenold core
should be pulled all the way down intc the seclencid Dody by the magnetic

- 20"



Eiesld. Loosen Ctihz two screws holding the pen rafill and acjust the pen
r2fill so Ehat wha2n the solanocid is down the fen rcefill projacts about
1/4" Below Eh2 bottom of the two plastic balls (Turtle toes.) Now uss a
ggftwara program to writs a legic "0" ko the pan BiE on ehea parallal
incerfaca, The rpen solenoid cors should move up out 2f tha solzanoid
2908y¥. Adjust the crimp coint on the solenecid ra2fill so that th2 upper
oosition of the pen refill is about L/3" above the hettam of th2 two
slastic balls., [If problems are experiensed with the pen refill sticking
in the asle in thes bDottom of the pen seclenoid, try insarting a 5/332
fgothead lockwashar on the pen refill and the :atz:u alata. Now wvarify
that the Den mowves up and down fraely by alternately writing logic 1l's
and J's ts =h2 pen coatrol Sit and cbsarving that th=2 pen sxtands and
ratrages. IE the pen 3ssembly sticks at any point Ery bending the refill
sg it travels freely. Now put the boctom placs back on thes Turtles; slacs
the Turtle on a sheet of paper, and sand it Eorward with tha pen Zown by
wtiting logic 1's to the pen hHit and to BM1 and [M1l. If Ehe Turtle does
not draw properly, repeat the adjustment proceeding with the pen down in
raflll position slightly lower or hi;ﬁer :han Lfé“ below the Turtle
to2s. When properly adjusted the pen solzanoid core siiould nor "bottom
sut” 1n the pen down ;ns. ien; rather, it should push the pen against
the paper with a constant force from the magnetic field inside the
salanoid, This allows tha2 pen rafill and zocre to move up and Zdown
sligntly in response teo lrregularitizs in paper height and wheel
Zlametar.

MOTORS: In order to make your Turtle run straight when 3oi
sackward and turn at the same speed when gainq cight or left
adjust the four motor speed adjustmenc pots. Flrst, uss a smal

ing forward or
' ﬂu MUsc

screwdriver to turn the adjustment slot on z2ach pot zlockwise Jn:il e
scops. Then place your ”u:tl_ an tha floor (prafarably ane with
straight floorboards or ::la lines) and set it going forward by writing
lagic 1's to the parallasl intarface bits zonnected to RMl and LMl and

logic N's ko RM2Z and LM2. After this is done the Turtle should stark
geing forward (if it travels backwards or turns the motors ar2 hookad up
incorrectly and should be reconnected as shown garlier in the manual).
IZ, as the Turtles moves forward, it zurves to either ths right or left,
curn th2 motor speed control pot marked FD on the side opposite the
direction of turn counter clockwise until the Turtle travels straight.
Once the Turtle travels forward properly use your computer bto writs
logic 7's to the parallel interface bits zonnected to RM1 and LMl and
logic 1's to the bits zonnected to RM2 and LM2, sending the Turtl
Sackwards. If the Turtle does not travel straight back, adjust the BX
Dot on the side opposite the direction of the turn in the same way ths
D pots adjusted until proper backwarsd travel is obhtained.

THEQRY OF OPERATION

PEN AND LIGHT CIRCUITS: The pen and light circuits on your Turtle both
work in the same way. For the light zircuit, if the voltage at pin A on
the Turtle connectar (refsr to the schematic diagram, next page) is lass
chan .5 volts (a TTL low level) :han no zurrent Elows in the 1¥ resistor
R13 ar in the bYase aof transistor Q5. Since QS has no base =urrenkt, i
connector current 1s zaro and the LEDs do not light. If collector
is at a TTL high level (three valts or so) current Elows through th
base of R15 into the base of cransistor QS, saturating it. Current
than flow through current limiting resistors R9, R1Z, and R1l and a
through the two LEDs into the collector of QS. This lights the LEDs
Srightly. In the pen circuit if connecter pin F is at less than 1.2
voelts, darlington transistor !l 1s turned off and no =Zurrent flows iacs
Che pen solencid. With a TTL high lavel on pin F, Ql% saturates,

—2=



sausing zurrent to flow through the -sole2ncid and lowsring the pen. Diace
09 absorhs =ha inductive transient oroducad when currsnt in taa pen
solengid is abruptly sut off.
) IO T -
E"EN Ao i | SN
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| Tk CIETLH i
LIGHT CIRCUN] - &=

MOTOR CIRCUIT: The motor circuit on your Turtle has a more complex
3ob ta do than the pen ar light circuits. Not only must the motors be
rotate in either diraction.

oF

off, Ehey must also be able to

To 39 this the motoar circuit must be able ko switch the polarity of the
motor voltaga. The way tha circuit Zfunctions is modeled using switches
(see Eiguce below). IE switch 1 is in ths lower position, and switch 2
is in the upper pesition, the motor will rotate in one direction. I
switzh 1 is in the upper position and switch 2 is in the lower position,
=he motor will rotate in the other direction. If the switchss are
either both up or both down, the motor will nokt rotats. The switches 92n
your Turtle are made of two sats of three transistors so they can be
2asily controlled by your computer. If pin N asn the Turtle connectar 1is
at TTL low level, transistors 09 and 9l are turned ogf£. Resistor Rl
sulls ths basa of Q8 and the 2ollector of Q1 up o nearly the supply
veltage., (The actual value is set by peotentiometer Pl.) Sincs
darlingten Q2 is connected in an emitter- follower configuration, its
amittar voltage is approximately 1.2 wolts lower than its base veltage,
(This corresponds to switch 1 being in the upper position.) 1If, on the
gthar hand, pin ¥ is at a TTL high wvoltage, both Ql and Q29 are turnacd on
by the current flowing through resisters R25 and R1ll. Since transistor

m
a
surned an and
=
=2

—

31 is is turned on, its collector is pulled down to nearly ground lsvel,
affactively turning 22 off and allowing 29 s ground the motor lead.
(This corresponds to switzh 1 being in the lower position.) Since Eths
athar side of thsz sircult works in sxaztly the same way, the Turtlas
motar ca2n be controlled in both directions using the two control lines N
ang %.
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T+iZv RIGHT AND (LEFT) MOTOR CIRCUITS +H2ve
\ 5, THE TWG MCTCR CIRCUITS ARE IDENTICAL. e
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HORN CIRCUIT: The hnorn sircuit sayour Turtle uses a 555 intagrated
sirzuit precision timer hookad up in an astable configuraticn that
continuously oscillates when power is applied. Whan pin R an the Tur
connecktar is at a TTL low level, transistor Q7 Ls sut :t,, depciving
IC of powar and silencing the heorn. When pin R is at a high level, Q
ls saturaced, the IC Is supplied with 2 ground connection, and the horn
gsounds, The tons aof the horn is controlled by Eransistor Q5. IfL pin B
ig low, Q6 is =ut off and the voltage at the modulation input Lo tha 5585
is 1/2 the supply voltage. When pin B is high, Q% is turned on, therebDy
slazing R29 in parallel with R2¢. This lowers the voltage at pin 5 of
the IC =o about 1/4 of the supply voltage and changes tha frequancy of
che horn. _ +12v 7
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TOUCH SENSORS: _-Your Turtle sends information adout IEsS contacts
withh objects bagk 'ts your computsr with the Eguch sansor cirsullbry.
Whea =ha Tur=la's "shall" strikas an ssscrucs=ion, iz activatss snz2 or
w0 of Ehe touch sensor switchas mountad an the cirsuls beard., Ths
=ouch seansoer sutput linas are normally sonnagceted to 2 3.5 wolk supply DY
zanar digde D123, This supply puts aut a gconstant TTL high lewal 1n Ene
slacerically naisy Turtle anviranmant. Wh2n 2 touch sensor switch is
fapraggsad, the sopropriate sutput line is switched ESrom the 3.5 wvolk
suzply E9 ground, giving a TTL low ouctput.
' TOUCH SENSORS
+12v [ H SEI
RLS
.-—-——ﬂ-
| ny I ~
: - — o
e o 56
——r———
‘ 5 |
A3V — .t £ FSZ -
F-
ZENER/ |
i mm—— G
I NI =
J o o
DEBUGGING TIPS
Lf wour Turtle does not operats properly check the cirzuit board
carefully for bad solder connections, incorresctly inserted components,
"solder bridgas" between adjacent tracks on the circuit board, and loose
#ircas., Make sure that the metal tabs on top of thes darlingtoq

::ansistars arsa nnc touching =2ach other and that no component leads
(pacticularly the leads of the 1280 ohm light resistor) or motor or pen
suada lugs are :anta_hinq the metal frame of. =he Turtle. If the Turtle
slectronics assembly looks OK make sure that the parallel interface is
functioning and that the power supply is prﬂvzdlnq 12=-183 wolts at 2

AMPS .

n't found the problem, refar to tha paragraphs bdalow

IE you still ha
1 1 r ems and their solutisns:
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Symptom: Nothing on the Turtle functions.

Possible Problem and Suggested Solution: Power supply nat working.
Tast supply with mestar; repair or replace if not werking.

PP & SS: Parallel interface not working. Test for data 2t interface
wich logic probe; ra2palr or replace,

PP & SS: Power or ground zonnections open. Tast Eor wvoltage at
rurtle: {f net prasent, sorrect bad connection,

PP & SS: Power to ground short circuit, If Turtls draws axcassive
current or bleows fuses or supply does not work with Turtle connected,
zheck carefully for a powar to ground short.

—7 -



sympeom: Inta2rastion between pen 2and motor sontrol: i.a. whan motars
dars turned OnN Den operates and vica wversa.

PP & 55: Short cigcuit bastween motor or zan lsads and Turtle Erama
insorractly wired pen and motar connsctisns. Caresfully check Ehap =ha
Pen connections on th2 Turtls board arz not wirsed ts the motors; zorre
Any short <ictulits dDetween th2 motor spade lugs and the Turtle frame.

Symptom: Interaction 2etwaan the "ayas" and pea ar motor.

PP & 53: Almost certainly causad by tha lesads 2f the 120 onm zurrant
limiting resistor for the LEDs 2eing long enough =5 =auch zhe motor
oracket and short-circuit ik, Trim tha leads on tha rasisctar.

Symptom: Pen doasn't woerk.

PP & S5: Shorts detween the pen and soleneif lesads and Fframe, bad
connection in ths cable, pen solenoid plunger up =50 high in che ress
sesition, friction between pan rafil! and hol2 in =he bottoem af zha
solenoid. Check for shorts and bad connsctions. Tha rest (pen 2Zf)
position of the solenoid plunger should be nc more than about 1/2 inzh
a0ove tha pan down position or the magneciz flux in the solensid will
ot 22 strong 2nough =o pull the pen down.

I in the course of using your Terrapin Turtla you —ome up with any
otier bugs that we havn't listed hers, plaase fael fras &= drop us a
letter or call during normal business Mours. We'll sac osur axperts Lo
tae solution of tha2 problem and jet back ks you. Sur naw addrass is:

TERRAPIN, I
380 Green S
Cambridge, M

(&)
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Using a Turtle with the SSH 10-2 Parallel Interface Board

The Solid State Music 10-2 parallel interface card is an ideal device

for interfacing @ turtle to S-188 bus computers,

It is a uell designed

circuit vhich provides, at low cost, & parallel outputs for control of the

turtle's horn, pen,

lights, and motors.

In addition, it has & parallel

inputs, 4 of uwhich can be used to read the turtle's four touch sensor

| ines.

Unfortunately, the assembly and instruction manual which comes With

the board requires that the builder have a lot of knouledge of digital

electronics.

The purpose of this document is, therefore, to provide

information on how the 10-2 should be assembled and connected to the

turtle.

A. Assembly (skip this part if you purchased an assembled interface)

First, check kit contents against the following parts list:

Par t Quanti ty Reference #ls) Oescription

7485 1 Ui 16 pin 1C

741584 1 U2 14 pin IC

J4L542 ! U3 16 pin IC

7486 1 U4 14 pin IC

74L588 2 US, U 14 pin IC

DIP suitch 1 U7 16 pin package with
& suitches on top

8212/74LS412 2 ug,ulie 24 pin IC

DIP plug 2 U3,uil black 16 pin plug

2.2k resistor § - red-red-red

lk resistor 1 - broun-bl ack-red

8.1 uf cap (3 - flat ceramic cap

tantalum cap iz - tubular electrolutic

7885/LNM348-5 1 - voltage regulator in

M
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3 lead power package

14 pin sockets & - -
16 pin sockets & & =
24 pin sockets 2 - -

heat sink 1 - black aluminum heat
sink for volt., req.

screud ] - for volt, reg.

nut 1 - for volt. reg.

lock washer 1 - for volt. reag.

circuit board 1 double sided board

After it is determined that all parts are present, the sockets should
be inserted into the printed circuit board, Place the board component side
up on the table with the words "COMPONENT SIDE' away from you. Now examine
the sockets. Each socket will have some marking to identify which pin on

the socket corresponds to pin 1 on the chip to be plugged into the socket;

this should be identified from the drauwing belou:

2 % L IS Ll o
| 2 i

4 i

The sockets may now be inserted into their proper places in the printed
circuit board; this should be done with pin one on the socket on the lower
left for the sockets for Ul-UG,U8,and UlB, and with pin one on the lower
right for the sockets for U3 and Ull (refer to the layout drawing for the
locations of these sockets). Care shold be taken uhile this is being done,
since the pins on some sockets are fragile and can be easily broken when

inserted, No socket should be inserted in the space for U7, as the dip

s I



suitch will be soldered in directly there. Once this is done, a piece of
flat cardboard should be placed over the board and sockets and the board
should be turned over with the cardboard holding the sockets in place.

After making sure that all the socket pins are through the holes, tuo
diagonal ly opposite corner pins in each socket should be soldered to the
board, and the board turned over again. The sockets should then be
inspected to make sure that they are flat against the board., [f any
sockets are not, they should be seated by heating the soldered pins of the
offending socket while pressing the socket doun to the board. When all
sockets are flush with the board, the rest of the pins on each socket can
be soldered. Rosin core solder and a pencil tupe iron with it's tip kept
clean by frequent wiping on a damp cloth or sponge should be used. Enough
solder should be used to form a conical "fillet' betueen each pin and pad,
but it is important not to heat the joint excessively long as this may
result in the seperation of the copper trace from the epoxu board.

When the sockets have all been soldered, six 2.2k resistors should be
soldered into the holes above the pads for U7 as shown in the layout
drauwing. The resistors are placed in this manner: Starting at the left of
the line of nine resistor pads above the pads for U7, five resistors should
be inserted. Then, three pads should be skipped and the sixth resistor
placed in the pads at the far right., 1f there are extra 2.2k resistors do
not worry., The single 1k resistor should be soldered in the place shoun in
the layout drawing, just to the left of UlG.

Next, the tuwo tantalum electrolytic capacitors should be soldered into

the board in the places shoun in the layout drauing, near the regulator at

—7%-



the far left of the circuit board. It is extremely important that proper
polarity is observed when inserting these components, since they will be
destroyed if incorrectly inserted. Close examination of the electrolytic
capacitors uill reveal a '+' at one end. This end must face the |louer edge
of the board on both capacitors. A large '+’ on the board as uell as '+’
signs on the layout drauwing identify the proper direction also.

When this has been completed, the six ceramic .1 uf capacitors should
be soldered into the board as shoun in the layout drauing, and the DIP
suitch should be inserted and soldered in the pads for U7, The voltage
regulator should then be placed on the circuit board with it's flat side
doun and the hole in it's tab lined up with the hole in the large square
area in the upper left hand corner of the circuit board. The three
regulator leads should then be marked for bending into the three holes
directly belou the square area. MWhen marking the leads, be sure to allow
for the lead used up in bending, Bend the regulator leads and make sure
that, uwhen the regulator’s leads are inserted in the three holes, the large
hole in the tab lines up With the large hole in the board. Position the
heat sink over the large hole, place the voltage regulator on top, insert
the #6 screw from behind, and secure the regulator with the lock masher and
nut. Finally, solder the voltage regulator leads in place, being careful
not to use excessive heat.

The [I0-2 board must now be configured for use with the turtle. To do
this some insulated hook up wire (not supplied) is needed. First, the
memory read option must be disabled: Look 2bove US on the component side of

the board to find a small round pad labeled SM. Using a length of the hook

__.1{:‘?._



I0=-2

DIP Plugs

U9-1
Ug-2
US=3
US9-4

il =1
Ull=-2
Ull-3
Ull-4
Ull-5
Uil =6
Ull=7
Ull-8
Ull-11
Ull=12
Ull-13
Ull-14

Turtle

Function

T@
T1
T2
T3

RM1
RMZ
LMl
LM2

E

P

H

L

User
Ground
Ground
Ground

DB 25

12

25

11

24

19

18

17

16

15

13

Ribkon

Cable Colors

Black
Brown
Red
Orange

Yellow
Green
Blue
FPurple
Crey
White
Black
Brown
Red
Crange
Yellow
Green
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Bees
peee
EegD
551578
6a19

6100
6180
g182
#8185
2188
0108

BEBS
115961
Esos
1Al
D318

818D @EO9
g16F 118501

112
g115
B117

g11A C30881 -

@11D
0120
p121
122
@123
9124
B126
9127
p128

esee
DB18
4761

CD3g81
g7

g7

87

a7
E6GFP
47

D3661

@12B C1

g12C
@12E
@12F

@130
@132
@135
8137
2139
g13C
G13E
g13F
gl4l
B143
G144
#1146

B147
@149

E6OF
BO
co

9EfL
esPe
E6TF
DE3@
FROGE0
FEBA
F8
DE@7
FELD
F8
DE20

E6OF
C638

@14B FE39

@14D
#1586
P152

FAS201
Cce@7
SF

GETEYT:

GETNIB:

PUTNIB

PENTIT:

MVI C,1
CALL EDOS
ANI 7FH
SBI '@"
JM BOOT
CPT 10
RM

SBI 7
CPI @10H
RM

SBI 20H
RET

ANI OFH
ADI '@’
CPI '9'

JM PRNTIT
ADI T@f__igl
MOV E,A

e

;DESCRIEE TOUCH SENSCR DATA

:GET TOUCH SENSOR DATA
;PRINT IT ON THE CONSOLE

sPUNT HIGH NIEBELE

;CHANGE @ TO ASCII 2

;IS DATA GREATER THAN 97

;IF NOT, PRINT ON CONSCOLE
;OONVERT TO A THROUGH F

;PUT ASCII IN ARG TO EDOS CALL



gy 0

59:
AB:

wdd

9153 GE@2 MVI C,2 ;CP/M CONSOLE OUTPUT CALL
155 (DO500 CALL EDOS
158 C9 RET

0158 EDPA4S6E74INMSG: DB CR,LF,'Enter hex data for turtle output port....S'
@185 PDPAS46F750UIMSG: DB CR,LF, 'Touch sensor data in hex iS....S'

2885 BDOS 2008 BOOT pEfD CR 11D GETBYT 9138 GETNIB
#1589 TMMSG gogA LF B185 OUTMSG @152 PRNTIT 6147 PUTNIB
9188 START 9618 TURTLE

This is the hex listing of the control program.

:18010P0B0EA9115901CDE50BCDIDAID3180EA911A5
:100112008581(DA52PDB1BCD4A731C386081CD3681C5
:100120006070760707E6FB47C5CD3001C1ECOFBACIR4
:190130000E01DASAPESTFDESOFAGPGAFEGAFEDED
:1¥014 0000 7FE1OFEDE20CIEGDFCA30FE39FAS2816C
:16815006C6075FPEA2CDOSPBCOPDORAS6ET46572B3
:1081600020686578206461746120666F7220747500
:1081700072/46C65206F75747087574287086F727412
11001 80002E2E2E2E24 PDOAS46F7563682073656E13
:1008190008736F72206461746120696E2068657828D5
: 070120006973 2E2E2E2E24A0

: 1000800000
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up wire, connect this pad to one of the five pads coming off the lk ohm
resistor to the left of Ul8. Solder at both ends. Next, the input and
output control lines must be hooked up: Connect the small oval pad labeled
50 on the lower right hand edye of the board to the small round pad labeled
SOUT on the louwer side of UG in the same way. Similarly, the small oval
pad labeled 51 (which is right next to S0} should be connected to SINP on
the upper side of UG,

Note, just to the right of UG, the five pads marked OUT STB. 0One of
these pads should be connected to the device select 2 input of UlB by
soldering one end of a piece of hook up wire to the OUT STB pad and the
other to the small round pad directly to the right of the upper right hand
corner of UlB. (This pad is not marked on the board, but it can be found on
the layout drauving marked with P-13 near the upper right hand corner of
UlBl. In the same way, one of the five INP STB pads should be connected to
the device select 2 input of U8, which is a small round pad directly to the
right of the upper right hand corner of U&. This pad can also be found on
the layout drawing near ihe upper right of U8 marked as P-13.

The clear inputs of U8 and Ul@ must then be tied to a TTL high level by
wiring from tuo of the remaining four lk resistor pads to the small round
pads on the right sides of U8 and Ul@; directiy below the device select
pins just wired to. These pads can be found on the layout drauing, both
marked as P-14 on the right sides of U8 and Ul8. The strobe input of U8,
which is a small round pad slightly below and to the left of the louer
right hand corner of U8, (marked P-11 on the layout) must then be tied to

one of the remaining lk resistor pads. Finally, the input mode control of

S
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U8 must be grounded by wiring from the pad just below and to the right of
the louer left hand corner of U8 (marked P-Z on the layout) to the small
hole in the wide ground bus which can be found along the lower right hand
edge of the circuit board, directly below the right edge of U3.

1f you have a voltmeter the follouing optional test can nouw be
performed: Plug your [10-2 board into your 5-188 computer with the pouer
off., (Boards should never be plugged or unplugged with pouer applied to
the computer.) Then turn pouer on and measure the voltage betueen the 45
volt bus and the ground bus uwith your voltmeter., The volimeter should read
between 4.5 and 5.5 volts, 1f it reads less, check for shorts betueen 45
and ground and improperly inserted capacitors. [f it reads more, suspect a
short betueen pins 1 and 3 of the voltage regulator, or a defective
regulator. Chips should not be inserted unless the supply reads uwithin
limits!

Nou that the board is finished, spend a feu minutes checking both sides
for bad solder joints, solder bridges, and other imperfections. Some time
spent now may prevent many wasted hours debugging later. When you are
satisfied, insert the integrated circuit chips into their respective
sockets (refer to layout drauwing)l making sure that pin one of each chip is
at the lower left. At all chip positions except U3 there are small dots on
the component side of the board to mark pin one. The following drauings

Hill aid you in identifuing which pins on the [Cs are pin one:




Check one last time to make sure all components are properly inserted and

the board is complete.

B. Addressing

Once your board is finished, you must set it up so that it will respond
to the proper 5-188 10 address. First, a feu words about choosing an
address: Since there are 256 possible addresses and most S5-188 systems
dﬁn't have more than a feu [0 devices it's pretty easy to do. I1f you knowu
the addresses of all your I0 devices it is quite simple; just pick one that
is not in use, If you don't, there are some popular addresses which should
be avoided: Addresses @ and 1 are often used for serial interfaces, address
4Bhex is used for bank select memories, and FFhex is often used for front
panel suitches. Address lBhex is probably as good as any. [f you have
more than one tu tle interface on your system it is important not to place
tuo of them at the same address.

Once you have selected an address you can configure the 10 card to
respond to it., The first five from the left of the & dip switches select
one of 32 blocks of & addresses each, and addresses uwithin those blocks are
selected by which of 8 pads the device select 1 pins on U8 and Ul8 are
connected to. The 5 suwitches select the 5 most signifigant bits of the
address, and the pad which the select lines are connected to determines the
3 least signifigant bits., Thus, if we want to configure the card to
respond to address 18 hex, which is 28818888 binary, we would set the DIP

suitches from left to right to open (or off), open, open, closed (or on),

|
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open. This can be easily seen by noting that the most signifigant 5 bits
of 1Bhex are 88818 and that an open sWitch corresponds to a B: a closed
suitch to a 1.

To set the 3 least signifigant bits of the address the device select 1
pins of U8 and Ul® must first be connected together. Solder one end of a
piece of insulated hook up wire to the small round pad directly to the left
of pin 1 on UlB. Next, strip the other end of the Wire and insert it into
the pad below and to the left of pin 1 on U8, but do not solder yet. Strip
the end of another piece of uire, insert it in the same pad, and solder
both uwires to the pad. The other end of this wire should then be soldered
to the pad near U3 determined by this table (pad numbers can be found on
the layout drauing above and belou U3):

3 least signifigant bits of address Pad near U3

pes
8al
ele
811
188
161

110
111

=R WHSNOo W

Important Note: Assembled interfaces come with these Wwires preset to make
the three least signifigant bits 888, 1f this is acceptable in your
application the above proceedure does not have to be followed. 1f you wish
to have the three least signifigant bits be some other value, merely
unsolder the lead from pad 3 near U3 and connect it to the pad that will

give the desired value.



C. Connecting Your Turtle to the 10-2 Interface

Now that your turtle interface is complete and addressed it is time to
connect it to your turtle. First, take the short piece of turtle cable
Wwith the female connector on it which came With your turtle and strip off
about 3 inches of the grey outer insulation from the bare end. Next, strip
about 1/8 inch of insulation off each of the 19 uires inside the cable.
Find the tuo black DIP plugs that came with the 10-2 board and insert them
into the sﬂcketﬁ_fﬂr U3 and Ull dWith pin 1 on the plugs at the louwer right.
Solder the wires from the turtle cable nntg the pins on the tuo plugs

according to the follouing table:

Plug and Pin Wire Color({s) Data Bit Turtlie Function
Ug-1 red DATA IN B Left touch sensor
U3-2 uhite-yel lou DATA IN 1 Right touch sensor
U3-3 White-green DATA IN 2 Front touch sensor
U3-4 uhite DATA IN 3 Back touch sensor
Ull-1 white-orange DATA OUT © Right motor 1
uii-2 white-black DATA OUT 1 Right motor 2
Ul1l-3 orange DATA OUT 2 Left motor 1
Ull-4 blue DATA OUT 3 Left motor 2
Ull-5 black DATA OUT 4 Lights

Ull-6 green DATA OUT & Pen

uii-v Hhite-blue DATA OUT B Horn

Ui1-28 broun DATA QUT 7 Tone

Ul1-9 yel lou - Pouer

Ull-18 white-broun - Pouer

Uil-11 white-purple - User

u11-12 purple - Ground

U11-13 grey - Ground

Ull-14 white-red - Ground

When you have finished soldering these wires you should have one white-
grey Wire left over in the turtle cable; this is an extra and should be
clipped off. When this has been done, find on the layout drauwing and

printed circuit board the three pads connected to Ull-12, Ull-13, and Ull-



14. Using pieces of insulated hook up wire, connect these three pads
together and wire them to one of the holes in the thick copper ground bus

directly to the right of U3 and Ull. With the exception of the pouer

supply, this completes the hook up of your turtle.

C. Power Supply

Your turtle requires a pouer supply which can provide 12 to 16 volts at
up to 2 aﬁps. This supply does not have to be regulated, although turtle
motor speed will be more constant with changes in load and line conditions
if it is. There are several ways that this can be accomplished with a S-
186 computer. Perhaps the simplest is to just run the turtle off the 18
volt dc unregulated supply present in all 5-188 computers. This is not
reccomended, houever, since the 16 volt supply in many S5-188 computers is
not strong enough to supply 2 amps to the turtle and also run the memory
and other boards in the computer. In addition, the turtie motors make a
lot of electrical noise on the supply when running, and this might cause
the computer to crash or lose data. If it is decided to try this method,
it is important to connect a 8.1 uf ceramic capacitor in parallel uwith a 59
uf or so, 35 volt electrolytic capacitor betueen the 16 wvolt power line to
the turtle and ground. This can be done on the 10-2 board by mounting the
components in some of the blank prototuping holes. Anuther possible method
is to use a 12 volt regulator mounted in the spare regulator pads to
provide a 12 volt regulated supply to the turtle. Again, if this is tried,
bypass capacitors should be used betueen the turtle power |ine and ground

to prevent noise from causing eratic computer operation.

'
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Perhaps the best solution is to use an external pouer supplu to provide
the current. 0One can be bought off the shelf from a number of vendors, or
one can be built inexpensively. Tuo possible pouer supply designs, one
regulated, and the other unregulated are included uwith this report.
Whichever pouwer supply scheme is used, the positive power line should
connect to both Ull1-9 and Uil-19 and the negative line to the ground bus on

the 10-2 board,
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Terrapin, Inc.

678 Massachusetts Avenue #205
Cambridge, Massachusetts 02139
617-492-8816

Connecting a Terrapin Power Supply to the I0-2 Interface Board

This replaces section C, pages 9-11, of "using a Turtle with the
SSM 10-2 Parallel Interface Board.

To connect your Turtle to the Power Supply, you must make a
connecting cable with the two DIP plugs from the SSM kit at one
end and a DB-25 S connector supplied by Terrapin at the other.
To make the cable, find the wider of the two 3-foot lengths of
ribbon cable supplied by Terrapin. (The narrower one 1s for use
as jumper wires. The individual wires can be separated and cut
to the lengths needed.)

Next you should choose the length of the cable. ‘If the cable
will be plugged directly into the Power Supply, 1t should gnt

be shortened. However, the connector can also be mounted 1in

one of the RS232 cutouts commonly found in the rear panel of many
5-100 card cages. 1If this is done, another cable with DB-25 male
and female connectors must be made or bought to connect

between the card cage box and the Power Supply. This can be
ordered from Terrapin or can be found as a standard item in many
computer stores or from mail order supply houses, listed as an
RS232 jumper cable. If you do decide to mount the connector in
the back of the card cage, cut the cable to the length needed. If
vou decide to use only the supplied cable, the end with the DIP
plugs can be passed through an RS232 cutout so the cable will not
get in the way.

Separate the wires at each end of the cable for 1-2 inches, then
strip and tin a 1/8 inch length on each end of all the wires,
except the blue and purple wires on one edge. These last two
wires are spares. Next, tin the following DB-25 connector pins.
Numbers 1,3-7,11-13,15-=19,24,25

Caution= Before going further, slide the DB-25 hood onto the cable
with the wider opening facing the end you will solder the DB-25
connector to.

The four wires on the edge with the black wire should be separated
as a unit from the rest of the cable for several inches. Solder
them to one of the DIP plugs using the connection pattern for U9
in the table below. The remaining wires, continuing from the same
side, are soldered to the DIP plug, using the pattern for Ull as
shown in the table. Finally, the other end of the cakle is wired
to the DB-25 S connector in the order shown in the table. Do not
forget to slide the connector hood on before soldering. After
soldering, the hood can be slipped down the cable and onto the
connector and screwed in place.



Three ground jumpers must be connected to Ull on the IO-2 board.
Find on the layout drawing and printed circuit board the three
pads connected to Ull-12, Ull-13, and Ull-14. Using pieces of
insulated hook-up wire (from the small width of ribbon cable),
connect these three pads together and wire them to one of the
holes in the thick copper ground bus directly to the right of
U9 and Ull. '

The assembled cable is connected to the SSM I0-2 board by plugging
the two DIP plugs into the sockets at the lower right side of the
board. The plug with only four wires is plugged into the bottom
(U9) socket and the other plug goes into the socket Ull directly
above. Both DIP plugs should be plugged with pin one at the
bottom. The DB-25 connector at the other end of the cable is

then either mounted in the RS232 cutout or connected to the
Terrapin Power Supply.

The Power Supply can be plugged into a wall socket and the Turtle
cable can be plugged into the Power Supply. The switch will glow
red when the Power Supply is on. There is a small knob on the
Power Supply to allow for fine tuning the turns of the Turtle,
after the turns have been roughly calibrated by software.

The last two pages show an assembly language program for CP/M
systems using 8080 or Z80 processor cards. The high half of

the address must be the same as the low half of the address during
I/0 instructions. Most Z80 and B080 cards have this setup and
there should be no problem.

The program asks for a two digit hex number representing the bit
pattern to be sent to the Turtle, which will cause a function to
be turned on. The program then prints a hex number indicating
the current touch sensor state and then waits for your next input.

The hex listing at the end may be directly poked into the system,
or the mnemonic code can be entered and assembled.

This program is included to provide an example of how to program
the Turtle.



	Turtle_C-0.JPG
	Turtle_C-1.JPG
	Turtle_C-10.JPG
	Turtle_C-11.JPG
	Turtle_C-12.JPG
	Turtle_C-13.JPG
	Turtle_C-14.JPG
	Turtle_C-15.JPG
	Turtle_C-16.JPG
	Turtle_C-17.JPG
	Turtle_C-18.JPG
	Turtle_C-19.JPG
	Turtle_C-2.JPG
	Turtle_C-20.JPG
	Turtle_C-21.JPG
	Turtle_C-22.JPG
	Turtle_C-23.JPG
	Turtle_C-24.JPG
	Turtle_C-25.JPG
	Turtle_C-26.JPG
	Turtle_C-27.JPG
	Turtle_C-28.JPG
	Turtle_C-29.JPG
	Turtle_C-3.JPG
	Turtle_C-30.JPG
	Turtle_C-31.JPG
	Turtle_C-32.JPG
	Turtle_C-33.JPG
	Turtle_C-34.JPG
	Turtle_C-35.JPG
	Turtle_C-36.JPG
	Turtle_C-37.JPG
	Turtle_C-38.JPG
	Turtle_C-39.JPG
	Turtle_C-4.JPG
	Turtle_C-40.JPG
	Turtle_C-41.JPG
	Turtle_C-42.JPG
	Turtle_C-43.JPG
	Turtle_C-44.JPG
	Turtle_C-45.JPG
	Turtle_C-5.JPG
	Turtle_C-6.JPG
	Turtle_C-7.JPG
	Turtle_C-8.JPG
	Turtle_C-9.JPG

