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INTRODUCTION: 
 
Thank you for choosing Z-TRONICS to supply your solid-state requirements.  We feel that our 
approach to unification, MIDI Interface, and combination action is unique in its simplicity, 
economy, and reliability, and are confident that your choice was indeed a wise one. 
 
DO NOT PANIC at the size of this manual -- its purpose is to give you the maximum control of 
your pipe organ's destiny and reduce your dependence on us to an absolute minimum.  Much of 
the text deals with procedures and precautionary measures.  And although the system concepts 
are not all that complex, great emphasis was placed upon clarity, accuracy, thoroughness, and 
the anticipation of most relevant questions, at the obvious expense of brevity. 
 
While it may seem a formidable task to read through the installation portion of this manual ahead 
of time, you are strongly urged to do so, as a good overview of the job ahead will greatly facilitate 
its execution.  And in the interest of protecting your investment in this system, it behooves the 
installers to undertake its installation with some degree of prior familiarity and with some intelligent 
decisions where several architectural alternatives may be involved. 
 
While reading through the manual, you may want to examine the modular circuit board 
assemblies referred to in the text.  Care should be taken, however, not to allow them to come in 
contact with materials which produce static electricity -- including styrofoam, plastic bags, many 
synthetic fabrics, and the like. 
 
Installation and service personnel need not be electronic wizards;  but some manual skills and 
knowledgeable experience in working with digital integrated circuitry (CMOS in particular), with 
schematic diagrams, and with electronic manufacturing assembly are highly desirable.  
Fortunately, individuals with this type of background seem categorically fascinated by pipe 
organs, and are usually quite eager to lend their assistance with such a project. 
 
Although it is possible for two highly-skilled technicians working unreasonably long hours to outfit 
a 4/15 in two weeks, pressure for too hasty an Installation is ill-advised.  Careful attention to every 
detail should be emphasized, and hyperactive installers avoided. 
 
Be aware that the procedures described in this manual should not be avoided or circumvented in 
an attempt to re-invent the system.  Most "improvements" have already been thought of and 
perhaps tried, and such deviations may result in a non-workable system at best.  You will be 
working with high currents in some cases, and improper procedures could produce undesired 
results. 
 
The forms and functions of all system and sub-system circuitry described in this manual are 
covered by U.S. Patent 4,092,895 or copyright and may not be reproduced or duplicated except 
as specific directives herein permit, or with the express written permission of Allen Miller 
Associates.  Diagrams are furnished for explanatory and maintenance purposes only, and any 
other use may constitute infringement. 
 



   

ASSISTANCE: 
 
We understand that during the course of reading this manual, or during actual installation, you 
may have questions.  Perhaps there is something about your installation that seems different 
enough to warrant assistance.  We have always been sympathetic to the needs of our customers, 
and our policy has always been to answer questions to the best of our ability, in a reasonable 
time. 
 
Please do not ask questions if you have not read the instruction manual.  We are asked questions 
such as "Which buttons should I install," which are clearly answered in this manual.  (See page 3.)  
These questions take our time from legitimate questions and our regular work.  This manual 
assumes you have some understanding of the Z-tronics system as described fully in the Z-tronics 
Versaplex 109 Multiplex Relay Instruction Manual. 
 
If you get stuck, we will provide up to one hour of consultation for any size system.  Additional 
time may be provided dependent upon the nature of the problem, and based on the cost of the 
system, without an additional charge for consultation. 
 
We recommend you pose your questions via email.  This allows the opportunity and time to 
research your inquiry.  This gives you a reply you will be able to print out for future reference. 
 
 
 
WARRANTY: 
 
Z-TRONICS products are warranted to be free from defects in materials and workmanship for a 
period of 10 years from date of purchase, and during this period will repair or replace, at its option, 
any such defects which may become manifest.  This Warranty does not apply to defects or 
damage not resulting from defects in materials and workmanship or otherwise beyond the control 
of Allen Miller Associates.  This Warranty excludes damage resulting from carelessness, 
negligence, improper installation; application of electrical conditions (including polarities) other 
than those specified; misuse, abuse, or subjection to abnormal operating conditions.   
 
This Warranty is in lieu of all other warranties, express or implied, and specifically IN LIEU OF 
ANY CLAIM BY THE CONSUMER FOR CONSEQUENTIAL OR INCIDENTAL DAMAGES, and 
shall apply to the purchaser or the purchaser's transferee. 
 
 
 
CREDITS: 
 
WE THANK the following for their assistance in developing System 2000 and preparing this 
manual:  R. Larry Chace, Etna Instruments; Charles E. Kegg, C. E. Kegg Inc. Pipe Organs; 
Meredith Sibley; Jon Sibley, The Sibley Company; Robert Wilhelm, Jr.; William P. Zabel. 
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Z-TRONICS SYSTEM 2000 COMBINATION ACTION 
 
 

Program Version C-61 
 
 
 
 
CONGRATULATIONS!  
 
You have purchased a Z-tronics System 2000 Combination action combining the simplicity of the  
Z-tronics Versaplex 109 Multiplex Relay system with State-of-the-art processor-controlled memory 
management to provide a level of stop preset control of unparalleled flexibility.   
 
The number and usefulness of features provided by the Z-tronics System 2000 is unprecedented 
and sets a new higher standard for the organ industry. 
 
Every System 2000 includes All of the available features implemented in both hardware and 
software, enabling installation in any size console by merely cascading system boards, and wiring to 
those features you wish to implement. 
 
 
The heart of the System 2000 Combination Action is the proven design of the Z-tronics relay itself.  
Inputs and Outputs are handled by standard relay circuitry using Z-tronics formatted data throughout.  
Combinations are handled by a powerful processor, plus elegant and efficient software devoted to 
this one purpose, and are stored in serial EEPROM's, Electrically Erasable programmable Read 
Only Memory chips in a small 8-pin DIP package.   These memory chips require no battery backup, 
and have additional built-in protection from accidental erasure. 
  
 
Stop Data is shared with the Z-tronics Z-MIDI-16 Interface, thus boards and Data signals used by the 
Record/Playback system are shared with the Combination action.  All boards are Z-tronics card rack 
size, 2.7" x 9.8", with inputs and outputs along one long edge.  They may be mounted in a card rack 
or flat on a panel.  Operation of each group of 64 stops is reduced to 4 wires within System 2000 
wiring. 
 
Since the traditional Z-tronics parallel processing of serial data is also the Hallmark of the System 
2000 Combination Action, consoles of any size will operate at the same speed without compromising 
features.   
 
With this background, we are sure you are anxious to proceed… 
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Z-TRONICS SYSTEM 2000 COMBINATION ACTION FEATURES:     
 
1536 Stops maximum.  Consult Z-tronics for even larger consoles! 
 
128 Stops maximum per system board.  Boards may be paralleled or matrixed for large systems. 
 
64/128 Pistons maximum per system board.  128/256 Memory Levels maximum per system. 
 
Every Piston of every Memory Level is individually programmable by the organist at any time using 
RANGE.  Any Piston may be a General, Divisional, Special, Reversible at will. 
 
Memory Levels may be SAVED TO DISK and later RESTORED using the MIDI Sequencer. 
 
Each Memory Level is individually Lockable.  LOCKED Indicator shows when the current Memory 
Level is Locked. 
 
CLEAR to reset any memory to the default setup with no combinations set.   
 
CLEAR INDICATOR shows any unused Memory Level. 
 
SHOW enables moving the stops to display Crescendo or Sforzando settings. 
 
SHOW PLAYBACK moves stops according to recorded performance being played. 
 
COPY of full Memory or Range only, to other Memory Levels or to or from Disk. 
 
RECALL and UNDO to bring back previous registrations and lost combinations. 
 
Up to Four global CRESCENDOS, one lockable as a Standard. 
 
Crescendo Display may be a light, several lights, bar graph, or Digital numeric. 
 
AUTOMATED CRESCENDO PROGRAMMING.  The easiest method ever devised! 
 
4 Reversible SFORZANDOS available on each Memory Level.  May be MOMENTARY. 
 
IGNORES STUCK PISTONS.  COUPLED or SECOND TOUCH PISTONS act as a single piston. 
 
Stepping or Programmable Generals using a NEXT (or PREV) button or toe stud.  Current General 
number and Memory Level is shown on the Display. 
 
HISTORIC OUTPUT enables the use of an existing remote combination action as Level "0." 
 
TRANSFER of pistons to support GT/CH manual transfers. 
 
Self-Testing Facility to simplify initial checkout and troubleshooting.
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CONTROLS SUMMARY: 

 
 

You will need to provide the following pistons or buttons: 
 
 
CANCEL General Cancel piston button, bottom manual, far right. 
 
SET  Piston button, bottom manual, far left. 
 
RANGE Button near SET.  See text. 
 
UP  Memory Level select button convenient to see display. 
 
DN  Memory Level select button convenient to see display. 
 
 

We highly recommend you provide the following for access to features: 
 
 
LOCK  Momentary Key Lock Switch**  for locking combinations. 
 
SHOW Momentary, LIGHTED, button for checking and setting SFZ, Crescendos, or moving 

stops during sequencer playback. 
 
UNDO  (R) Recall/Undo piston button, bottom manual left, may be right. 
 
 

The following are very useful key cheek or nameboard buttons: 
 
 
COPY  Optional button for easy access to copying memory levels. 
 
CLEAR For returning a memory level to defaults, no pistons set. 
 
 

The following are standard organ controls and may be implemented as desired: 
 
 
SFZ 1  As many as four SFZ are supported.  Include indicator light(s). 
 
CRES STD Standard Crescendo set by installer.  Lighted button needed only if there are multiple 

Crescendos.  Include indicator or Display **. 
 
CRES A As many as three additional organist-settable Crescendos are available.  Lighted 

button plus general indicator or display. 
 
 

**  May be obtained from Allen Miller Associates



 

4 

 
CONTENTS: 
 
BLOCK DIAGRAM        Front Cover Inside 
FEATURES          2 
CONTROLS SUMMARY        3 
INSTALLATION         6 

BASIC CONCEPT        6 
MOUNTING         8 
POWER AND FUSING      10 
WIRING        14 
 TIMING SIGNALS      14 

INPUTS       16 
 STOP WIRING     17 
 STOP WIRING CHARTS    18 
 PISTONS (SETTABLE)    24 
 PISTON WIRING CHARTS    25 
 CONTROLS CHART     27 
 COMBINATION CONTROLS    28 
 CONTROLS PHOTOS    29 
CRESCENDO       30 
 INSTALLATION     31 
 WIRING AND ADJUSTMENT   35 
 HOW IT WORKS     36 
 DISPLAY      37 
SFORZANDO       37 

 
THE Z-COMBON (CAMP) PROCESSOR    39 
CONSOLES LARGER THAN 128 STOPS    40 

OUTPUTS       42 
DRIVER TYPES     42 

 OUTPUT REGISTER     42 
 SAM DRIVER      43 

 DISPLAY DRIVER      47 
  THE DISPLAY      53 
 DISPLAY WIRING      54 
DATA WIRING THROUGH THE SYSTEM    55 
MEMORY USAGE       56 
SIGNAL FLOW       56 
 KEY DATA       56 
 STOPS       56 
 CONTROLS       56 
 MIDI        57 
 PLAYBACK LOOP      57 
MASTER OSCILLATOR      58 
STAND-ALONE SYSTEMS      59 
HISTORIC "HAVE YOUR CAKE AND EAT IT, TOO?"  59 

 
 
 



 

5 

 
CONTENTS: 
 

STEPPING GENERALS      60 
 INSTALLATION      61 
SECOND TOUCH OR COUPLED PISTONS   61 
MANUAL PISTON TRANSFERS     62 
MOMENTARY SFORZANDO      63 
 

CHECKOUT         64 
 POWER CHECKS       64 
 SELF-TEST        65 
 SHOW PLAYBACK TEST MODE     67 
 
SETUP MODE        68 
 DEFINING NUMBER OF PISTONS     70 
 ADJUSTING STANDARD CRESCENDO    72 
 SET VERIFICATION       73 
 DISPLAY BRIGHTNESS      74 
 MAGNET MINIMUM FIRING TIME     74 
 STEPPING GENERALS      75 

 DEFINITION &   REMOVAL     75 
 CHECKING       75 

  SETTING RANGE      75 
 OPERATING       76 

 PISTON TRANSFERS      77 
COPY ALL        77 

 CLEAR        78 
 TOTAL MEMORY CLEAR      78 
 RETURN TO NORMAL OPERATION    79 
 
NOW THE FUN PART BEGINS      80 
 INITIAL PISTON DEFINITIONS     80 
 
TESTING AND TROUBLESHOOTING     84 
 LET'S GET LOGICAL       85 
  OVERALL SYSTEM      85 
  MAGNET DRIVE PROBLEMS    85 
  PISTON OR STOP TAB SIGNAL PROBLEMS  85 
 THE HARDWARE       86 
  Z-COMBON COMPONENTS     86 
 BASIC Z-COMBON BOARD TESTING    89 
  COMPUTER HOOKUP     89 
  STARTING THE TEST     89 
  ENDING THE TEST      90 
 



 

6 

CONTENTS: 
 
MIDI INTERFACE          91 
 Z-MIDI-16          96 
  CONFIGURATION      103 
  MIDI EXPRESSION REGISTER    115 
 
 Z-MIDI-1        120 
 
Z-REV LIGHTED REVERSIBLE BUTTONS     131 
 
WIRE TAP         135 
 
SYSTEM TIMING SIGNAL AND DATA CHART    Back Cover Inside 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

7 

System 2000 Installation 
 

These instructions for the System 2000 Combination Action assume you have a working knowledge 
of the Z-tronics system and basic installation.  Since System 2000 adds the Combination Action and 
MIDI Interface into the Z-tronics Versaplex 109 basic multiplex relay and unification system, some of 
the information given in the Versaplex 109 Instruction Manual will be modified by this document. 
 
First of all, it is important to remember that this is Z-tronics technology.  Most of what you may 
already know about the Z-tronics Versaplex 109 relay system applies to both the MIDI Interface and 
the Combination action.  The same methods of testing by use of the earphone or a small amplifier 
and speaker, swapping of components from a known good board to a bad board, and swapping of 
data signals will be useful in tracing problems.  It is important to keep this in mind from the start. 
 
 
CONCEPT: 
 
The Z-tronics Versaplex 109 Multiplex Relay normally multiplexes only note data (keyboards) and 
stop contacts are wired discretely into Rank-Stop Combiners which direct the necessary Pitch 
information to the ranks in the chambers. 
 
In order to add a MIDI Sequencer for Record/Playback (R/P) or Performance Recording, it is 
necessary to additionally multiplex all stops, swell shades, and any other miscellaneous switch 
closures which may want to be recorded as part of the music sequence.  Those of you who are 
familiar with the Z-tronics relay installation can envision treating stop tabs in the same fashion as key 
contacts, wiring them to Input Registers, each capable of a total of 64 inputs.  
 
Each group of 64 inputs is scanned 100 times per second by an Input Register.  This results in a 
single serial Data output containing a bit for each input that was on when it was scanned.  Just as 
Keys are scanned for the organ relay, Stops, Controls, and Pistons will likewise be scanned.  Wiring 
through the Combination Action board and then through the MIDI Interface is greatly reduced from 
the number of actual console inputs. 
 
Data from Keys and Controls, such as swell shades, goes only through the MIDI Interface, for 
recording and playback, as they do not contain information needed by the Combination Action.  On 
the other hand, Piston Data and Combination Action Controls will only be wired to the Combination 
Action board(s.)  The Combination Action board generates Data for illuminating various display 
elements showing Memory Level, Level Status (Locked or Clear), Crescendo Level, and other 
optional indicators for Sforzando and certain extra features. 
 
A Combination Controls board is an Input Register of 32 inputs for fixed operating control of 
Combination Action Features.  These are the non-settable buttons.  The same board also converts a 
varying voltage from a slide potentiometer on the Crescendo Pedal, to 64 stages of Crescendo. 
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All of this wires to a Z-COMBON Combination Action Memory Processor, also called CAMP.  One of 
these boards handles all of the combination action operations and features for a maximum of 128 
stops.  Outputs from this board are also Serial Data in Z-tronics format, and includes SAM (Stop 
Action Magnet) Drive Data, Stops Data (for subsequent recording and use by the Z-tronics Relay) to 
which has been added Crescendo and Sforzando information, plus the previously mentioned Display 
Data.  There is also a "comm" Communications port through which the Combination Action can 
establish two-way communication between multiple Z-COMB boards so that they can operate as 
"one system."  This same "comm" port also provides two-way data exchange between the 
Combination Action and the MIDI Interface so that Memory Levels may be Saved or Restored from a 
diskette via the sequencer, if installed. 
 
The Z-tronics Save and Restore operates for individual Memory Levels, and includes all pistons, 
reversibles, and Sforzando settings.  Restoration may be to any unlocked Memory Level in the 
future, as is convenient. 
 
The Serial Data for SAMs and Stops is De-multiplexed, or turned back into groups of 64 individual 
circuits for actuating the stop knobs or tablets, wiring to stop inputs in the Z-tronics Relay, or 
operating the Display(s.)  This is done by boards, known as Output Registers, that may be factory 
configured as Stop Output Registers, SAM Drivers, or Display Driver, as required by the system. 
 
By using several small boards covering Inputs, Outputs, and Memory Processing, any size console 
can be accommodated, from 32 stops, 32 pistons (or less) all the way up to 1024 stops, 128 pistons 
(or larger) with as many as 128 Memory Levels, all using the same few boards with a minimum of 
internal wiring. 
 
Except for the actual microprocessor and memory chips, everything else in the system operates 
using standard Z-tronics signals that may be traced with an earphone and voltmeter.  No other 
microprocessor-based combination action can offer this simplicity and ease of troubleshooting and 
service. 
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MOUNTING: 
 
All boards measure  2-11/16" x 9-13/16" (2.70" x 9.80") or just smaller than 3" x 10".  This is the 
familiar Z-tronics console card rack board size. 
 
Originally, Keying Manual Input Registers were smaller, the measurements being enough less to fit 
on a manual keycheek.  This was also intended to prohibit installers from being tempted to place 
them in the card rack.  Since some installers were going to great lengths to bypass the design, Input 
Registers now have card rack dimensions, although if necessary, they may be trimmed to the 
original size.   The original mounting hole locations were retained, since Input Registers were 
originally the only boards intended to be panel mounted, and replacement boards should match the 
original mounting holes. 
 
Since the introduction of the Universal Rank Driver in 1995, we have included "captive" mounting 
spacers that press into 1/4" diameter holes.  As we design new boards or revise old boards, these 
are gradually upgraded to accept the captive spacers.  This sometimes necessitates a change in 
hole position, but since most of these boards are card rack mounted, it makes little difference.  The 
important point is that all new boards are laid out from a template and thus have the same hole 
spacing. 
 
While all boards may be card rack mounted, certain boards should not be.  SAM Drivers should be 
mounted on a flat panel.  Otherwise getting power to them and wiring them will be most difficult.  In a 
console having all-electric stop actuation, the current may require one or two #14 wires to each SAM 
Driver board, making wiring and removal of the board from the slot way too cumbersome. 
 
Display Drivers should also be panel mounted, mainly because it is more practical to locate them 
near the Display.  For this reason, and to discourage rack mounting, these boards are furnished with 
the captive spacers.  Spacers may be removed by inserting a 1/8" rod and tilting it. 
 
Regular Output Registers, intended to be mounted in the card rack NEAR the Stop Rank Combiners, 
are provided without the captive spacers.  Certain other combination action boards still have 1/8" 
screw holes, and will require the old loose spacers for panel mounting.  Gradually production of 
these boards will move toward the inclusion or provision for captive spacers.  The present lack of 
captive spacers is a restriction of the board house that produces these boards. 
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SAM DRIVERS 

STOP INPUTS 
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POWER AND FUSING: 
 
Generally the distribution of power and its wiring is the responsibility of the installer, and is 
governed by local Electrical Codes and the National Electrical Code (NEC.)  We can give basic 
guidelines here: 
 
All pipe organ circuitry must be fused at no more than 6 Amps.  We at Z-tronics chose to be a bit 
conservative with fusing at 5-Amps slo-blo. 
 
If you are wiring to Stop Action Magnets (SAMs) of greater than 90 Ohms in a pneumatic console, 
wiring to the SAM Driver boards and SAM common returns may be done in parallel using one 
fuse. 
 
If you are using electro-mechanical SAMs, you will need to gather what we will call Magnet 
Common wires so that no more than 10-12 SAMs will share the same Magnet Common wire to a 
fuse.  Generally each group of SAMs may be wired with #24 wire from each SAM to a #14 AWG 
Buss wire going to the fuse.  The fuses may then be bussed with an appropriate common 
connected to the console Guts power supply. 
 
In a large console, this console Guts supply may be capable of supplying 150 Amps or more, so 
care and planning is required. 
 
In small to medium consoles, a supply of the Astron or traditional organ rectifier type is 
appropriate.  In medium to large consoles, multiple rectifier supplies may be used for sections of 
the stoprails or jambs not exceeding the power rating of the rectifier. 
 
In large consoles, batteries of the Gates Cyclone type have been found to be efficient, simple, and 
give excellent service for many years.  These batteries are sealed gel lead-acid type meant for 
momentary heavy-duty service, and meant to remain fully charged at all times.  With the Gates 
cells, you will need a trickle charging supply, and you should provide a Time Delay Circuit Breaker 
capable of sensing as little as 1/20 amp (50 ma) with a time delay of 4 seconds to break. 
 
This Guts power equipment is not included in the Z-tronics System 2000 system.  If you are using 
electro-mechanical SAMs of the Harris, Peterson, Reisner, Syndyne type, we suggest mounting 
the SAM Driver boards on a flat panel near the stop actions.  This will keep cables short and will 
make power wiring less cumbersome.  In a card rack, #14 wires run to each card will make the 
card rack wiring stiff and will make it difficult to tilt the cards out for service. 
 
Two separate 2-position screw terminals are provided on each SAM Driver board for parallel Guts 
power connection. 
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SAM FUSING 
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A solid-state PTC fusing system is available on a separate board, one for each SAM Driver, and 
will provide approved fusing and total protection for circuitry and individual driver chips.  PTCs are 
UL approved “fuses” that operate as timed, automatically resettable circuit-breakers.  The PTC 
values are chosen to match 28 ohm SAM coils operating on up to 20 volts, and are matched to the 
capacity of the SAM Driver output chips. 
 
Should a malfunction occur, the PTC will “open” to a very minimal sustaining current of a few 
milliamps in about four seconds.  The circuit will remain “open” until power is removed and turned 
back on, or the malfunction is found and corrected. 
 
 
 
 
NOTE:  The Magnet Common connection to the SAM Driver board is for diode flyback protection 
only and may be a #20 or #22 wire.  This wire runs back to the Magnet Common supply to the 
Fuse Blocks on the Guts power supply side of the fuses.  A separate wire should be run for each 
SAM Driver and this run should be kept short. 
 
NOTE:  Polarity depends upon whether you have Negative Output (ULN2983) or Positive Output 
(UDN2981) chips installed in the SAM Driver boards. 
 
Driver Chip               Magnet Common              SAM Driver Feed 
 
ULN2803  Neg Out         Positive                              Negative 
TD62081 
 
UDN2981  Pos Out         Negative                             Positive 
TD62703 
 
 
Note: Incorrect power connection to these chips will damage the system. 
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BOARD POWER SUPPLIES: 
 
All circuit boards used in the Z-tronics System 2000 require a power supply of 12-13 VDC 
Regulated.  An appropriate switching supply is included with the system.  This supply is capable of 
providing current of up to 3.5 Amps and may not be used to drive any SAMs.  This supply is of 
greater capacity than the normal Z-tronics regulated supply, which is rated at 1.5 amps maximum. 
 
Which supply is which? 
 
The System 2000 switching supply is a separate 120 VAC powered, enclosed box.  This supply 
MUST be used to power the following boards, regardless of where they are mounted: 
 

SAM Drivers. 
 
Display Driver. 

 
There is an advantage to powering the Z-COMBON (CAMP) Combination Action Memory 
Processing boards from the switching supply.  If this is done, the switching supply output voltage 
should be set for 13 volts.  This will give the processors an additional margin of time to save away 
system information during shut-down or a power failure. 
 
The Z-tronics Regulated power supply is on an aluminum heat-sink plate, and is intended to 
supply the boards normally mounted in the card rack, plus all Input Registers. 
 
NOTE:  Miswiring of the Z-tronics Regulated power supply to SAM Driver board Magnet Power 
connections will cause the system to shut down but will not do any harm. 
 
NOTE:  Miswiring of the Z-tronics system boards to Console Guts will do no harm if the supply 
voltage is 15 VDC or less.  However, the system may not operate properly if the voltage drops 
below 10 volts during a stop change. 
 
NOTE:  Powering the Z-tronics boards from voltages higher than 15 VDC will permanently 
damage the Integrated Circuits of the 4000 or CMOS 74Cxx series.  Such miswiring may not harm 
the 5v circuitry used in the Memory Processing board, since that board contains its own 5v 
regulated supply. 
 
This precaution does not apply to input voltages from tab or piston contacts, or voltages used to 
operate the SAMs, which may be as high as 30 volts. 
 
 
 
5v in a Z-tronics system?  Yes.  The Z-MIDI and System 2000 Combination Action both operate 
using microprocessor technology and standard computer chips, which are of the 5v type.  Each Z-
tronics board requiring 5v chips has its own voltage regulator to provide this lower voltage from the 
12v regulated input.  These boards also have circuitry that converts all input and output voltages 
from and to 12 Vdc levels so that standard Z-tronics signals are compatible throughout the system. 
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SYSTEM WIRING: 
 
All boards require connection to Power, Timing Signals, and Serial Data. 
 
On small systems, the original Z-tronics Regulated Supply will be sufficient for all boards.  On 
medium or large organs, the extra drain of each stop and SAM Drivers may be greater than the 
usual regulated supply can handle.  If this is the case, a second Switching Supply in a small steel 
box, will be furnished.  For best results, this supply may be adjusted for 13 volts and wired to all 
combination action boards, or to all panel mounted boards. 
 
The (-) pad on all boards, no matter what, must be connected to the same negative common used 
for the entire organ.  This may also be considered Ground, but may not be connected to Earth 
Ground at any point.  This includes inadvertent grounding through Guts Power Supplies such as 
Astrons. 
 
Z-COMBON boards may be placed in the card rack, although they are often more conveniently 
panel mounted.  Their power supply may be either the Z-tronics Regulated supply or a separate 
switching supply, if one was furnished for the combination action logic. 
 
 
TIMING SIGNALS:   
 
All Z-tronics System 2000 Combination Action boards require either Clock and Load or Clock and 
Sync.  These are CONSOLE polarity signals.  All boards of the INPUT variety will use Load, and 
all boards of the OUTPUT variety will use SYNC as the frame timing signals. 
  
The boards are appropriately designated C, L, or S for these timing inputs. 
 
Clock is Console Clock in all cases, and may come from the Master Oscillator pad for "Registers" 
or "Combiners." 
 
Load is Console "L" from the Master Oscillator, and not from the Transposer. 
 
Sync is Console "S" from the Master Oscillator. 
 
Under certain special circumstances where more than one MIDI Interface is installed, you may be 
instructed to use timing signals from a different source. 
 
If a board is marked "L/S", then either synchronizing signal may be used.  You will find this on the 
MIDI Interface board.  The MIDI system figures out which timing signal is being used and adjusts 
automatically to either one. 
 
All Input type registers will use "L" as usual.  All Output type registers will use "S" as usual.  Since 
Output Registers are located in the console, they use Console Sync, not the reversed C1/S1 
polarities sent to the chambers. 
 
With these basics out of the way, proceed as follows: 
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STOPS INPUT REGISTER 
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INPUTS: 
 
All inputs are wired individually to contacts having a positive feed.  There is no matrixing of any 
inputs in a Z-tronics system. 
 
Inputs to the Z-tronics System 2000 Combination Action are through our standard Input Register 
circuitry, capable of multiplexing up to 64 discrete inputs to one serial Data wire.  Stops Input 
Registers of 64 "notes" are commonly used, but for small systems, Pedal Input Registers of 32 
"notes" may be appropriate.  Stops Input Registers differ from Manual Input Registers in that they 
include headers (pins) for Insulation Displacement Connectors (IDC.)  Such connectors are 
designed to be used with #24 telephone wire.  If these were not ordered or furnished, you will be 
soldering these wires directly to pads on the board. 
 
In some cases, it may be possible to cascade the output of a Pedal Input Register into the eXpand 
Input of a Stop Input Register to create a Data channel of up to 96 "notes."  A Stop Input Register 
may of course be used for Piston Inputs. 
 
A Stop Input Register is available as two 32-input registers having separate Data outputs for each 
half.  On a very small organ, this might enable wiring both stops and pistons to just one board. 
 
 
NOTE: ORGAN CONTROLS which are non-movable functions operated by conventional stop tabs 
or knobs, such as Swell Shades, special organ effects or traps, are wired separately and are not 
wired into the System 2000 Combination Action unless you are specifically directed to do so by the 
factory.  Momentary Effects, such as a Crash Cymbal, would usually cause no problem, but inputs 
such as Swell Shades  or special controls on toggle switches could be inadvertently Captured or 
Set onto a combination or a Crescendo or Sforzando with unexpected results. 
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STOP WIRING: 
 
Stop contact feed is to be positive, and may be from any of the console power supplies; the  
Z-tronics 12v Regulated, the combination action 13v switching regulated supply, or console Guts, 
if it is between 10-28 volts. 
 
All Stops are wired in order.  Any convenient order is just fine.  There are NO designated divisions.  
Divisional pistons are programmed by the RANGE button.  Any Piston may have any function. 
 
The only wiring convention you need to adhere to is that the same wiring order is followed for the 
stop contacts and the SAM magnet connections.  You should take the time to fill out wiring charts 
to document your stop action contact and magnet wiring order.  
 
Stop Contacts are wired to Input Registers having a capacity of up to 64 stops each.  You need 
not wire every position as long as your wiring order of stop contacts matches your wiring order of 
the Stop Action Magnet Drivers.  Stops are wired to as many Stops Input Registers as are 
required to connect the movable stop tabs or drawknobs in the console.  
 
 
Every group of up to 64 stops will be reduced to a common serial Data wire for that group.  This 
wire will connect to the Combination Action Memory Processor board (CAMP) (Z-COMB) at the 
"S1 In" or "S65 In" input pads. 
 
Corresponding stop Data output will be wired from the Tab Out 1-64 or 65-128 pads.  This Data 
wires next to the Z-INTF channel input you have designated for each group of stops, usually 
channels 8-12. 
 
Corresponding stop Data output from the Z-INTF will then go to the Output Registers in the Card 
Rack where the stops Data is demultiplexed for wiring to the Combiner inputs as regular discrete 
stop tab contact connections. 
 
If you wish to use the SHOW Playback feature, at this point, you will wire the stop Data outputs 
from the Z-INTF BACK to the ST inputs of the CAMP.  During Sequencer Playback, the stop 
information will thus be available at the CAMP "PL1" and "PL65" inputs and may be used in place 
of combination memory data to move the stops according to what is playing back. 
 
NOTE:  If the SHOW Pb feature is energized, stop Data coming from the stop contacts (Stop Input 
Registers) is turned off. 
 
NOTE:  With the SHOW Pb feature energized, the stops pulse, continually trying to assume the 
positions dictated by the Sequencer.  If you try to move stops by hand, they will "fight back" and try 
to assume their appropriate positions. 
 
This can be useful during wiring checkout if a Z-MIDI-16 has been provided for Record/Playback.  
It is not necessary to have a Sequencer connected. 
 
NOTE:  If you do not have a Z-INTF, the SHOW Pb feature can still be turned on.  All stops will 
turn OFF and try to stay off if there is no data coming in to turn them ON. 
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  STOP WIRING CHART 1-64:                                 SAM  ON-OFF:
 
  1. 
  2. 
  3. 
  4. 
  5. 
  6. 
  7. 
  8. 
  9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

33.                                     1-  2 
34.                                     3-  4 
35.                                     5-  6 
36.                                     7-  8 
37.                                     9-10 
38.                                   11-12 
39.                                   13-14 
40.                                   15-16 
41.                                   17-18 
42.                                   19-20 
43.                                   21-22 
44.                                   23-24 
45.                                   25-26 
46.                                   27-28 
47.                                   29-30 
48.                                   31-32 
49.                                   33-34 
50.                                   35-36 
51.                                   37-38 
52.                                   39-40 
53.                                   41-42 
54.                                   43-44 
55.                                   45-46 
56.                                   47-48 
57.                                   49-50 
58.                                   51-52 
59.                                   53-54 
60.                                   55-56 
61.                                   57-58 
62.                                   59-60 
63.                                   61-62 
64.                                   63-64
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  STOP WIRING CHART 65-128:                             SAM  ON-OFF:
 
  1. 
  2. 
  3. 
  4. 
  5. 
  6. 
  7. 
  8. 
  9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

33.                                     1-  2 
34.                                     3-  4 
35.                                     5-  6 
36.                                     7-  8 
37.                                     9-10 
38.                                   11-12 
39.                                   13-14 
40.                                   15-16 
41.                                   17-18 
42.                                   19-20 
43.                                   21-22 
44.                                   23-24 
45.                                   25-26 
46.                                   27-28 
47.                                   29-30 
48.                                   31-32 
49.                                   33-34 
50.                                   35-36 
51.                                   37-38 
52.                                   39-40 
53.                                   41-42 
54.                                   43-44 
55.                                   45-46 
56.                                   47-48 
57.                                   49-50 
58.                                   51-52 
59.                                   53-54 
60.                                   55-56 
61.                                   57-58 
62.                                   59-60 
63.                                   61-62 
64.                                   63-64
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  STOP WIRING CHART 129-192:                           SAM  ON-OFF:
 
  1. 
  2. 
  3. 
  4. 
  5. 
  6. 
  7. 
  8. 
  9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

33.                                     1-  2 
34.                                     3-  4 
35.                                     5-  6 
36.                                     7-  8 
37.                                     9-10 
38.                                   11-12 
39.                                   13-14 
40.                                   15-16 
41.                                   17-18 
42.                                   19-20 
43.                                   21-22 
44.                                   23-24 
45.                                   25-26 
46.                                   27-28 
47.                                   29-30 
48.                                   31-32 
49.                                   33-34 
50.                                   35-36 
51.                                   37-38 
52.                                   39-40 
53.                                   41-42 
54.                                   43-44 
55.                                   45-46 
56.                                   47-48 
57.                                   49-50 
58.                                   51-52 
59.                                   53-54 
60.                                   55-56 
61.                                   57-58 
62.                                   59-60 
63.                                   61-62 
64.                                   63-64
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  STOP WIRING CHART 193-256:                           SAM  ON-OFF:
 
  1. 
  2. 
  3. 
  4. 
  5. 
  6. 
  7. 
  8. 
  9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

33.                                     1-  2 
34.                                     3-  4 
35.                                     5-  6 
36.                                     7-  8 
37.                                     9-10 
38.                                   11-12 
39.                                   13-14 
40.                                   15-16 
41.                                   17-18 
42.                                   19-20 
43.                                   21-22 
44.                                   23-24 
45.                                   25-26 
46.                                   27-28 
47.                                   29-30 
48.                                   31-32 
49.                                   33-34 
50.                                   35-36 
51.                                   37-38 
52.                                   39-40 
53.                                   41-42 
54.                                   43-44 
55.                                   45-46 
56.                                   47-48 
57.                                   49-50 
58.                                   51-52 
59.                                   53-54 
60.                                   55-56 
61.                                   57-58 
62. 59-60 
63. 61-62 
64.     63-64 
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  STOP WIRING CHART 257-288:                           SAM  ON-OFF:
 
  1. 
  2. 
  3. 
  4. 
  5. 
  6. 
  7. 
  8. 
  9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

33.                                     1-  2 
34.                                     3-  4 
35.                                     5-  6 
36.                                     7-  8 
37.                                     9-10 
38.                                   11-12 
39.                                   13-14 
40.                                   15-16 
41.                                   17-18 
42.                                   19-20 
43.                                   21-22 
44.                                   23-24 
45.                                   25-26 
46.                                   27-28 
47.                                   29-30 
48.                                   31-32 
49.                                   33-34 
50.                                   35-36 
51.                                   37-38 
52.                                   39-40 
53.                                   41-42 
54.                                   43-44 
55.                                   45-46 
56.                                   47-48 
57.                                   49-50 
58.                                   51-52 
59.                                   53-54 
60.                                   55-56 
61.                                   57-58 
62.                                   59-60 
63.                                   61-62 
64.                                   63-64
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  STOP WIRING CHART 289-320:                           SAM  ON-OFF:
 
  1. 
  2. 
  3. 
  4. 
  5. 
  6. 
  7. 
  8. 
  9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

33.                                     1-  2 
34.                                     3-  4 
35.                                     5-  6 
36.                                     7-  8 
37.                                     9-10 
38.                                   11-12 
39.                                   13-14 
40.                                   15-16 
41.                                   17-18 
42.                                   19-20 
43.                                   21-22 
44.                                   23-24 
45.                                   25-26 
46.                                   27-28 
47.                                   29-30 
48.                                   31-32 
49.                                   33-34 
50.                                   35-36 
51.                                   37-38 
52.                                   39-40 
53.                                   41-42 
54.                                   43-44 
55.                                   45-46 
56.                                   47-48 
57.                                   49-50 
58.                                   51-52 
59.                                   53-54 
60.                                   55-56 
61.                                   57-58 
62.                                   59-60 
63.                                   61-62 
64.                                   63-64
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PISTONS (SETTABLE / RANGEABLE): 
  
Defined as all those piston buttons or toe studs that will be used for Generals, Divisionals, on which 
combinations may be SET or Captured, or Reversibles. 
 
Piston contact feed is to be positive, and may be from any of the console power supplies; the  
Z-tronics 12v Regulated, the combination action 13v switching regulated supply, or console Guts, if it 
is between 10-28 volts. 
 
Pistons are wired in any convenient order UNLESS you plan to use programmable, stepping 
Generals, or a manual/piston Transfer.  If you plan to use the Stepping Generals feature, you will 
have to wire all those Generals first and in the numeric order they are engraved.  If you plan to use a 
manual (and pistons) transfer, those pistons must be wired last, and in a specific order, on the Input 
Register. Otherwise, there are no divisions or divisional limitations to piston wiring order. 
 
STEP GENERALS must be wired first to match input numbers. 
 
MANUAL TRANSFER PISTONS, including any reversibles, must be wired to the highest numbered 
piston inputs and intermixed GT1, CH1, GT2, CH2, etc. 
 
If you are using the STEP GENERALS feature, you will need to wire the Generals so that each 
General Piston number as engraved, matches the Input Register input number. 
 
This is because during use of the STEP GENERALS, we will display the number of the General in 
use (the one most recently activated.)  We calculate that number from the actual wired Piston Input.  
Obviously we have no way of knowing what number is engraved on the button. 
 
Once you have wired the Steppable Generals to the first input numbers corresponding to their 
engraved numbers, and Manual Transfer Pistons to the highest input numbers, you may wire the rest 
of the pistons as is convenient.  Obviously, if you are not using either of these features, the order of 
piston wiring doesn’t matter and may be done solely for your convenience. 
 
You should document the piston wiring order for ease of installation and later troubleshooting, should 
a piston wire or contact malfunction. 
 
Pistons are wired into separate Input Registers, depending upon how many you have. If there are 
more than 128 stops, there will be a separate Z-COMB combination action board for each group of 
up to 128 stops.  While all stop tab input data and SAM output data is independent for each group of  
128 stops, Piston Data is shared by all boards and is simply wired in parallel, looping from one Z-
COMB to the next. 
 
It may now be apparent that System 2000 really has no size limitation.  Any number of Z-COMB 
boards may be installed, each handling up to 128 stops.  If a given system requires more than 128 
pistons, one must only give up total rangeability of all pistons and assign generals specifically by 
wiring them to a "group" of boards. 
 
Data output from the Piston Input Register connects to the Pi inputs on the Combination Action 
Memory Processor (CAMP.)  If you have more than 128 stops, this Data wire or wires (2) will loop in 
parallel to the same Pi inputs of every CAMP in the system. 
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PISTONS 1-64 WIRING CHART: 

 
  1. 
  2. 
  3. 
  4. 
  5. 
  6. 
  7. 
  8. 
  9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
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PISTONS 65-128 WIRING CHART: 
 
  1. 
  2. 
  3. 
  4. 
  5. 
  6. 
  7. 
  8. 
  9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64.
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COMBINATION CONTROLS: 
 
The Combination Controls board also contains a 32n Input Register exactly like a Pedal Input 
Register.  Its Data outputs 1-32 are used for non-settable controls as follows: 
 
1  GEN CAN 
2  SET 
3  RANGE 
4  UP Memory level 
5  DN Memory level 
6  LOCK 
7  SHOW 
8  CRES ADJ  (Not Required) 
9  CRES STD 
10 CRES A 
11 CRES B 
12 CRES C 
 
13 SFZ 1 
14 SFZ 2 
15 SFZ 3 
16 SFZ 4 
17 RECALL (Undo) 
18 NEXT (Stepped Generals Up) 
19 PREV (Stepped Generals Dn) 
20 SELF TEST 
21 CLEAR 
22 CLEAR2 (Copy from top level) 
23 COPY 
24 TRANSFER 
 
25 COPY ALL 
26 
27 SFZ MOMENTARY 
28 SILENT (Capture Verification Off) 
29 DISPLAY PISTONS (Show the last Piston Pressed) 
30 
31 
32 SETUP 
 
The crescendo binary values are added to this data: 
 
33 Bit H wired low 
34 Bit G value 64 (Over Limit) 
35 Bit F value 32 
36 Bit E value 16 
37 Bit D value  8 
38 Bit C value  4 
39 Bit B value  2 
40 Bit A value  1 
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COMBINATION CONTROLS (NON-RANGEABLE): 
 
Defined as all combination action operating controls. Combination Controls include General 
Cancel, Set, Range, UP, DN, Show, Sfz (up to four each,) Crescendo (up to four each,) Lock key 
switch, Recall (Undo), Copy, Clear, Step Next, and Step Back.  Combination Controls are those 
buttons or switches that operate fixed functions or features of the System 2000. 
 
All of these are wired to a Combination Controls Input Register having 32 Inputs and also includes 
the circuitry for converting variable voltage from a potentiometer into 64 discrete Crescendo Steps.   
What you wire depends upon the features you wish to include on the console.  A wiring chart is 
given on page 33. 
 
Other inputs are available on the same Combination Controls Input Register for Test or Setup 
purposes, and are not normally wired to switches accessibly by the organist, but may be wired to 
setup toggle switches within the console.  These would include Setup, Reset, Copy All, Self Test, 
and perhaps SET and CANCEL buttons. 
 
If a Crescendo Pedal is not included, Combination Controls may be wired to a standard 32 "note" 
Pedal Input Register. 
 
 
The only control pistons which are absolutely necessary are General Cancel, Set, Range (may be 
hidden,) and UP, DN (without which the combination action will only access one memory level.) 
 
We highly recommend including RECALL, either near General Cancel, or with the display or 
UP/DN buttons in order to utilize UNDO.  SHOW may also be hidden if there is to be one standard 
crescendo and preset Sfz, setup by the organ builder, and no Playback Stops Display is being 
provided.  On larger consoles, CLEAR and COPY may be convenient, but the functions may be 
done using the basic SET, RANGE, and CANCEL buttons. 
 
 
 
RANGE needs to be within one finger's reach of SET, and may be hidden by using a push button 
under the lowest manual, pressed up from underneath, and easily accessible by the index finger 
when pressing SET with the left thumb, palm up.  Alternately, if SET is not in the normal left lower 
piston rail position, it may be a pushbutton in the top of a left keycheek with RANGE located in the 
left side of the keycheek, again easily accessible by the index finger with the thumb on the SET 
button.  In any case, it must be possible to independently press SET and/or RANGE with the same 
hand while the other hand presses a piston.  See photo next page. 
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RANGERANGE 

DISPLAY

CONSOLE REAR 
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CRESCENDO: 
 
If there is to be a Crescendo pedal, it must operate from the supplied linear potentiometer.  This 
requires three wires between the Crescendo Pedal and the Combination Controls board.  If at all 
possible, use a separate three wire cable, either twisted, or thermostat or telephone type cable.  
Mounting and connection instructions are given on pages 26-29. 
 

It is not possible to hard wire a crescendo roller into the system. 
 
We provide for one crescendo set as “Standard” by the organ builder, and three others that may 
be adjusted easily by the organist.  Buttons for selecting which Crescendo is in use are wired to 
the Combination Controls board.  We provide an output for driving an LED to indicate which 
Crescendo is in use.  If this indicator is to be a light bulb, as in Syndyne lighted buttons, it will be 
necessary to wire in a transistor or driver chip to provide the necessary current to the bulb. 
 

If only one Crescendo is to be offered, it will be the Std. Crescendo.   
 

The system always turns on with Cres. Std. Selected. 
 
The Crescendo is 64 stages obtained from an analog input varying from 0-12 volts.  We supply a 
slide pot to be mechanically hooked to the crescendo pedal with a slightly flexible linkage.  While 
we do not supply such linkages, the most simple linkage requires only two pieces of 1/16" wire and 
a tracker wire coupler. 
 
The slide pot is first placed for overall travel of less than its limit, but more than half its length.  
There is a sufficient dead-band at the beginning of travel so that the pedal need not close the slide 
pot to its mechanical limit.  A green LED on the crescendo board indicates when the first stage is 
"on" to assist in this mechanical setup. 
 
The end of travel, position #64, may be adjusted to fall anywhere from about 5/8 of the slide travel 
to full travel.  A trim pot is provided for this adjustment and a red LED indicates when stage #64 
has been reached.  The adjustments should provide for reasonable pedal movement beyond both 
pedal limits to allow for compression of felts and slamming of the pedal by the organist. 
 
If the Crescendo board is used, it incorporates 32 inputs for USER CONTROLS and includes 
inputs for self-test and setup.  If the crescendo is not used, a 32n Pedal Input Register may be 
used for USER CONTROLS. 
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CRESCENDO INSTALLATION: 
 
The programmable Crescendo Pedal is optional, but is probably a less expensive solution than 
any method using a mechanical slide or roller switch.  If a separate wired crescendo is used, it 
must be diode-isolated from the combination action. 
 
The Crescendo operates from an analog input varying from 0-12vdc.  We supply a small circuit 
board with a slide potentiometer, buffer transistor, and a diode which creates a "dead-band" at the 
start of pedal motion. 
 
This slide pot has an overall motion of 1-3/4".  Operation of the Crescendo may be adjusted for 
mechanical motion anywhere from 3/4" to 1".  An overall pedal motion of 1" is ideal.  The "dead-
bands" allow for wear and impacting or slamming of the pedal against the stop felts. 
 

Initial (closed) "dead-band" 3/16". 
 

Final (open) "dead-band" 1/4" minimum. 
 

Travel 3/4" to 1". 
 
Physical mounting will vary with the type of pedal and console construction.  Mounting will also be 
dictated somewhat by the location of the connection to the pedal, and the amount of available 
motion. 
 
While we realize that organbuilders are generally well versed in mechanics and physics, we will 
still point out that some vector mathematics is involved in the mounting location and connection 
between the pedal and the slide pot.  Don't be frightened, this is most easily done empirically, you 
probably won't need your calculator or computer. 
 
Basically, you will get the most motion from the pedal the further away from its pivot you make the 
connection to the slide pot. 
 
Transfer of pedal motion will be greatest when the slide pot is mounted with the connecting "rod" 
perpendicular to the pedal through most of its travel.  Choosing a connection closer to the pivot will 
obviously reduce motion. 
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More importantly, motion at the slide pot will be reduced the closer you mount the slide pot to the 
pivot.  If you were to mount the slide pot right at the pivot, there would be NO motion, no matter 
how far up the pedal you connected the rod. 
 
We do not supply connecting rods.  The possible variations of mounting and connection vary too 
much for us to anticipate your requirements.  We will make a suggestion for a simple way of 
making the connection. 
 
 
Using 1/16" wire such as Phosphor-Bronze or Aluminum, cut two lengths such that each is about 
3/4 the length of the total distance to connect.  Bend a tight "U" in one piece and run this through 
the 1/16" hole in the slide pot arm. 
 
Bend the other piece 90 degrees, and run it through a small block you can screw to the pedal.  
Bend the free end of the wire so that it is retained in the block. 
 
Obtain a tracker wire coupling, or remove the connector from a "Euro Terminal Strip."  This is the 
type available from Radio Shack that has a white nylon housing with 8 or 12 couplings that clamp 
down onto wires inserted into each end.  Remove the two screws from one coupling and push it 
out of the nylon housing.  Reinsert the two screws.  Voila!  (or Viola!)  You now have a simple wire 
coupling. 
 
Run the two wire lengths through the coupling.  Do this by threading the coupling on one wire, 
placing the wires in parallel, and moving the coupling back up to the center of where the two wires 
overlap.  Adjust the wire coupling length, leaving some extra wire for adjustment.  Tighten the two 
screws to set the length of the coupling. 
 
 
Connections to the slide pot and to the Crescendo Pedal should be free to pivot, yet tight enough 
to eliminate noise.  Felt washers may be used as desired. 
 
The slide pot is best mounted vertically so that dirt from the Crescendo pedal will not fall into the 
slot.  If you find that you MUST mount the slide pot somewhat horizontally, we suggest cutting a 
hole in a piece of felt and mounting the felt over the slide pot arm so that it slides with the pot arm 
and keeps dust and dirt out of the slide opening. 
 
In some cases, you may be able to mount a somewhat horizontal slide pot upside down. 
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CRESCENDO PEDAL MECHANICAL CONNECTION 
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CRESCENDO WIRING AND ADJUSTMENT: 
 
Physically mount and adjust the slide pot assembly so that there is about 1/8" clearance at the 
"Start" or closed position of the slide pot when the pedal is fully closed.  Pressing the pedal closed 
hard against the felt bumper should not cause mechanical stress on the linkage or slide pot. 
 
Wire the slide pot board to +/- 12v Regulated from the Z-tronics Regulated supply, either from a 
convenient connection nearby or by running a 3-wire cable to the Combination Controls board.  
Incorrect polarity will damage the slide pot buffer transistor.  Run a wire from the "W" (Wiper) 
connection on the slide pot board to the "W" pad on the Combination Controls board. 
 
Connect the Combination Controls board to +/-, Clock and Load as you would any Input Register. 
 
Connect the "D" output to the Control Input pad on the Combination Action memory/processor 
board. 
 
It is not necessary to have any of the rest of the combination action wired or operational in order to 
adjust the crescendo.  You WILL need power plus the Clock and Load timing signals. 
 
With power applied, check the first crescendo position by moving the pedal open.  When the first 
stage is reached, the green LED on the Combination Controls will light and will stay lighted during 
the full crescendo pedal motion. 
 
Slowly open the crescendo pedal.  At some point, the red LED should come on.  This indicates 
stage #64, the last stage of Crescendo opening.  Adjust the trim pot on the Combination Controls 
board until the red LED comes on just before the end of the pedal travel. 
 
If you can not make this adjustment, you will probably have to relocate the slide pot so that it has 
the correct amount of motion. 
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HOW DOES THE CRESCENDO CIRCUIT WORK? 
 
The variable voltage from the crescendo pedal slide pot needs to be converted to discrete steps in 
what is called an Analog to Digital (A/D) Converter.  We have chosen to provide 64 stages, and it 
will be most convenient to do our A/D conversion directly to 6-bit Binary code, which will give us 
values representing any count from 0-63.  An additional 7th bit gives us an "over 63" for the 64th 
stage. 
 
While there are many commercial A/D converters which could do this in one chip, most are not 
suitable for our application for a number of reasons, and all operate on 5v, which is just not 
convenient.  So we decided to "roll our own" using simple parts and circuitry.  This consists of a 
339/3302 voltage Comparator, and a 4024 binary counter.  Conversion is made possible by a 
resistor pack called an R2R network.  This is a high-precision resistor network which is connected 
to a binary weighted group of signals, and whose output is a voltage proportional to the binary 
value.  By itself, this is actually a D/A converter. 
 
A 4001 Quad Nand Gate provides us with circuitry for a Flip-Flop, a Gate, and 
an Inverter.  A 4021 is used to create a delayed reset pulse to reset the 4024 
counter. 
 
The incoming analog signal from the crescendo pedal is loaded by 100K to Gnd, 
mainly to insure that the A/D Converter doesn't create garbage if not connected.  The trim pot 
scales this input signal so that the "full open" position can be adjustable. 
 
This scaled analog voltage is applied to the input of one of the four Comparator sections of an 
LM339/3002.  The output of the comparator sets a flip-flop when its other input (from the R2R 
network) reaches a voltage greater than the input voltage from the crescendo pedal. 
 
The delayed reset pulse starts the 4024 counter, which increments with each Clock cycle.  The 
4024 counter outputs an incrementing binary code which is applied to the R2R network.  The R2R 
output voltage rises in steps from 0-63 and this voltage is applied to the comparator.  The 
comparator changes its output state when the counter reaches a binary value one step higher than 
the input voltage value.  This resets the flip-flop and gates the clock signal to the counter off, thus 
the counter stops and sits there with the appropriate binary value for the pedal position. 
 
Since we are using Z-tronics timing signals for the A/D conversion, the conversion is done 100 
times per second.  The actual value is changing constantly except during the time period in each 
scan between when the counter stops, and when the counter is reset. 
 
We use a 4021 to capture the binary value and convert it to serial data just like any other Z-tronics 
Data signals.  As with our normal Input Registers, the easiest time to catch the Crescendo level 
data is during LOAD at the start of Clock period #1.  If we were to use Load to also reset the A/D 
counter, our Crescendo level binary value would be reset before we got a chance to capture it.  
Thus we use another 4021 Shift Register to create a delayed Reset for the counter 8 counts into 
the scan.  We really don't care when this reset occurs as long as it is at least 1 count after Load, to 
give us a chance to grab the value from the counter, and still gives us enough time in the scan to 
calculate at least 64 stages of crescendo. 
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CRESCENDO DISPLAY: 
 
Crescendo Open may be displayed with a single light or LED using either a provided output on the 
Display Driver, or optionally by running Crescendo Data to the Traps Data input on the Master 
Oscillator board and using the Traps output to drive the bulb or LED.  If an LED is used, you must 
provide a suitable series current limiting resistor of between 680 and 1000 ohms. 
 
An optional Numeric Crescendo Display may be added.  This will show levels 1-64 as the 
crescendo is operated.  The display will be blank when not in use.  This digital display is not 
required.  For setting the crescendo, the memory display shows the current crescendo level.  
Crescendo Display may be with the memory display (left half) or a separate unit if there are 
Stepping Generals. 
 
An optional Crescendo Bar graph Display may be added.  We provide discrete outputs for a bar of 
30 LED's that light up consecutively as the pedal is opened.  This Bar graph shows every other 
Crescendo stage. 
 
 
 
 
 
SFORZANDO: 
 
We provide for a maximum of four Sforzando reversibles.  Each may be separately set by the 
organist exactly as Generals are set, and are independent for each memory level. 
 
We also provide for any or all four Sforzandos to be operated momentarily.  A separate 
momentary contact would be required for each. 
 
It is not possible to hard wire an external Sforzando into the system. 
  
The Sforzando Reversible(s) is wired to the corresponding input on the Combination Controls 
board.  We provide an output for driving an LED to indicate which Crescendo is in use.  If this 
indicator is to be a light bulb, as in Syndyne lighted buttons, it will be necessary to wire in a 
transistor or driver chip to provide the necessary current to the bulb. 
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 THE Z-COMBON (CAMP): 
 
All wiring goes in and out of the Combination Action Memory Processor (CAMP) also called the Z-
COMB board. 
 
This board will process up to 128 stops.  Any console larger than that will have multiple CAMPs, 
basically parallel combination actions.  Thus virtually any size console could be supported without 
compromising the features or speed of operation.  Each CAMP would have most of its pads wired 
independently.   Only Control Inputs and Piston Inputs are shared, plus the COMM 
communications buss, timing signals, and power connections. 
 
In a multiple board system, it is also necessary to assign a unique “number” to each board.  This is 
done using binary coded jumpers on each board.  The “Master” CAMP will have NO jumper.  Each 
other CAMP must have a unique jumper configuration at positions C-D-E.  The Display must be 
wired to the Master CAMP. 
 
At this point, we will only discuss ONE Z-COMB.  Starting at the top of the board with the pads on 
the left, the normal orientation: 
 
Green LED    Power ON indicator. 
 
4-pin Header RS-232 output for computer terminal connection. 
 
Red LED      Used for Diagnostics to show an error has occurred. 
 
Yellow LED   Used for diagnostics.  Lights when stops are being driven or blinks error codes when 
the Red LED is also on. 
 
DISP OUT  Data out to Display Driver.  This connection should be made to the “Master” CAMP in 
a multiple board system. 
 
S65 OUT   Data out to Stops 65-128 Output Register. 
 
S1 OUT    Data out to Stops 1-64 Output Register. 
 
M97 OUT   Data out to SAM Driver for Magnets 97-128. 
 
M65 OUT   Data out to SAM Driver for Magnets 65-96. 
 
M33 OUT   Data out to SAM Driver for Magnets 33-64. 
 
M1 OUT    Data out to SAM Driver for Magnets 1-32. 
 
COMM      Board interconnection for system synchronization. 

     Connect together for all multiple board consoles.  
                 Connect to any unused Z-INTF Data OUT for Dump/Restore. 
                 Common to all CAMPS. 
 
CTRL IN  Control Data from the Crescendo Control board, non-settable pistons  
                and controls, plus the Crescendo Data. 
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PL65 IN   Stops Data from the Z-INTF Output for showing Player Stops. 
 
PL1 IN     Stops Data from the Z-INTF Output for showing Player Stops. 
 
S65 IN     Stops 65-128 Data from an Input Register for this CAMP only. 
 
S1 IN       Stops 1-64 Data from an Input Register for this CAMP only. 
 
P65 IN     Pistons 65-128 Data from an Input Register.  Common to all CAMPs. 
 
P1 IN       Pistons 1-64 Data from an Input Register.   Common to all CAMPs. 
 
The following connections will be common to all CAMPs (Z-COMB). 
 
SYNC     SYNC, Combiner Sync from the Master Oscillator. 
 
CLK       CLOCK, Combiner Clock from the Master Oscillator.  (Register Clock may be  used.) 
 
/RESET  "Not RESET"  When brought to (-)  momentarily, the processor will reset. 
 
+12         Z-tronics regulated 12 volts positive supply. 
 
GND       System Ground or NEGATIVE (-), which must be common to the entire console.   
               This MUST be isolated from Earth Ground. 
 
JUMPERS (INSTALLED): 
 
O O  A:  Slave Board Number Binary Value 16 
O O  B:  Slave Board Number Binary Value 8 
O O  C:  Slave Board Number Binary Value 4 
O O  D:  Slave Board Number Binary Value 2 
O O  E:  Slave Board Number Binary Value 1 
 
Note:  A single board or Master Board in a multiple board system will have no jumper installed in 
C:, D:, or E:. 
 
Slave Boards may have any exclusive value.  A four board system may use 1, 2, and 4, for the 
three slaves. 
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CONSOLES LARGER THAN 128 STOPS: 
 
Simple!  Think of the console in groups of up to 128 stops, each group having its own combination 
action.  The only thing that needs to be common is the piston Data wiring and a “comm” loop 
between boards enabling a Master board to communicate with other Slave boards. 
 
Since the pistons are wired to an Input Register (or two) all you need to do is loop or parallel the 
Piston Data to each CAMP board.  One board will be designated the "Master," and all others 
"Slaves," each with a different identifier set with a jumper or jumpers. 
 
 
MULTIPLE COMBINATION BOARDS: 
 
For more than one Z-COMBON, define the Z-COMBON to which you will wire the Display as the 
Master.  No jumpers positions A-B-C-D-E. 
 
Define each additional Z-COMBON as a slave with its own “ID” by inserting a jumper in E, D, C, B, 
or any unique combination of these.  A is reserved for Matrixed very large systems.  See Page 47. 
 
If you have more than one Z-COMBON, connect all of the pads marked “comm” together.  This is 
the communication buss, and enables multiple combination actions to operate as “one.” 
 
 
SAVE / RESTORE: 
 
If you have a Z-MIDI-16 MIDI Interface, you may connect it to Save and Restore memory levels on 
disk.  Connect one more wire from “comm” to any unused MIDI channel OUTPUT pad.  Do not 
connect anything else to this pad or to the Input pad for this channel.  The output is connected 
back to the input internally on each Z-INTF channel, so the “comm” connection to the output pad 
establishes two-way communication between the sequencer and the combination action. 
 
 
RESET: 
 
If you have gotten this far, you probably have noticed a pad on the Z-COMBON marked “/Reset”.  
This means Not Reset, which may sound odd, but in microprocessor terms, it means that the input 
is activated by grounding it rather than by connecting it to plus.  Simply put, if you ground this pad, 
you will reset the microprocessor.  There are times during SETUP that you will need to do this, so 
wiring a small toggle switch to this pad within the console would be handy. 
 
This /RESET serves another purpose.  At the same time the processor is being reset, the Stops 
Data Inputs are also connected to the Stops Data Outputs.  Should the combination action 
microprocessor go haywire, you may throw this /RESET toggle switch On, and restore operation of 
the stops without the combination action. 
 
In the event of a severe processor problem, such as internal shorting, removal of the processor 
from its socket will also route the Stops Data signals through the board.  In this manner, failure of 
the combination action does not compromise operation of the relay. 
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Data out to Display 
 
Stops 65-128 Data Out 
 
Stops  1- 64 Data Out 
                                                                                                                  
SAM Driver 97-128 Data Out                                                                                       
 
SAM Driver 65- 96 Data Out 
 
SAM Driver 33- 64 Data Out 
 
SAM Driver  1- 32 Data Out 
 
Communications Data I/O Link 
 
Control/Crescendo Data In 
 
Player 65-128 In from Z-INTF 
 
Player  1- 64 In from Z-INTF 
 
Stops Data 65-128 In 
 
Stops Data  1- 64 In 
 
Piston Data 65-128 In 
 
Piston Data  1- 64 In 
 
Console SYNC 
 
Console CLOCK 
 
Ground to RESET Processor 
 
+12 v Power 
 
 
System GND (-) 
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OUTPUTS: 
 
Defined as individual outputs to operate Stops or Stop Action Magnets (SAMs) or Displays. 
 
In order to operate stops and other controls from the sequencer, the serial stops data must be 
demultiplexed.  This could be done using Rank Drivers, but that would normally give us a negative 
output (unless we configured the Rank Driver for Positive Output at additional cost.)  Rank Drivers 
incorporate extra circuitry for console cable noise immunity and the ability to play ranks of varying 
compass, thus they are larger than would be required to demultiplex the stop information within the 
console.  A simpler approach seemed desirable. 
 
 
DRIVER TYPES: 
 
The same Output Register circuit is used to build three different type boards: 
 
This board was originally developed for the MIDI Sequencer interface, and performs 
demultiplexing in a simple manner.  The Output Register is the same size as an Input Register and 
looks similar.  It has a counter that can be configured to set it to the top note to be demultiplexed 
by that board, and can be assembled to demultiplex anywhere from 8 to 64 serial inputs in 
incremental groups of 8.  The Stops Output Register was designed to drive low current inputs, 
such as Combiner Tabs inputs, or LED's, or specially configured with output chips to drive high 
power devices such as magnets.  Such a board is called a SAM Driver or Display Driver, 
depending on the output configuration. 
 
In the SAM Driver, suitable positive output or negative output chips are added to the Output 
Register as required.  Output polarities may not be mixed.   
 
 
 
STOPS OUTPUT REGISTER: 
 
This board is used to reconstruct Stop Tab signals by demultiplexing Stop Data back into its 
original 64 discrete stops.  It is normally placed in the card rack near the Combiners.  The output of 
this board is direct from the 4094 Latching Shift Registers, through 100 Ohm DIP resistor paks.  
The resistors protect the 4094's from shorted outputs, but are only able to drive  Z-tronics 
Combiner Tab Inputs or another Input Register or Control Input for controls being multiplexed 
again to the chamber control drivers.  Note that CMOS outputs drive low when off and may not be 
wired in parallel. Since these chips output to ground when turned off, connection of plus to an 
output with the actual stop turned Off, constitutes a “short circuit” just as much as connection of 
ground to a stop turned On would.  One output may drive up to 4 Z-tronics Register or Combiner 
inputs. 
 
Stand-alone System 2000 combination actions required to drive regular stop actions or inputs of 
non-Z-tronics relays may require special Output Registers having positive or negative output 
drivers. 
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This is where you would wire to Rank Stop Combiner “Tab” inputs as if they were the actual stop 
contacts.  These outputs are demultiplexed from serial Data coming from the Combination Action  
Z-COMBON.  This function is done by Output Registers.  They will be in the exact same order as 
you wired them into the Stops Input Registers. 
 
If the combination action includes Crescendo or Sforzando, the stops operated blindly by these 
functions will be added to those registered physically. 
 
If at all possible, the Stop Output Registers should be located near the Combiners in the card rack.  
This will keep wiring of stops short and simple. 
 
We recommend the use of color-coded telephone wire for Stop Output Register wiring, and it will 
be helpful if you stick to the same color code for stop contact inputs and outputs. 
 
 
STOP ACTION MAGNETS: 
 
Defined as the magnet coils that move the stop tablets or knobs ON or OFF.  They may be electro-
pneumatic or electric actuators.  These are wired to SAM Driver Output Registers built with 
independently powered Output Driver chips. 
 
 
SAM DRIVER: 
 
This board is used to drive Stop Action Magnets for ON and OFF by demultiplexing Magnet Data 
from the CAMP (Z-COMB) board.  It should normally be mounted on a flat panel as the heavy 
power supply wiring would be cumbersome in a card rack.  It may be provided with output drivers 
of either polarity output.  Negative output (positive common) is most common and recommended 
unless existing SAM units require Positive output (negative common) which is more expensive. 
 
SAM Drivers are provided with dual power connection terminals for better power distribution.  The 
Positive terminals may be marked with a red dot according to which polarity output chips are 
supplied. 
 
SAM Drivers are also provided with header pins and IDC Connectors for wiring to #24 telephone 
cable. 
 
Since there are two magnet outputs involved for each stop, one SAM driver having 64 outputs is 
capable of actuating a maximum of 32 stops ON or OFF. 
 
The SAM Driver Output wiring is in the order ON, OFF, ON, OFF for each stop, the odd numbers 
used for On, and even numbers used for Off outputs. 
 
CAMP output pads are labeled M1-32, M33-64, M65-96, and M97-128 for wiring to the appropriate 
SAM Driver Data inputs. 
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With no exceptions, the order of the wiring of SAMs must match the order of wiring of the stop 
contacts.  For one set of 64 stops, the wiring will be as follows: 
 
STOP  SAM ON SAM OFF 
 1    1    2 
 2    3    4 
…      SAM Driver A 
32  63  64 
33    1    2 
34      3    4 
…      SAM Driver B 
64  63  64 
 
SAM Drivers are provided with Headers (pins) spaced in groups of 12 and 4 at the top end.  These 
are intended for use with IDC (Insulation Displacement Connectors) designed for #24 telephone 
wire.  Connection with other wire sizes or types is not recommended. 
 
Two sets of screw terminals are provided for connection to the Guts console supply.  These 
terminals will accept from #22 to #12 wire.  #12 or two #14 should be sufficient for electric actions 
“power.”  #22 is sufficient for either electro-pneumatic actions or for back EMF connection to the 
“Magnet Common.”  In all cases, wiring should be kept short, neat, and efficient. 
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DISPLAY DRIVER: 
 
Defined as a special Output Register having series output resistors of 680 Ohms value.  These 
resistors limit the output current from the 4094 to that required by an LED.  These outputs drive 
our Display directly through a supplied ribbon cable.  Wiring order is given on page 15. 
 
A Display Driver is required to show the current Memory Level (outputs 17-32 for 7-segment 
display chips) and outputs 1-16 for lighted button functions, Crescendos, Sforzandos, SHOW, 
LOCKED, ADJUST, and other lights.  This board will also drive optional Crescendo and Step 
General displays.  The Step General shows the actual Z-tronics Input Register number 
corresponding to the "current" or most recently pressed Steppable General piston.  This display 
only shows when the Step feature is engaged. 
 
This board is used to drive the Display(s) including any individual lights, by demultiplexing Display 
Data from the CAMP (Z-COMBON) board.  In a multiple CAMP system (over 128 stops) this board 
is always to be wired to CAMP #1, or the "Master" Z-COMB board. 
 
The 4094 Latching Shift Registers drive the outputs directly through 680 ohm output resistors in 
DIP paks.  This value will directly drive an LED as in our Display Module.  It will also drive any 
individual LED's you wish to mount with specific push buttons to display that their functions are in 
use. 
 
Light bulbs, such as those in lighted pistons or push buttons, may not be directly driven. The 
Display Driver output are current limited to about 18 mA by the series 680 Ohm output resistor 
paks.  This is not enough current to directly drive indicator light bulbs such as those found in 
illuminated buttons.  It is enough current to operate a transistor driver, or a section of a ULN 2003A 
driver chip such as those used in our Rank Drivers.   
 
The necessary circuit could be made up by mounting a 16-pin socket for a ULN2003A on a piece 
of perfboard.  A 12v bulb could then be operated directly by applying 12v to the bulb common.  If a 
5v bulb is to be operated from a 12v supply, a voltage dropping resistor of 150 Ohms, 2 Watts 
should be in series with each bulb.  DO NOT attempt to use the Z-tronics Regulated 12 volt supply 
to operate light bulbs. 
 
A UDN2981 positive output driver may also be used to drive such light bulbs, making the 
appropriate 18-pin socket and supply polarity changes. 
 
Connector positions #1 (Brown) and #2 (Red) are the display common, and need to be wired to (-).  
The first display element is #3 (Orange) and connects to Display Driver Output #17 (Memory Ones 
segment “a”.)  After that, all ribbon cable wires connect in order until you run out.  Note that your 
display may run out of display elements before you run out of wires, or that there may be wires in 
the cable that do not require connection.  This will depend upon the type of display you ordered. 
 
We now stock 6-position IDC connectors for #28 wire.  These may be used with the Display ribbon 
cable.  Note that ribbon cable is stranded.  The telephone company regularly connects #28 and 
#24 stranded to IDC connectors.  While the phone company claims this is reliable, it means that 
the insulation is what gives the stranded wire rigidity for connection, unlike the solidity of solid wire.  
You may wish to make these connections by direct soldering, even though it entails more work. 
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DISPLAY DRIVER BOARD AND CONNECTIONS 
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DISPLAY DRIVER OUTPUTS: 
 
 1.   CRESC STD    |  To operate light bulbs or indicators 
 2.   CRESC  A     |  for Crescendo Select Push Buttons. 
 3.   CRESC  B     | 
 4.   CRESC  C     | 
 5.   SFZ    I     |  To operate Sforzando indicators, one 
 6.   SFZ   II     |  for each activated Sfz. 
 7.   SFZ   III    | 
 8.   SFZ   IV     | 
 9.   SHOW            Indicator for the SHOW button 
10.   ADJUST 
11.   CRESCENDO OPEN  Single Crescendo "open" Indicator. 
12.   CLEAR           May be used instead of #40. #26 Blue      
 
13.   COPY PENDING    Indicator for a COPY button (not required) 
14. DUMP/RESTORE ACTIVE 
15.   Z-COMBON ACTIVE (inverse of #16)  May be used for Common GND  #1 Brown 
16.   HISTORIC ENABLE (inverse of #15)  May be used for Common GND  #2 Red 
17.   MEMORY a     |  Third wire in the Display ribbon cable, #3 Orange. 
18.   MEMORY b     | 
19.   MEMORY c     | 
20.   MEMORY d     | ones 
21.   MEMORY e     | 
22.   MEMORY f     | 
23.   MEMORY g     | 
24.   LOCKED 
 
25.   MEMORY a     | 
26.   MEMORY b     | 
27.   MEMORY c     | 
28.   MEMORY d     | tens 
29.   MEMORY e     | 
30.   MEMORY f     | 
31.   MEMORY g     | 
32.   MEMORY b&c   | hundreds 
33.   CRESCENDO a  |  NOTE: The following two digits will become GENERALS 
34.   CRESCENDO b  |        if STEP GENERALS are configured. 
35.   CRESCENDO c  | 
36.   CRESCENDO d  | ones 
37.   CRESCENDO e  | 
 
38.   CRESCENDO f  | 
39.   CRESCENDO g  | 
40.   CLEAR           Don't miss this one!  OR USE #12. 
41.   CRESCENDO a  | 
42.   CRESCENDO b  | 
43.   CRESCENDO c  | 
44.   CRESCENDO d  | tens 
45.   CRESCENDO e  | 
46.   CRESCENDO f  | 
47.   CRESCENDO g  | 
48. SHOW 
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49.   CRESCENDO a  |  NOTE: The following two digits are used for a separate 
50.   CRESCENDO b  |        Crescendo numeric display if STEP GENERALS are 
51.   CRESCENDO c  |        configured. 
52.   CRESCENDO d  | ones 
53.   CRESCENDO e  | 
54.   CRESCENDO f  | 
55.   CRESCENDO g  | 
56.  
57.   CRESCENDO a  | 
58.   CRESCENDO b  | 
59.   CRESCENDO c  | 
60.   CRESCENDO d  | tens 
 
61.   CRESCENDO e  | 
62.   CRESCENDO f  | 
63.   CRESCENDO g  | 
64. SHOW 
 
 
NOTE:  Driver outputs #33-#48 are normally for Crescendo Numeric Display, and #49-#64 are for 
Step General display.  Since this would be less convenient for display wiring when Stepping 
Generals are used, the process of setting up Stepping Generals also swaps the Step General 
display with the Crescendo Numeric display. 
 
Although the Step General display outputs may "normally" be at the end of the list, they also 
"normally" don't display anything, so this is a moot point. 
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CRESCENDO BAR GRAPH DISPLAY:  (Upper 1/3 of Display channel data) 
 
   STAGE 
 
65.  1 Always the first stage 
66.  3 
67.  5 
68.  7 
69.  9 
70. 11 
71. 13 
72. 15 
 
73. 17 One Quarter open 
74. 19 
75. 21 
76. 23 
77. 25 
78. 27 
79. 29 
80. 31 
81. 33 The middle stage 
82. 35 
83. 37 
84. 39 
 
85. 41 
86. 43 
87. 45 
88. 47 Three quarters open 
89. 49 
90. 51 
91. 53 
92. 55 
93. 57 
94. 59 
95. 61 
96. 63 Always the last stage 
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THE DISPLAY: 
 
All varieties of the Combination Action Display are made up using board #75963.  This board will 
support up to five digits plus two linear legends.  Normal configuration of the Display places the 
circuit board perpendicular to the mounting surface, with the digits suspended below the circuit 
board.  This mounting will accommodate a panel thickness of 3/4" or more if necessary. 
 
Panel thickness greater than 3/4" may require additional notching of the circuit board.  This may 
be done with a band saw and a fine-tooth blade.  The solder-side of the board may be backed with 
a piece of corrugated cardboard with the socket pins pressed into the cardboard for support while 
sawing. 
 
The Display normally protrudes 2-3/8" behind the front surface of the mounting panel. 
 
On special order, it is possible for us to provide the Display for flat mounting on a thin panel, 
nominally 7/16" to 5/8" thick.  Note that such mounting places the ribbon cable connector on the 
reverse side of the board, and requires wiring with each pair of wires reversed; 2-1-4-3-6-5-8-7, 
etc. 
 
TWO DIGIT MEMORY LEVEL DISPLAY: 
 
Will display up to 99 levels directly, 109 levels indirectly.  9 displays as 9, 109 displays as 09. 
 
Memory Level Display also includes the Legends CLEAR and LOCKED. 
 
Required opening 2-1/16" wide by 7/8" high.  Display escutcheon is 2-3/8" wide by 1-1/4" high. 
 
THREE DIGIT MEMORY LEVEL DISPLAY: 
 
Will display up to 128 levels directly. 
 
Memory Level Display also includes the Legends CLEAR and LOCKED. 
 
Required opening 2-3/8" wide by 7/8" high.  Display escutcheon is 2-3/4" wide by 1-1/4" high. 
 
FIVE DIGIT MEMORY LEVEL DISPLAY: 
 
Will display up to 128 levels directly. 
 
Will display two digits for stepping generals OR Crescendo. 
 
Memory Level Display also includes the Legends CLEAR and LOCKED. 
 
Required opening 2-7/8" wide by 7/8" high.  Display escutcheon is 3-1/2" wide by 1-1/4" high. 
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TWO DIGIT CRESCENDO STAGE DISPLAY: 
 
Will Display two digits only. 
 
Required opening 7/8" wide by 7/8" high.  Display escutcheon is 2-3/8".   
 
May be smaller or made to match other widths. 
 
 
 
The display may be mounted using steel angle brackets or two small blocks of wood cross-bored.   
 
The escutcheon is normally front-mounted using the supplied four 1/2" #4 black flat head Phillips 
head screws.  We can provide plain Escutcheons for mounting behind a "frame" routed into the 
panel, or for mounting with escutcheon pins on special order. 
 
If you wish to make a special escutcheon, we recommend clear Red Plexiglas, painted black on 
the reverse side, except for where the Display shows through. 
 
 
DISPLAY WIRING: 
 
Since wiring to the Display Driver consists of two wires for Power, two timing wires for Clock and 
Sync, and one Data wire, five wires total, we recommend mounting the Display Driver near the 
location of the Display, thus reducing the ribbon cable length.  If there are two Displays, one for 
Memory Level and one for Crescendo, placed at opposite ends of a stop rail or coupler board, it 
may be necessary to use one or two 3' ribbon cable extensions to reach both neatly. 
 
If two Displays are to be mounted on opposite draw knob jambs, it is possible to use two Display 
Drivers, one for each jamb, wiring them in parallel. 
 
A 3' long ribbon cable is provided with a connector at the Display end for either 26 or 34 
conductors as required.  We can provide 3' cable extensions on special order.   
 
The common for the Display is ground (-) and is the first two wires at the right end of the Display, 
closest to the Legends or lowest significant number on the Display.  With multi-colored ribbon 
cable, the Common Ground will be the end Brown and Red wires.  Strip and connect these to (-) 
Gnd on the Display Output Register. 
 
Individual wiring of the Display elements will follow in order, starting with Display Driver notes #17 
or #33. 
 
The ribbon cable may be wired directly to the Display Driver or to #28 Pan-Con IDC connectors.  If 
IDC connectors are used, be sure they are for #28 wire.  You will not get a reliable connection 
using the #24 IDC connectors supplied for chest and Stop Input Register connections.  Z-tronics 
supplied #28 wire connectors will be for six wires, #24 will be for 12 wires or two wires. 
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DATA WIRING: 
 
This is the easy part.  Consult with the Z-COMBON diagram on Page 9 or look at the board itself.  
If there is a Z-MIDI-16 Z-INTF, wire through that as indicated.  Note that Key Data wires to a Z-
INTF Key input (usually channels 1-7) and from the corresponding Z-INTF outputs, to Pitch 
Registers. 
 
Stops Data wires first to the Z-COMBON, from there, to a Z-INTF Stops input (usually channels 8-
12) and from the corresponding Z-INTF outputs, to Stops Output Registers. 
 
Swell Shade Data (and other non-moving controls Data such as momentary effects) should not 
wire to the Z-COMBON.  This Data wires directly to a Z-INTF Stops input (usually channels 8-12) 
and from the corresponding Z-INTF output, to a Stops Output Register or to a Combiner Pitch 
Input for sending directly to the chamber Rank Driver.  This will depend upon the particular organ’s 
specification. 
 
Stops Input Register:  Wire D to the Z-COMBON input marked S in 1. 
 
If you have more than 64 stops, the second Stops Input Register wires D to the Z-COMBON input 
marked S in 65. 
 
Piston Input Register:  Wire D to the Z-COMBON input marked P 1. 
 
If you have more than 64 pistons, the second Pistons Input Register wires D to the Z-COMBON 
input marked P 65. 
 
Combination Controls:  Wire D to the Z-COMBON input marked Ctrl. 
 
Stops Output Register:  Wire D from the Z-COMBON output marked S out 1 to a Z-INTF Stops 
Input.  Wire D from the Z-INTF Stops Output to D on the corresponding Stops Output Register. 
 
If you have more than 64 stops, the second Stops Output Register wires D from the Z-COMBON 
output marked S out 65. 
 
If there is no MIDI Interface, wire directly from the Z-COMBON S out 1 to the Stops Output 
Register’s D input. 
 
SAM Drivers:  Wire D from the Z-COMBON output marked M 1 for stops 1-32. 
 
SAM Drivers:  Wire D from the Z-COMBON output marked M 33 for stops 33-64. 
 
Continue as necessary for stops 65-96 (M 65) and stops 97-128 (M 97.) 
 
Display Driver:  Wire D from the Z-COMBON output marked Disp to the Display Driver D input. 
 
 
If your console has more than 128 stops, you will need to repeat the above as necessary. 
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MEMORY USAGE: 
 
The use of these boards to multiplex and demultiplex stop signals for the Z-INTF MIDI Interface, 
and the simplicity of the Z-MIDI-1 single channel MIDI board, enabled us to design a simple 
microprocessor board.  This can operate from (and on) standard Z-tronics serial data; and could 
control memory for up to 128 stops, 128 pistons, and as many as 128 memory levels (not all at 
once.) 
 
We can't do *all* of those 128s at once, even with the 24C512 memory chips.  Here is a table 
showing that there are two ways to "divide the pie" for each size EEPROM: 
 
                24C256       24C256          24C512      24C512 
Stops          128             128                 128             128 
Pistons       128               64                 128               64 
Levels           32               64                   64             128 
 
(We have 1Mbit with four 24C256s or 2Mbit with four 24C512s.  We need 2 bits for each 
"position", and so you can then do the math to see how many stops, pistons, and levels we can 
support.)  Generally, systems are supplied with 24C512 chips. 
 
Small console requiring fewer memory levels may simply have fewer memory chips installed.  
Each chip holds one quarter of the combination memory. 
 
 
SIGNAL FLOW: 
  
KEY DATA: 
 
Obviously, key data is of no use to a combination action, so key wiring goes first to the Z-INTF (if 
used) for MIDI processing and sequencer record/playback.  Output from the Z-INTF then goes 
directly to the Versaplex 109 Pitch Registers for processing by the relay.  So unlike a relay-only 
installation, where data goes directly from the keyboard Input Registers to the Pitch Registers, in 
the System 2000, key data is routed first through the MIDI Interface board if such is installed. 
 
STOPS: 
 
You should keep clear in your mind, the difference between Stops and Controls.  As will be 
discussed, Stops will be limited to those that need to be moved and operated by pistons. Stops will 
be included in combination action piston functions, including Crescendo and Sforzando.   
 
CONTROLS: 
 
Controls include any signals that are not moved or operated by pistons.  These include Swell 
Shades, and Effects, and may later be mixed with chamber controls such as Tremulants, Traps, 
and even straight stop actions.  Controls bypass the combination action, and will require a 
separate channel in the MIDI Interface.  Pay special attention to this, especially if you have 
previously wired the console for MIDI Record/Playback.  You MAY have combined Stops, Shades 
and other Controls into the same MIDI channel.  This would need to be changed. 
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MIDI: 
 
Since the MIDI Sequencer also requires recording and playback of stops and control data, this 
also must route through the Z-INTF before being demultiplexed by the Output Registers.  Output 
registers are most conveniently located in the console card rack near the Combiners, and wired 
directly to the Combiner Stop Tab inputs as required by the stoplist.  This places all stop wiring in 
one convenient location and reduces cabling within the console if the Stop Input Registers are 
located with or near the stoprail. 
 
To add a combination action to all of this, we need only to route the stops data through the 
combination action board first.  The combination action uses stop data in order to SET pistons and 
also to determine which stops need to be moved when a piston is pressed.  System 2000 does not 
actuate stop action magnets if the stops are already in the desired position, ON or OFF.  This 
saves power and reduces noise.  
 
The combination action replicates the stop input data at its outputs, adding to it any "blind" stops 
from the Crescendo or Sforzando.  This total Stop Data is then wired to the Z-INTF MIDI Interface 
for record/playback conversion to MIDI serial data, then on to the Output Registers to be 
demultiplexed into stops for the Combiners. 
 
MIDI and Combination Action share all stops data signals and boards, reducing cost and wiring 
complexity where both are included in a System 2000. 
 
Note: We are so far dealing only with stops that have some type of actuating or Stop Action 
Magnet (SAM) associated with it.  Controls such as swell shades or effects operated by 
momentary push buttons (not reversibles) must be handled separately.  If shades were included in 
the wiring of an Input Register used for Stop Tab Contacts and fed to the combination action, you 
could SET swell shades onto a Sforzando or create other unwanted side effects. 
 
THE PLAYBACK LOOP: 
 
So far, we have shown a simple route of stops data from stop tabs wired to Input Registers.  A 
single wire for each 64 stops then goes to a combination action board, through it to the MIDI 
interface board, to an Output Register where the single data wire is converted back to 64 discrete 
stop wires and connected to the relay Combiner Tab inputs as individual stops. 
 
When designing the System 2000, we decided it might be fun to also include the ability to SHOW 
which stops are being used in a MIDI Sequenced performance playback.  This is optional, but the 
feature is included in every System 2000.  It requires running a wire for each 64 stops from the 
MIDI Interface stops channel Output, back to a Playback Input on the combination action board.  In 
SHOW PLAYBACK mode, this stops data is substituted for piston data and actuates the stop tabs 
SAMs whenever MIDI calls for a stop change.  The normal stops data route is interrupted in order 
to prevent latch-up of stop tabs by this feedback of data.  The SHOW (DISPLAY) button operates 
this function. 
 
 
Thus, the order of data wiring in System 2000 is: 
 
Input Registers -> Combination Action -> MIDI Interface -> Relay -> Chambers 
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STAND-ALONE SYSTEMS: 
 
It was recognized that the Z-tronics System 2000 Combination Action offers many features not 
included in other systems, and at a very reasonable price.  Adding the Combination Action to an 
existing Z-tronics Versaplex 109 system already having--or a new installation including--a MIDI 
Interface wired for Record/Playback, shares stop tab contact signals, and uses boards which will 
already be there. 
 
It is also possible to add a System 2000 Combination Action to an older Z-tronics relay not yet 
having MIDI or R/P capability.  The price is still reasonable. 
 
What is the possibility of connecting a System 2000 Combination Action to a console having some 
other system?  First of all, the stop tabs, or knobs, must be provided with SAM Stop Action Magnet 
actuators to move them.  These may be all electric such as those made by Reisner, Syndyne or 
Peterson as long as the magnet coil resistance falls within the normal 28 Ohm to 400 Ohm range.  
Peterson has recently reduced their coil resistance to 21 Ohms in order to give them more 
actuation power.  This increases their power requirements by 25%, which increases current 
distribution and the needed rated capacity of all components. 
 
The SAM driver boards were designed for normal applications stated above, for SAM voltages 
between 10 VDC and 30 VDC, and momentary actuation of 1/4 second (250 ms) maximum pulse 
duration. 
 
Piston and stop tab contact voltage must be +12 VDC, preferably from a regulated power supply.  
Piston contacts are wired individually, not in a matrix. 
 
Magnet coil commons may be either polarity.  Positive coil commons, NEGATIVE OUTPUT, is 
preferred.  Due to the much higher cost of positive driver chips, there is an extra charge for 
positive outputs. 
 
HAVE YOUR CAKE AND EAT IT, TOO? 
 
In a stand-alone system, it is possible to piggy-back a Z-tronics System 2000 
Combination Action to any existing original setter board or any remote capture system, retaining 
the historic significance of the original system, while adding all of the advantages of a 
programmable, multi-level memory system.  This requires adding diode flyback voltage protection 
to the piston relay magnets, plus isolation diodes so that the magnet commons may be "lifted" for 
operation of the System 2000 Combination Action.  We provide "Historic" or "Active" outputs for 
operating a relay for this purpose.  The original setter system would then operate as memory level 
"0." 
 
What is needed to do all of this? 
 
Basically, the addition of a Z-tronics Master Oscillator and suitable Regulated Power Supply will 
enable stand-alone installation. 
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HISTORIC INSTALLATION: 
 
 
CONCEPT: 
 
In order to retain your old system and switch back and forth between the old and new combination 
actions, you need to make a few changes in the old system so that it can be rendered inoperable 
by disconnecting one common return wire (Ground or Negative.)  Basically you need to isolate the 
following: 
 
Piston Relay Magnets - disable commons to ground.  Doing so will enable the old piston relay to 
be turned on or off.  This will require the addition of two diodes per magnet as described in detail 
further on. 
 
Crescendo - should be totally disabled.  The Z-tronics System 2000 fully adjustable Crescendos 
are available on Level 0. 
 
Sforzando - should be disabled.  The Z-tronics System 2000 adjustable Sforzando as set on Level 
1, will be also available on Level 0. 
 
 
WIRING DETAILS: 
 
1. Power supplies.  The Z-tronics System 2000 requires reasonably stable, or regulated 12 volts 

for operation.  Stop contact commons may be from the organ GUTS rectifier.  Be aware that 
problems may occur if the current drain on the GUTS rectifier is such that its voltage drops 
below 8 volts during heavy playing or a full combination change. 

 
The Ground (-) side of all power supplies MUST be connected together.  SAM Drivers and 
Output Registers may have been fitted with jumpers for this purpose. 
 
Note that screw terminals are provided for connection to GUTS power. 
 
Regulated Logic power is connected directly to the large pads provided on the boards. 
 

2.   Stop Contact Wiring.  Present wiring may remain.  Contacts should be also wired to the  
Z-tronics Input Registers, using #24 telephone wire from existing junctions to the IDC 
(Insulation Displacement Connectors) provided. 
 

3. Historic Disconnect Relay.  It will be necessary to disconnect the magnet common on the 
Piston Relay Magnets from Ground (-) and rewire this through a small relay capable of carrying 
the piston current.  We provide outputs to either turn a relay ON or OFF when Level 0 is 
selected.  We recommend wiring the relay so that it turns ON when NOT at Level 0, and the 
normally closed contacts should be used to connect the Piston Magnet Common to Ground. 

 
We provide two controls for such a relay at the Display Driver Outputs #15 and #16.  Output 
#16 turns on only when at Level 0.  Output #15 turns on when the system is at any Level other 
than 0.  This inverse output is better to use, because it will also turn off if the system is held in 
RESET, thus also making the original combination action automatically available if it becomes 
necessary to disable the System 2000 Combination Action Processor. 
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4. Piston Magnet Diodes.  It will be necessary to install two diodes for each piston magnet.  

These are the magnets that fire when a piston is pressed. 
 

First connect a diode backwards across each magnet coil.  The banded end of the diode 
connects to the end of the magnet that wires to each piston button. 
 
Next, isolate each magnet from the common wire in one of two possible methods.  Often both 
sets of diodes may be installed right inside the wind box, but they may also be external.  The 
isolation diode may be installed between the piston contact terminal and the magnet coil, or it 
may be installed between the coil and the magnet common return wire. 
 
In either case, the banded end of the diodes point toward the return wire. 
 
The isolation diodes will keep the piston magnets from "shorting" all the pistons together when 
the common ground is disconnected. 
 
 

If properly connected, Piston Magnets should only operate when the Memory is set to Level 0.  Be 
certain that this is the case before proceeding.  The original combination action must only be 
operable when Level 0 is selected. 
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 STEPPING (NEXT) GENERALS: 
 
CONCEPT: 
 
This is a special feature usually found in European consoles.  It has limited use for service playing 
or general organ playing, but some organists use it exclusively during concert performance.  Every 
Z-tronics System 2000 Combination Action includes this feature. 
  
A STEP piston and toe stud is usually provided in at least two strategically located positions for 
handy access by either hand or foot.  It is not uncommon to have three thumb pistons and two toe 
studs, all connected in parallel, to operate the STEP feature.  This feature may also be called 
"NEXT." 
 
In use, the organist prepares his registrations by setting each General in numeric order, starting 
with General #1 on some "base" memory level.  These may be set consecutively and run through 
all pieces in the order they will be played, or if the console contains enough Stepping Generals 
and Memory Levels, each piece may start at General #1 of a particular Memory Level. 
 
Usually the organist will keep track of his piston settings by making appropriate pencil marks in the 
music corresponding to the General Piston number used at that point in the music. 
 
During the performance, every time a registration change is desired, the organist presses one of 
the STEP or NEXT buttons and the combination action automatically steps to the next General 
and operates it.  A digital numeric display shows the "current" General, or the last General 
pressed. 
 
 
The Z-tronics System 2000 also provides for a PREV (STEP DOWN) or BACK button.  This would 
normally only be useful if a mistake was made (a step button pressed accidentally) or during 
rehearsal when it is necessary to go back to a specific spot several times. 
 
In such a case, the organist may also go back by merely pressing the desired General, and then 
proceed to STEP up from there. 
 
It is also possible to jump ahead, for example, if each piece starts on a specific memory level at 
General #1, by simply pressing the desired General. 
 
When the highest numbered General has been "pressed" at the highest available memory level, 
the system releases from the STEP mode.  It does not go back to Memory Level #1 and start over. 
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INSTALLATION: 
 
Since the STEP Display must show the General Piston number, the following is absolutely 
necessary: 
 
1.  Generals must be wired into the Piston Input Register so that the number engraved on each 
General will correspond to the Z-tronics Input pad number.  General #1 must be wired to Input #1, 
and the numeric order followed through all pistons designated as Generals. 
 
2.  ALL Generals will be designated to be Stepping Generals.  This gives them special distinction 
in the Combination Action.  They will always respond to the STEP feature and may not be 
changed to "Divisionals" or redefined using the RANGE button. 
 
Note that Divisionals may be redefined as Generals by using RANGE to include all stops, but such 
pistons will not be included or defined as Stepping Generals. 
 
3.  ALL Generals defined as Stepping Generals will be so designated on ALL Memory Levels. 
 
4.  Stepping Generals may have their Range adjusted to something less than a full General by the 
installer under SETUP.  This is locked out to the organist. 
 
STEP GENERAL DEFINITION: 
 
Stepping Generals will not behave as such until they have been defined.  This is done under 
SETUP MODE after the system's basic wiring has been tested.   
 
 
SEE SETUP MODE  Page 71. 
 
 
PISTON COUPLING: 
 
This section covers situations where two or more pistons might be operated together.  This would 
be with the use of Piston Couplers or Second Touch Pistons. 
 
If two pistons are operated either simultaneously, as when coupled or wired together, or shorted, 
or if they are operated “almost” simultaneously, the system will attempt to resolve the combination 
of both pistons. 
 
If the Ranges of the simultaneous pistons do not overlap, such as when two separate divisionals 
are coupled (Great and Pedal) the system will simply add the two combinations into one and 
operate the divisions simultaneously. 
 
If the Ranges overlap, then in the area of the overlap, the higher numbered piston will take over.  If 
two similar pistons are shorted, only the higher one will appear to operate. 
 
Piston Coupling in the sense of that used in the past by Skinner and Austin should be avoided, 
since the same utility is better facilitated by using RANGE. 
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MANUAL PISTON TRANSFERS: 
 
It is often desirable to provide a console with a manual transfer, usually in order to swap the Great 
and Choir (or Positive) manuals in order to perform French compositions in their traditional 
manner.  This presents a problem of what to do with the pistons. 
 
In the Z-tronics relay system, each manual (key inputs) is represented by one wire carrying key 
data for that manual.  It is a simple matter of providing two Combiner sections and simple cross-
wiring to electrically transfer the two manuals. 
 
We have provided a simple way to also transfer pistons, including pedal reversibles, so that stop 
control remains with the correct manual. 
 
1.  In order to facilitate this, special wiring order must be used for the pistons of the two manuals to 
be transferred.  These pistons MUST be wired to the highest numbered piston inputs of the 
highest numbered Piston Input Register.  In other words, they must be the highest numbered 
pistons in the system. 
 
For example, if the Great and Choir manuals are to be transferred, and each has a pedal 
reversible plus 8 divisional pistons, they would be wired to Piston Input Register inputs #47-64. 
 
2.  Additionally, the piston wiring to be transferred must be intermixed or wired ODD/EVEN as 
follows: 
 
GT Reversible 
CH Reversible 
GT 1 
CH 1 
GT 2 
CH 2 
GT 3 
CH 3   etc. 
 
Note that the pistons designated to be transferable divisionals may also be ranged to be 
something other than the normal divisionals.  The manual transfer will still swap the functions of 
these pistons. 
 
ALL Pistons defined as Transfers will be so designated on ALL Memory Levels. 
 
PISTON TRANSFER DEFINITION: 
 
Piston transfers will not behave as such until they have been defined.  This is done under SETUP 
MODE after the system's basic wiring has been tested.   
 
 
SEE SETUP MODE  Page 74. 
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MOMENTARY SFORZANDOS: 
 
Normally, Sforzandos are Reversibles.  In some instances, it may be desirable to provide a 
momentary Sforzando or Accent Pedal to historically implement this feature.  We have provided a 
simple way of implementing this. 
 
Input #27 on the Combination Controls board will cause any simultaneously operated SFZ (1-4) to 
operate only as long as the pedal, lever, or button is depressed. 
 
If no SFZ Reversible is to be used, this input may be wired hot all the time.  Otherwise, it may be 
wired to the control to operate simultaneously with the selected SFZ.  By using diodes, the same 
Sforzando may even be implemented as a reversible piston and momentary toe stud. 
 
A Double-Touch or Second Touch momentary Sforzando is also possible.  In this case, if there are 
to be simultaneous, overlapping Sforzandos, the highest numbered Sforzando must be wired to 
First touch and the lower numbered Sforzando wired to second touch.  The first touch contact 
would also be connected to #27 for momentary operation of both. 
 
Setting is done using SHOW just as for setting a regular Sforzando.  SET must be held while the 
SFZ pedal is pressed to capture the SFZ combination. 
 
NOTE: SFZ 1-4 do not “chose” which Sforzando works from one contact.  It is necessary to 
energize a separate contact for each Sforzando.  It is possible to accomplish this with external 
circuitry, such as a rotary switch that would connect a single Sforzando contact to one of the four 
available Sforzandos. 
 
Be aware that if multiple Sforzandos are activated, they are not additive.  Instead, the lower 
numbered Sforzando will take precedence. 
 
An esoteric approach might be to use four reversibles with indictor lamps and a Traps Relay 
section to chose a specific Sforzando.  While this could be done, we are not suggesting that such 
approaches have any musical value or would be of interest to most organists. 
 
To set a 2nd touch Momentary SFZ pedal: first you set the 2nd Touch and then you re-set the 1st 
Touch.  The SFZ priorities currently favor those with the lower numbers.  Alternatively, in actual 
installation, they could be labeled in the opposite order.  This only applies to momentary 
Sforzandos, as Reversible Sforzandos operate exclusively, only one at a time.



 

 67

CHECKOUT: 
 
If you have gotten this far, either in reading, or in the process of installation, you should probably 
take a break.  The steps which follow should be taken when you are fresh and not in a hurry to 
make things work.  If you have not gotten this far, then you shouldn't be reading this and should 
start at the beginning. 
 
 
POWER CHECKS: 
 
Go back and make certain that the fuses for the SAM magnet returns are not installed. 
 
Check the polarity of the SAM Guts power connections.  If possible, turn off the Guts supply so 
that you may power up the console electronics without it. 
 
Connect a volt meter with the DC range set at 12v to the connections to the Z-COMB + and - 
pads. 
 
Turn on the console regulated 12v power supply and immediately verify that the correct voltage 
and polarity is present at the board. 
 
If so, you should see the Green Power LED light up, and the Red and Yellow LED's should 
momentarily light up, then go out. 
 
If everything checks out at this point, you may connect the guts power and install fuses.  In a large 
console, you may install the fuse for each section and test it before continuing with another 
section. 
 
 
SYSTEM CHECKS: 
 
We have provided several ways in which you can check out your general wiring of the system.  
These are described on the following pages. 
 
We recommend starting with SELF-TEST MODE at least Tests #1, #2, and #3.  These will test the 
display and control wiring. 
 
You may wish to skip the portion of Test #4 that operates individual stops, and instead, press each 
piston to see if they are wired correctly. 
 
Then you might do a rough test of the stops by using SHOW PLAYBACK TEST MODE.  This will 
show up any major wiring errors of the stops.  After doing this, you may want to go back to SELF-
TEST MODE and skip to Test #4 in order to test each individual stop, if necessary. 
 
We also provide information on testing the Z-COMBON (CAMP) board.  This is basically for 
reference.  This test is intended for diagnosing a malfunctioning board, and must be done with the 
Data Inputs and Outputs disconnected from the board.  It also requires a computer for testing.
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SELF-TEST MODE: 
 
Self-Test has been provided as a way to initially check out your wiring and also the functionality of 
the stops, their actuating mechanisms, and contacts.  For electro-mechanical SAMs having reed 
switch magnetic contacts, it will also enable you to test them and adjust for magnetic interference, 
if that shows up as a problem (stops being electrically ON when they are physically Off.) 
 
Starting Self-Test: 
 
You can only enter Self-Test Mode by applying +12v to the Control Input #20 while the system is 
initializing or first turned on, or Reset.  If the organ is on, you may enter Self-Test by activating #20 
and forcing Reset by holding CANCEL in for more than 10 seconds. 
 
During Self-Test, the Memory Level display is used to show which input or output is active, and will 
hereafter be referred to as "display." 
 
Self-Test mode does these things: 
 
Test #1 - Display and Controls wiring: 
 
Self-Test initially displays each of the Memory Level 7-segment elements in turn, according to the 
alphabetical order of the standard segment naming scheme.  You will see a clockwise rotating 
pattern starting with the top horizontal “a” and ending with the center segment “g”. 

 
    --a-- 
   f|     |b 

--g-- 
  e|     |c 

--d-- 
 
Self-Test, displays all the similar segments of all digits together, then the 100s digit, then the 
"LOCKED" light, then the "CLEAR" light.  That order repeats continuously.  This initial action 
shows that the Level display is working and that the segments are wired in the proper order. 
 
Test #2 - Combination Controls Input Wiring:  (DO NOT PRESS CANCEL OR INPUT #1 !) 
 
As you press and hold various Control inputs DURING Test #1, the display shows each input's 
number.  When you release the Control input, the rotating segment display starts up again.  Refer 
to the Combination Control Inputs chart for control numbers.   
 

For now, though, do not press CANCEL as that will end this part of the test! 
 
This test ignores #20 (SELF-TEST), just in case you have put a jumper on that one, and it also 
ignores #32 (SETUP).   
 
When you release the control input, it returns to rotating the individual segments.  This test shows 
whether the various control inputs are properly wired and that the buttons are working. 
  
If you press CANCEL, it shows that input's number (1) and when you release CANCEL, it ends 
this part of the test.  Do this when you have tested all of the other control inputs. 
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Test #3 - Display Output Wiring: 
 
When you press CANCEL, "1" will be displayed until you release it, at which point, each display 
output will be turned on in order, 1-14 and 33-64, at the rate of one second per output.  As the 
Display Output is turned on, its number will also show in the Display.  This test skips 17-32 since 
they have already been exercised as part of the first test.  Press CANCEL to end this test. The 
display will momentarily show the number of boards in the system; then it will show "0". 
 
Test #4 - Individual Stop Operation: 
 
This part of Self-Test enables you to operate each stop in turn and check its wiring and the point at 
which the contact makes and breaks. 
 
Now, you can use UP and DOWN to move through the stops.  As you progress, the previous stop 
is turned off and the new one is turned on.  If your combination action has multiple processor 
boards (more than 128 stops), the boards will operate in sequence.  Stops will operate in the order 
they are wired.  If you press UP and DOWN together, the system will return to stop number 1.  The 
master processor board will show the selected stop's status by lighting the "Locked" indicator 
when the stop is on.  In addition, each Z-COMBON board will turn on its Red LED if the selected 
stop controlled by that processor is on.  Observation of the LED while operating the stops may 
require an assistant. 
 
You can run these tests up and down the stops to see that each one is working correctly. 
 
If you want to perform a more intensive test on just one stop, you can use the SET button to turn 
the stop on and off.  SET will operate like a reversible for the selected stop.  No other stops will be 
moved, either on or off.  You can use this test to concentrate on a particular stop if it seems to be 
having problems.  You can also manually move the neighboring stops to see if they have any 
effect upon the stop you are testing.  The "Locked" indicator and the Red LEDs will continue to 
show the selected stop's condition. 
 
Test #5 - Piston Wiring: 
 
During this same test, you may press a Piston, and the number of the pad input that piston is wired 
to will be displayed.  That number will also become the currently selected stop. 
 
If you press CANCEL, it will do a normal general cancel. 
 
When you are done testing, you can hold the CANCEL button for 10 seconds or you can reset the 
combination action or power-cycle it.  Be sure to remove the Self-Test input #20 first, or you will 
start the Self-Test routine over! 
 
 
Note:  Operation of CANCEL during Self-Test will be somewhat dependent upon what the 
program is doing, and may require holding CANCEL for a second or two before it will 
operate. 
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SHOW PLAYBACK TEST MODE: 
 
One of the built-in features of the System 2000 Combination Action may be used as a simple test.  
It is the SHOW PLAYBACK (SHOW Pb) Mode.  This mode enables the MIDI Sequencer Playback 
to show recorded stops.  In this mode, the stops output from the player at the Z-MIDI Z-INTF 
Interface board is routed back to the PL1 and PL65 Inputs on the Z-COMB board.  During "SHOW 
Pb" the incoming stop tab signal is disconnected, and the Combination Action sends signals to the 
SAM Drivers IF the incoming stop tab Data and the Playback stops data are different.  The stop 
magnets will be pulsed until the two agree. 
 
1. Enter SHOW PLAYBACK MODE.  Press and HOLD SHOW for 3 seconds, then release 

SHOW.  The memory level display will change to read "Pb".  The pistons and stop tab 
contacts will be disabled. 

 
NOTE:  You are unable to play the organ in this mode unless the player is operating and 
you wish to "play along."  Stop tabs will not function. 
 
2. With no file playing back on the sequencer, all stops will be OFF and the system will have 

turned all stops off. 
 
3. While in SHOW Pb, turn on each tab by hand.  You should be able to feel the stop OFF 

magnet pulsing as soon as the contact is made.  That enables you to check the point at which 
each contact makes and how reliable the contacts are. 

 
4. If nothing happens, either the SAM or drive circuit is bad or mis-wired, or the stop contact 

circuit is bad.  If another stop goes ON, you have circuits mis-wired. 
 
5. If any stops go ON, you have the ON and OFF circuits backwards. 
 
6. Now, with a clip lead, apply +12v to the "PL1" or "PL65" input pad on the Z-COMBON board 

you are testing.  This will simulate ALL STOPS ON for that group of 64 stops.  All stops in that 
group should go on. 
 

7. Now turn OFF each stop by hand.  You should feel the stop ON magnet pulsing as soon as 
the stop contact is broken. 

 
Using this process, you should be able to check out the stop operation, one group of stops at a 
time. 
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SETUP MODE QUICK INSTRUCTIONS: (Full instructions follow) 
 
WHICH PROGRAM VERSION DO I HAVE? 
 

Hold in SET while turning the organ ON, or during a RESET.   
The program version number will show in the Memory Level Display until you release SET. 

 
STARTING OR RESTARTING (RESET) THE SYSTEM IN SETUP MODE: 
 
 Activate SETUP Control Input #32.  A temporary clip lead from +12 may be used. 
 
 Turn the organ ON or do a system RESET by holding CANCEL in for about 10 seconds. 
 
 Once in SETUP Mode, the display will flicker SU. 
 
 Generally, you go into a specific setup mode by activating it or a special input or piston. 
 The display will then flicker an indication for that mode. 
 
 Pressing UP/DN or a piston will make the change. 
 

SET will confirm the change. 
 
 CANCEL will take you out of a mode with no changes. 
 
STANDARD CRESCENDO SETTING:    (SETUP, NOT SETUP MODE) 

(SETUP #32 must be activated, but no system reset is required) 
 
 Press SHOW and CRES-STD together  or  Press SHOW and UP together. 
 
 Go to the desired stage using UP/DN or the pedal.  Register current stage change. 
 

Press SET. The system will set those stops ON or OFF all following stages.  Go to the next 
stage you want to change.  The Display will show each stage as it is set. 

 
Edit the next stage and Press SET.  Do this until all stages have been Set.  You may skip 
any stages where you do not want to make changes. 

 
 Press CANCEL to exit Crescendo Set Mode. 
 
MAXIMUM NUMBER OF PISTONS MODE:  (Enter Mode by pressing RANGE from SU) 
 
 Press RANGE.  Display will flicker SP. 
 
 Press Piston #1.  Display will show 64 or 128 (pistons.) 
 
 Use UP or DN to change the number. 
 
 Press SET to confirm or CANCEL to exit without changing. 
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STEPPING GENERALS MODE:   (Enter Mode by pressing STEP from SU) 
 
 Display will now flicker GP.  
 
 To Clear, press SET without pressing a GENERAL. 
 

To Define, Press highest numbered GENERAL Piston.  Display will show its number. 
 
 Press SET to confirm, CANCEL to exit. 
 
SETTING RANGE FOR STEPPING GENERALS: 
 
 Turn on ALL stops to be operated by GENERALS. 
 
 Hold SET and RANGE.   Press each GENERAL.   Release SET and RANGE. 
 
PISTON TRANSFER:  (Enter Mode by turning on TRANSFER from SU) 
 
 Display will now flicker PP. 
 
 Press the "first" or lowest piston to be transferred.  Display will flicker its number. 
 
 Press SET to confirm, CANCEL to exit. 
 
COPY ALL MODE: (Enter Mode by pressing COPY from SU) 
 
 (Press COPY, or Hot wire to Control #25.) 
 
 Display will flicker CA. 
 
 Hold SET for at least 2 seconds.  Display will show memory levels as they copy. 
 
 Press CANCEL to exit without copying.  See full instructions following: 
 
CLEAR (SET UP DEFAULTS):  (Start in Normal Operating Mode) 
 

Select Memory Level #1. 
 
Set RANGE for all pistons, defining them as Generals, Divisionals, or Reversibles. 
 
Set Sforzando(s). 
 
Run COPY ALL (See previous instructions.) 
 
Quit SETUP MODE.  Go to the highest available Memory Level.  This Level, normally 64 or 
128, should be your standard default template, and CLEAR should be illuminated.  Then ,  
re-activate SETUP #32. 
 
LOCK the highest Level.  It will no longer be accessible to the organist and will be the 
source for system defaults when the CLEAR button is used. 
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The CLEAR Template, highest level, may be accessed for changes by going back into 
SETUP. 
 
 

TOTAL MEMORY ERASE MODE: 
 
THIS PROCESS ERASES ALL MEMORY AND ALL SETUP DEFAULTS, 
EVERYTHING!!!!! 
 

 From Setup Mode flickering SU, Press CLEAR (or CLEAR 2.) 
 
 Display will flicker CL. 
 
 Hold SET for at least 2 seconds. 
 
 Press CANCEL to exit without Erasing Memory. 
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SETUP MODE: 
 
Some features of the Z-COMBON need to be configured by the installer, thus we have provided a 
Setup Mode.   
 
The instructions refer to starting the system, or restarting it.  In general, you do so by power-
cycling the combination action processor boards, grounding the /RESET pads on the boards (all of 
them at the same time!), or by holding CANCEL for 10 seconds.   
 
Most of the configuration work is done by having the SETUP control input (#32) turned on when 
the system is started; a wired switch or a clip lead can be used.  Input #31 is totally ignored so that 
the clip lead may make contact with #31 and #32.  There are a few things, such a setting the 
Standard Crescendo, that are done in normal operating mode but with the SETUP input turned on. 
 
The following paragraphs will go though the various Setup procedures. Except for "total memory 
clear", which clears out everything, most of the steps can be performed in any order and you can 
skip steps that don't apply to a particular installation.  
 
We assume that you have checked out your wiring and have also run the Self-Test routines (by 
starting the system with the SELFTEST input, #20, turned on).   
 
If you intend to experiment with changing the length of the magnet ON and OFF firing pulses, you 
would most likely do so after determining that the factory set minimum is to short for all of your 
stops to move reliably.  Lengthening the minimum will slow the apparent operation of the 
combination action somewhat. 
 
You will need to set a few stops (and range!) on some pistons.  One approach is to select all 
stops, SET+RANGE into pistons #1 and #2, and SET into piston #1.  This gives you an "all-on" 
piston (#1) and an "all-off" piston (#2).  Another approach is to set up pistons with alternating stops 
ON and OFF. 
 
1. If you are holding SET when the system starts (or restarts), it will display the program version 
number until you release SET.  This is independent of the SETUP input and it can therefore be 
done by anyone at anytime, in case we need to know what version someone is using. 
 
2. A startup with SETUP turned on puts the system into Setup mode, and it stays there until 
SETUP is turned off again *or* CANCEL is held for more than 10 seconds.  (The CANCEL-
induced exit from Setup mode is provided to let the installer put the system into Normal mode but 
with the SETUP input still active, all without having to reset the processors.  In fact, when you are 
in Normal mode you can hold CANCEL for 10 seconds to restart, so you can thereby go back into 
Setup mode.) 
 
To turn on Setup Mode, you need to apply +12v to input pad #32 on the Combination Controller 
board.  That input is the last one, and since #31 is not used, you may simply attach a clip lead to 
the input pad or the header pin.  You will use this input for configuring the Z-COMBON.  Some 
builders wire a second set of switches inside the console for test and setup purposes.  In such a 
case, SETUP should be a toggle switch. 
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When in Setup Mode, the display will flicker. 
 

MOST Setup operations are Modes in themselves, and require you to “reset the Z-COMBON 
processor” with Setup pad #32 activated in order to enter that operation.  This is a safety 
restriction.  When we say "reset the Z-COMBON processor", either turn the power off and then on 
again, or simply hold the CANCEL button for at least 10 seconds.  This second technique is 
always available and may be more convenient than power-cycling the organ!  Once CANCEL has 
been held for 3 seconds, the Display will count down to the actual Reset; -7 -6 -5 -4 -3 -2 -1.  
Operation will then start when you release CANCEL. 
 
Also, the "/RESET" pad(s) may be grounded to reset the processor(s). 
 
In Setup mode, the display will flicker "SU" and will await some action. You can press a control 
button appropriate to what you want to configure.  As soon as you remove the SETUP input, the 
system will go into Normal mode.  The following are very quick descriptions of each of the 
configuration items and how to perform them; for each one, the display must be flickering "SU" 
when you take the initial action.  In most cases, if you CANCEL out of an item, the display will 
show the previous (and still valid) setting for that item. 
 
The following topics discuss things that are under control of Setup Mode.  Except as 
noted, the system runs as usual, even in Setup Mode, except that special configuration 
functions are available. 
 
 
1.  ADJUSTING STANDARD CRESCENDO: 
 
The "standard" Crescendo pedal settings can be changed only in Setup Mode.  Turn on Setup 
Mode, #32, and then press SHOW and CRES-STD together to enter into Crescendo Adjust Mode.   
This operation does not require a Reset or Re-Start in SETUP MODE. 
 
(If you do not have a CRES-STD button because you are providing only a standard crescendo, 
then press SHOW and UP together.) 
 
The display will show the crescendo stage number.  You can turn on the stops for this stage and 
then press SET to store them away.  If you now press UP or DOWN, you will move to a new 
crescendo stage and the system will move the stops to show what is on that stage.  In order to 
make it easier to set the same stops onto several stages, the System 2000 does that automatically 
for you.  When you press SET, the stops registered will set on the current stage plus every higher 
stage automatically.  As it does this, you can see the display run through all the higher stages and 
return to the next higher stage from where you were. 
 
You may also remove a stop or stops at any stage.  You may skip any stage just by going to the 
next one where you wish to make a change.  When you are done, press CANCEL to exit from 
Crescendo Adjust Mode. 
 
The other 3 Crescendos can be set at any time, whether or not Setup Mode is in effect.  If you try 
to set a Crescendo and the display shows “no“ you need to be in Setup Mode as you are trying to 
set CRES-STD, or you need to move to the next stage. 
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2. TEST A FEW PISTONS:  
 
Because some of the following steps ask you to press specific pistons, you should check that the 
pistons are wired correctly.  (You need not do this if you have already run the Self-Test routine.)  If 
you press the SELFTEST control input (#20), you can press the pistons and the display will show 
you the piston numbers.  In this version of the system, we are using pistons 1, 2, and 3, so you 
might want to press them and see that they are wired correctly.  If you are also going to define 
Stepping Generals or a Piston Transfer, then you might want to test the pistons that will be used 
for those features.  When you are done, press CANCEL to return to the "SU" prompt. 
 
ADJUSTABLE PARAMETERS:   
 
There are several system parameters for which you can select alternate values, and the first such  
parameter is the maximum number of pistons that the system will support.  To set Parameters, 
after entering SETUP, with "SU" flickering, press RANGE. 
 
3.  SET MAXIMUM NUMBER OF PISTONS: 
 
To determine the memory size, the system also needs to know how many pistons you want to use; 
there are two groups, 1-64 and 65-128.  Each Z-COMBON board has two input pads for these 
groups of piston signals, "P1" and "P65".  If you use only "P1", the system will support pistons 1-
64; if you use "P65", the system will support pistons 1-128. 
 
NOTE:  With a 64 Memory display, “128” will read as “28.” 
 
In order to make the maximum use of memory levels in the available memory space, the system 
has to make a trade-off in such a way that 128 pistons means half as many memory levels as 64 
pistons.  The system knows how much memory it has but it does not know how many pistons you 
want until you tell it.  Since the system will store its stops data differently for 64 pistons versus 128 
pistons, your first task is to tell the system how many pistons you want to use.  If you do nothing, 
then it will support 64 pistons, adjusting the number of memory levels accordingly. 
 
First, press RANGE to gain access to the group of system parameters; the display will flicker "SP".  
Now press piston #1.  The display will show "64" or "128", depending on what was selected the 
last time this routine was run.  You can press UP or DOWN to change the value.  When you have 
the proper value, press SET, or you can press CANCEL to exit without making any changes. 
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4. SET VERIFICATION (Flap the Stops Just Set) 
 
Note that we provide verification of stop setting.  With a traditional setter combination action, 
especially with older technologies, there is always a question as to whether a registration was 
indeed captured or completely and reliably captured.  Many organists have gotten into the habit of 
setting a piston, then pressing General Cancel, then pressing the piston again in order to be sure 
the piston was set.  Of course, if it wasn't, the registration is now lost, at least before the days of 
the Z-tronics UNDO. 
 
Verification is helpful as it shows which stops have been Set and are also in Range of that piston. 
 
In the System 2000, we do a verification for you.  We automatically do a Cancel of those stops that 
are in the Range of the piston just set, then operate the piston so that the stops just set flap OFF 
and back ON.  This is not so much that we anticipate that something will be lost, but more in order 
to show you what the piston really controls.  Is the Range of this piston really what you thought it 
was?   
 
In early versions of the program, we Verified right at the end of the Set operation.  In program 
version C54, we revised this.  When the Set has saved the registration to memory, we turn the 
display off for 1/4 second.  This is feedback to the organist that Set has done something.  The 
piston may be released at any time after it has been pressed, as the setting of the piston happens 
in mere microseconds.  If the piston is held through the blanking of the display, and a bit beyond 
that, Verification will occur.  C54 had a factory-adjustable delay after which Verification occurred.   
 
Verification may be totally disabled (Silent Mode) by permanently installing a jumper from plus 12v 
to Control Input #28. 
 
SET VERIFICATION DELAY TIME:  (RANGE, then Piston #1) 
 
To configure how long the system will wait during a SET before verifying the SET by flapping the 
stops OFF and back ON, turn on the SILENT input (#28, not usually connected to a button!).  The 
display will flicker "dF" ("delay Flapping").  Press UP or DOWN to change the value of the delay, 
which will be shown in the display in units of 10 milliseconds (or Z-Cycles); the system standard 
value of 500 milliseconds will show as "50".  When you like the value, press SET.  To exit without 
changing anything, press CANCEL. 
 
5. DISPLAY BRIGHTNESS:  (RANGE, then Piston #2) 
 
The display's brightness is determined by the duty cycle with which it is updated, and that is the 
second system parameter.  To select the display's duty cycle, first press RANGE; the display will 
flicker "SP".  Now press piston #2.  The display will show "188" and "Locked", using the current 
value of the duty cycle.  Press UP or DOWN to change the duty cycle.  When you have the value 
you like, press SET.  To exit without changing anything, press CANCEL.  (Remember that, during 
Setup mode, the display will be flickering to warn you that the system is in Setup mode and not in 
Normal mode, so the display brightness will not be used during these Setup procedures.) 
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6. MAGNET MINIMUM FIRING TIME:  (RANGE, then Piston #3) 
 
When the system moves a stop, it sends out an initial pulse to the ON or OFF magnet, and then 
checks to see if the stop has moved yet, and continues the magnet drive until each stop has 
moved.  (Maximum Firing Time.)  If all stops have moved during the initial pulse, the system will be 
ready to process another piston press.  If the initial pulse is set too short, some bad stops may 
bounce.  If it is set longer than necessary, there will just be a longer time elapsed before you can 
operate another piston. 
 
You can select the length of the minimum magnet drive pulse, which is the third system parameter.  
To select that parameter, first press RANGE; the display will show "SP".  Now press piston #3.  
The display will show the current value, 30 to 190 milliseconds.  Press UP or DOWN to change the 
value.  You can try some real pistons (previously set!)  to see the effect of the different timing 
values.  When you find the value you prefer, press SET.  To exit without changing the value, press 
CANCEL.  (You can also observe the Yellow LED on the processor board; it is turned on while the 
magnets are being driven.) 
 
MAGNET MAXIMUM FIRING TIME: 
 
This value will always be twice or double the Minimum Firing Time.  If you set the Minimum Firing 
Time to 50 ms, the Maximum Firing Time will be 100 ms.  The actual Maximum Firing Time will 
vary from the Min to Max, depending upon whether individual stops have moved or not.  Max is 
when the system gives up trying to move a stop that has not responded. 
 
 
7.  DEFINING STEPPING GENERAL PISTONS:  (Press STEP from SU) 
 
The Z-COMBON supports the use of a STEP (NEXT) button to automatically move from one 
general piston to the next, up through all of the memory levels.   In order for the system to advance 
correctly, you must specify the highest piston number to be used as a Stepping General Piston 
("stepper".) 
 
[There is an input for a PREV button, Control Input #19, next to STEP #18.] 
 
NOTE:  In order to have the General Number displayed match the number engraved on the piston, 
they must be wired so the General 1 is connected to Piston Input pad #1, etc. 
 
To select or remove stepping Generals, press STEP.  The display will flicker "GP".  To completely 
eliminate stepping Generals, press SET without pressing any pistons.  To define stepping 
Generals, press the highest stepping General piston (usually the highest general piston).  The 
display will show its number.  Press another one if you got the wrong one.  When the display is 
correct, press SET.  To exit without changing stepping Generals, press CANCEL. 
 
 
You may define the highest Stepping General Piston whenever you like, but, once you do, then 
you cannot set range for those pistons unless you are in Setup Mode.  This lets you, the installer, 
define the range for the steppers and have them remain set during normal use; in effect, range is 
"locked" for steppers. 
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CHECKING STEP GENERALS: 
 
At any time, you may check the Generals or any other pistons to see if they are defined as 
Stepping Generals. 
 
1. With the organ in normal operation, press General Cancel.  This is to clear the system from any 
other activity. 
 
2. Press any STEP button.  This places the system in STEP GENERAL MODE. 
 
3. Press each piston you wish to check.  The numeric display will light up and show the number for 
each piston pressed IF it is a stepping General.  If it is not, the display will not light up until the first 
Stepping General is pressed, and the number will not change until the next Stepping General is 
pressed. 
 
4. Release STEP mode by pressing General Cancel. 
 
 
8.  SETTING RANGE FOR STEPPING GENERAL PISTONS: 
 
The Z-COMBON is a flexible system in that it lets you define the range for each and every piston.  
Usually, "general" pistons are designed to operate on all stops, but there might be special cases in 
which you want to leave some stops out, since as a big Solo Trumpet or a Zimbelstern. 
 
Therefore, we do not automatically perform any special range settings for Stepping General 
Pistons; you will have to set the range for them yourself.  If you have already defined the highest 
Stepping General Piston, then you will need to turn on Setup Mode.  Now you can set range for 
piston #1 by turning on the stops to be affected, holding RANGE and SET, and pressing piston #1.  
You can then move on to piston #2, and so on for all of the Stepping General Pistons. 
 
When you set range, the system does not move the stops, so to check the range settings, press 
CANCEL to turn off all the stops.  Now hold RANGE by itself and press each Stepping General 
Piston.  The stops will come on to show the range and they should remain the same for each 
piston.  (If you want to be really sure, press CANCEL between piston presses!) 
 
 
OPERATIONAL NOTES: 
 
STEP MODE is activated by pressing the STEP or NEXT piston or toe stud. 
 
STEP MODE is canceled or released by pressing GENERAL CANCEL. 
 
Once in STEP MODE, that mode will be in operation and the most recent General actuated either 
by STEP or manually will show on the STEP Display.  You may press any regular piston, including 
any RANGED to include ALL stops (thus acting like a General,) and the System 2000 will still 
remember the last Stepping General pressed.  It will show on the display if STEP MODE is active. 
 
The next press of any STEP piston will operate the next General in the "list." 
 
You may cause the STEP sequence to JUMP to any desired Stepping General by merely pressing 
that General.  You may also change Memory Level and jump to any Stepping General. 
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Pressing General Cancel will release or exit STEP MODE.  The STEP Display will go out and the 
last General pressed will be forgotten. 
 
Entering STEP MODE by pressing STEP after a General Cancel, or without having pressed any 
Stepping General, will cause the STEP to actuate General #1 on the current Memory Level. 
 
Entering STEP MODE after pressing a Stepping General, even though that General's number 
does not show on the display, will cause the NEXT General in the "list" to operate and its number 
will show on the STEP Display, indicating that you are now in STEP MODE. 
 
Remember that all regular pistons, no matter how defined by RANGE, are functional at all times 
and do not affect the operation of the STEP MODE. 
 
Now that the range is correct for each Stepping General Piston, you will want to replicate that 
information for each memory level.  You can do so via the normal "Copy Range" feature, but that 
can be tiresome, especially for 128 levels.  Full Copy or Copy All will make the job much easier. 
 
 
8. DISPLAY PISTONS: 
 
To select the displaying of piston numbers, turn on the DISPLAY PISTONS input (#29, usually 
*not* associated with a button!).  The display will flicker "dP".  Now press the highest piston whose 
number you want to display.  When you have selected the proper piston, press SET.  To exit 
without changing anything, press CANCEL. To remove piston displays, press SET without having 
pressed a piston. 
 
10.  PISTON TRANSFER MODE: 
 
The Piston Transfer function works by swapping the odd and even numbered pistons wired at the 
end of the piston inputs, starting with the first piston defined as being Transferable.  You must 
follow this wiring order for the Piston Transfer to work. 
 
To configure transferable pistons, press TRANSFER.  The display will flicker "PP" ("piston - 
piston").  Press the *first* piston to be transferred; the display will flicker its number (or the number 
of the next lower odd piston).  When the piston number is correct, press SET.  To exit without 
changing transfer pistons, press CANCEL.  To turn off transfers, press SET without having 
pressed a piston. 
 
Since this is done in odd/even pairs, the system will select and display the number of the 
associated odd piston.  Confirm that the displayed number matches the first piston you wish to 
transfer.  If not, you will need to rewire the Pistons to match as described above. 
 
If you do not do this, the intended pistons may not transfer, but others may.  This would be 
extremely confusing! 
 
If you pressed the wrong piston, just repeat this process with the correct one. 
 
Once you have defined the lowest Transfer Piston, turn off the Transfer and exit the SETUP 
MODE by removing the SETUP jumper on pad #32 and re-starting or resetting the organ. 
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11. COPY ALL MODE: 
 
Do not use COPY ALL until you have set RANGE for every piston, and have set up all reversibles, 
reversible cancels, and Sforzandos.  See next section. 
 
We have provided a special facility that lets you copy memory level 1 to all other memory levels in 
one operation.  This process will copy everything, range bits, stops bits, and Sforzandos.  
Therefore, you need to SET normal Ranges and one or more SFZ buttons before you do this 
memory copy.  This process will not copy to any memory level that has been LOCKED. 
 
To copy memory level 1 into all other memory levels, press COPY. The display will flicker "CA".  
To perform the copy, press SET and hold it for at least 2 seconds; the display will show the 
memory levels and the "Clear" lamp will be turned on.  To exit without copying, press CANCEL. 
 
After you have performed this operation, you may want to set aside the highest memory level to 
store the system configurations (for later use with the CLEAR2 button, for example).  To do so,  
use the DOWN button to go to the highest memory level, which will usually be 64 or 128.  (The 
display will still be flickering because you still have the SETUP  control input turned on.)  Now 
press LOCK; the "Locked" lamp should turn on, as will the "Clear" lamp.  (But don't worry; you 
haven't cleared the memory contents!)  Now remove the SETUP input and press UP to go to level 
“1,” then DOWN twice; you should now see "63" or "127".  Press UP and you should see " 1"; in 
Normal mode, the system will skip over the highest memory level if it was locked while the SETUP 
input was turned on.  That level has now been set as the CLEAR template. 
 
When you have completed the memory copy, remove the special wire on input #25.  You must 
LOCK the highest memory level to save it as a template in case you want to restore your standard 
settings.  Locking the highest level before exiting SETUP will enable CLEAR(2) to Clear a Level of 
its combinations and return it to this template of standard Range settings with no pistons set. 
 
Note:  All copied memory levels above #1 will show CLEAR.  To get level #1 to show CLEAR, you 
may copy back from any CLEAR level.  Or use the CLEAR button if it is available. 
 
 
12. CLEAR: 
 
We have provided Control Inputs for two types of CLEAR.  The first simply Clears a memory level 
to having nothing Set.  This is an operation done by the organist if such a button has been 
provided, and requires no special Setup. 
 
CLEAR(2): 
 
This is the form of CLEAR most likely to be used and is highly recommended.  This button will 
actually COPY your standard settings, including all Ranges, Reversibles, Reversible Cancels, 
Divisional Cancels, and Sforzandos from the highest level (64 or 128) to the current level.  This 
may be done by the organist at any time, but it is important that the template saved in step 5 be 
the standard settings, including Sforzandos, and Reversibles, that you want set up when 
CLEAR(2) is used. 
 
NOTE: When the Standard settings have been copied to the highest Level and Locked, that level 
is no longer accessible by the organist.  It can only be accessed or changed by entering SETUP. 
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13. LOCK OR UNLOCK ALL LEVELS: To perform a global Lock or Unlock operation. press 
LOCK.  The display will flicker "LA" ("lock all").  If you want to unlock, then press LOCK again; the 
display will flicker "UL" ("unlock all").  When the display is showing what you really want, press 
SET.  To exit without changing anything, press CANCEL. 
 
 
 
14.  TOTAL MEMORY CLEAR MODE: 
 
When we build the Z-COMBON, we install new EEPROM memory chips.  As a part of testing each 
board, we run a routine that clears each and every EEPROM memory location to all zeroes and 
then checks that each location is cleared.  When we ship the boards to you, all memories are 
clear.  Normally, you will not have to clear the system memory yourself, but if you do, for example, 
if you need to replace EEPROM memory chips, here is the technique: 
 
TOTAL MEMORY ERASE: to clear all of memory, press CLEAR (or CLEAR2).  The display will 
flicker "CL".  To continue, press SET and hold it for at least 2 seconds.  To exit without clearing 
memory, press CANCEL.  This process wipes out all combinations, Sforzandos, and Crescendos; 
it also resets all system parameters and configuration options to their factory standard settings.  
The system is delivered to you in this state, so you will normally not have to perform a total 
memory erase. 
 
As the program clears each EEPROM memory chip, it will display a single dash for 256K bit 
memory chips or a double dash for 512K bit memory chips, followed by the memory chip device 
number.  These numbers will be 8, 6, 4, 3, 2, and 1, and correspond to memory arrays of 256K 
bits.  The display will show "-8", "-6", and so on.  (Memory chips 8 and 6 are usually 256K, but 1-4 
can be 256K or 512K depending upon what you ordered.)  It takes about 10 seconds to clear each 
256K of memory. 
 
After EEPROM memory chip 1 has been cleared, the system then reads each memory to see that 
all locations are zeroed.  It displays "C" ("checking") followed by the memory chip device number.  
This process takes a few seconds for each memory device.  At the end, the system displays 
program level 1 and begins normal operation.  Of course, all memory has been cleared.  You will 
need to set any system definitions or configurations as well as RANGE and Crescendo. 
 
During this memory clearing process, the system checks the EEPROM memory chips to see if 
they are 256K or 512K and it sets the default number of available memory levels accordingly.  For 
256K memory chips, it sets up for 64 levels and for 512K memory chips it sets up for 128 levels. 
 
This is something that probably no installer will have to do, but if you need it, it is available.  If you 
remove the SETUP wire, this process will not run! 
 
 
15.  NORMAL OPERATION 
 
When you have finished configuring the system, remove the SETUP wire from Control Input #32.  
The system will exit Setup Mode and will operate normally.  You do not need to RESET the 
system. 
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NOW THE FUN PART BEGINS! 

 
SETTING STANDARD RANGES AND CONFIGURATIONS: 
 
 
During installation of this combination action, you should do some initial setup work.  In particular, 
as delivered to you the combination action memory is completely cleared.  No range information, 
stops information, crescendo information, or Sforzando information is present.  Here is a 
recommended sequence for installation: 
 
1. With your list of pistons at hand, set the range for each one for memory level 1.  It is convenient 
to place the general pistons first, since that will enhance the use of the Step mode. 
 
NOTE:  Step Generals must be defined as such by the installer under SETUP, using the special 
combination action controls input #32.  This is covered under previous instructions for Step 
Generals and SETUP.  You may want to go back and do this now if you have included that feature 
and haven't yet enabled it. 
 
For normal generals, turn on all the stops, hold RANGE and SET, and press the piston.  Now 
press the next general piston, and so on for all of them. 
 
2. For the normal pistons, now go and set range for each division.  Turn on the stops for the first 
division (including any couplers you want to control via the division's pistons), hold RANGE and 
SET, and press the pistons, one after another.  Repeat that for each division. 
 
3. For reversibles, turn on the stop to be reversed, hold RANGE and SET, and press the piston. 
 
4. For specific cancels, turn on the stops to be canceled, hold RANGE and SET, and press the 
piston. 
 
5. You can check what you have done by holding RANGE and pressing each piston.  The stops 
will move to show that piston's range information. 
 
6. When you are happy with the ranges, you can finish setting up specific cancels.  Press the 
CANCEL button to clear all of the stops, hold SET, and press each of the specific cancels.  You 
are setting "all stops off" into each one, and its (limited) range represents which stops to cancel. 
 
7. Now set up the Sforzandos.  Press SHOW  +  SFZ to enter Sforzando Adjust mode.  Set the 
stops for the Sforzando.  Hold SET and press the SFZ button to set the stops.  Do any other SFZ 
buttons, if present, as well. 
 
8. You now have a general "framework" that represents the organ's specification as it pertains to 
pistons, reversibles, and Sforzandos.  You may now copy all of this information into other memory 
levels.  (This may be done in one operation under SETUP.)  We would suggest, at the least, that 
you copy into the highest available level, 64 or 128, which you then lock against accidental 
changes.  That way, you can always re-initialize a memory level by just copying into it from the 
highest level.  If you lock the highest level while in SETUP mode, that level will be unavailable to 
the organist, and will be used as the standard definition for CLEAR(2). 
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When you do individual copies, be sure to use the "complete" copy, not the "range only" copy.  
That is because you will probably want to include the Sforzandos in the copy process, and that 
happens only during the "complete" copy.   
 
It is more likely that you will want to use Full Copy (Copy All) to copy Memory Level #1 up to all 
other levels (except any that are locked) in one pass.  Using that method adds CLEAR to all the 
copied levels, and copies the Sforzando(s) as well. 
 
In order to copy individually or selectively, proceed as follows: 
 
Starting at level #1, hold SET and RANGE and press CANCEL.  If you have wired a COPY button, 
just press that. 
 
The display will now be blinking "1".  Move to another level and hold SET and press CANCEL to 
copy the data from level 1 into this new level.  If you have the COPY button, press SET and COPY 
together.   
 
Repeat that last sentence as needed to copy to all the desired levels.  If you take our suggestion of 
copying into 64 (or 128) for a backup copy, then be sure to operate the LOCK switch on level 64 
(or 128) to protect it! 
 
10. Now you can return to level 1 and start setting stops into the combinations.  Obviously, if you 
want to have certain pistons identical in all levels, then you can set them before you do the copies 
in step 9. 
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TESTING AND TROUBLESHOOTING: 
 
There are a number of ways to test and troubleshoot the Z-tronics System 2000 Combination 
Action.  You will need to follow some logic in determining where the problem might originate or 
what boards might be the cause.  In many cases, basic troubleshooting will be done in a manner 
similar to that which you would use to troubleshoot a Z-tronics Versaplex 109 Relay. 
 
For the most part, you can check for signals between boards with the crystal earphone.  A volt-
ohm-meter is necessary.  A digital meter is fine, especially for checking power supply voltages. 
 
Since the Data used by the combination action is the same as Data coming from the keyboards, 
you may swap a Data wire from a keyboard known to be working, and use it to provide Stop, 
Piston, or Display Data for test purposes.  Note that if stop, piston, or display Data is connected to 
a Pitch Register or Combiner Pitch input, combination action Data will play notes on a chest.  
Remember that the System 2000 combination action is based upon standard Z-tronics circuitry, 
and all of the relay troubleshooting methods work here as well. 
 
If necessary, take advantage of the built-in Self Test Mode and SHOW Playback as previously 
described. 
 
Each Z-COMBON CAMP board has four header pins for connection to an SMT hand-held 
terminal.  This header is marked Rx, Tx, +5, Gnd.  You may connect Rx, Tx, and Gnd directly to 
the serial input of any computer running a terminal program.  The computer and the Z-COMBON 
will interact.  A special test program is built into the main program.  This allows you to apply +12v 
and then Gnd to each connector pad, at which point, the name of that pad and the applied voltage 
seen will read out on your computer screen.  This is a basic test to verify that the Z-COMBON 
CAMP is working properly, and is meant to be used when all other tests point to a failure on the  
Z-COMBON board. 
 
You will need to wire a special cable connecting Rx, Tx, and Gnd to the correct serial input pins on 
your computer. 
 
This test requires removal of the board from all Z-tronics or console circuitry except for regulated 
12-13 VDC power to the board. 
 
To run the Z-COMBON board test, you will need to install a jumper between “A” and “B” terminals 
closest to the processor chip, and then reset the processor or apply power to the board. 
 
This test process enables you to connect +12 VDC or GND (-) to any pad, and the status of that 
pad will be indicated on the computer screen by a “1” for +12 or a “0” for Gnd. 
 
Refer to the following section on TESTING THE Z-COMBON BOARD for specific information. 
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LETS GET LOGICAL: 
 
THINK IN TERMS OF THE OVERALL SYSTEM: 
 
Unless your System 2000 Combination Action is very small, there will be more than one of each 
type of board.  If you have more than 128 stops, you will actually have more than one separate 
Combination Action, each with its own Z-COMBON board, and respective SAM Drivers and Stop 
Output Registers.  In a system with multiple boards, it is unlikely that multiple boards would fail 
unless the cause was something common to all the boards, such as power, clock, or sync, or 
piston and control signals. 
 
MAGNET DRIVE PROBLEMS: 
 
If individual SAM magnets are either "dead" or ciphering, they should be checked with a "hot" wire 
(of the proper polarity) first, right at the magnet coil, then at the SAM Driver output.  This will turn 
up mechanical problems with the SAM, wiring, or connectors. 
 
Using your wiring chart, you can determine which SAM Driver output goes to which magnet circuit 
and check for an output signal at the chip.  When pressing a piston that should operate the magnet 
being tested, a short pulse of about 200 ms (less than 1/4 second) should appear at the output of 
the driver chip.  With a voltmeter or beeper, you should be able to test for a +5v pulse at the 
corresponding input on the driver chip.  Inputs and outputs are directly opposite each other. 
 
If entire boards appear to be dead, always check for +12v and Gnd, as well as the presence of 
Clock (11KHz high pitch) and Sync (100Hz buzz.) 
 
PISTON OR STOP TAB SIGNAL PROBLEMS: 
 
You can check the Input Registers by listening (with the earphone) to the Data output when you 
operate stop tabs (or knobs) or press pistons.  Turning on a single stop should produce a 100Hz 
buzz in the earphone.  Operating stop tabs should produce similar buzzing at the S1 out or S65 
out pads on the Z-COMBON. 
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THE HARDWARE: 
 
Z-COMBON: 
 
If there is a need to troubleshoot a non-functioning, or partly functioning Z-COMBON (CAMP) 
board, it might be helpful to know what purpose each chip on the board serves.  Specific problems 
might be tracked down to specific chips. 
 
U1  The big chip in the middle!  AT89C55WD or DS87C520. The AT89C55 contains 16K bytes of 
flash EEPROM program storage and 256 bytes of SRAM; it runs at the "normal" 8051 speed.  The 
DS87C520 has 16K bytes of EPROM program memory and 1280 bytes of SRAM; it runs about 3 
times faster than a normal 8051.  Either chip may be used, depending upon our requirements and 
choice at the time of production. 
  
This chip includes an EEPROM memory array into which the System 2000 Combination action 
PROGRAM is stored, plus a RAM memory array for temporary storage of data used during the 
execution of program commands.  The many Input and Output ports are assigned by the program 
during initialization. 
 
If any internal part of this chip fails to function, the combination action will not operate, nor will Self-
test operate. 
 
Q1  The 7805 voltage regulator takes the Z-tronics +12v regulated power and regulates it down to 
5v required by the CPU and its support circuitry.  Current drain of this board is less than 50 ma. 
 
U2  The DS1708.  This is a power management chip from Dallas Semiconductor.  It provides the 
RESET both at power up, and from the /RESET pad. The DS1708 is set with a voltage divider (1M 
and 130K, hand-selected to be within 1%) so that it can notify the program when the external 
power supply drops below 11v.  The program checks for that signal periodically and can then shut 
down gracefully, saving away into the "system" EEPROM (U17) some important information such 
as the memory level and the contents of the RESTORE array.  When the external voltage drops 
below 4.4v, then the DS1708 forces a hardware reset of the processor and holds it in a reset 
status until power is restored. 
 
 
U3  This 4049 acts as an hex input buffer and translator to convert the incoming 12 volt Z-tronics 
signals to 5v TTL compatible signals.  The 1M and 4.7K resistors provide the usual Z-tronics input 
loading.  This chip handles input signals for Clock, Sync, P1, P65, S1, S65.  The 4049 has the 
ability to withstand input voltages higher than its 5v operating voltage, so is ideal for voltage 
conversion. 
 
U4  This 4049 acts as an input buffer and translator to convert the incoming 12 volt Z-tronics 
signals to 5v TTL compatible signals.  The 1M and 4.7K resistors provide the usual Z-tronics input 
loading.  This chip handles input signals for Pl 1, Pl 65, Ctrl in, Comm (in/out.) 
 
U5  The 74HC00 quad nand gate controls whether stop tab inouts or player inputs are processed 
to drive stop action magnets. 
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This 74HC00 also provides a "fail-safe" feature in that it causes the Stops-In signals to be passed 
directly to the Stops-Out pads whenever the processor is in a reset status.  In other words, when 
the processor is held in reset, then the Z-COMBON board is "transparent" to the Stops signals. 
 
In the event of a processor failure, it should be possible to remove the processor chip U1 
and the organ would remain playable.  This feature was not available in early versions. 
 
U6 – U9  The 4426 CMOS Inverting output drivers provide voltage conversion from the 5v logic 
from the CPU to the outputs for Comm (in/out), M 1 out, M 33 out, M 65 out, M 97 out, S 1 out, S 
65 out, and Disp out.  Each chip contains two output drivers. 
 
X1  The 22MHz crystal, may also be 11MHz. 
 
In order to support the standard RS-282 data rates, this crystal is actually either 11.0592 or 
22.1184Mhz.  The slower crystal is used with the DS87C520, the faster one with the AT89C55WD.  
 
U10 - U13  The four little 8-pin chips are either 24C256 or 24C512, 256 or 512 kilobit EEPROM 
memory chips.  Each one stores 1/4 of the combination data for up to 128 stops at the installed 
piston and memory level quantities.  EEPROM's are non-volatile memories in that they must be 
erased or changed electrically.  No battery or other backup power is necessary to retain 
information.  It is retained for at least 40 years, even if removed from the circuit.  These memory 
chips may be erased and reprogrammed a guaranteed minimum of 100,000 times. 
 
All memory chips process serial data and addressing, thus only one Data line and a "Memory 
Clock" line is common to all the memory chips.  Each socket is wired for the address of its chip.  
Program code (software) determines whether a given chip is addressed (active) or is to read or 
write data. 
 
U14  The MAX232 is a MAXIM semiconductor RS-232 interface.  It sends and receives the -12v to 
+12v (with respect to Gnd) signals to the Tx and from the Rx terminals for connection to an 
external device such as a hand-held SMT terminal or computer terminal. 
 
U15  The 24C32 provides additional memory storage for use by the program. 
 
The 24C32 is a smaller serial EEPROM, containing 32Kbits.  It is used to store the piston data for 
UNDO.  A 24C64 (64Kbits) or a 24C256 (256Kbits) could also be installed in this socket.  The 
additional memory capacity would not be used. 
 
 
U16  The DS1307 is a Dallas Semiconductor SRAM and time-keeper chip provided for future use 
by the program. 
 
U17  The 24C256 in this socket stores Crescendo and Sforzando settings. 
 
This is the "system" EEPROM.  It also contains the piston's checksum information, flags about 
reversible pistons, and various Setup information such as the size of the 5 EEPROMs and the 
number of pistons. 
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The Green LED indicates the presence of 5v power. 
 
The Red LED indicates a fatal error has occurred if it remains illuminated. 
 
The Red LED also is on during the bulk erase operation. 
  
The Yellow LED may be used by the program to flash a "code" for a specific error message.  
 
The Yellow LED will blink the appropriate number of times, then pause, then blink again.   
 
(Error code #0 is defined, but of course you never see the LED blink.) 
 
The Yellow LED also lights up during the time magnets are being driven.  This is the use of the 
Yellow LED you are most likely to see. 
 
 
 
As you can see, the Z-COMB is not a particularly complex piece of hardware, considering the 
incredible features of the System 2000 Combination Action.  The heart of the system is the CPU 
and its attached memory.  The rest of the circuitry mainly provides input and output voltage 
conversion between the 12v and 5v systems.   
 
The result is an incredibly simple board taking up very little space for what it is capable of doing. 
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TESTING THE Z-COMBON BOARD: 
 
This process is used at the time the boards are assembled, and rarely should be used in the field.  
But if problems appear to be related to a CAMP Processor board, it is possible to verify its 
operation, certainly to check to be sure the board is operating properly. 
 
If the processor isn't working at all, of course, its self-test facility will fail to operate.  Even that 
should be a clue, but first be sure correct power voltages, Clock and Sync are present. 
 
You should also go back and try running Self-Test as that will indicate that the processor is 
running and whether there are wiring problems. 
 
If you feel the need to test a Z-COMBON (CAMP) board in the field, here is the procedure. 
 
COMPUTER HOOKUP: 
 
You may use any type of computer or terminal as long as the device has an RS-232 Serial in/out 
connection.  This is usually a DB-25 or DB-9 Male connector.  You will need to make up a cable as 
follows: 
 
The pins on the Z-COMBON header as "read" left to right or top to bottom: 
 
Z-COMBON HEADER       CABLE       DB-9 FEMALE        DB-25 FEMALE 
 
Rx    Receive Data            Yellow              Pin 3                        Pin 2 
Tx    Send Data                  Green              Pin 2                        Pin 3 
+5    5v supply                     Red          no connection        no connection 
Gnd   Ground or (-)            Black              Pin 5                        Pin 7 
 
Standard flat 4-wire telephone cable works fine for this and may be punched into an IDC connector 
or two, two pin connectors. 
 
STARTING THE TEST: 
 
You should begin by disconnecting all connections in and out of the Z-COMBON except for Power! 
 
Connect the cable between the computer and the Z-COMBON being tested. 
 
Turn on the computer and run the terminal program.  It should be set for 9600 Baud, 1 stop bit, no 
parity. 
 
Locate the Jumper Header on the Z-COMBON board, 5 groups of 2 pins next to the large 
processor chip.  These are labeled ABCDE on the legend overlay shown in the board diagram.  
The row of pins away from the chip, closest to the edge of the board, are all connected to Gnd.  
The row of pins nearest the chip are connections into the chip.  Pins A-B are directly opposite the 
processor pins 17-16, closest to the top of the board and the 22pf capacitors. 
 
Using a 2-pin jumper plug, short or jumper pins A-B together.  Note that most common use of 
these jumpers would short one of these pins to Gnd. 
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Apply power to the Z-COMBON board.  The Green LED should light up indicating presence of 
power.  The Red and Yellow LED's will also light up for a moment, then they should go out.  If they 
don't, the program is not working properly. 
 
The Z-COMBON will now sit and wait for you to send a RETURN (ENTER) from your computer's 
keyboard. 
 
After pressing ENTER, you are then prompted to enter a test number; tests 1-8 are defined at 
present.   
 
 
Apply +12v or Gnd to each terminal as prompted.  The computer screen will indicate what is 
"seen" at that pad. 
 
This whole thing is really meant for a test after the boards are assembled, rather than one that a 
technician would want to run in the field.  The tests "prove" that the input and output pads, the RS-
232 interface, the power-fail checker, and the on-board EEPROMs are all functional. 
 
ENDING THE TEST: 
 
Upon completing this test, turn off the power, remove the special jumper between A-B, and re-
connect the Timing and Data lines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


