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The printed circuit c;'ard is shown before (left and right) and after (center) parts have been added.

This type of construction lends itself to a
more permanent installation.

There are a number of other optional
construction details and features you can
leave off or add at a Jater date. The LED’s
(light-emitting diodes) used as indicators
may be left off. The two control pots can
be replaced with fixed-value resistors;
the optional values listed in the parts list
will give satisfactory operation with al-
most all of the ready-to-run and brass
locos. The power on/off switch is not need-
ed if you have a way to remotely turn off
the 117 volts feeding the throttle. Things
like the SWAT plugs can be eliminated
if you wire the units in directly.

The following construction description
assumes you are building a single-chassis

RAILROAD MODEL CRAFTSMAN i

SWAC/2. The test and check-out section
assumes that the LED’s and meters are
installed. These items are used as indica-
tors for most of the tests. .
Assemble the printed circuit card from
information in Fig. 4 and the parts list.
When soldering the p.c. card, use a pencil-

type soldering iron rated at 20 to 40 watts.

Use solder that is marked for use in elec-
tronic equipment, as other types of solder
can cause damage to the card and compo-
nents. Keep the tip clean. Heat the part to
be soldered with the tip of the iron, then
let the part melt the solder (this helps
prevent “cold” solder joints). This should
take only a second or so, and any addi-
tional heating may damage the component.
The three-amp diodes will take a little

i A o i N e S TR
DO N T STUFF FOK CCL.
D25—:D99, . L6, C (R5- 232
Jonger to heat than some of the other parts.
- When done, check the card for solder
splashes and connections you may have

parts are in the right location and that
diodes and capacitors are placed in the
right direction. If you have installed one
of the FET op amps for 1C1, D15 may be
omitted from the p.c. card. Capacitor C6
should only be installed if you intend.to
operate older O scale equipment with
motors that require high current to start.
To lay out the cabinet, position all of the

"major parts on the inside of the cabinet

without drilling any holes. Make a card-
board front panel to fit your cabinet. After
deciding how you would like your panel to
look, cut out the cardboard panel and fit
in the panel parts. Now you can see if the
panel will fit without hitting the parts on
the inside. If all of the clearances are all
right,' the inside parts can be mounted.

Here are a few hints for mounting com- "

ponents: - :

_» Large holes for mounting items like the

* skipped. Double check ‘to make sure all -~

meters can be made with a “nibbling -

tool” made by ‘Adle Tool Co. You will
find these in most electronic supply
houses. ek

e LED’s can be mounted using grommets;
see the parts list. - g .

e Be sure you leave room to mount the
p-c. card connector with the card in the
connector. Also check to see if the card

_will short out against any metal parts.
If there is a chance of a short, move the
card or protect the area so that it can’t
short. ¥ :

v-Fuses should be mounted so they are
easy to get to for replacement. Fuses
should not blow out under normal ser-
vice even with a short on the output.

e The heat sink should be mounted so that
air will flow through it.

e Holes in the cabinet for the line cord

" and wires to the heat sink should be pro-
tected with a grommet to prevent the
metal from cutting the insulation.

67
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together, so you must be careful not to
<hort the pins. The LED’s will not light
with the p.c. card removed.

Install the p.c. card with the unit un-
plugged from the wall outlet. 1If you plug
the card in backwards, you can blow fuse
F1. With the card in and power on, the ON
LED should turn on and the START and
REVERSE LED's may light; the OVERLOAD
LED should not light.

Read over the SWAT description, part
two of this article, which you should have
by this time and build up at least one of
these units to complete the check out.

SWAC/2 basic check-out

The following procedure assumes that
you are using-the two-button or three-but-
ton SWAT unit. If you have built one of
the other types, you should not have any
problems interpreting these instructions.

With SWAC/2 disconnecied from the
track, connect the SWAT unit znd put
SWAC/2 into STOP by pushing both the
FORWARD and REVERSE buttons (or, for
the three-button unit, push the EMER-
GENCY button). The Go LED should be

off. Turn the STOP-SET control to its fully

counterclockwise position. The output
volt meter should read about 1 to 4 volts.
(Once connected to the tracks with any
load, this volage will go to near zero
volts.) Turn the control to fully clockwise
and the voltage should go to around 6 to
7 volts. Turn the STOP-SET back to the
counterclockwise postion.

Turn the SLOW-START fully counter-
clockwise. Push the FORWARD push but-
ton until the o LED just comes up to full

-on. Turn the SLOW-START to its fully clock-

wise position. The output meter should
come up about 10 volts. Push both buttons
or the EMERGENCY and the meter should
slowly settle back the 1 to 4 volt reading.
The Go LED should be off. Turn the sLow-
START back to the counterclockwise posi-
tion. Push the REVERSE push button and
the REVERSE LED should come on, then
the Go LED should come on. With the
REVERSE push button held down, the volt
meter should come up to around 15 volts.
Let go of the push button and the meter
should stay at about the same reading.
Push the FORWARD button and the volt
meter should drop to the 1- to 4-volt read-
ing. The Go LED should turn off. If the
FORWARD button is still held down, the
REVERSE LED should turn off, the o LED
will come back on and the volt meter should
climb back to the 15-volt area.

Push both buttons or the EMERGENCY
until the GOLED turns off. Turn the power
off. The POWER LED should turn off. Put
a short on the output terminals. With pow-

SWAC vollage check out chart
.Pin Line name STOP* FWD® REV“ i
1: . Driveto Q4 base 3.0 18 - .16
Z To overicad LED Lo >
;72 ~_ . (note A) —0¥.  -—01 —0.1
st M From Q4 emitter 3.1 175 15
4: To oulput 3.1 175 15
5 To stop-set pot 8.2 107 > 4975,
6: To siow-start pot 18 3.7 45
7: From slow-start . . & .
pol o 18 47 - AS
8: To go LED (note . 3 z
i A) ¢ S 0 R R M 0
9: To on LED (note - - e
X A) =2 4 e )
10 &11: + Vp oulput 175 185 RY
]2&13 input 16-19v.a.c’ 2 : z
(note B) ~ 20v.a.c. 20v.ac. (7)0\'.:.:.'
0

0.,

14 & 15 Circuit ground

Yk Whe g e LS St

l FRONT PAREL PARTS AND CKAEINET

Cabine! (;. proent box: Celeclic HE 72E, Redio Shack

270-281 or 2 cabinet of your choice.

M1:C-15 volimeter (Carcciro D1-620. Shurite 8108z
or equnezlent).

M2:0-3 ammeter (Calectro D1 918, Shurite 5202z
(see nole 1), Shurite 82032 which 1s 0-5 amps, or
equivalent). - -

J1: Thiee cenductor 3" phone jach (Radio Shack
274-282 o1 equivalent; see nole 2).

D22, D23: Green LED (light-emitling diode) MV-5222,
XC556G or equivalent See nofe 3.

D24: Yellow or amber LED, XC522A, XC556Y or equiva-
lent, see note 3.

D25: Red LED, MV5022, XC“\SR or equi valen! see
note 3.~

; SWI Singie- pole smgle -throw toggle swilch (power

on).
R34: 50,000-ohm pmenhometer l’near laper Cal-
ectro B 685, Radio Shack 271 1/]6 or equwa ent,
see note 4).

R35: 5,000- ohm poienhomeler Trnear taper (Cal-

ectro Bl 680, Radio Shack 271-1714 or eguiva-.

lent; see note 4). ;

Knobs: Any knobs that will fit the potenticmeter ‘shaft
will work. Radio Shack 274-413 is preferred, be-
cause they have “czlibration” marks from 0 to 10.

2: CHASSIS PARTS > z :

D20: 3-2mp, 50-volt silicon diode (Motorola MR500,
Varco V350, Radio Shack 276-114] or equivalent).

D21: 1l-zmp, 50-volt silicon diode, 1N4001 (Radio
Shack 276-1101 or equivaient).

T1: 16- 1o 19-volt, 3-amp tiznsformer (Radio Shack
273-1514 or eguivzient).

T2: 12- or 12.6-volt, 0.1- 1o l-zmp tr ar\sf\;rmer (Cal-
ectro D1-750, Radio Shach 273-1385 or equiv).

F1: 3-z2mp f{ast-aciing glass fuse (Radic Shack 270-
1276 or equivaient). Use z 3-zmp siow blow Yuse
if capzcitor C6 is installed.

F2: 0.250-2mp fasi-acling gizss fuse (Radro Shack
270-1270 or eq-'wment)

F3: 1-amp fzst-acling glass fuse (Radio Shack 270-
1273 or equivalent).

Fuse Holders: F1 and F2 use clip-in type like Radio
Shack 270-739. For F3 (117 v.a.c.) use an “in-
line” type like Radio Shack 270-1281. .

RY1: D.pdt (doubie-pole double-throw) 12-volt
relay (Radio Shack 275-206; see note 5)

R36: 100-ohm 0.5-watt resistor (see nole 5).

Q4: ZN6576 power Darlinglor transistor. =

Heat sink: Molorola MS-10, Radio Shack 276-1361,
Czlectro J4-880 or equivalent.

Trznsistor mounting kit: Motorolza MK-15, Radro Shack
776-1371 or equivaient. Use with srhcon grease
like Radic Shack 276- 1372 - o

PARTS LIST NOTES: -

1: Shurite has drsconhnued the 0- 3 amp meler in Ure 850 serres Thrs me!er is sﬂ! avarlab!e hom Shume by spe

cial order.

2: Insulate jack Jl from ihe Yrarne ground with nonconduc.rve washers Frber or ny!on shoulder washers lrke H.H
Smith 2158 are designed for this application. Without insulation, the circuit ground connected o the sleeve of the
jech can shori to fiame ground. Ancther way 10 insulate this Jack is to mount it on a wood or plastic panel.

3: Almost any of the red, yellow, or green LED’s will work in this circuit. The colors listed are what we vsed. You
can change them around to suit yourself or use all of one color if you like. Rzdio Shack sells a package of as- -

Printed-circuil card Make rom arwork or purchase

Conaecior for printed circuit card: 22 pin on 0.156-
inch centers (Cinch 50-22A-20, Ampheno! 143-
022-01. Daie E370-AZ2GF or equivalent).

Miscellaneous: Lline cord, decals,
ware, and so on.

mounting hard-,

Conneclor, binding posts: Radro Shack 274-661 (iwo

ina paclrage four required), or equrvalenl.
3: PRINTED CIRCUIT CARD

C1, €2, C)0: 100uf, 25-volt miniature aluminum elec~ :

1rolylt: cepacitor.

C3, C4, C5: 220uf or 250ut, 25-voll miniature aluy-

minum electrolyte capacitor.

C6: 33uf or 47uf, 10-volt miniature zluminum elec- -

frolyte cnpacrtor install only if SWAC/2 rs lo be
used with older O scale equipment.

C7: 0.01uf, 100-volt, =10% polyesler film capacnor =

(Sprague type 225P- IDSQlWD _Radio Shack 272-
1065 or equivalent).

c8, £9, C11, C12: Oluf 100 voll +10% poiyes!er
film capacnnr (Sprague type 225P- ]049)WD Ra-
dio Shack 272-1069, or equivalent).

D1 to D14: 1-amp, S0'vol silcon diode, ]N4001 or i

equivalent.

D15: 10-milliamp, 75-voll srl;con drode "1N4148 or”

equivalent (this diode is only needed when 2 stan-

dard 741 op zmp, like IC2 1o IC5, is used for IC1). -

D16 to D18: 3-amp, 50-volt silicon diode (Molorola

MR500. Varco 350V Radio Shack 276-1]4] or .

eguivalent).
IC1: FET input op amp (Nahonal LF]3741N Radio

Shack RS1374] their number 276-1733, CA3140 -

(D15 no! needed with these) or the standard bi-
polar 74] as listed for ICZ 10 1C5. The FET op amp
is pieferred for minimum dsifl of capacnors Cl and
C2. See Fig. 5).

IC2 1o IC5: Op amp, 741 type in an 8-pin mini- DIP :

package (Nalional LM741CN, Signetics uA74lCV
T! SN72741P or equivalent).
Q1, Q2, Q3: 2N2904, MPS3904, MPS2923 or equiv. -
All resistors ¥%-watt, 10% unless otherwise noied.
R1: 3,300-phms. .
R2, R15: 33,000-chms. -
R3, R12, R14, R19 R24 R25, R32 1000-ohms, ){
waﬂ 10%.
R4, Rg, RS, R11, Rl7 RZl R28, R29 R30, R31, R33
lO 000-ohms. Y
R5: 1000-ohms, %-watt, 10 S
R6, R7, R23: 18,000-ohms, Vwan 5%
R10, R13 R26: 470-0hms. f
R16° 100-0hms, 2-watts, 10%
R18: 68,000 chms, }’han 5%.
RZO 2,400 ohms yv\aﬂ 5%
000 ohm

fram Gold Sprke Lab see note 6. 7w i X v

sorted LED's that should yield 2 sufficient number of devices for this application. Here's a suggestion for mount-
m the LED's to your panel: Use 2 small subber grommet to hold the LED and drill the panel to fit the grommeL

A X" inside diameler gromme! works out to 2bout the right size for most 0.185" o 0.200" o.d. LED’s.
4: Both of the po!entromaers may be replaced with fixed-value resistors. For R34, try a 33,000 ohm resrstor
for R35, try a 3,300-chm resislor. Values can be changed rf you desrre In bolh cases, lhe hrgher the value lhe

lower the voltage oulput -

5: Any 12-volt d.c. relay may be used as long as the corl resistance is more than about 90 ohms and the contacts
are rated for more than 3 amps. Resisior R36 zliows a2 12-vol re!ay {o work with the 16 to 19 volts + Vp. The ,

. value of R36 should be aboul half the value of the relay coil resistance. If you were to use the Radio Shack ~-.,
heavy-duty 10-amp, 12-volt relay 276-208, which has 2 coil resistance of 95 ohms, the value of R36 would be i

about 50 ohms (47 ohms would be the standerd value near 50 ohms). One more note on this resistor: If the value 8

required is less than 75 ohms, use 2 one wati resistor; if the value is over 75 ohms, 2 half-watl will work. - ~
You can 2iso try 2 24-volt d.c. coil relay. Most of the 24-voHt relzys will opera(e on 16 to 18 volts_ If you ‘do”.
use 2 24-volt relay,»ri should rave a crﬂ resrslance o! more than 140 ohms. With 2 24 volt coil, you can omrl

resistor R36. -

8

6: The loll'\wmg rlems for SWAC/Z are avarlable 1rom the author through Gold Sprke Lab P 0 Box 24772 San

Jose, CA 95154. All items are pos!pard (for U.S.A. shipments). California residents please 2dd 6.5%

sales tax~

SWAC/2 p.c. card: Mil-spec glass epoxy board, drilled, retiow soldered, gold- p!a{ed contacl frngers and srlk S

screened with the paris location information (see Fig. 4) $£10.00.
SWAC/2 parts kit: Includes the p.c. card, conneclor, all of the paris !hai mount on the p c. card except oplrona] -
capacitor C6 (all other caps, resistors, diodes, FET op amp, op amps, and {ransisiors) pius the ofi-card diodes -
(D2C and DZl bul not the LED’s), outpul lrznsrstor (04) and 1he lwo msulahng washer 1or the SWAT Jack ()l)

" $40.00.

e

I T T VR ST T PP IR B VAN

if you Cannot obtzin other paris 1rom local sources send 2 large SSAE to Gold Sprk° Lab for a Tsl of parts

avar.able through them.

*“STOP” mezsurement iaien vmh emergency bu‘tan
pushed on SWAT unit.-

*“FWD™ meesurement 1aken with for ward buﬂon hek!
don'r on SWAT unit. Cag R

DO apr STFF FOE c‘c’L
16: Control lead from = B o
SWAT 0 VAT ()
17 Output12v.a.c. - 3 - 7 G
to SWAT . lavac. l4vac. l4vac. .
18: From 12v.a.c. 3 12
Niyea transformer l4v.a.c. J4vac l4vac. -
19: Circuit ground - 0 0 .0 B
20: To reverse LED s e e
{note A) i 1 e i
21: To reverse relay s NI
coil 4 125 U0 ~r
22: Crrcurlground -0 © -0 550
Card test poinls ~ _ - S s il e gy
TP1: i1C1 & 1C2 ou1pu1 0.6 215 S e BT
1P2: 1C4 & IC5 output 3.0 24 22.6 > s
TP3: IC3 output bt L - i
TP4: IC5 output .~ - 1. 8 17.5 LR R

TS Ty Tt m,r,»,~_a
*“REV” measuremeni laken wrth reverse bu!lon held
down on SWAT unit. - .=

No mezsurements are grven for pins 20 21 and TP3
in the STOP column because the outpul can be enher

forward or reverse at STOP.- ’;, :

Measuremen! informafion - -
These measurements were tzken on 2 SV\AC/Z with a
18.9 v.a.c. transformer T1 (12.6v.2.c. plus 6.3v.a. c)

ynd a 12.6v.a.c., 0.1 amp transformer T2. The pots _

should be set with the slow-start turned fully clock-
wise (full on) 2nd the stop set turned fully counter-

clockwise {minimum ouipul). Usea meler with a 20 000 -

ohms-per-volt or betler rating.

Note A: Mezsure with the vol-meter-plus lead con-
necled td + Vp {pin 10 or 11).-

Note B: Measure with voli meler connecied to pms 12

and 13; renember 1hat 1hrs s an “a.c.” read-

. ing! ~ =
All other mezsuremenl taken with the olher !ead
connecled to circuit ground \rarrahons oi *10% . .
are normal . A R s powas

P

-
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together, so you must be careful not to
short the pins. The LED’s will not light
with the p.c. card removed.

Install the p.c. card with the unit un-
plugged from the wall outlet. If you plug
** -ard in backwards, you can blow fuse

’ith the card in and power on, the ON
M should turn on and the START and
REVERSE LED’s may light; the OVERLOAD
LED should not light.

Read over the SWAT description, part
two of this article, which you should have
by this time and build up at least one of
these units to complete the check out.

SWAC/2 basic check-out

The following procedure assumes that
you are using the two-button or three-but-
ton SWAT unit. If you have built one of
the other types, you should not have any
problems interpreting these instructions.

With SWAC/2 disconnected from the
track, connect the SWAT unit and put
SWAC/2 into sTOP by pushing both the
FORWARD and REVERSE buttons (or, for
the three-button unit, push the EMER-
GENCY button). The Go LED should be
off. Turn the STOP-SET control to its fully
counterclockwise position. The output
volt meter should read about 1 to 4 volts.
(Once connected to the tracks with any
load, this voltage will go to near zero
volts.) Turn the control to fully clockwise
and the voltage should go to around 6 to
7 volts. Turn the STOP-SET back to the
counterclockwise postion.

Turn the SLOW-START fully counter-
clockwise. Push the FORWARD push but-
ton until the Go LED just comes up to full

Turn the SLOW-START to its fully clock-

' position. The output meter should
come up about 10 volts. Push both buttons
or the EMERGENCY and the meter should
slowly settle back the 1 to 4 volt reading.
The Go LED should be off. Turn the SLOow-
START back to the counterclockwise posi-
tion. Push the REVERSE push button and
the REVERSE LED should come on, then
the Go LED should come on. With the
REVERSE push button held down, the volt
meter should come up to around 15 volts.
Let go of the push button and the meter
should stay at about the same reading.
Push the FORWARD button and the volt
meter should drop to the 1- to 4-volt read-
ing. The GO LED should turn off. If the
FORWARD button is still held down, the
REVERSE LED should turn off, the Go LED
will come back on and the volt meter should
climb back to the 15-volt area.

Push both buttons or the EMERGENCY
until the GOLED turns off. Turn the power
off. The POWER LED should turn off. Put
a short on the output terminals. With pow-

‘. Line name STOP*
" Drive 1o Q4 base 3.0
. To overioad LED
{note A) =101
From Q4 emitter 3.1 -
' To output 3.127
.. Tostop-setpot 82
“ To slow-start pot 18 "
me slow-start s S
: 1

va*
18

_ 0.1

16

‘Nwwkw'wrﬂ

b

(

.8 To go LED (note P
g e 201

$2 992 e To on LED {note : -
: A) - 232 e & s L 4

““10&11: +Vpoutput =: 175 185 + 17

12 &13: Input 16-19v.ac. ZryTEte
{note B) (2)0v.a\c. 20v.a.c. (Z)Ov.a.c.
0 :

14 & 15: Circuit ground -

SWAC/2 parts His
1:'FRONT PANEL PARTS AND CABINET
Cabinet-equipment box: Calectro H4-748, Radio Shac
*. 7 270-281 or a cabinet of your choice. -
- M1:0-15 voltmeter (Calectro D1 920 Shume 8108
or equivalent). - -~
. M2:0-3 ammeter (Calectro D1 918 Shurite 8202z
.(see note 1), Shurite 82031 which’ ts 0-5 amps, of .
- -gquivalent).
J1: Three conductor - % phone Jack (Rad»o Shac
274-282 or equivalent; see note 2).
.D22, D23: Green LED (hght-emlmng diode) MV 5222
-~ XC556G or equivalent. See n
024 YeHoworamber LED, XCSZZA. XCSSGY or equwa .
~lent; see note 3. -
D25: Red LED, MVSOZZ XCiSSR or equumlem. s
* note 3.
SWI‘ Smgl&pule smg!e-throw toggie svnu:h (powe

50uf,

minum -electrolyte.. capacnor.
©6: 33uf or 47uf, 10-volt ‘min alu
- trolyte capacitor; install ‘only if SWAC/2
. used with -older O scale equipment.” Rl
€7: 0.01uf, 100-volt, £10% ooly&ier ﬂm capautor

(Sprague type 225P-10391WD, Radio Shact 72- i
1065 or equivalent) - ;
€8, £9, C11, C12: 0.1
film capac:tor (Sp:ague type 225?-104913”&
‘dio Shack 272-1069, or equwalenl)
D110 B14: a-amm 50-volt silicon d

15:. 10-milliamp, 0

“equivalent (this diode is on!y aeeded when 2 sta

‘dard 741.op amp, like 1C2 10°1C5, is used for iC1

16 to D18: 3-amp, 50-voit. silicon diode {Motorola-
R500, Varco 350V - Radio.Shack 276-1141

R34 50 000~ohm potenhometer !mear tzper {Ca

ectro B1 685, Radm Shack 271-1716 or equnraient;(
- ~see note 4). ; %
R35: 5, OOG—ohm po!cntmmew near- xaper--tca}n
- ectro B1 680, Radio Shack 271-1714 or:
“ lent;'see note 4). .
Knobs: Any knobs that will ﬁt the potenhometer “shaft
. will ' work. Radio Shack 274-413 is preferred, be-

cause they have "calibmion*' marks from 0 to 1

2: CHASSIS PARTS -~
D20: 3-amp, 50-volt silicon diod

Varco V350, Radio Shack 276-1141 or equivalent)
©p21: 1-amp, 50-voit silicon diode, lNLOOI (Radl
- - Shack 276-1101 or equivalent). -

TL 16- 1o 19-volt, 3-amp «msformer (Radn
-7 273-1514 or equivalent).
12: 12- or 12.6~volt, 0.1- 1o ‘lvamp trans(nrmer (

ectro D1-750, Radio Shack 273-1385 or equiv)
F1: 3-amp fast-acting glass fuse (Radio Shack 27!
= 1276 or equivalent). Use a 3-nmp slow ow fuse

if. capacitor C6 is installed. ;

9
e e

'SN72741P or -equivalent)..
Z‘m, 02, Q3: 2N3904, MPS3904 PS2923.0r

.7 Al resistors.
F2 0.250-amp fast-acting glass 1use (Rad«o Shac - <3
270-1270 or-equivalent).” “R15: 33
F3: 1-amp fast-acting glass 1use (Radio Shack 27
1273 or equivalent). ~ "

Fuse Holders: F1 and F2 use clip-m type like Radn
Shack 270-738. For F3 (117 v.ac.) use an -
line" type like Radio Shack 270-1281. o
RYL: Dpdt (doub!e—fote double-throw) - 12-voﬁ
: relay (Radco Shack 275-206; see note 5)
£% R36: 100-0hm 0.5-watt resistor (see note 5).
Q4: 2N6576 power Darlington transistor. &
< Heat sink: Motorola MS-10, Radio Shack 276- 1361 #=R20: 2,400 ohms; Y-watt,
.~ Lalectro 14-880 or eqmvalenl LA R22: 3120 000 ohms.:
- Transistor mounting kit: Motorola MK- 15, Radio Shack 27 0.27~ohms 2-watts, 5%, wire wound.
276-1371 or equivalent. Use with silicon grease  Prinled-circuit card: ke‘fifmm
. like Radio Shack 276»1372 b :

_ PARTS LIST NOTES: -

* “S.R5: 1000-ohms, Ywatt, 10%.
<6, R7, R23: 18 ooo-oms,ziémt‘ssa

cial order.
© 2 Insulate jack J1 from the 1rame ground with nonconduc:we washers
Smith 2158 are designed for this application. Without insulation;:
jack can short to frame ground. Another way to insulate this jack is to mount it'0n-a wood or-plastic panel.
3: Almost any of the red, yellow, or green LED's will work in this circuit. The colors fisted are whatwe: used +Yi
can change them around to suit yourself or use all of one color if you fike. Radto Shaekseﬂs 2 pachzem
sorted LED's that should yield a sufficient ber of devices for this application. Here’s a suggestion for mou
in the LED's to your panel: Use a small rubber grommet o hold the LED and dﬁlm panel 1o fit the g
- A 34" inside diameter grommet works out to about the right size for most 0.185" 10 0.200%0.d. LED’s™:
4: Both of the potentiometers may be replaced with fixedwalue ‘resistors. For R34, 311 a.33 mbmm
for R35, try-a 3,300-0hm resrsior. Values m be-changed desire. ln ‘both cases, the higher
tower the voltage output. 3 . i
5: Any 12-volt d.c. relay may be e longzs ‘the coil resistance is more than about and the
are rated for more than 3 amps.”Resistor R36 allows a 12-volt-relay to work with'the 15 10°19 voits +¥p. The
_“value of R36 should ‘be about half the value of the selay coil resistance. if.mm!omtheﬁaﬁd‘&hac&
~_heavy-duty 10-amp, 12-volt relay 276-208, which has 2 coil resistance of 95 ohms, the value of R36 would be
about 50 ohms (47 ohms would be the standard value near 50 ohms). One more note on this resistor:. A the
required is less than 75 ohms, use a one watt resistor; if the value is over 75 ohms;a half-watt witi work.’
“You can also try a 24-volt d.c. coil relay. Most of the 24-voit relays will operate on 16 to 18 volis. if you:
use 2 24%%11 relay, it should have a ooﬂ :esustance -of more than 340 ohms. ‘With a 24 volt coil; you can omit
~resistor o LR
®: The following items for SWA{:IZ are itable from the ﬂ\rough Goiﬂ*Smke {ab,
Jose, CA 95154. All items are postpaid (for U.S.A. shipments). Califor ident
SWAC/2 p.c. card: Mil-spec glass epoxy ‘board, drilled, refiow soldered gold-plated contact fngers, and
- " screened with the garts location information (see Fig. 4); $10.00. T
. 'SWAC/2 parts kit: Includes the p.c. card, connector, all of the par!s ahat mount on the p.c. card exoepf optional
% capacitor £6 (all other caps, resistors, d-odes FET op amp, op amps, and tranststors) plus the off-card diodes .
(53(2}0 O%M D21, but not the LED s), outmn trans:slcr (Q4) and the two msulatmg msher tofthe SWAT »;acujl), :

-
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“Control lead from
SWAT <D

e i 17 down on SWAT wunit. ) )
2L EaOutput 12vaac. o iy o No measurements ‘are given for pms 20 21 and TP3 %
. loSWAT “ldvac. 14v ac. 14v.a - in the STOP column because the output be either
18: . From12vac. = - oA roid “forward or reverse at STOP i b
‘e transformer 14v.a.c. l4v ac. *l4v.a C. =
- Circuitground 0 0 20 “These measurements were taken on a SWAC/Z mth a. .
v To reverse LED = ; 18.9 v.a.c. transformer T1 {12.6v.a.c. plus 6.3v.a.c.)
. (note A) ; ¥ ind a 12.6v.2.c.; 0.1 amp transformer T2. The pots
: Toreverse relay . : " should be set with the ‘siow-start turned fully- clock-
- coil 0 - " wise (full on) and the stop set turned fully counter-
2 Circuit ground =0 0 ~ clockwise (minimum output). Use 2 meter with 2 20,000
; Card test points S s “ohms-per-volt or better rating. ~~~ %
fP1: -:iC1 & IC2output 06 15 ; 15 _Note A: Measure with the voﬂmeter—p!us lead con-
S TP2: < 1C4 &1C5 output ©3.0 .+ 24" ¢ 22 6 : nected t4 +Vp-{pin 10.0r 11).
TP3: . IC3 output pui =18 15 ~ Note B: Measure with voit meter connected to pms 12
TP4:" ~IC5 output 17.5 185 £ and 13 femember that this is an “a.c.” read-

1. 8
= STOP:: measurement taken wﬂh emergency button
pushed on SWAT unit 2
= FWD" measurement 1aken wrth 1orward bution held -
down on SWAT unit. .

S ing!

All- othcr measuremem 1aken wnth the mher" fead
-.connected to circuit ground. Vanahons of t 10%
“are normal. o, ’ ;i
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an eye beguiling blend of individualistic steam power, set
in towns and countryside you can only find in Vermont.
The whole road is covered, including branches, inter-
changes, rosters and a map. All in one book for only
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ouESTIONMme shooting any model or

prototype railioad subject are welcome Questions
should be prief and to the point We cannot under-
take individual layout design work. nor can we rec-
ommend specific brands of merchandise. We will
print those guestions deemed of greatest general
interest 1o readers, no questions can be answered
by mail Write to Trouble Shooting, RAILROAD MOD-
ELCRAFTSMAN, P.O. Box 700. Newton. NJ 07860.

Steel loads gons
“'" Two things caught my eye in Todd
% Sullivan’s article on steel loads
(July, 1982, RMC). First, what scale are
the models, and secondly, I have never
seen models of either the RBOX boxcar
or the PC gondola in the photos. Can
you identify them?

Sure can. The scale is HO. The PC

gondola is a kit available from Na-
tional Car Cast, 134 Allen St. East, Wa-
terloo, Ontario N2J 1H9, Canada. Write
for current prices and availability, in-
cluding an addressed envelope for reply.
The Railbox boxcar is a modified
Athearn kit—TODD SULLIVAN.

Modern HOn3 diesels

Has anyone ever made any models

of modern HOn3 motive power?

" Iron Horse Models produced a

White Pass & Yukon DL535E die-
sel in 1979; you may be able to pick one
up at a swap session, through the used
locomotive listings in ads or via a notice
in EXCHANGE PLACE.

SWAC/2 transistor replacement

I'm currently building a SWAC/2
@ throttle as described in the
August/September, 1977, RMC. My
problem is that the output transistor
Q4, a 2N6576, is not available in Austra-
lia. Could you suggest a possible alter-
native source for this transistor?
A The specs of the 2N6576 are as fol-
7~ lows: it is a power Darlington
transistor mounted in a TO-3 case. It
has a rating of 115 watts @ 25 C, 60
volts maximum, and maximum collec-
tor current of 15 amps. Because it is a
Darlington, the gain is a minimum of
10,000. There are a number of these
now available. These specs should be
sufficient to find a suitable substitute.
Radio Shack transistor RS2041 (No.
276-2041) meets these—DON FIEH-
MANN,

NOVEMBER 1982
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g Lehigh & New England FA1's

&3 7 am currently modeling several of the
¥ b= E E’ 5. ‘j' ;.‘:—:L:’

~ -

(

November 1981 RMC. I find that the large
white stripes which go around the bottom of
the body and the thin white stripe just below
the grilles are not included in the Walthers de-
cal set mentioned in the ariicle. What size
striping decals would be appropriate 1o use?

#4 It's been quite a while since I built my
52 L&NE FAl's, but, as I recall, there was
a separate sheet of 9” wide white decal
stripes included in the Walthers No. 67-90
package. Since I plan to do two more units
myself, I recently ordered new sets and have

= od n v . . 3 .y v .
Wi L&NE's Alco FAl's. as described in the
b # /fee=d .3
g (== Six kE__4
=t ety e (e (P i 3

[VAL' d]: That quality of a thing ac-
cording to which it is thought of as
being useful.

The MOST POWERFUL
PROFESSIONAL

L : : e
Resistance QUESTIONS ONM troubie shooting any model or no./ch.l, as you mentioned, that this srnp%n-g
prototype railicac subject are weicome Questions was missing. It would seem as though the ini-
SOIdering Outfit sh.oul'd be 'qne{ and to the poini '\\’e cannot under- tial sets 1 used were {from an earlier run in
tzke individual tayout design work. nor can we rec- Shichik i schided ain tth
is NOT th t ex Ssral ommend specific brands of meichancise. We will VLI e stripes were Included an at the
1S 13 e most expensive: print those questions geemed of greatest genera! current sets do indeed Jack the extra sheet of
interest 1o readers: no guesticns can be answered 7 z . 1
~ by mail. Write to Trouble Shooting. RAILROAD MOD- st{xpes. Pro(?L}RlC.’iﬂ), the St‘“pe.s aEe .the
D e o0 Newion. N 07860, |~ grilles ‘are 3" wide and the stripe running
around the bottom of the carbody is 9” wide.

My approach to modeling subsequent L&NE
¢ FA's will be to paint the shells white and,
SWAC/2 article corrections and when dry, mask off the stripes before apply-
additions ing the black. This will insure that the stripes
T would Iike to build the SWAC/2 throt- are suitably opaque and it will provide an-
tle as shown in the August and Septem-  easier approach to achieving the 3" stripe
ber 1977 RMC articles. Have there been any which, in decal form, was difficult to apply
corrections or additions to the article since it over the rivets under the FA grilles.—WAYNE
* was printed? : - SITTNER.
There have not been any corrections N
printed since the article was published. Stripping paint from

pbai snd b s s bbbk b i il ;H“
Cihili Wi

- * 1 . -
Our H-202 * outfit boasts: To my knowledge, there are no errors in the plastic engines :

e 300 Watts of power : article as it stands. The only additions have I Model in N scale and would like to re-

_ been the R/C SWAT article in the September paint and reletter some of my motive

e 5 separate taps in

3 " transformer e s R
: A e Continuous Duty E GR}LEN ERG S D
- Capability! ' o , ,
; And includes: : GREAT TRAIN, GREENBERG’S
1 e TC1054 a Tweezer unit ' . PRICE GUIDE TO
i  with Formable Tips! DOLL HOUSE 'LIONEL TRAINS
] e P-40 Probe w/Copper ‘ : B s, Gl =t
| i & TOY SHOWS ,
* « Stay Brite Soldering Kit * ALL GAUGES
i ~ w/Flux : + OPERATING LAYOUTS

* LAYOUT CONTESTS
* KITBASHING CONTESTS
* RAILROADIANA

e PBL's Operating
Suggestions Sheet
e PBL’s Full backing, Help

NEW 1945 - 1982 edition, $24.95,
now available from your dealer or
the publisher. Add $2.50 for ship-

* MOVIES
and Guarantee! : : : ping and handling.
* DOLL HOUSE MINIATURES
ONLY $234.95! e T SN S0

General Information and Book Orders
GREENBERG PUBLISHING COMPANY
729 Oklahoma Rd., Sykesville, MD 21784
301-795-7447

[or: .783¢ per Watt!]

Can’t Decide? CALL dS!.
We’re FULL TIME!
We’re PROFESSIONALS!

We're PBL
Box 749, Chama, NM 87520
505/756-2419

PITTSBURGH: Greater Pittsburgh Expo Cen-
H ter at Monroeville Mall, PA Turnpike, Exit 6,
P {hen 2 miles west on U.S. Business 22.
3 July 24-25 November 27-28* :
© PHILADELPHIA CIVIC CENTER: Our larg- BALTIMORE CONVENTION CENTER:
¥ est show; Interstate 76, Schuylkill Exp. to Pratt & Sharp Streets at Harbor Place.
: South St. Exit, follow signs. : December 11-12*
August7-8 December 4-5*
' WASHINGTON DCBELTWAY: Sheraton Ho-  Admission: $3.00 per day. Effective 9/1/82.
! {el, Exit 20 B off 1 95 (0ld 495), New Carroliton, admission will be $3.50 per day. Children under
MD (Marketplace only) Scptember 18-19% 12 free with adult admission.
HARTFORD CIVIC CENTER:Our ncwest Tables: $30.00 for both days. Effective 9/1/82,

B v i e 4 e R A - 0 P T 4 e A ot

4

i * - !
k) : Our o.m‘ 802.3 has beer'l 5 show! Asylum & Trumbull Sts. Oclober 2-3 tzhles will be £35.00 for both days.

1 W Opeialion siice 19651 LONG ISLAND: Colonie Hill at Hauppavge, Heurs:1lam.-5p.m. * Note New Dates
<y STILL going strong! " 1.1 Expressway Exit 57, then follow signs.  Dealer Info.: Lois Barger, 301-995 1517,9 a.m. -
i ; R iy ;

% Brochure for a 20¢ stamp! November 27-28 6 p.m. daily except Tuesday and Sunday
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Part 2: With the SWAC/2
power supply completed,
there are an almost
limitiess variety of walk-
around throttles which can
be built to use with it,

five of which are described
here/Don Fiehmann

The first part of this article dealt with
the controller of this new type of walk-
around throttle system. This system re-
quires two units to operate: the controller
(SWAC), and a hand-held throttle (SWAT).
This part of the article deals with the opera-
tion and construction of a number of dif-
ferent types of hand-held throttles. All
of these SWAT’s are interchangeable and
will plug into SWAC/2 without any
changes. The choice of which unit(s) to
build depends on your own tastes, applica-
tions or operation. If none of these suit
you, design your own, as a number of
SWAC/2users have already done. The limit
is your own imagination. For example, if
you mounted two push-button switches
in a pair of shoes so that the buttons
could be operated with your toes, you
could build a hands-free throttle!

When this series of hand-held throttles
was. first developed, a number of rules
were established in order to have each of
the SWAT’s controls work in a similar
fashion. To review, the rules for the speed
controls are: FORWARD is up or right, RE-
VERSE is down or left. The rule for the
acceleration switch, if one is installed, is
front for “fast” and back for “slow.” These
rules make it a lot easier to remember
when switching from one SWAT to anoth-
er. It's also a bit easier for guest en-
gineers to master quickly.

Basic SWAT circuits

There are some fundamentals that all
SWAT's use to signal speed and direction
to the SWAC/2. All control information is
sent over the single wire (tip lead) that
connects to the momentum capacitor (C1
and C2) through resistor R1 in SWAC/2.
Circuit ground or near zero volts is STOP,
“plus” is FORWARD and “minus” is RE-
VERSE. The greater the charge (voltage),
the faster the speed. All SWAT’s use the
12-volt a.c. lead (ring) to develop the plus
and minus voltage to feed back to SWAC/2.
The third lead (sleeve) is circuit ground
and is used for a number of functions. Con-
necting the control lead to ground will
cause an emergency stop. A resistor, diode
and LED can be connected between the 12
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w‘ud ground for a power on-and-con-
gevted indicator in the SWAT unit.

General construction
- AE SWAT units in this article {except
§1 were built into the smallest size
swtal box that 1 could find. This is the
LEM box M0O which measures 2.25x1.5x

1.375 inches.

~ Three-wire stereo headphone cords are
~ gsed to connect SWAT to SWAC/2, There
- gre a number of different ways these can
‘e used. You can buy a stereo headphone
replacement cord like Radio Shack 42-
8¢76 and solder it directly into the SWAT
gircuits. Another way is to connect a short
isay. six-inch) piece of three-wire flexible
_ eoed to the SWAT circuits and then con-
. pect 2 three-wire phone plug like Radio
Shack 274-139. to the other end. This way
you can plug the SWAT into a stereo head-
. phone extension cord like Radio Shack 42-
2442 or 42-2443. Since these are standard
parts, you should be able to buy the cords
and plugs from almost any of the hi-fi and
- stereo shops. One nice thing about using
+the stereo headphone extension cords is

; that they will still work for the head-

phones when not in use on the railroad.
-~ One of the local stereo shops had a sale
on stereo headphone extension cords for
$250 each. 1 bought a couple of them at
this price, and the salesman tried to sell
- me 2 set of “super-duper” headphones to
- go with the cords. He got the strangest
look on his face when I told him what the
- cords were going to be used for. I have
plugged six of the 25-foot cords together
for a total of 150 feet and found that they
* worked just as well as a short cord on both
: “the SWAC/2-SWAT and the headphones.
- ==Idon’t advise trying to cross-connect your
~ headphones to a SWAC/2, however.
- An acceleration control for momentum
-~ can be added to any of these units. This
~ - control can be either a potentiometer (pot)
- or switch, or you can put in a fixed value.
-+ Any R1X0 (R110, R120, R130,...) can be
- installed to suit yourself; see Fig. 11. The
pot should be 250,000 ohms. If you use a
»small pot with a screw adjustment, it can
be mounted inside the SWAT, and a small
hole can be used for access to the adjust-
ment—or use a standard pot with a knob
on the outside. If you use a switch, get
one of the single-pole double-throw minia-
ture toggle switches. (Remember, room is
at a premium inside the small box.) The re-
sistor values that I like best in the toggle
switch arrangement are 18,000 ohms for a
“yard” rate and 180,000 ohms for a “main-
line” rate. If you use only one resistor,
try 33,000 ohms. Remember, if it’s too slow
for you, lower the value; if it's too fast, in-
crease the value.

An EMERGENCY push button can also be
added to any of the SWAT's or even to the
front panel of the SWAC/2 by wiring the
normally-open contact of the switch to the
control lead and the common contact to the

RAILROAD MODEL CRAFTSMAN

Making p.c. cards from Flg 3

If you are using the artwork in Fig. 3 (part one) to make your own SWAC/2 printed-
circuit card, be sure that the image on your film is the correct size before you etch the
card. There are a number of factors that can affect the size of the artwork in the
magazine despite efforts to print it correctly, such as paper expansion in humid
conditions. To check for the correct size on your finished film, use the spacing of the
contact fingers {0.156 inches) or the spacing of the holes forthe IC’s (0.100 inches) asa
reference. Measure across as many as possible to minimize the reading error; for
example, the 0.156-inch spacing times 21 fingers equals 3.276 inches—DON .

FIEHMANN. s :

circuit ground. Operation of the push but-
ton shorts these two leads together for an
emergency stop. R1 on the SWAC/2 p.c.
card limits the speed of the emergency
stop to “fast but not too fast.” (If you
would like to use only two wires with
SWAT/1, 2 or 5, you can wire the emer-
gency button between the 12-volt a.c. lead
and the control lead. This will work almost
as well as the circuit ground, because the
12 volts a.c. is plus for the same length
of time as it is minus, and the average of
the two is zero volts. The momentum ca-
pacitor will charge to the average due to
resistor R1 in series with C1 and C2.)

If you are using the small LMB metal
box, check the box to be sure that both
halves will fit together if you have mount-
ed parts in each. If in doubt, build a model
out of cardboard. :

Be sure to use a rubber grommet where
the cable comes into the box to prevent the
metal from cutting the wires. Also provide
strain relief for the cable wires. I normally
tie a knot in the cable so that it will not
pull out if there is strain on the cable. One
of the nice things about using a short piece
of cable on the SWAT is that when you step
onthe extensioncordand then move, SWAT
disconnects at the two phone connectors.

SWAT/1: three-button control

This SWAT unit uses single-pole push-
button switches with the top button for
FORWARD, bottom button for REVERSE
and the middle button for EMERGENCY.
The optional ACCELERATION switch can
be added to this SWAT if you desire. This
unit can be operated with one hand very
easily. Pushing the FORWARD and RE-
VERSE buttons at the same time will cause
the output voltage of the SWAC/2 to go to
stop quickly, but not as fast as with the
EMERGENCY push button. One unique fea-
ture of this SWAT is that if you leave out
the EMERGENCY push button, the ciicuit
ground is not needed and you can build the
unit using only the tip and ring leads @nd
run with only two wires. The single-pole
switches are a lot easier to find than the
two-pole switches used in SWAT/2. This
SWAT is also a good one to mount into a
panel in one or more layout locations.

SWAT/2: two-button control

This unit was developed to make one-
hand operation a little easier, and it has
proven to be the most popular of all the
SWAT’s. The top button causes FORWARD
motion and the bottom button is for RE-
VERSE; this is the same as with SWAT/1.
Pushing both buttons causes a seconé set
of contacts on both switches to make and
connects circuit ground to the control lead
(tip), thus discharging the momentum
capacitor in SWAC/2 at a fast rate (emer-
gency stop). I have been very surprised at
the rate that people, even non-model rail-
roaders, learn to use this throttle. Just
show them what the buttons do and away
they go.

SWAT/3: pot with reversing switch

If you like conventional control, this is
the one for you. The potentiometer con-
trols the speed, and the toggle switch is
used for reversing direction. The accelera-
tion can be fixed or adjustable just as in
the other units. One of the nice features
of this unit is that when you throw the re-
versing switch, instead of an instant direc-
tion change the loco will come to a stop,
reverse, and then pick up speed at the rate
set by the acceleration control or resistor.
This unit can be operated with one hand
after a little practice.

SWAT/4: single-pot control

When it comes to popularity with these
throttles, this one rates in second place
with SWAT/2 in first place. This design
uses a standard potentiometer with one
end tied to plus voltage and the other end
connected to a minus voltage. Move the pot
to the right and a plus voltage is sent to
the SWAC/2, left for minus voltage and re-
verse; the center for near zero volts and
sets SWAC/2 to stop. You can control the
brake rate by how far you turn the pot in
the opposite way to that you’regoing. When
the loco stops, set the pot to center to pre-
vent it from reversing. If you just set the
pot to the center with the loco in motion,
it will just roll to a stop. An- EMERGENCY
push button and/or acceleration control
can be added to this unit if you wish.

I find this one almost as easy as SWAT/2
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Fig. 6: SWAT/ : i
5 e D110 S
o—9
Ring SW110
R110 —i
o—e
D111 SW111
Sleeve S5
o 0 O
SW112
- < T
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SWAT parts list

1: BASIC PARTS

Case: Small metal or plastic box, like LMB No. M0O (2% x
1%" x 1%") or Radio Shack No. 270-230 (1%" x 3%" x
2%") for SWAT 1 to 4; bicycle handle grip for SWAT/5—
or any thing that suits you.

Connector: Standard three-wire %" phone plug like Radio
Shack No. 274-139 (package of two).

Miscell Wire, gr
S0 on.

2: ELECTRICAL PARTS

€130, C131, €140, C141: 50,t, 25-volt, miniature electro-
Iytic capacitor.

D110, D111, D120, D121, . . .: All diodes used in SWAT's
1to § are 1-amp, 50-volt silicon diode, 1N4001 or
equivalent.

R110, R120, R130, R140, R150: See text.

R131, R141: 5,000-ohm potentiometer, linear taper.

SW110, SW111, SW112, SW131, SW141: Push-button
switch, s.p.s.t. (single-pole, single-throw) normally

open.

SW120, SW121: Push-button switch, d.p.s.t. (double-
pole, single or double throw); see note 1.

SW131: Miniature toggle switch, s.p.d.t. (single-pole,
double-throw).

SW150: Miniature toggle switch, 5.p.d.t. with spring return
to center, sometimes referred to as “Momentary-off-
momentary”.

ing hardware and

NOTE 1. A kit of parts for the SWAT/2 consisting of two
Switchcraft DVR2206 d.p.d.t. push-button switches with
different colored caps, two diodes and a 33,000-0hm resis-
tor is available from the author at Gold Spike Lab, P.0. Box
24772, San Jose, CA 95154. Kit is No. SWAT/2k, priced at
$4.50 postpaid (California residents please add 6.5% sales
tax)—E&d.

RAILROAD MODEL CRAFTSMAN

to operate with one hand. Hold the box in
the palm of the hand and work the knob
with the thumb.

SWAT/5: one-switch control

If you thought that two buttons were
not enough to run a train, how about one
toggle switch? RMC author Jack Burgess
suggested using a bicycle hand grip as a
walk-around throttle handle. (Did you ever
try to buy just one handle grip at a bi-
cycle shop? I didn't have the nerve to tell
the salesman why I only needed one.)
Frank Geraci keeps telling me that he
can build a SWAT into one of the Kodak
plastic 35mm film cans; I think this would
be the one.
. Everyone likes this SWAT and has fun
with it, even though the others were more
popular. This one does not have provisions
for emergency braking, which is not too
big a problem if the value of R150 is kept
low.

Variations on a theme

If you wuse all push-button-switch
SWAT’s (1, 2 and 5), a number of these
may be connected to the same SWAC/2
at one time and not affect the operation.
An example of this would be to build a
number of these into control panels or have
the SWAT's permanently connected on
short cables around the layout. You could
then start a train in one location and walk
to the next spot and be ready to control
the train when it arrives. You can also per-
manently wire SWAT/3's or 4s into a sys-
tem if you add a toggle switch to turn the
ring and tip leads off when the SWAT is
not in use so it will not affect the opera-
tion of the other connected units.

The Walnut Creek Model Railroad So-
ciety in Walnut Creek, California, has in-
stalled a number of SWAC/2's in their lay-
out for yard switching, plus narrow gauge
and traction operations. Bill Swindell of
the club’s electrical committee said that
each of the panels has a set of push-button
switches in the panels (SWAT/1) and an
extension cord with a phone plug on the
end. The club members have a choice of
using the built-in SWAT or building their
own. Bill tells me that the members are
thus coming up with all kinds of ideas on
how they want their own SWAT’s built.
One of the members built a SWAT/1 and
SWAT/4 into the same unit. He then
switches from one to the other with a small
toggle switch. Another built a SWAT/5
with a rocker switch and added an emer-
gency push-button switch. Still another
used a slide pot in a SWAT/4.

Another of the Walnut Creek members,
Bob Rufenacht, especially appreciated the
SWAC/2’s true one-hand operation, as he
lost one of his hands in a railroad acci-
dent. (Bob serves as an inspiration to other
handicapped modelers by such accomplish-
ments as building working motor-power-
ed Mars lights into his HO diesels.)

The several walk-around throttles re-
viewed here are by no means the limit of
the different types of SWAT units that
can be designed. We are working on a num-
ber of other SWAT's for the future. In the
November 1975 RMC, Jack Burgess show-
ed how to put a rotary switch into a “live
steam” brake stand casting. One South
Side Switching & Sipping Society mem-
ber, Howard McKinney, purchased one of

these, and we plan to build an SST/7-type
unit for his SWAC/2. There is enough
power in the 12-volt a.c. lead (ring) to run
a few external circuits. This will be one
way to “have your cake and eat it.”
Another thought is to build a small ultra-
sonic or radio receiver that could decode
signals from a battery-powered walk-
around throttle. This would be one way to
make a wireless walk-around throttle.

SWAC/2 and SWAT costs

The cost of building a SWAC/2 depends
on a number of factors, such as what fea-
tures you want, what type of cabinet you
use and how fertile your junk box is. If
you build a bare-bones SWAC/2 and have
parts like the transformer and relay on
hand, you can build a SWAC/2 with a
SWAT/1 in a control panel for less than
$50. This is the way the Walnut Creek
Model Railroad Society built their
SWAC/2's and saved the cost of the cabi-
nets by building the units on a piece of
heavy plastic. If you add all of the “bells
and whistles” and buy most of the parts,
the cost could run $90 to $100.

SWAT costs also depend on what you

. built and what you have in the junk box.

SWAT/1 could be built out of three old
door bell push-button switches. If you buy
all of the parts, the cost will fall some-
where between $2 and $10. The cost of
the cord must be added if you do not build
the SWAT into a control panel.

Summary

The design of SWAC/2 allows a model-
er the freedom to—as they say on one of
the TV ads for hamburgers —“have it your
way.” Almost every modeler that I've talk-
ed to about applications of this control sys-
tem has some type of throttle problem that
is peculiar to his or her layout. In almost
every case, one of the five SWAT's de-
seribed in this article or a variation would
solve the problem. Not all of the South
Side Switching & Sipping Society mem-
bers went along with the “standard”™ cabi-
net, for example. Out of the seven that
were built, only four were the same. The
others were in different types of cabinets
and laid out to fit into existing layout
spaces.

In the closing lines of the SST/7 article
{October 1975 RMC), I stated that as ad-
vancements were made in the electronic
state-of-the-art, further progress would
be possible in our control equipment. Three
new devices have helped to make SWAC/2
areality. The power-on and overload lamps
have the lowest reliability of all the com-
ponents used in the SST/7. SWAC/2 uses
solid-state LED’s that have a very long
life, are more rugged and cost about the
same. The power Darlington output tran-
sistor (Q4) and the FET op amp (IC1) were
items that were not generally available
when the SST/7 was designed. The SST/7
was first designed without op amps be-
cause of their high cost at that time (1970-
1) :

The SWAC/2 throttle system thus rep-
resents another step along what I feel is
an unending path toward better model
railroading through improvements in exist-
ing hardware (e.g., throttles) as well as
in the availability of more options for the
solutions of problems faced by contempo-
rary model railroaders. [
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Radio
control
for SWAC/z

In the past several years, many different
approaches to model train control have
been proposed, designed and produced. These
include sophisticated cab-type throttles such
as the SST/7 (September 1975 RMC), walk-
around throttles such as the SWAC/2 (Au-
gust 1977 RMOC), radio-control locomotives
(May 1976 RMC), carrier control (Alpha-
tronics, Dynatrol, Onboard, etc.) and radio-
control throttles (MRC, and December 1978
and October 1979 RMC).
As the operator of a medium-size layout
~and locomotive fleet, I felt the carrier-control
4 madio-control systems were at times tod
restrictive on the combinations of motive
power able to be run at any one time. These
systems permit tremendous operating flexi-

bility (even allowing cornfield meets) but

terd to be fairly expensive. Most also require
the installation of receivers in all powered
equipment and usually modifications to all
lighted equipment.

1 had decided to use the traditional block
control initially, while planning and pro-
gressively installing a microprocessor for
control of block power assignments and sig-
naling. This system will allow the use of
many commercial and “custom” throttles
such as Fiehmann’s SST/7. It also does not
require modification to motive power or roll-
ing stock, allowing your friends to operate

From this . ..

" their equipment on your railroad:

The cab and walkaround throttles can be
used on any railroad wired for block control.
Control is limited to a fixed or tethered posi-
tion in the cab type, or to a more useful walk-
around control as in Don Fiehmann’s
SWAC/2 design. The SWAC/2 allows the op-
erator to unplug the cable and move to a new
position closer to the locomotive without af-
fecting speed or direction. I purchased the
circuit board for this throttle and found the
assembly easy and operation excellent with
repowered, regeared and ready-to-run
locomotives.

The various walkaround throttles de-
scribed in the SWAC/2 article allow one-
hand operation, but even with a small group

in the layout aisles (they're never too wide), I
found that someone soon became entangled
in the cords. After several months’ use, the
only feature that didn’t have me totally satis-
fied was the remaining cable from my hand-
held throttle to the layout. Radio-controlled
operation obviously deserved more investi-
gation.

The design of the SWAC/2 permits as few
as two buttons to control the throttle output
and polarity. The basic SWAT/1 as described
in the September 1977 RMC article uses a

What you'll need

f R/C cars:
i Mane! Dnve Command Ferrari 512 (2444-3 27.145
mH.

z).
Porche 835 (1 106 4986 -

: Tip
O
Fig. 1 DD
: :
Ring SW110
i
o
SWAT/1 clrcuit p111 SW111
Sleeve SWi12. ——
e} -0 O

4 ;scm SCR2 200V, 6A

Sy g

mHz)
Lancia {1104, 27.145 mHz)
Receiver eompcnents
. Case Radio Shack 276-260
or equiv.
Radio Shack 276-1392
Radio Shack 276-1076

. Perfboard

D1, 02 1A~ Radio Shack 276-1101

- R4 50k pot Radio Shack271-1716

; SwW1 Spst pushbutton Radio Shack 275-1547

L SW2 Spst toggle Radio Shack 275-612
Knob, calib. Radio Shack 274-413
3-cond. plug 2 Radio Shack 274-138
Ri.R2 10 to 20 ohms

{see text)
R3 15k ohms 2
Transmitter components:
Dpdt center-off toggle
100k ohm resistor
Note: All resistors are minimum Ya-watt 10%.

Radio Shack 275-820

el

S R o e e
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third button for emergency stop (see Fig. 1).
Control of these contacts is certainly possible
with commercial radio-control equipment
using linkages and servos as described in
Andy Sperandeo’s article in the December
1978 RMC, but I was looking for a less expen-
sive method. Due to the simplicity of the
SWATY/1design, an all-electronic approach is
possible. Silicon-controlled rectifiers (SCRs)
can replace switches SW110 and SW111. All
that is then needed is a two-channel trans-
mitter/receiver to alternately turn on the
* SCRs. :

The toy industry has offered several rela-
tively inexpensive radio-controlled vehicles
in the last few years. I1ooked for one with two

RAILROAD MODEL CRAFTSMAN

channels and purchased the Drive Com-
mand™ marketed by Mattel*. The radio op-
erates on 27.145 mHz and provides two out-
puts proportional to the position of a steering
wheel on the hand-held transmitter (see Fig.
2). I modified the transmitter to allow the
two SCRs to be individually controlled. No
changes are required to the receiver circuit
itself. '

Construction

Fig. 3 shows the case used to house the
receiver and SCRs for control of the SWAC/2
throttle. The case provides mounting sur-
faces for the components and helps improve
the finished appearance.

Relatively inexpensive
Mattel radio-controlled

car components can be .
adapted to control

Don Fiehmann's SWAC/2
throttile/Robert Bucklew

Start by carefully removing the body and
- antenna from the car chassis. The three
“ wires from the receiver to the frontdrive axle
- can be quickly unsoldered with a hot iron
_(refer to Fig. 4). Remove the drive axle from
the chassis and cut the wires to the on-off
switch. Cut the receiver from the chassis
- using a razor saw or knife, making sure to
include the entire battery compartment and
enough chassis to allow attachment to the
case. I cut a hole in the bottom of the case
which allows access to the battery compart-
ment cover for easy battery replacement (see
Fig. 5). The receiver can then be fastened to
the case with sheet metal screws.

*Mattel, Inc., Hawthorne, CA 90250
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The circuit for the remainder of the re-
ceiver case is shown in Fig. 6. The SCRs,
diodes and resistors can be mounted on a
small perforated board which is later fas-
tened inside the case. Refer to Fig. 7 for the
board layout. The values of R1 and R2 may
have to be changed later when fine-tuning
the throttle, so allow room to add resistors in
parallel. ;

I used a three-conductor stereo plug on a
ten-foot cable for connection of the receiver to
the SWAC/2 control unit. This also permits
flexibility between the radio and regular
walkaround throttles and requires no mod-
ifications to the standard control unit.

The 50k (50,000-ohm) potentiometer (R4)
replaces R110 in the original SWAT and al-
lows adjustment of the throttle momentum.
The 15k resistor in series limits the momen-
tum control to a very fast but controllable
yard rate. Switch SW1 provides an
emergency stop not available on the hand-

held transmitter. Switch SW2 turns the re-
ceiver off, saving battery power when not in
use. Note that turning off the receiver while
the train is in motion will not stop the train,
but is analogous to unplugging the SWAT
walkaround throttle. Two small holes with
rubber grommets allow the receiver antenna
to protrude from the top of the case and pro-
tect the cable to the controller. Fig. 8 shows
the layout of the completed receiver case.

The modifications to the hand-held trans-
mitter change the proportional control of the
steering wheel to a simple two-output con-
trol. This allows you to turn on one SCR or
the other, but not both, duplicating the two-
button control of the SWAT/1. Two d.p.s.t.
pushbuttons could be used for this function,
but I chose to use a d.p.d.t. center-off toggle
switch. This switch allows easy one-hand,
one-thumb operation. :

The transmitter as supplied has two con-
trols: the steering wheel (potentiometer) and

a pushbutton on-off switch. These have a
common connection and schematically can
be represented as shown in Fig. 9A. Fig. 9B
shows how to hook up the toggle switch,
while Fig. 9C shows the alternate pushbut-
tons. :

Carefully remove the potentiometer from
the transmitter using a hot soldering iron.
The pushbutton switch is easily removed,
leaving the leaf switch contact in place.
Room to mount the toggle switch or pushbut--
tons in the transmitter is made by cutting
the ribs in the battery compartment and
rotating the battery 90° (see Fig. 10). The
cover rib will also have to be removed to
provide additional clearance. Three wires
then connect the toggle or pushbuttons to
the transmitter circuit as shown in Fig. 9. 1
cut a piece of sheet styrene to cover the face of
the transmitter, closing the holes for the
steering wheel and pushbutton (Fig. 11).

You can now check the operation of the

—
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RIS R Y

SCR1..

R4 Forward

Reverse

Tip

. Perf board layout
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transmitter and receiver. Plug the receiver
into the SWAC control unit and turn both on.
With the transmitter switch in the center
position, the voltage should remain constant.
If the voltage drifts up or down with the
transmitter off, first reduce the sensitivity of

the receiver by turning its trimpot counter-.

clockwise. If the problem persists, substitute
a smaller value resistor for R1 or R2. This
will drain the batteries faster, but makes it
more difficult for the SCR gates to acciden-
tally misfire. Change the resistors in steps,
using the highest value which prevents mis-
firing. Resistors R1 and R2 can be replaced

with any value between 10 and 20 ohms.

When checking the operation, note that a
60-ohm resistor in parallel with the 20-ohm
resistor results in the circuit equivalent of 15
ohms, while a second 20 ohm resistor in par-
allel results in a circuit resistance of 10
ohms. Once satisfactory operation is ob-
tained, these can be permanently added in
parallel, or R1 and R2 can be replaced with
an equivalent value. : A
Putting the transmitter in either operat-

ing position should result in a continual .

change in the voltage level and control of the
SWAC reversing relay. Centering the switch
should again result in a steady voltage. Op-

eration is similar to the SWAT/1, so that .

Fig. 10
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holding the switch in one position will result
in a continual increase in speed. The rate of
acceleration can be controlled with the
momentum potentiometer. The opposite di-
rection of the switch slows the locomotive
and then activates the reversing relay.

The Mattel equipment is now available in
three models operating on two different fre-
quencies, allowing independent radio opera-
tion of two throttles at the same time. (See
the materials list for details.) Once the origi-
nal concept was proven using an add-on unit,
I constructed a dual SWAC/2 unit complete
with integral radio units operating from
internal power supplies. This eliminates the
need for batteries except in the hand-held
transmitter. I have found that the nine-volt
battery in the transmitter will last for about
15 hours of operation. Your experience may
be different due to your layout size or opera-
tion, as the battery is only in use during a
change in speed or direction. Switching
movements will require more frequent bat-
tery changes.

Using SCR’s to connect inexpensive radio
components to the SWAC/2 is certainly not
the only possible method. One likely solution
would be to optically couple the receiver to
the SWAT circuitry.

I've used this throttle on my bedroom test

s .

Fig.11

loop, my basement railroad, on several
friends’ layouts, and on RMC Editor Tony
Koester’s railroad. Position of the receiver
does not seem to be critical, but common
sense indicates a central location is best,
even if under the layout. A longer receiver
antenna does not seem to result in more reli-
able operation, but the transmitter antenna
length does. I used the ‘antennas provided
with the Mattel car and find operation very
reliable. Fig. 12 shows the relative size of the
transmitter compared to a SWAT/1 in the
smallest size plastic case from Radio Shack. I
use the transmitter at my side and hold it so
the antenna angles away from my arm.
However, if the transmitter antenna is held
close to your body, the receiver may fail to
respond. :

I have been pleasantly surprised by the
ease of operation which friends have demon-
strated while using the radio throttle, even
when not previously familiar with the two-
button concept available with the SWAC/2
throttle. Cost of this radio-control project
will vary from $30 to $40 (not including
Fiehmann’s SWAC, of course) depending
mostly upon your source for the Mattel car.
hope you find building and operating this

‘throttle accessory as easy and enjoyable as I

did. : =




he SWAC/2 throttle article was printed

in August, 1977, RMC. The story also
showed a number of different types of hand-
held throttles that could be used with SWAC/
2. They were the SWAT/1 to SWAT/5. This
was only a start to the types of hand-held
throttles that could be built. In the Septem-
ber, 1980, RMC Robert Bucklew showed how
to build a SWAT using the insides of an R/C
(radio controlled) model car. This allowed him
to control the SWAC/2 by radio control.

One thing the SWAC/2 throttle system is
good at is running a switching yard. One of
the main reasons for this is that you operate
most of the SWAT'’s without looking at them.
This is very handy when switching, because
you can watch the cars and engine, and not
the throttle controls as you must with most
throttles. The most popular of the SWAT's so
far has been SWAT/2. This is the two button
throttle.

Some of the best ideas since the publica-
tion of the SWAC/2 articles have come from
people using the system. The inspiration for
the one in this article comes from the Walnut
Creek Model Railroad Society. This SWAT,
dubbed the SWAT/6, is based on a design
many of them are using for switching.

SWAT/6 parts list

Plastic case with metal front: Radio Shack
Experimenter box Cat. number 270-
230.

Phone Plug, three circuit: Radio Shack Cat.
No. 274-139. This number is two in a
package.

SW 601: Direction Control, Si}\gle Pole Dou-
ble Throw (SPDT) Miniature Push-on
Push-off Pushbutton Switch

SW 602: Parking Brake, SPDT Flatted Lever
Switch. Radio Shack Cat. No. 275-
635 7

R 601: Speed Control, 5K ohm linear Pot
Radio Shack Cat. No. 271-1714

R 602: Acceleration Control, 100k ohm
small trim pot. Radio Shack Cat. No.
. 271-220

R 603: 1000 ohm '2 watt resistor (5% or
10%). Radio Shack Cat. No. 271-023

LED 601: Tri-color LED Radio Shack Cat.
No. 276-035. A single red and green
LED can also be used.

C601 & C602: 22 uf 35-volt miniature elec-
trolyte capacitor. Radio Shack Cat.
No. 272-1014

D601 & 602: 1 amp, 50 volt silicon diode
1N4001 or Radio Shack Cat. No. 276-
1101

Other Items: Knobs and wire to suit.

Note: Gold Spike Lab (P. O. Box 24772, San
Jose, CA 95154) does not carry any of the
above parts. Printed Circuit cards for SWAC/
2 are still available from Gold Spike Lab at
$12.50 each.

The circuit looks a lot like the SWAT/3
(September, 1977, RMC), which uses a knob
and pot to control speed and a toggle switch
to control direction. The SWAT/6 also uses a
pot to set the engine speed. The big differ-
ence is in the type of direction switch used.
The switch in this SWAT reverses the trains
direction each time it is pressed. The speed

pot sets the maximum speed and a trim pot

sets the acceleration rate. This allows you to
set a maximum speed and then switch direc-
tions with the push of a single button. The
SWAC/2 takes care of the deceleration, stop-
ping, reversing, and then accelerating back
to the set speed. Once set, the speed and ac-
celeration rates are all done automatically.
All you have to think about is when to
change directions.

There are two other features that you can
add to the SWAT/6. One of them is the “park-
ing brake.” This is a toggle switch that also
acts as an emergency stop. Once the toggle is
turned on (down), the engine will come to a
stop and hold until the switch is turned off
(up). When turned on, the engine will resume
the speed set by the speed pot.

The second feature is the power-on LED(s).
Here you can either use one of the two-color

(red/green) LED's or two separate LED's.
The advantage of the two-color LED's is that
you can see the direction the SWATY/6 is set
for, even when the parking brake is set. Both
of these are options and can be installed now,
later or left out.

Another nice feature is that all of the parts
used to build this SWAT/6 are available from
Radio Shack—or at least, they were when I
built the test model.

It is interesting to watch an engineer run
my Sierra City yards with the SWAT/6. You
can hold this unit in one hand, use your
thumb to switch directions, and still have a
finger or two free to operate the turnout
pushbuttons. You can run the whole yard
with one hand and hold your cup of coffee in
the other hand. (Now you know why we call
our group the South Side Switching and Sip-
ping Society.)

Circuit Description

The switch used for reversing is called a
“push-on, push-off” type of pushbutton
switch. Actually, the switch is not on/off, but
a single-pole double-throw (SPDT) type
switch. The contacts of this switch transfer
from one side to the other each time it is oper-

- alAT &

If you built the SWAC/2, there’s another SWAT hand-held
throttle to add to the lisYDon Fiehmann

MARCH 1982




ated. This switch is connected to reverse the
polarity of the power fed to the speed pot
each time the switch is operated. A second
pot is used to set the acceleration rate. I used
a 100K trim pot and mounted it on the back
of the speed control pot. With a small hole in
the back of the case, you can adjust the set-
ting of this acceleration control pot. The ac-
celeration pot does not need to be adjusted
very often. The only time would be if you had
a big change in speed of the locomotive being
used.

The LED’s can either be two separate
LED's, one green and one red, or one two-
color LED. Radio Shack calls this LED a
“tri-color LED.” (You can also make this
LED turn yellow if you use it on a.c.) I con-
nected my unit so it would light green if it
was set for forward and red for reverse. That
would mean that the short lead on the two-
color LED would be connected to the output
of the pushbutton switch. To be honest, I left
the two wires to the LED off until the unit
was finished and determined the correct con-
nection after I turned power on. One word of
advice on soldering LED'’s. Try to do it fast
with a hot iron; too much heat too long will
send you back to Radio Shack for another
LED! One way to help is to leave the leads
long on the LED, and solder the wires on
néar the ends away from the LED. You can
also hold the leads of the LED with a pair of
long nose pliers at a point between the LED
and the part of the lead to be soldered. This
will keep the heat from getting to the LED as
it is soldered.

When finished, plug it into your SWAC/2
and start switching with your favorite
switcher. Set the trim pot for the best acceler-
ation at the speed you work the engine. &=
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SINCE THE ENGINEER HAS A TRANSISTOR THROTTLE

WE HAD BETTER GIVE THE FIREMAN SOMETHING

by Brian D. Pate (Vancouver, B.C.)
and Howard R. Pate (N.Y.)

Here is another electronic gadget
which, like momentum throttles and
track occupancy circuits, can add to the
realism and hence the enjoyment of pike
operation. The circuitry is original, al-
though the general idea is not. We first
heard of the notion of simulating the
consumption of water by a steam loco-

motive from John Pritchard of Los Ala-

mos, N.M. Later, in reading the memo-
rials to John Allen, it appeared that he
had done this, too, like so many other
things.

The general idea is that a steam loco-
motive carries a relatively large supply
of water in a tender, which is refilled in-

frequently from water tanks along the

right of way. The locomotive boiler has a

smaller capacity than the tender, of.

course, and it is refilled from the boiler
from time to time via the injector or in-
jectors, as water is consumed to make
<tagm, It follows that the more the

ittle is opened, the faster steam, and
wence, boiler water is consumed, and
the more rapidly the boiler level will
drop.

36

The water levels in the boiler and
tender are simulated in this circuit by

" the charge on two electrolytic capacitors

(labeled in the schematic ‘‘Boiler” and
“Tank’’) of appropriate size, The voltage
appearing across each capacitor is ap-
plied to the base of a transistor which
is in series with a milliameter, so that
the deflection on each meter is propor-
tional to the charge on its capacitor,
and hence, to water level. In the installa-
tion of the circuitry on the Burrard Del-
brook and Pacific Railway in Vancouver,
shown in the photo, the two meters are
turned on their sides and the faces
masked, so that the deflecting meter
needle now has the appearance of a
changing level in a back-head water
glass. The resistors, also in series with
the meters, are to provide adjustment to
get the amount of deflection right.

To the left of each meter in the in-
stallation, one finds a push button, la-
beled ‘‘Fill’” for the tender and ‘‘Inject”’
for the boiler. These, when pushed, apply
a voltage to the base of a transistor in
series with the respective capacitor,
which allows the capacitor to charge
from the 18-volt supply. Resistor R1 or

R2 in the circuit may be changed to
adjust the tender filling rate, and resis-
tors R3 and R4 the boiler filling rate.

When the throttle, to which the circuit
is attached, is opened, the increasing
track voltage is applied to the base of a
further transistor which then. allows the
boiler charge to leak at a faster and
faster rate to ground. Resistor R5 or R6
may be changed to adjust the boiler
emptying rate. We have found it con-
venient to choose the capacitor and re-
sistor values such that the tender must
be filled at least once on an express run
through Burrard Division (which is 35
“smiles”” long) and more frequently for a
way freight, while the boiler needs filling
4 or 5 times for one tender filling. Some
compromises are needed here, of course.
Notice that the throttle output negative
side (ahead of the reversing switch) is
connected to ‘‘throttle output” in the
schematic and the positive side to
ground (0+). The circuit as a whole
must be powered from the DC supply
which feeds the throttle to which it is
conrrected, and must ‘‘float’” indepen-
dently of everything else.

NMRA BULLETIN




l
4’
L

B

PRSP S———

The SST/ T

a ‘second- generatlon

SOlId state

throttle w.

Perhaps “cab simuylator” would more
accurately describe this throttle, since

in addition to the expected momentum
effects coupled to both brake and throttle
responses, this unit offers an air brake
pressure gauge —a very important aid to
enjoyable train control/Don Fiehmann

The “transistor throttle” has been in

use on model railroads for over a decade.
Time has brought about many advances in

. the semiconductor field, and a lot of chang-

es have come in circuit design. The South
Side Throttle (SST/7) incorporates many

{ i ’of the advances in both of these areas.

The SST/7 is a complete package that
gives the model railroader the féeling of
being in the engineer’s seat with tons of
steel at his command.

History
It all began back in 1969 when a member
of the South Side Switching & Sipping So-

>

ciety in San Jose, Cal., suggested that we
build a solid-state throttle as a club project.
The club already had a number of different
“transistor throttles” in use that were de-
signed by one of the club members. It was
decided to use the best of the existing ideas
and, from there, design a new generation
of solid-state throttles. ’

About four years were spent on research
and development before everyone was
satisifed with the circuit design. Develop-
ment was aided by having members run
a real loco for “feel” and having real rail-
road employeés operate the “breadboard”

model of the throttle. Research was

Photo 1

&

checked by simulation in an IBM 360/195
computer.

A model railroad friend, who works for
the Southern Pacific, is responsible for the
addition of the independent brake and the
ability to “work steam” (work the brake
and throttle together). The brake pressure
meter came to be when a VOM (volt-ohm
meter) was connected to the output of the
brake pressure op-amp for test purposes.
As one member put it, “The brake rate
meter is more useful to me than either
the volt or amp meter.”

The throttle was tested mainly with HO
equipment, but tests were also run with an

SEWARD TUTHILL

“Yeh, well, Bob ain’t got the feel of his new momentum throttle yet, and he's re-kitted a couple o’ wood boxcars ...”

RAILROAD MODEL CRAFTSMAN
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O scale SP 4-8-2 pulling six lighted passen-
ger cars. The throttle design worked equal-
ly well in both scales and should work well
in any scale that does not require more
than two amps, which is admittedly mar-
ginal for many O scale locomotives.

.. Research, development and testing the
basic design led to the following improve-
ments that were included in the finalized
version: :

1. minimum number of adjustments
»~+ 2. electronic overload protection
3. true prototype braking action with
brake air pressure gauge

56

# ‘4;}'13:‘(' .‘fi',féégm»(
d should connect to throttl
.version of power supply..

4. printed circuit card for most electronic
components :

5. use of silicon semiconductors

6. use of integrated circuits (741 op-
amps)

The name “throttle” was'almost changed
to “cab simulator” because it performs so
many more functions than found in most
other transistor throttles.

Building the throttle

Since we were designing one common
set of electronics for all members’ throt-
tles, it was decided to put the circuit on a

Disgran shows alternate” transformer for
O P e e S
fransformers : ?El‘-é{'r - higher_volt-

age ammmﬁm‘ .of single_trans- -
%ﬁfamﬁwﬁ@uﬁwjﬁmfﬁm‘
[ransformers). b P

printed circuit (PC) card. For ease of main-
tenance, we used a 22-pin connector so the
card could be swapped should trouble
occur in a unit.

Six of the seven club members agreed to
use the Marnold single-size cabinet (avail-
able from Wm K. Walthers, Inc) to house
their throttles. The seventh member dg-
cided to build his from standard electronic
metal boxes. The layout of components on
the front of the Marnold panels started
with six people and six different “ideal”
ways to lay it out. We ended up combining
many of the good ideas and laid out one

SEPTEMBER 1975
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Circuit description of the SST/7

The throttle is broken down into six sections in the following descrip-

* tion and each section is covered in detail

A: Power Supply T s . ;

A conventional bridge rectifier (D11) converts the output of a 16V-
transformer from a.c. to.pulsating d.c. Diode (D1) and capacitor (C1)
takes the pulsating d.c. and filters it for the 20-volts d.c. used to power
the control section of the throttle: A.c. is tapped off the bridge rectifier
for use in the slow-start circuit. The a.c. is used to discharge capacitor
C4 at a 60 Hz rate (see Section D). Fuse F1 is used for protection
against a fault in the circuit and should not blow even when the out-
put of the throttle is shorted. Fuse F2 is used to protect the unit from
transformer shorts. ‘ .

B: Throttle and Acceleration Control

The throttle pot (R1) is connected in series with diodes D8 and D7.
These forward-conducting diodes provide a 0.7-volt drop each to limit
the voltage output to prevent overloading op-amp IC1 at the extreme
settings of R1. The output of R1 is to feed to the function brake switch
SWi, the slow-start circuit and acceleration control R2.

The function brake switch SW1 hds two sections. The first section
(SW1A]J controls the acceleration, and the second (SW1B) controls
the braking. In the first position of SW1 (brake off), the output of the
throttle is fed directly to the op-amp, thereby operating in a “direct”
mode. Position 2 (booster) of this switch feeds the op-amp through
acceleration control R2. In this switch position, the voltage will rise
and fall slowly. The tinie of rise and fall is determined by the setting
of acceleration control R2. Position 3 (release) putsparallel diode D12
and a 1 meg resistor in series with the acceleration control. This modi-
fies the effect of the throttle so that when the throttle is opened up
(increise speed) the action will be the same as it was in position 2;
but when you close the throttle (decrease speed) the train will “coast”
and slow down very slowly. This same modé of operation holds true
for the remaining position of SW1 except for Emergency. The braking
positions of the switch will, of course, slow the train at a faster rate.
(See the section on Braking Controls for more information.) The output
of the thrbttle also goes to the slow-start circuit so the circuit can sense
when the throttle is open.

C: Braking Controls

The train line brake control is incorporated into the function brake
switch (SW1). The second section (SW1B) of this switch controls the
charge and discharge of capacitor C3. The voltage on capacitor C3is
used to determine brake rate of the throttle the same as the air pres-
sure in a train line determines a train brake rate. In the second posi-
tiori (booster), capacitor C3 is charged at a faster rate than when in the
third position (release). Charging this capacitor releases the “brakes.”
(Note in the circuit diagram that capacitor C3 has its plus terminal con-
nected to 20 volts and when charged the minus terminal is at a near
ground voltage.) In the fourth position the capacitor is left at what-
ever charge it had when the switch was moved to this position. In the
fifth position (service) capacitor C3 is discharged. Position six (quick.
service) discharges at a faster rate. Position seven (emergency) is a
very fast discharge rate.

Op-amp IC2 operates in a voltage-follower configuration to prevent
loading capacitor C3. In this configuration, the input impedance into
the op-amp is 400 meg ohms! The train line brake pressure meter (M3)
reads the voltage of the capacitor via the op-amp. The meter has its
plus terminal connected to the plus 20-volt control voltage, so the me-

ter will read maximum voltage of about 9 volts when the brakes are
fully released. The air brake gauge in a locomotive typically reads
about 90 psi when the train line is fully charged. Note that a 0-10 volt
meter is used, but a dropping resistor (R12) changes this to read 0-20V.
The output of the brake op-amp is fed into a two-transistor circuit that
controls slow-start (Q1) and brake rate (Q2) When the brakes are re-
leased, both of these transistors are off. When the brakes are applied,

- Q1 turns “on” to signal the slow-start circuit that the brakes have

been applied. Q2 then allows a current to flow from the momentum
capacitor (C2). The rate of flow from the momentum capacitor depends
on the voltage of the train line brake capacitor (C3). The re-
sistor (R105) in the emitter leg of transistor Q2 forms a constant-cur-
rent circuit. This means that once a brake rate is set, the train will slow
at a constant rate. The independent brake is designed to operate like
a self-lap brake. In the off position this brake has no effect. As the in-
dependent brakes are applied, a voltage is put into the same point as
the train line brake; both brakes can be used at the same time (diode
D9 isolates the independent brake when it is off). The independent
brake handle should be limited to about 120 degrees of rotation. Fur-

ther rotation may cause the minimum output voltage of the throttle to

increase.

D: Slow-start Circuit : : : :
The slow-start circuit is turned on and off from three different

sources: (1) the throttle; (2) brake conttol; and (3) op-amp IC1 (momen-

tum control). The 10K (R101) resistor from the throttle is used to turn
the slow-start circuit on when the throttle is opened. The 10K (R103)
resistor from the output of the momentum op-amp is used to keep the
slow-start on until the output voltage from the throttle is"at aminimum.
This allows you to close the throttle at low speed and have the slow:
start circuit continue until the loco stops. Otherwise, closing the throt-
tle at low speed would result in a quick change in speed due to the loss
of the slow-start voltage. Transistor Q1 and diode D6 are used to turn

" the throttle input to the slow start circuit off when either of the brakes

are applied. When the brakes are applied, the slow-start will continue
to operate via the input from the momentum op-amp until the output
reaches minimum. % 5 ;

The slow-start pulses are developed by the RC time constant of the
slow-start control R3 and the slow-start capacitor C4 and diode D10.
This circuit is fed by 60Hz (60 cycles per second) from the power sup-
ply. Because the 60Hz is picked up from one leg of the bridge rectifier,

~ it goes plus for half of the cycle and goes minus 0.7 volts for the other

half-cycle. During the minus part of the cycle, diode D10 conducts and
discharges capacitor C4. When the 60Hz goes to the plus part of the
cycle, capacitor C4 starts to charge via the 25K slow-start control (R3).
When the charge reaches approximately plus 0.7 volts, transistor Q3
starts to conduct. This in turn causes transistor Q4 to stop conducting
and allows the 1K resistor in the collector of Q4 to pull the output plus.
Diodes D4 and D3 form an “or” circuit that drives this output circuit.
The “pulse” from the slow start goes plus until the next minus part of
the cycle discharges capacitor C4.

E: Output Circuit :

The output circuits run on full-wave rectified voltage from the power
supply instead of the filtered d.c. used for the control circuits. By oper-
ating the output stage on full-wave, which can draw as much as 2.5
to 3 amps, we eliminate the need for a large filter capacitor. Transistor
Q6 is the only PNP transistor used in this throttle. It is operated as an
emitter-follower with the collector connected to ground. When the
output of the throttle is set to a minimum output, transistor Q6 draws
its maximum current and holds resistor R107 and R108 {equal to 600
ohms) to near zero volts. As the output of the throttle is increased, the
voltage of Q6's emitter will increase. Q6 effectively is a shunt
that “robs” the current from the remaining output stage when the
throttle is set for less than full output. The 1000 ohm resistor R110
in the base lead of Q6 is used to limit the base emitter current through
this transistor when this junction is back-biased, as it would be when
the output of the throttle is shorted. Transistors Q7 and Q8 are wired
in a Darlington configuration and amplify the current available from
the resistors R107 and R108.

F: Overload Circuit : i o

The 0.27 ohm resistor in the emitter leg of the output transistor Q8
is used to sense the output current of the throttle. When the output
current is great enough to produce a voltage dtop of about 0.7V (at
about 2.5 amps), transistor Q5 will turn on. The output of trahsistor
Q5 does two things. First, it turns on the overload lamp; s'ecpnd, it
draws current through resistors R107 and R108 (which feed the out-
put circuit). The results of d;awing current from these resistors is
the output voltage goes down and the output current stays constant
at approximately 2.5 amps. You can use and LED instead of the lamp
for overload indication but be sure you put in a current limiting resis-
tor in series with the LED. If you use a different lamp than tHe one
shown in the parts list, bé sure it does not draw more than 70 milliamps
(.070 amps) or you may overheat transistor Q5. You can omit the lamp
and the circuit will still function properly.

Diode D13 protects the throttle from shorts from other power
pack or throttles that are of the opposite polarity. =
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This artwork is for printed circuit card. Pin 1 is on right side of this view.
Final card should be cut justinside the strip that runs around the card and
; F.' 2 along bottom of cpntact fingers. Be sure gard matches dimension so that it
! ' Ig. will fit connector. Card should be from .054" to .071" thick for same reason.
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Placement of components on printed circuit cards is shown,

the card), as components are located on opposite side from ¢
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SST/7 parts list

1: Front panel and cabinet parts

Front panel—Full Panel Plain (Marnold M509)
Cabinet—Single Cabinet (Marnold M551)

Decals —Transistor Panel White Decals (Walthers pack
#D543W)

I1: Power-on indicator— 18 volt green (Walthers #E400G
or equivalent) .

12: Overload indicator—18 volt red (Walthers #E400R
or equivalent, see text)

M1: 0 to 15 volt d.c. meter (Shurite #8108)

M2: 0 to 3 amp d.c. meter (Shurite #8202)

M3: 0 to 10 volts d.c. meter (Shurite #3107 edgewise

model)
R1: 1K ohm potentiometer linear taper (throttle)
R2:1 Meg ohm linear taper (accel

R3: 25K ohm potentiometer linear taper (slow-start)

R4: 10K ohm potentiometer linear taper (independent
brake) ; -

(All resistors %4 watt 10% unless otherwise noted. K=

1000; Meg= 1,000,000.) : -

RS: 1 Meg ohms e ;

R6: 5.6K ohms =

R7: 10K ohms

R8: 33K ohms -

R9: 33K ohms

R10: 68K ohms

R11: 22K ohms

R12: (a) 2.4K ohms, % watt with 16-volt transformer (Fig.
1a; see text). (b) 3.3K ohms, % watt with 18 9-volt trans-
former (Fig. 1b; see text).

D12: 1 amp, 50-volt diode (Radio Shack 276-1 101, IN4001
or equivalent) )

SW1: 2 pole, 12 position rotary switch (Centralab PA 2005
or equivalent). Note: Only 7 positions of this switch are
used " 4 .

SW2:° 2 pole double throw (DPDT) toggle switch (Radio
Shack 275-652 or equivalent)

SW3: Single pole single throw (SPST) toggle switch (Radio
Shack 275-603 or equivalent) ¢ !

~Knobs —Throttle — (Model Rectifier Corp., Throttle Mas-
" ter Knob— Walthers #K-1); brake —independent (Waldom

#WA2100A); brake —train line (Waldom #WA2100A);

Slow-start and acceleration (Radio Shack 274-413; part *

no. inciudes 2 knobs).

2: Back panel parts

C5: .01 uf disk ceramic capacitor, 100 volt or better rating.
D11: Bridge rectifier 6 amp, S0 volt (Radio Shack 276-
1146 or equivalent)

D13: 3 amp, 50 volt diode (Radio Shack 276-1141 or
equivalent)

F1: 3 amp glass fuse (Buss 3AG3A, Radio Shack 270-1276
or equivalent)

F2: 1 amp glass fuse (Buss 3AGIA, Radio Shack 270-1273
or equivalent)

Q5: 2N3055

T1: 16-volt, 2.5-amp transformer for Fig. 1a (TAB
#TRS000RM) :

For Alternate Transformer arrangement use the following
two transformers instead of T1:

Tla: 12.6-volt, 3-amp transformer for Fig. 1b (Radio Shack
273-1511) o

T1b: 6.3-volt, 3-amp transformer for Fig. 1b (Radio Shack
273-1510)

Heat sink: (Motorola MS-10 or equivalent)

Transistor mounting kit: (Motorola MK-15 or equivalent
Note: mounting kit MK-15 included with heat sink MS-10)
Connector for printed circuit card: 22 pins on 0.156" cen-
ters (Cinch 50-22A-20, Amphenol 143-022-01 or equiva-
lent)

Connector: Binding post, 4 required (Walthers E403, two
per package, or equivalent)

Fuse holders: F1—Clip-in fuse holder (Radio Shack 270-
739 or equivalent); F2—In-line fuse halder (Radio Shack
270-1281 or equivalent)

Miscellaneous: Line cord, silicon grease, wire, mounting
hardware, etc.

3: Printed circuit card parts %

C1: 250 uf, 25 volt or greater, electrolytic capacitor (Ra-
dio Shack 272-1017 or equivalent; note 1)

4 Plac with PC card
Fig 3 indicated as an “X-ray” view (as though seen by actually looking through

urrent paths.
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€2, C3: 50 uf, 25 volt or greater, electrolytic capacitor
(Radio Shack 272-1015 or equivalent; note 1)

C4: 0.47 uf, 100 volt or greater, tubular capacitor (Radio
Shack 272-1054 or equivalent; note 1)

D1 through D10: 1 amp, 50 volt silicon diode, 1N4001
(Radio Shack 276-1101 or equivalent; note 1)

IC1, IC2: 741 op amp, TO-5 case for p.c. card (Radio
Shack 276-010 or equivalent)

Q1, Q2, Q3, Q4, Q5: Silicon transistor, MPS 2923 (Mo-
torola number) ' - i
Q6: Silicon transistor, MPS 6517 (Motorola number)
Q7: 2N3053 3

(Al resistors: ¥%-watt 10% unless otherwise noted; K=
1000)

R100 through R106: 10K ohms

R107, R108: 1.2K ohms

R109, R110: 1.0K ohms

R111: 7.5K ohms B : o

R112: 2.4K ohms %

R113: 24K ohms .

R114: 3.6K ohms . ; 3
R115: 20K ohms ® . -~
R116: 5.1K ohms j }
R117: 100 ohms

R118: 0.27 ohms, 5%, 2 watts

Printed circuit card: Make from artwork in the article or
purchase (see note 2). : P
Note 1: If you are using the printed circuit card be sure
that the “equivalent” parts you obtain will fit in the area
allowed for them on the card. S

Note 2: In cooperation with the author, an etched and
drilled printed circuit card for the SST/7 is available from
Gold Spike Lab, P.0. Box 24772, San Jose, CA 95154.
Cost of the card is $8.95 (includes postage and handling
for U.S.A: only); California residents must add sales tax
Allow four to six weeks for delivery. .

Parts information

TRANSFORMERS: If you do not have a 16-volt transform-
er, the 18.9-volt transformer made from two separate
transformers (T1a and T1b) will work just as well. If you
“use diode constant lighting in your locos, the two trans-
formers will give you a little more voitage output from the ~
SST/7 at maximum throttle setting to help run your locos
a little faster. To connect the two transformers (see Fig.
1b), connect the input (117-volt primary) windings in par-
allel and the output (secondary) windings in series. You 4
have a 50-50 chance of getting output of the transformers
out of phase when you wire them. When you turn power
on, check the d.c. voitage out of the bridge rectifier. If
the voltage is less than 10 volts, reverse the wires from
the secondary of one of the transformers. Fuse F2 should -
be installed if the transformers used are not UL approved.
Be sure to use the in-line fuse holder on this fuse because
it is connected to 117 volts!

SEMICONDUCTORS: Watch out for those “25 for $1” bar-
gain basement-type semiconductors. Many times, in the
fine print, you will notice that the parts are “untested.”
The “fall out” from these types of parts is normally so
bad that you are better off buying good reliable parts to
start with.

TRANSISTORS: The transistors with the “MPS XXXX"
numbers (Q1 through Q6) are Motorola house number
parts. If you wish to use a substitute here are the general
characteristics.

MPS 2923 —General Purpose NPN Silicon Transistor:
gain, (hfe) 90 to 180; max voltage, (Vcb) 25 volts d.c.;
max current, (Ic) 100 milliamps; max power dissipation,
200 milliwatts

MPS 6517 —General Purpose PNP Silicon Transistor: All
other specifications are the same as the MPS 2923
RESISTOR R12: The values in the parts list for R12 will
cause the brake meter to read about 9 volts in most cases.
But, due to variation in line voltage in your area and tol-
erance in the manufacturing of the transformer(s), the
brake meter may not read 9 volts when the train line brakes
are released. If it is too far off you can change the value
of R12 to get the meter to read closer to 9 volts. Increas-
ing the value of this resistor will lower the meter reading
and vice versa.

standard panel (photo 1). The back panel
ended up with one standard layout and one
variation for the use of two transformers
instead of one (photo 2). |

The following is a description of the
steps the club members went through in
assembling their throttles:

The mounting holes were punched into
the front panel. Then the panels were de-
caled with the decals furnished with the
panels plus Walthers' decal set for tran-
sistor throttles #D543W. Clear-gloss spray
lacquer was applied over the decals, and
then all of the parts were mounted on the
front panel. Fig. 4 shows the layout of the
holes punched in the front panel.

All of the parts for the back panel were
put into place to determine the best loca-

RAILROAD MODEL CRAFTSMAN

ft——1.625" ——f

2.00"

¥,

Hole sizes:

A= 375" B=2.06"

C=.25"

D=.50" E=.125"

Photo 2:
Two-transformer version of SST/7 is shown open for wiring with components spread out to ease task.

tion without interfering with the parts on
the front panel (photo 2). The panel was
then drilled, the parts were installed and
the throttles case was temporarily assem-
bled for visual inspection. Note: When
you mount the 2N3055 transistor (Q8) on
the heat sink, be sure to use the insulating
mounting kit and use silicon grease on
both sides of the insulating washer.

If you build your SST/7 with a PC card,
use standard precautions when soldering
and when working with the semiconduc-
tors (diodes, transistors and IC’s—inte-
grated circuits). Soldering should be done
with a small soldering iron rated at 25-40
watts and should be left on only long
enough to melt the solder. Semiconduc-
tors should be heat-sinked when soldering.

This can be done by holding the lead to be
soldered at a point between the component
and the solder joint with a pair of needle
nose pliers when the heat is applied to the
joint. Fig. 3 shows the location of the com-
ponents on the PC card. :
PC cards can be made from the artwork

provided with the article (Fig. 2), or you_

can wire a piece of a pre-punched circuit
board and connect it into the throttle with-
out using the 22-pin connector. We built
one card to prove that the artwork was
correct, then made the necessary correc-
tions to the artwork. We built the remain-
ing cards using the breadboard throttle to
test the cardg. ' :

Next month we'll get into the actual wir-
ing, checkout and usage of the SST/7. &
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2N5190 | TO-126 40 100 40 25 100 B 2 08 < 1.5 2 1. 4E
10 Ao 14 3 a. il i :
2N5191 | TO-126 : 60 100 60 25 100 - 15 2 . 06 15 2 P 9 - 4E
4 2 14 4 § : :
2N5192 | TO-126 | ° 80 100 80 20 80 {71652 0.6 s, B 2 1 4E
7 : 4 2 1472 SOOI
2N5294 | TO-220 70 500t 50 30 - 120 05 4 1 05 2. [ 0.2 | “14E
(1009) % ' e
2N5296 | TO-220 40 100 35 30 120 1 4 1.0 e 1 2 0.2 ‘4E
2N5298 | TO-220 60 500t 50 20 - 80 16 - 1 1.0 * 15 2 0.2 4E
_(1009) S
2N5490 | TO-220 40 5 mA* 55 20 100 2 4 12007 Sl ot 05 4E
5 65 4 :
2N5492 | TO-220 55 1mA* 70 . 20 5100 25 -4 2.0 ; ~ 0.2 / 4€
5 65 4 :
2N5494 | TO-220 ; 40 1mA* 55 20 100" 773 < fva 2.0 05 : AE L
5 65 4 T
2N5496 | TO-220 . 70 1mA* 85 - 20 100 35 - 4 20 e 7 4E -
- 5 7 4 L
2N6121 | TO-220 ( -45- 100 45 25 100 15 2 0.6 ‘ 15 25 1 4E
4 ¢ 10 4 2 14 4 ! :
2N6122 | TO-220 60 100 60 25. 100 18 2 0.6 : 15 | 25 . 1 4E
10 4 2 1.4 : 4
2N6123 | TO-220- 80 100 . 80 20" 80 A5 D 06 e D e 25 ; 1 dE
- 7 ; 4 2 1.4 4 ,
2N6129 | TO-220 40 100 40 20 " 100 doprTg TARE ; 7 7s : : ‘4E
7 i7 4 :
2N6130 | TO-220 60 100 60 20 .100 25 4 14 R 7 4E.
7 5 -7 4 : : ;
2N6131 | TO-220 80 100 80 20 100 25 4 210711 AR 7  4E
5 7 4 ., ; s ¥
2N6288 | TO-220 | 30 100* 1375 30 150 4 Bied 500,50 250 | 4 05 4B
g # 5 65 4 192.00 01 ; >
2N6290 | TO-220 50 100* 56 30 11800~ e 4 1.0 250 | 4 0.5 4E
5 65 4 2.0 . : ¢
2N6292 | TO-220 70 100* 75 30 150 2 4 1.0 250 [ 4 05| -4E
X 5 65 4 20 . 5 i
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Process 4E NPN Epitaxial P.owe,}

DESCRIPTION

Process 4E is a double epitaxial silicon mesa device With
diffused emitter. Complement to Process 5E.

APPLICATION

This device was desngned for general purpose Powgy
amplifier and switching circuits where a large safe ope,al
ing area is required.

PRINCIPAL DEVICE TYPES

T0-220, BCE: 2N5294, 96, 98
2N5490, 92, 94, 96
2N6121-23
2N6129-31
2N6288, 90, 92

2N5190-92

TO-126,ECB:

Conditions

Parameter

N

-'vcc_sov 433

T=25°C .
T=05°C -
TO126 To=25°C
Ta=25°C
6.4c ey
T0-220 Te=25°C
TO126 Te=25°C
6JA
TO-220 Ta=25°C
TO-126 =95°C
TJ(méx) s

All Plastic Parts

BVceo Ig=100 mA (Note 1)

BVcao lc=1mA

BVEBO |E=1 mA

Iceo. Vce=BVego— 10V

Ico " Veg=BVceo

leso Veg=5V

fce Ic=1.5A, Vgg = 2.0V (Note 1)

VeesaT Ic=4.0A, Ig=0.4A (Note 1)

Vaeon Ic=4.0A, Vge = 2.0V (Note 1)

R Ic=05A, Vg = 2V

fp e lc=1.0A, Ig;=0.1A, Igz=0.1A,"
Vee=30V . '

t, lc=1.0A, Ig;=0.1A, Igo=0.1A,
Ve =80V 7,3,

s lo=1.0A, Ig1=0.1A, lgo= 0.1A,
Vec =30V -

Ic=1.0A, Ig;=0.1A, IBZ~01A

v
50 v
5 8 v
300 y
1004 = pA
] 1000 Py
20~ 200
‘ 1.0 v
1.3% LV o
4 ; ' © MHz
: 0.10 L us
- 0.25 \ k us

0.23

-0.35. : KS

us

40
15
% \
b 25 *CIW
312 CIW
625 - °CIW
83.3 “CIW
150 e i ' .

Note 1: ‘Pulsed measurement = 300 us pulse width.
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Collector-Emitter Saturation
Voltage vs Collector Current

Process 4E
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Thermal Response in TO-220 Package

Process 4E
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. 1 - < 5 3 = F
Toie cess | VcBO | VcEO | VEBO _MMM Vs Wi le _ Ve | VCE(SAT)  VBE(saT) 1c | Cob fr LA Pty
No. Style V) V) (V) (A) (v) Min Max (mA) e (V) el WiE 1 @ (mA) (pF) {Mhz) @ (mA) No. -

Min Min Min z_nx, z_nx ; % _<==,. Max - S z_nx. -Min Max 5
2N6037 TO-126 40 500 40 100 4A 3 20 40" _ 2A | 200 | 25 0.75A| 4J
: 750 1500 2A 3 3.0 ik . : 4A. ;
500 0.5 3T
2N6038 T0-126 60 500 60 100 - 4A 3 2.0 5 4.0 2A [ 200 | 25 0.75A[  4J
750 1500 2A 30 ; o ; : ; :
500 0.5 35 3.0 Fi “4A W
2N6039 T0-126 80 | -s00 80 100 4A 3 [ 0,008 4.0 2A [ 200 | 25 0.75A( 4J
750 1500 2A 3 . el ; :
500 0.5 3 3.0 o T 4A 3
- 2N6386 T0-220 40 300* 40 100 8 3 20 i D0 '3 [200. 20 1 4y
: 1000 20,000 3 -3 3.0 : 8 > >
MJES00 T0-126 60 200 60 750 18 iRs - 25 15 < 4y
MJE8O1 T0-126 60 200 60 750 2 3 | . 28 2 4J
MJES02 TO-126 80 200 80 750 15 3 25 15 4y
MJES03 TO-126 80 200 80 750 2 a 28 2 A5
TIP110 T0-220 2 60 1 mA 60 BOEL" -y 2 4 25. 4 £27 % 5 4J
: : 1000 1 4 : o :
TIP111 TO-220 80 . 1mA 80 500 ; 2 i 25 e 9l : 4
: . 1000 . ‘1 4 :
TIP112 TO-220 100 1mA 100 500 2 4 25 2 A ey
/1000 1 45 :
TIP120 T0-220 60 200 60 10000 e s i 4
1000 0.5 53 : : :
TIP121 T0-220 80 X 200 80 1000 SR e ap o 4.
i . 100 - 05 3 :
TIP122 T0-220 100 | 200 100 [.1000 g e : Al
2N6387 T0-220 60 60 5 | 1000 20000 5 - 3_ 0 3 4K
100 10 3 Y :
2N6388 T0-220 80 80 5 1000 20000 ‘5 3 3.0 10 | 200 4K,
: 100 10 I . \
2N6043 T0-220 60. 500 60 10,000 20,000 4 4 ‘20 - ‘4 | 200 | 4. 3 4K
= : = 100 8 4 4.0 8 el
2N6044 T0-220 80 500 80 1000 20,000 4 4 2,078 i “ 4 200 | 4. . 3 |74
. - 100 - 8. 4, 40 { 45 | 8. ; ¢ y
2N6045 T0-220 100 500 100 1000 20,000 4 4 2.0 7 ke 45 a [200 | & 3, 4K
. : 100 8 45 4.0 8 ; W
SE9300 TO-220 60 4 750 T g :
1000 4 3
100 75 3




Process 4J
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Process 4,,
NPN Epitaxial Power Darlmgton

DESCRIPTION

Process 4J is a double epitaxial silicon mesa device. c%
plement to Process 5J.

APPLICATION : g

_ This device was designed for use in driver and Out
stages of complementary audio amplifier circuits, It h
also well suuted for solenoid driver applications.

PRINCIPAL DEVICE TYPES

TO-220, BCE: 2N6386
NSP2100-03
TIP110-12

TO-126,ECB: 2N6037-39
MJE800-03

Pérameter

Conditions

BVceo

BVcgo

BVego -

Iceo

Ico

leo

hee

Veesar)

VBE(ON)

Cogo

[hel

ton

torr

Po(max)
TO-220

TO-126

6
TO-220
TO-126 -

6JA
TO-220
TO-126

) TJ(max)

Ic=100 mA (Note 1)

I =100 gA

le=2mA

Vee =112 BVego
Vee=BVceo

Vegg=5V

Ic=2A, Vgg = 3V (Note 1)
lc=5A, lg=20 mA (Note 1)
lc=5A, Vge =3V (Note 1)
Veg= 10V :

Ig=6A, Veg =30V
% . Wit .I
Tc=25°C
Ta=25°C
Tc=25°C
Ta=25°C

~ Tc=25°C
Tc=25°C

Ta=25°C
 REE g

fo

All Plastfc .Pans »

lc= 1A, Vee=3V, f=1 MHz
lc=6A, Vg =30V ki & .'

Note 1: Pulsed measurement = 300 us pulse width.

.




for use in driver .m

sudio amplifier circmh. >

 driver applications, -

Max

120

83.3

JUNCTION CAPACITANCE (pF) Ve - COLLECTOR-EMITTER VOLTAGE (V) WEE = TYMCAL PULSED CURRENT QAW

DISSIPATION (W)*
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Typical Pulsed Current Gain

vs Collector Current
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Process 4J
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Process 4K
'NPN Epitaxial Power Darlington

DESCRIPTION

Process 4K is a double epitaxial silicon mesa Darlington
transistor. Complement to Process 5K.

APPLICATION

The 4K was designed for general purpose amplifier and
low-speed switching applications. '

PRINCIPAL DEVICE TYPES

T0-220, BCE: SE9300-02
TIP121, 22
TIP130-32

parameter Conditions

BVceo Ic =100 mA (Note 1)
S5 . BVcso Ic =200 A
LI = i 'CEO VCE= 1./2_ BVCEO
2) “ i ¥ o Ves=BVeeo
' ‘ i ; ; 4 F'EBO Vge=5V .
4 Y, > : hee Ic_: 4A, Vce =3V (Note 1)
e Ic=8A, Vce =3V (Note 1)
Noarn Ic=4A, 1g=16 mA (Note 1)
Veesan Ic=8A,15=80 mA (Note 1)
Vogsan) Ic=8A,Ig=80mA (Note1) '
: . Veeon) I o A
Coeo | Ves=tV
0% R | 1c=3A,Vge=3V, f=1MHz
PD(max) X g5 \ ! a
~ T0220 Te=25"Civ &
e Sl TaA=28°C T AT
ficn < e S
70220 To=25°C ot fvdn
ey i (AT AR e SRR R Sk
LATS 3 . R !
T0220 | T,=25°C
-E(mw - o ’

5 All Plastic Parts

lo=4A,Vge =3V (Note) .~

% Pulsed measurement = 300 4s pulse width.. =~
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DESCRIPTION

(0.762 2 e g e ey T A ‘
‘-» ‘::——::—f) v " ; o g Process 12 is a non-overlay, double-diffused, silicon epi- -
: A /- : taxial de_vice. Complement to ProcessA67. .
% //‘// 0004 APPLICATION 0 Ky N
,; B ;"ZW‘ 7 F This device was designed for genéral purpose medium
3 4 power amplifiers and switches requiring collector cur-
f'% (Rdl% rents up to 1A and collector voltages up to 80V.
),'L / 0.030 pe) ; RS g
@ { W -{0782) - PRINCIPAL DEVICETYPES e
: ) ' 1092, EBC: MPSADS 5o avus wis il 357
\: o TO-3%: . , 2N3019 ' e
i j 1 TO-202: NSD106
; /o’ TO-237: . TN3019 ! 47
e ‘ ¥ e TN3020 4
< el
rameter Conditions Min Typ Max Units Notes
& ton ‘Ig=150 mA, Ig; = 15 MA 50 -ns Figure 1
torr Ig=150 mA, Igo =15 MA 400 ns Figure 1
hie Ic=50 mA, Veg =10V, 40 6.5
f=20 MHz -
Cob Veg= 10V, f=1MHz . , > 6.5 10 pF .
Cep " Vgg=05V, f=1MHz 2 60 " pF
Bie lg=1mA, Vgg = 10V 30 5
‘hFE Ic=10 mA, Vge = 10V > 38
hee Ic= 150 mA, Vgg = 10V 40 160 30 1 . [
hee lo=500 MA, Vge = 10V 30 '
Vegsa) Ic=100 mA, Ig=10 mA 02 v
Vegsan 1c=500 mA, Ig=50 mA 0.5 v
Veg(san) Ic=100 mA, Ilg=10 mA 0.90 - Vo
Vagsan Ic=500 mA, Ig =50 mA 1.20 .
BVaco Ic=10 mA 65 Ve .
BVcao Ic= 100 4A 100 ; v
BVego lo 10 5A 7 ! v
leeo Veg =80V 100 nA
_leso Veg=6V 100 nA

Pulsed DC Current Gair vs

Collector Current
250
Vee = 10V
S
S w0 i
= ]
= Tp=+25°C
- 2 i
§ i
2
2 10 d
2
<
Q
|50
w
&
0
01 10 1@ 100 1,000 10,000

Ic -~ COLLECTOR CURRENT (mA)

Vgeion) - BASE-EMITTER ON VOLTAGE (V)

Base-Emitter ON Voliage Vs
Collector Current

Maximum Power
Dissipation vs
Ambient Temperature -

T TTIT
Vee = 10V

100°C

Ic - COLLECTOR CURRENT (AMPS)

0 50 100 150 200
Ta - AMBIENT TEMPERATURE (°C)

Pomax) - MAXIMUM POWER DISSIPATION (mW)

100 1000

* One square Inch of copper run
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Process 12
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NT (mA)

itage vs

HEiin

1,000 10,000
NT (mA)

)ff Times
it

]
gz = Ic/10
50V

ENT (mA)

ph A er danamg i e 1 s Process 12

Maximum Power e

" Dissipation TO-202 vs Case

Safe Operating Area TO-202 and Ambient Temperature

¥

; 5.0 iJ‘ T T - T i e
£ B B A 5w N S
LRl 2 7 2 < 80 -
= 1w S N, 2 | s ] I\ TETe : e
2 .o% V\ -8 10 N - i
= N X ) - . .
.= ;% 5.0 s =N
S N s a0 - =5 2
g o N 2 7 F : 5
2 gl 0 B o ¢
Y | : - ¥
ity e G e 5
0.0 L . g ey s
LR il | Bl 100 L 0 26 50 75 100 125 150 " o—oa-
© Vce - COLLECTOR TO EMITTER VOLTAGE (V) * .. TOTEMPERATURE(C) .
le Ro | AL TO SAMPLING SCOPE
150 mA | 3140 | 3300 RISE TIME < 1.0 ns
300mA | 1570 | 1670 INNUTZ~100KQ |
soma | 94 | 1000 ol ; :
: AEE PULSE SOURCE . :
: RISE TIME <5.0ns Sk
_'%_m FALL TIME <10.0ns - ek -
: FIGURE 1. ton, tors Test Circuit i ' 3
SMALL SIGNAL CHARACTERISTICS (f=1.0 kHz)
Characteristic Typ Units ~° Conditions : -
Input Resistance 4 3000 Q lc=1.0 mA, Vcg=5.0V
Output Conductance 80 umhos lc=1.0 mA, Vgg = 5.0V
Voltage Feedback Ratio IR R lc=1.0 mA, Vgg =5.0V
Small Signal Current Gain - 100 Ic=1.0 mA, Vg =5.0V

i

8

P
e

g

s

CHARACTERISTICS RELATIVE TO VA‘ME AT Ic =1.0mA

2 TYPICAL COMMON EMITTER CHARACTERISTICS (f= 1.0 kHz) |
> [x]
¢ - 3
% 13 < 10
:3 I E [ lc=10mA T
Y/ o a b ] w 25 | Vee=50V e
w 1 et = % [
i /l 2 M T e T 2 L f= 1.0 kHz o
1/ L) R .:_ 20 Ph-“—
VAl @ H
7 by, > 09 2 15
= T / § 5 N ‘\\ re § /4
e H N 10
he A Z 0 rce1om N~ oo [T a [ oo
T 5 A 8 ] Ty Wt
™ = 08 [f=10kH2 = B,
™ [ Bk 3 7 Nia :
o 05 2 0 -
30 10 3050 E o 5 10 15 20 25 N g - o 0 50 100 150
Ic - COLLECTOR CURRENT (mA) 3 Vce - COLLECTOR VOLTAGE (V) s Ta - AMBIENT TEMPERATURE (°C)

v
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an3055 (siicon)

designers requirements.

HIGH POWER NPN SILICON POWER TRANSISTOR

... EPIBASE transistors for ultimate circuit performance based on the

15 AMPERE

POWER TRANSISTOR
NPN SILICON

60 VOLTS
115 WATTS
EPIBASE — designed for power amplifier and switching regulator applications.
The best choice where high frequency response, low switching losses and good
safe operating area are required.
® Current-Gain — Bandwidth Product — fT = 2.6 MHz (Min) @ Ic = 1.0 Adc
e Safe Operating Area — Full Power Rating to 40 V
*MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Emitter Voltage VCEOQ 60 Vdc
Collector-Emitter Voltage Uni-Base Veext 90 Vde
Collector-Emitter Voltage (Rgg = 100 Q) VCER 70 Vdc %
Collector-Base Voltage Ves 100 Vdc e Bl s
Emitter-Base Voltage VEB 7.0 Vdc l -
Collector Current — Continuous Ic 15 Adc r
Base Current g 7.0 Adc r /
Total Device Dissipation T¢ = 25°C Pp 115 Watts Eseamiie 1 b
Derate above 25°C 0.657 w/°C PLANE
Operating and Storage Junction Ty Tstg -65 to +200 e 3
Temperature Range e e 7
*Devices selected from either process meet or exceed JEDEC Registration. 1] /
tNot a Registered Rating. ; § Y }f\
THERMAL CHARACTERISTICS ‘ \? + _.__€
H .
Characteristic Symbol Max Unit ! .
Thermal Resistance, Junction to Case 6)c 1.52 °c/w e L
g 1 STYLE RIS 57 2
FIGURE 1 — POWER DERATING PIN 1. BASE

he. : ~J

40

{
PD,_POWER DISSIPATION (WATTS)

\ i

20

~

o e R 75

100 125
Tc, CASE TEMPERATURE (°C)

150

175 200

o s

2.EMITTER - NOTE:
CASE: COLLECTOR 1. DIM “0" IS DIA.

MILLIMETERS| __ INCHES
DIM [ MIN_|MAX | MIN | MAX
Al - |3837] - 550
B | - [2108] - | 0830
C 635 62 | 0.250 | 0.300]
D | 099 09 | 0.039 | 0.043 2
E | - 3] - 135
F [29.90 [30.40 | 1.177 | 1.197 ]
(G _[10.67 | 11.18 | 0.420 | 0.440 |
H | 5.33 59 | 0.210 | 0.220 |
16.64_ | 17.15 | 0.655 | 0.675
[17.18_[12.19 | 0.440 | 0.480 |
3.84 | 4.09 | 0.151 ] 0.161
- [2667 | - 050 ©
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2N 3055 (continued)

ELECTRICAL CHARACTERISTICS (T¢ = 259C unless otherwise noted)

Characteristic | symbot | min Max [ uneit |
OFF CHARACTERISTICS
loldd
« Collector-Emitter Sustaining Voltage VCEO(sus) Vdc
(Ic = 0.2 Adc, Ig = 0) 60 i
k Collector-Emitter Sustaining Voltage VCER(sus) Vdc
(ic = 0.2 Adc, Rgg = 100 £2) 70 -
l+ Collector Cutoff Current IcEO mAdc
(Vce =30 Vdc, Ig = 0) - 0.7
Collector Cutoff Current ICEX mAdc
(VCE = 100 Vdc, VEg(off) = 1.5 Vdc)
- 1.0
(VGE = 100 Vde, VEB(off) = 1.5 Vdc, Tc = 150°C)
- 5.0

L—
l* Emitter Cutoff Current
(Vge = 7.0 Vdc, Ic = 0)

lEBO

mAdc

ON CHARACTERISTICS
e

k DC Current Gain

(Ic = 4.0 Adc, VcE = 4.0 Vdc)
(Ic = 10 Adc, Vg = 4.0 Vdc)

hFe

20 70
5.0 -

Collector-Emitter Saturation Voltage
*(lc = 4.0 Adc, Ig = 0.4 Adc)
(Ic = 10 Adc, Ig = 3.3 Adc)

VCE (sat)

Vdc

Base-Emitter On Voltage -
(Ic = 4.0 Adc, VCE = 4.0 Vdc)

VBE(on)

Vdc

Second Breakdown Collector Current
With Base Forward-Biased

(t=1.0s)

(Ve = 40 Vdc)

Is/b

2.87 -

Adc

DYNAMIC CHARACTERISTICS

Current-Gain — Bandwidth Product
(Ic = 1.0 Adc, VCE = 4.0 Vdc, frest = 1.0 MH2)

fr

25 =

MHz

+Small-Signal Current Gain R
(Ic = 1.0 Adc, Vg = 4.0 Vdc, f = 1.0 kHz)

hfe

15 120

*Indicates JEDEC Registered Data.

FIGURE 2 — SWITCHING TIMES TEST CIRCUIT

FIGURE 3 — TURN-ON TIME
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2N 3055 (continued)

curves indicate.

t, TIME (us)

.05

FIGURE 4 — ACTIVE-REGION SAFE OPERATING AREA
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VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS)

There are two limitations on the power handling ability of a
transistor: average junction temperature and second break down.
Safe operating area curves indicate I — VcE limits of the tran-
sistor that must be observed for reliable operation, i.e., the
transistor must not be subjected to greater dissipation than the

Second breakdown pulse limits are valid for dut

At high case temperatures, thermal limitations

power that can be

posed by second breakdown. (See AN-415).

FIGURE 5 ~ COLLECTOR CUT-OFF REGION

Ic. COLLECTOR CURRENT (AMP)

y cycles to 10%.
may reduce the

handled to values less than the limitations jm.

VR. REVERSE VOLTAGE (VOLTS)

1000 ey =, = —
8 1 i o >
— = Vi
G Vee=30V s A
$ 7 7
3 } Z
= X /
s 10} Ty = 1500C /
a Z
= 1 74
o
= [——T 1000C ya
& = Va
- 01— = CES 4
S =3 REVERSE FORWARD
3 I
0.01 250C
i
0.001 1
-0.2 -0.1 0 +0.1 +0.2 +0.3 +.4 +0.5
VBE. BASE-EMITTER VOLTAGE (VOLTS)
s
FIGURE 6 — TURN-OFF TIME FIGURE 7 — CAPACITANCE e
100 700
50 Vee=30V IJ”
Ic/ig=10 — Ty=250C
181= 152 500 =
20 Ty =250C 2l
; '~ g
10 = o X N Cib
§ 2 300 ~
5.0 w IN N
ts g L
< M M,
20 —— X = 200 &
ITH ~ < N c
10 = = Pl o
= = S 3
‘" o EN &
3 -+ P b S o
o 100 <]
01 70
0.1 02 03 05 07 10 20 30 50 70 10 0.1 03 05 0 3.0 5.0 10 30 50 100




2N3055 (continued)

DC CURRENT GAIN

FIGURE 8 —
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Ic, COLLECTOR CURRENT (AMP)

FIGURE 9 — COLLECTOR SATURATION REGION
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FIGURE 10 — “ON” VOLTAGES
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