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SOLID STATE COMBINATION ACTION
SERVICE MANUAL
SCUMITEA ORMGAN COMPANY, OREVILLE, OHIC

The inclusion of a solid-sgtate, computer type memory
in the romote control system of an organ will require that
the serviceman adopt scomewhat different techniques 1in
secking eny possible mnlfunétiuns of the system. This does
not imply, nor is 1t expected, that the serviceman mu=st
become an electronic techniclan. It 1s the purpose of this
mapual to provide the servicemmn with guldes to locallzing
the possible troubles and, once lecated, glve directions
for field repair or replacement.

Each remote contrel unit, of the solid state type, 15
furnighed ecomplete with spare boards and parts whlch will
make it possible for the serviceman to make proper replace-
ments. It is intended that any board so roplaced be
returned to the Tactory for servico.

Bofore proceeding with trouble shooting methods, &
brief description of the solid state system 1is of fered in
ordar that a better understanding of "what is happenlng"
may be had. 'This description will make use of several
terms unfamiliar to the organ industry and these terme
will be defined firet.

1. MWrite. Any memory eystem 1s a storage bank for

infercatlion., When information 1s placed into &
memory bank 1t is oald that we are "writing"

intoc mepnoly. -
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Read. Cheeking the memory bank to see what 1s

gtored thereln is terped "reading" from memory.
Pressing & plston to set up a combilnation of atops
is "resding” & block of information from memory.
Bit. One piece of information stored in memoTy.

It may be elther an "en" or an "urr"; In our
application, one blt represents the status of cone

stop on one plston.

Flip-flop. The clroultry, conslsting of several
tran=lstore, whiech 1a the heart of the memory

gygtem. A {llp flop, 1like & toggle gwltch, may be

' either "om" or "offv.

Integrated Circuit (IC). A preagssembled group of

tramgistors, or combinetions of translstors, wlthin
& smell packsge. The integrated eclrcults used in
thls mamnr3'aystam contain 16 flip-flops. Each IC,
therefore, ls able to remember 16 bits of infor-
mation about one stop. This means that one IC 18
capable ¢f serving up to 16 plstons en 1ts one stop.
Grounds The common {or negative)] side of the power
aupply. A4ll measurements are made with reference

to this polnt.

The Sﬂhﬂnti solld state remote control aystem 1s made

up of printed circult beards which oontaln the transistoras,

IC's, eto. Each printed circult memory board provides

eiroultry for slx orgsn stope or couplers. A memory board

ig diegrammed in Flg. Y. These boards are "plug-in",
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makirg 1t possible fo replece o board without difficulty.

The eiroultry for one stop (one slxth of & bodrd) includes
the following:

1.

2.

A 16 bit memory cell, which 18 one integrated
elroult.

Two transistors which permilt "writing! of infor-
mation inte the IC.

Two transistors which, upon command of & plston,
allow the state of a bit in memory to be "read".
Two trunﬂiatﬁrn whleh amplify the 1nformation

Lratriuvuﬂ from mamory, and acstuate the "klckeras"

(knob/tablet positioning device).

A oormecting lead from the stop action magnet with
which this IC is assoclated. This lead glves
"pogltion senae" go that,'when one is setting a
combination or "writing into memory", the IC will
know whether 1t ls to remember an "on" or an "off'.
Thig lead 1s at +12 volts when the stop l= "on",
and ia at zero volts when the stop is off.

Eilght lesde from the plston board which allow us to
aelect one of the 16 locations within the IC into
which wa want to write or from which we want to read

information.

It wlll be noted (ltem & above) that enly elght leads

are required to select one of the 16 locations in the

memory cell. This is done by a matrix addressing or
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splection seheme. Heferring to the block difagram for one
10, Pig. 1, will r&ﬁLul thut ihe elght lines cross each
other in such & manner that 16 intersectlons are defined.
The sight lines are labelled X1, %2, X3,%4 and ¥1, ¥2, X3
and ¥Y4. If X1 and Y1 are energized gimultaneously, the
f1ip-flop located at the intersectlon of these two lines
#1l1ll be "addressed" or brought into mlectrical viliew and
will be svaillable for either writing or reading. DIy the
geme token, if X% and ¥4 are ginultaneously energlzed, a
dirferent flip-flop will be addressed,

Addressing of the varlous memory selle 18 controlled
by the pilstons. The pristons when depregsed, operate the
gddressing relays whlch are mounted on thes pleton board.
The plston hoard 1= diangremmed, schematicelly, in Fig. .
When any pisten 18 depressed, tWo memory pddressing relays
are caused to cperate - ane + relaey snd one ¥ relay. These
addressing relays, when operated, remove ground from two
memory &ddress lines. Hemoval of ground from an X and a '
1ine, slmultaneously, alleows reading or writing from &
particular mEmOry sell.

Further sxsminatlon of Fig. 1 will reveal the manntr
ir which the 16 bits of available memory (in each I¢) are
assigned. This shows that all combinaticns of ¥I and Y2 with
the "}" leads, are used for the general plstons. This means
that all IC'=s, for each stop of every dlvlslicn, are wired

with the Y1 and ¥2 leads in parallal. In llke manner, all
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ICts hove thelr X lines wired in parallel. When o general
pileton is depressed, an X and 8 Y1 or Y2 address relay will
operate causing all IC's to be addressed slimultansously
theroby writing or reading for every knob or tablet on the
console.

The remalning 8 combinaticns, represented by addressing
an X line along with ¥3 or Y4, are used for plstons
assooiated with & divisién of the organ. The Y3 and Y4 lines
are paralleled only wlthin a division. This means that
each diviglon hae & ¥J and Y4 relay. When a Pedal plston
is depressed, an X relay and a Pedal Y3 or Y4 address relay
will éﬁ oparated - caugsing only the pedal knobs to be
affected,

A location map is furnished with each combinatlon system
chowing which X and ¥ relays operate for each piston on the
console. A typlesl locatien map 1s included with this
manual, Pilg. 2. The locatlon map aleso indicates whieh stops
are controlled or served by each of the mamory boards 1in
the syatenm.

A locatlon map ls provided with each solid state system
and placed in the solld state box.

The piston board alsc inoludes a "pilston hold-on”
elreult which keeps the selected address relays energized
for a sufficient time to allow the actuator mechanlem
{kickers) to complete its movement of all Imobs/tablets,

even though only a short "tap" 1s given to the pleton.

-
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e neriod of hold-on time 1s adjustable by means of a
porewdriver adjuster.

Also mounted on the plston board are relays which
oparate from the "ecancel" plston and "set" pleton.

When the ocancel relay is operated, all "off™ magnets
in the klcker assembly are caused to coperate - 1f the stop
1g in the "en" position. The cancel relay applles 12 to
the actuantor transistors on all the memory boards and also
grounds the cancel dlecdes for every stop. CGCrounding the
cancel diodes 18 the same as though the memory cell were
tellin the actuator transistors that an "off" is stored
in memory.

When the "set" relay 1s operated (by the set piston),
eontacts on the relay are opened which prevent +12 from
reaching the actuator transistors when an addresa relay 1la
operated. This is to prevent any possible knob/tablet
movenent while a combination 1a being "set". Another set
of contacts on the set relay pute ground on the "write”
buss te all memory beards. When the write buss is grounded,
apd a memory cell is sddressed (by pushing a general or
manual piston), the present poeition of each knob, for the
entire organ (general) or for a division (manual), 1=
remenbered by the addresaed lip-fleps.

1n summary, the following heppens when a platon 1s

depreased:
1. Two address relays willl operate, one X and one Y.
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The upnﬁttud X oreloy remover pioung Trom that X
1ine on all IC's in the system. The operated ¥
relay removes ground from the ¥ lines of thosze

Ic's which are wired te thie relay. (All IC's Af

8 Y1 or Y2 general or theose IC's for a division 1T
a Y3 or ¥4).

The operated X and ¥ relays apply +12 volts to all
aotuator transistore in the system. (keyed +12)
The twe operated relaye are connected to the
hold-on clrcult so that they will remain operated
for at least one pecond.

Thosa IC's which have been addressed by the operated
£ and ¥ relays will causge the actuator translstorsa
to operate the kicker magnete in accord with memory
contained within the addresged memory cella.
(Elther on or off).

Upon release of the pilston, address relays return

_ to normal pesitlon, restoring ground to the X and

Y lines and removing keyed 412 from the actuator
translstors.

fnllﬂwinglhappens when "zetting" & combination:
"Set" plston lg depressed. Set relay operates.
Keved +12 1 prevented from reaching the actuator
translstors by the openlng of oeontects on set relay.
Ground is applied to the "wrlte" buss te all IC's
in the system. This ground prepares all IC's for
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the ineertien inte memory of the state of the
knob/tablet assooclated with each IC. Whether or
not the state of & particular knob/tablet 1s
rememberad depends upon the next step.
4. A pleton is depressed. If thls is a general
pleton, & memory cell wlll be addressed in every
IC in tha system. If this 15 & manual platon, a
memory oell will be addressed only in those IC'm
aggociated with this manual. No writing or
changing of momory will eccour on those IC's which
have not been addressed by the operatlon of an
X and a ¥ relay.

5. Upon release of the plston, address relays return
te normal positiqn. restoring ground to X and ¥
llnes.

6. Upon release of the set plepten the set relay will
return to normal position. The write buss bacomes
ungrounded, preventing any further possibility
of writing Intoc memory.

The memory boarde, (Flg. 3), are built g0 that halfl

(3 eiroults) may be used on cne divislon and the other half
(3 olrcuits) may be on a different division. When the
aystem 1s wired for a partleular organ, the sockets for the
plug-in boards are wired to the appropriste Y3 and Y4 relays.
411 boarde are wired, in parallel, to ths Xi, X2, X3 and XU
as well as the Y1 and Y2 addressing relays, The remaining



connectiona Lo \1.c bearde are bussed (paralleled)} en the
gocket panel so that all boards are connected to the write
bues, cancel buss, keyed +12 buss, +5 volt buss and ground.
Ench socket 1s wired so as to connect each of the twelve
transietor actuators to the appropriate on/off magnetes on
the kickers. (6 cirocuite = 6 on's and 6 off'a).

An actual-gize print of the sccket wirlng panel 1s
snaluded in thie meanuel as Filg. 7. HReference to this print
will show the sbove mentioned busses a8 well gs the conneotilon
points for the stop mctuator (kicker) magnet wires. Crosg
referring this print {Fig. 7) and the location map (typleal
Flg. 2) will make it posslble to trace the kloker wirlng Tor
any particular stop.

Three sockets, at the left hand end (rear view) of the
wiring panel, are dedicated to the reveralble boards. The
revereibles are constructed on printed circult boards slmlilar
to the memory boarda. The memory boards and the revergible
beards are keyed in puch a manner thet makes 1t impossible
to ineert them into the wrong sockets.

Connections to the reverglhle boards are also indicated
on the wiring panel print, Fig. 7. Connectlons to these
boards include, for eath reversible: on and off leads to
the kicker magnets, & .ead to the stop actlon wire for the
stop affected by the reversible, +12 voltis, =12 volts and
two leads to the reversible piston. The reverslble plestons

are double-throw =mwitches with the contact normally (at rest)
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in the "HC" (normally elosed) position. -Hhan the piston is

depressed the "NQ' circult is completed. The common arm of

the plston ls tled to ground.

A pehematle dlagram of the reverelble printed alrouit

board is glven in Fig. 8. Each reverslble board contains

oircuitry for 3 reversible sctlions. Each eiroult 1neludes

the following:

1.

A Tlip-flep memory cireult (IC-1) which, so long
as the reversible piston 1s "at rest", remembers
the present position of the affected step, on

or off.

A "buffer" amplifier (IC-2) which provides enough
current drive to the actuator transistors (§3 or
Qi) when the reversible plston 1le depressed.

in output "elamp" circult which prevents the kicker
actuator transistors, @3 and Q4%, from operating
the kicker magnets go leng as the reversible
plston is "at rest".

An input "elamp" elroult which prevents the memory
flip-flop from changing state while the reversible
plston is depregsed.

Two transistors (@l and Q2) which are controlied
by the reversible piston end which direct the

proper actlon of the two clamping clrcults.

Pawar 1s provided to the memory system from a separate,

continucusly energized 5 volt reetifler. This rectifler 1=

o Bk

L
.
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connected to a 115 wolt AC circuit which cannot easily (or
accidentally) be turned off. Loss of power to the memory
will mean loss of combinations since the flip-flops are
eglectrical devices.

To safeguard against leoss of memory, a backup battery
is provided which will retain the memory during short power
interruptions. The battery, When new, will protect memory
for several hours. Once depleted, it must be replaced.

To warn the organist of possible loss of memory due o
power failure, a sensing circult is provided in conjunction
with the memory power rectifiler. This circuit keeps a relay
energized so long as power 13 present. IE power 1s removed,
and remains off for more than approxXimately 20 seconds, the
relay becomes deenergized. When the organ is turned on, the
decnergized relay will cause a signal lamp on the console
(labeled "ERemote Control®™) to be lighted. Upon seeing this
lighted =signal, the organist should check to see if his
combinationg have been affected by the power failure. If
the battery was adequate for the period of failure, he will
find his combinations unaffected. It would be wise to
replace the battery with a fresh one 1f the warning light is
found to he lighted, even though memory wWas retained.

The signal light may be reset from the console. Pushing
the reset button turns off the signal lamp and restores
powar to the sensing relay which then will remain energized

until again interrupted for more than 20 seconds.
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The poeetr < pdy [or tee cokbliuatlon systenm ls dlagramced,
schematically, in Fig. 6. PFlg. 5 dlagrams and explains
the operation of the power failure elarm system. Flg. 5-A
ig the phyeloal layout of the power alarm. It will be noted
that only twe speclal wires are required from this alarm
unit te the consple; one te turn the mlarm light on in case

of power faillure and the other to reset the alarm.
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THROUBLE-SHOOTING PROCEDURES

The purpese of this sectlon is to ocutllne the staps to
bte taken when trouble 1ls reported with the combinetion
actlon eystem.

The memory clroculta are bullt on replaceable printed
pircult boards. 'Should the trouble prove to be within the
electronic eircultry, the spare memory board may be sub-
gtituted for the defective beoard. Before any substltution,
however, several other posaibilitles should be explored.

The fellowing sectlon lists several possible troubles which
may iﬁdiunte problems other than the memery beards.

1. 8System totally inoperative, l.e., no piletons,

inoluding cancel, will cause movement of Jmobs/tablets.
a. Probably loss of memory power (5 ?Qltﬂﬁ-
Signal lamp on console ghould bhe lighted.

2. MNo response of knobs/tablets when a plstin ls

depressed.

a. Check to see that the two piston relays
asgociated with this plston are operating.
Possglble defective relay or relay clode.

b. If both relays are cperating properly, check to
gee 1f affected knobs/tableta may be moved
from on te eoff with the cancel buiton.

a. If eancel button works ok, oheck to see that the

appropriate X and Y lines are being ungrounded

S50C 113



by the relays. Possilble shorted transister on
platon board for X or ¥ line. When an X or ¥
la operated, 1ts assooclated translstor output

terminal should resd 3 volts or more.

Chattering or ecseillation of knobs/tablets when a

piston im depressed,

e

b

Check to see that not more then two relaye are
operating when the pilston 1s depressed. I more
than two are operating, 1t isg probable that a
short clrcult existe on the pilston wiring.

Check to see that no X or ¥ llne shows a

voltage of more than .1 volts, with no plstone
depresgsed. Measure at transistor output
terminale. If wvolteage exiets on any X or ¥ line,
with ne pletons depresged, replace the anssoclated

relay Tor that X or ¥ line.

Random, erratic chenges of combinetlons.

{(Combinations do not turn out as they were set).

B

This condition may obtaln 1If the power supply
voltage drops below the nominal § volt level.
Check the woltage at the ccmbinatlon action boX.
It ghould be between 4.85 and 5 velts, measured
wlth en accurate voltmeter. If the wvoltage drops

below 4.85 volts the IC's do not operate properly.
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LOporL # 54
Ay, 23, 72

T0 HOLDERS OF REPOAT #50 DATED DEC. 30,'7?2 WHICH IS: A SERVICE
MANUAL FOR MODEL A COMBIMATION ACTION, CAPTURE TYPE, SOLID STATE.

Subject: Additlon of a note to page 13 whlch is the sectlon of
the manual titled Trouble Shootline Procedures.

Mote that this sheet 15 numbered 14a, Flease insert
1t in your oopy of the sarvice manual between pages 14 & 15,
and write in this note at the top of page 14: “See nage 1ha
for an additional note that avplies here®.

If a peoullar defect on one of the memory chips develops,

in the syatem, 1t may cause soms plstons to appear dead. Such

a problem may be evidenced by odd numbared {or even numbered)
pistons not causing response of knobe tablets. The defect 1in

A memery chip does not allow an X ar ¥ line Lo become ungrounded
by the plston reley sinee a8 ground exists wlthin the faulty
chip. If, after the 3 checks listed in paragraph Z on page

13 and 1% have been completed,the X or ¥ line doss not read

3 volts or more when the piston is depressed, the follawing
procedure should be used to check for a defective memory chlp
within the system:

a. Attach the voltmeter to the ¥ or ¥ line which is
falling to rise ebove 3 volts {minimum).

b. Lock one of the defecotlve pistons in the depressed
position.

o. Pull out the momory boards, one at a time, while
wotehing the veltmoter. If no change 1s nated, plug
the board back in and procoed to the noxt board.

I the trouble exists in one of the memory chips
on & board, it will reveal 1ltsclf as e sudden rlso
in the X or ¥ voltage when that board is removed.
Such a dofeoctlve board should be replaced with tho
sparao,

SCHANWTZ OQHGAN CO.

H. J. MHoager
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CAUTION
Do not use bells, buzzers, etc., in checklng the
S5o0lid State syetem. Use only & Volt-Chmetar such as

Simpson 260.

If the foregolng list of troubles deoes not fit the
problem at hand, it 4s likely that trouble exlste on one of
the printed circuit boards. Recalling that one printed
sireult board serves & stops, any trouble that affTeots
more than & stops will not be repaired by substitution of
one board.

If substitution of & board proves to cure the trouble,
ship the defective board te Schantz Organ Company Tfor repalr.
Do not attempt to make repairs in the fleld. A statement,
outlining problems encountered, should accompeny any board

returned to the factory.
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INSTALLATION HOTES

When the organ lg lnetalled, consideratlon must be glven
to the lecatlon and wiring to the combination syetem powar
BUPPLlY .

Since the combination system draws about 6 amperes
from the 5 volt supply, the power supply {rectifier) should
be locmted as near as poesible to the conscle., The 5 volt
leads sonnecting the comblnatlen eyestem te the power aupply
must be of sufficient size to keep the voltage drop in the
lends to a minimum. The following table lists recommended

wire glzes to be used for varlous cable lengths:

Up to 25 fest -- #B wlres
25 to 50 feet =-= #6 wires
50 to 75 feet == two #8 wires in parallel

After inetallation is complete, it ls recommended that
the correctnese of polarity be obgerved, at the ccnsecle,
pefore attaching the feed wlres to the comblnation syetem
+ and - 5 volt bleockes. Set the adjuster potentiometer. 1in
the power supply, to glve 5 wolts at the console beflore
connecting the leads to the block.

After the leads are connected to the block it will be
necessary to re-adjust the 5 volt level since there will be
some drop in the feed wires. For this adjustment the
voltmeter mugt be attmched to the +5 end -5 terminals at the

combination system enclosure. A convenlent place Lo clip

the voltmeter 1s scross the large capacitor which ils mounted

onn the rear of the socket mounting panel. Tha end of the
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chapiolbor wlhilch :'.:'u.:']-JJL'L:LIL Ly Ll Bemer dlodu Lo Lhie =+ end,
The voltage should be adjusted to show exactly 5 volte at
this point. A voltmeter of known accuracy must be used for
this adjustment since 1t 1 qulte important that the

voltage be a gorrect 5 volts.
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I . Tl = 115¢. primaATy
| | 1 H T< 6.3 v. cecondary
3 ey T, TR RIF TEE £l = 20 wfd, 25 v.
e S = Ea £z - 10,000 mfd, 10 v.
e i Ll - €1 = 2 mfd, #5 v.
I EY - 1800 crm , # wnutd
'_ L? = AHD ohm, 4§ wAth
ol = A%llcon Tectifler

ST = A0k w, Tener nlode
Gelay - Jleon bdht- 1000
S04 = OR ULNEAL

ok fa1lteone contrelled reactifter) actn e n conventiensl elllicone dlote
e long ag plus ¢ volte or mars s present on L sate, Ak euchk, 1t
ractifies the £.3 valty preszent on secondary of Tl as long na 115 velts
15 availeble and =5 lone &3 the 5 velts 1s belng furnished by the power
cupnly. hhen rect1¥ying, the relay 1o energlzed.

I the 115 vali: 1x interruoied . the .7 volts will disappear snd there
Hill be no rectiftcation -- the relsy will becoae deenerglzed. when
this happens, contnets 5 & & will cause the lamp to turn on.

e & wolbe ta Mlren turned ooy 1B LS prevented Trom resching the caite
wLvanilt of 408 unTll tne yoiny s enerpiged. Helay 15 initislly energ i
Ly pushlng "resot", wnlnh csuzed Bl te reetify the &.5 velts for un
instant. helay then cnerplzes, cloelng ite 12-13 econtact. Thece contirlsi
apply the & velte to the wate sirecult, allowlng SCH to berln rectiflcaticn
and holding relsy erergized, 4s long as relay 1s energized, 5 volts is
being applied ¢ gote cireuit, 5 volts Lle stored in C2 = n sufficlent
charge 1y stored to =llow IChk to continue rectification for 20 secornl.
after 5 volts digappenrs. If 5 volts reappears within the 70 seconde,

204 will cortinue to rectify sirce its gate 1s supplled from CZ.
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Don't forpget the re-inforeing rod - front bollom,

drifl 4 holes. Install wire duet (1/2" longer than angle).

of box for connections (cable #1) to piston board.

DECs 19/0

f"’”‘ =

. Assemble box - tut bolts so they don't extend thru the nuts,
. Attach back panel Lo 17 x 1" angle = drill and tap 6-32 holes (3) and

. Lay oul eard assigniments anccording to needs. Leave a alol in center

4, Cut the Y3-Y4 lines with #28 drill - belween the sockets when no 1/2
cards involved; in center of sockets on 1/2 boards. Wrile card assipn-
ments on angle, If a division has 4 or fewer pistons, ground the Y4
line for that division. Use jumper lo ground buss at top of board.

On couplers = pround beth ¥38 and Y4,
- 5. Make up cable #1 as follows: Red - ¥ 1 Orange - X
{Belden #8457) ] White - Y #2 Purple - X
; Gray - + 12
: Blue - Cancel Pink - X
ta5, long)
Ha" 08 Green - Key Tan - X
Yellow - write
Black }
Brown }"f‘ﬁ ¥
L]

6. Make up cable #2 - Y3/¥4 lines. (80" long). Color as signment not
important = Keep record of assignmenl., Any unused wires - altach
to (-) buss at center connector. [f fewer than 2 unused wires for
(=], use an additional #16/18 wire for (-}, Clamp eable within trougl.
Wires fan oul via trough.

7. Install sockets. De sure to bolt them down before soldering any pins,

B. +12 (from console terminal block) goes to +12 on gpare sockel term.

8. Install Zener diode and 10 000 mid, capacitor - algo the buttery diode.

10. Install puides. Refler to back panel for proper spacing,
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T b b

ALL COUPLERS ON - OFF

Wiring Procedure for 8. 8§, Combination Action

Add extra carda (for all intramanual couplers) for
"Couplers On=0O0"" and wire parallel with other bonrds,

O back panecl, cut ¥ 3 line from the rest and use for
intramanual coupler On-Off.

Relay on Piston (relay) Board is ¥ 2 for coupler On- Cff.

¥ oA line is cut between gtops and couplers and tied 1o
Fround.

Y 1and ¥ 2 lines are cut between inter-and intra-manual
vcouplers and tied to ground.
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