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 SECTION 5 – SERIAL COMMUNICATIONS 
 
 
The MM-10-PLUS can be completely controlled through the Serial Communications Port.  
Operating modes E and F are designated as serial modes.  “Mode E” is for communication at 
2400 Baud and “Mode F” is for communication at 300 Baud.  The 300 Baud Mode F is 
primarily for communication with the TPP-400 Touch Panel Programmer, although it can be 
used by a host computer or programmable logic controller (PLC). 
 
There are two message formats which can be used for communication — short form and long 
form.  Typically the difference between the two is that the short form ends with a carriage 
return (CR) while the long form ends with a carriage return and a line feed (CR LF).  Also, the 
long form frequently requires an extra CR and LF to fit the communication in the buffer.  The 
specific differences can be seen in 1 and 2.  When the MM-10-PLUS/MM-10-T controller is 
powered up, “Mode E” defaults to short form communication and “Mode F” defaults to long 
form communication.  The form of communication can be changed by serial command from 
the host computer or programmable logic controller. 
 

 
Communication is full duplex and a message may be sent to the controller at any time in 
“Mode E” or “Mode F”.  Parameters changed by serial command will not affect an 
index/position or zeroing sequence which is already in progress.  Jog speed can be changed 
while the motor is being jogged. 

 NOTE 
The TPP-400 Touch Panel Programmer will only communicate using 
long form serial commands and will only communicate at 300 baud. 

 NOTE 
The balance of this section will only deal with communication from the 
host computer or PLC (refer to Appendix A for Touch Panel 
Programmer procedures).  Only short form serial commands will be 
shown in the text (refer to Table 5.2 for long form serial commands). 

 

 
 
5.1. ENTERING SYSTEM PARAMETERS 
 
When the MM-10-PLUS/MM-10-T controller is first powered up in “Mode E” or “Mode F”, all 
input and output (I/O) modules are disabled.  (A [0 CR LF] will be transmitted approximately 
600 milliseconds (.600 seconds) after initial application of input power.)  All functions and data 
are powered up (initialized) to the condition where they were when the power was turned off.  
If the function was under serial control, it remains under serial control. 
 
Any single parameter or group of parameters may be changed using serial commands.  Any 
parameter changed by serial command will remain under serial communications control until 
the “Clear Serial Parameters” command is sent to the MM-10-PLUS/MM-10-T (or until 
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engineering units are programmed from a thumb-wheel or BCD-410 module).  The “Clear 
Serial Parameters” command resets all parameters to a condition where they are not under 
serial control.  The “Mode” command must be sent to activate the I/O modules and make the 
MM-10-PLUS a functional unit. 
 

 

 
All commands are checked for proper format, parity (in “Mode E” only), and data range.  If an 
error is detected, an error message will be sent from the MM-10-PLUS.  The error format is: 
   [E X CR] where X is the error number. 
 
Any error having to do with Serial Communications Port control will automatically reset itself in 
1.5 seconds.  The following message will be sent to indicate error reset: 
   [B CR] 
 
During the 1.5 second reset cycle, the status display on the MM-10-PLUS/MM-10-T will flash 
“eN”, where “N” is an error number from “0” to “9”. 
 
The MM-10-PLUS/MM-10-T has a 20 character receive buffer.  Should a message be sent 
without a CR, the buffer will continue to fill and will roll back to the beginning at the 21st 
character.  A message can be aborted at any time by sending two illegal control letters 
followed by a CR (for example [P P CR].  This message will result in an “E9” error message, 
but it will also reset the receive buffer to the beginning. 

 NOTE 
The “Mode” command may be used to go back to “Mode E” or 
“Mode F” which again disables the I/O Modules (E = 14, F = 15). 

 NOTE 
When engineering units are programmed by a thumb-wheel module or 
BCD-410 Parallel Input Module, all functions are re-initialized to be not 
under serial control. 

 NOTE 
The controller requires a 20 mA serial communication input signal.  An 
RS-232 to 20 mA input converter is available from Industrial Indexing 
Systems. 
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 NOTE 
The MM-10 Series of controllers maintain nonvolatile data storage.  
The configuration parameters which configure the MM-10 controller 
are saved in this memory.  There are two methods of clearing the 
configuration: 
 
 A) Use the "Clear Serial Parameters" serial command. 
 
 B) Power the MM-10 Controller up in a non-serial mode         

(modes 1-9). 
 
This procedure should be performed when the MM-10 Controller is to 
be used in a serial communication mode (mode E or F), both upon 
initial start-up and upon a change of firmware. 

 
Character formats are as follows: 
 
“Mode E” 
 Mark  = Logic 1 = 20 mA 
 Space = Logic 0 = 0 mA 
 2400 BAUD ASCII Format 
 10 bit word; 1 start bit, 7 data bits, 

parity bit and 1 stop bit. 
 Parity checking for even parity. 

 
“Mode F” 
 Mark  = Logic 1 = 20 mA 
 Space = Logic 0 = 0 mA 
 300 BAUD ASCII Format 
 10 bit word; 1 start bit, 7 data bits, 

parity bit = 0 and 1 stop bit.  
(Equivalent: 1 start bit, 7 data 
bits, 2 stop bits) 
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 Table 5.1 - Short Form Serial Communications 
        SHORT FORM  SHORT FORM 
     DATA (d-d)  TRANSMISSION TRANSMISSION 
FUNCTION    RANGE   TO MOTION MASTER FROM MM-10-PLUS
 1. MODE    1 — 10, 14, 15  dd A P CR  A CR 
 2. DISTANCE   0 — ±2,000,000xEngU/1000 (-) dddddd H P CR A CR 
 3 .INDEX SPEED   1 — 3600 RPM  dddd H Q CR  A CR 
 4 .HOME SPEED   1 — 3600 RPM  dddd @ S CR  A CR 
 5 .JOG SPEED   1 — 500 RPM  ddd @ U CR  A CR 
 

 6 .INITIALIZE SPEED/DIRECT. ±1 — ±500 RPM  (-) ddd D Q CR  A CR 
 7. OVERDRAW DISTANCE 0 — 9999xEngU/1000 ddddd I P CR  A CR 
 8. OVERDRAW SPEED 1 — 500 RPM  ddd A Q CR  A CR 
 9. RAMP    3 — 500 Rev/Sec/Sec ddd @ T CR  A CR 
10. EARLY INDEX COMPLETE  
 DISTANCE   0 — 2000xEngU/1000 dddd O P CR  A CR 
 

11. RECALL MODE   1 — 10, 14, 15  C P CR  dd CR 
12. RECALL DISTANCE  0 — ±2,000,000xEngU/1000 J P CR  (-) dddddd CR 
13. RECALL INDEX SPEED 1 — 3600 RPM  J Q CR  dddd CR 
14. RECALL HOME SPEED 1 — 3600 RPM  B S CR  dddd CR 
15. RECALL JOG SPEED 1 — 500 RPM  B U CR  dddd CR 
 

16. RECALL INITIALIZE SPEED ±1 — ±500 RPM  F Q CR  (-) dddd CR 
17. RECALL OVERDRAW 
 DISTANCE   0 — 9999xEngU/1000 K P CR  dddd CR 
18. RECALL OVERDRAW SPEED 1 — 500 RPM  C Q CR  dddd CR 
19. RECALL RAMP   3 — 500 Rev/Sec/Sec B T CR  dddd CR 
20. RECALL EARLY INDEX 
 COMPLETE DISTANCE 0 — 2,000xEngU/1000 O Q CR  dddd CR 
 

21. CLEAR SERIAL PARAMETERS  None  A V CR  A CR 
22. E2 RESET    None  D V CR  B CR (O CR) 
23. RESPOND TO INDEX COMPLETE None  E R CR  A CR (C CR) 
24. RESPOND TO INDEX DATA LOAD None  C R CR  A CR (D CR) 
25. GO TO LONG FORM  None  X L CR  A CR 
 

26. READ INPUT MODULE STATUS  None  0 A U CR  dddd CR 
27. ENABLE SELECTED INPUTS  None  ddd A S CR  A CR 
28. READ PRESET POSITION  None  0 I T CR  (-) dddddd CR 
29. MOVE TO INITIALIZE 0   0 I Q CR  A CR 
30. MOVE TO HOME  1   1 I Q CR  A CR 
 

31. MOVE TO INDEX  2   2 I Q CR  A CR 
32. SET 0.00    3   3 I Q CR  A CR 
33. SET MS E_UNITS IN KIN(MS)   ddddddd J V CR A CR 
34. SET LS E_UNITS IN  KIN(LS)   ddddddd J S CR  A CR 
35. SET MS E_UNITS OUT KOUT(MS)  ddddddd NR CR  A CR 
 

36. SET LS E_UNITS OUT KOUT(LS)  ddddddd KR CR  A CR 
37. INVERT OUTPUTS  None   0 E Q CR  A CR 
38. ENGINEERING UNITS (±)52 to 40960  dddddd M P CR  A CR 
39. ENGINEERING UNITS 
 DECIMALS   2 — 4   d E T CR  A CR 
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 Table 5.2 - Long Form Serial Communications 

        LONG FORM  LONG FORM 
     DATA (d-d)  TRANSMISSION  TRANSMISSION 
FUNCTION    RANGE   TO MOTION MASTER FROM MM-10-PLUS
 1. MODE    1 — 10, 14, 15  dd CR LF A P CR LF A CR LF 
 2. DISTANCE   0 — ±2,000,000xEngU/1000 (-) dddddd CR LF H P CR LF A CR LF 
 3. INDEX SPEED   1 — 3600 RPM  dddd CR LF H Q CR LF A CR LF 
 4. HOME SPEED   1 — 3600 RPM  dddd CR LF @ S CR LF A CR LF 
 5. JOG SPEED   1 — 500 RPM  ddd CR LF @ U CR LF A CR LF 
 
 6 .INITIALIZE SPEED/DIRECT. ±1 — ±500 RPM  (-) ddd CR LF D Q CR LF A CR LF 
 7. OVERDRAW DISTANCE 0 — 9999xEngU/1000 ddddd CR LF I P CR LF A CR LF 
 8. OVERDRAW SPEED 1 — 500 RPM  ddd CR LF A Q CR LF A CR LF 
 9. RAMP    3 — 500 Rev/Sec/Sec ddd CR LF @ T CR LF A CR LF 
10. EARLY INDEX COMPLETE  
 DISTANCE   0 — 2,000xEngU/1000 dddd CR LF O P CR LF A CR LF 
 
11. RECALL MODE   1 — 10, 14, 15  0 CR LF C P CR LF dd CR LF 
12. RECALL DISTANCE  0 — ±2,000,000xEngU/1000 0 CR LF J P CR LF (-) dddddd CR LF 
13. RECALL INDEX SPEED 1 — 3600 RPM  0 CR LF J Q CR LF dddd CR LF 
14. RECALL HOME SPEED 1 — 3600 RPM  0 CR LF B S CR LF dddd CR LF 
15. RECALL JOG SPEED 1 — 500 RPM  0 CR LF B U CR LF dddd CR LF 
 
16. RECALL INITIALIZE SPEED ±1 — ±500 RPM  0 CR LF F Q CR LF (-) dddd CR LF 
17. RECALL OVERDRAW 
 DISTANCE   0 — 9999xEngU/1000 0 CR LF K P CR LF dddd CR LF 
18. RECALL OVERDRAW SPEED 1 — 500 RPM  0 CR LF C Q CR LF dddd CR LF 
19. RECALL RAMP   3 — 500 Rev/Sec/Sec 0 CR LF B T CR LF dddd CR LF 
20. RECALL EARLY INDEX 
 COMPLETE DISTANCE 0 — 2,000xEngU/1000 0 CR LF O Q CR LF dddd CR LF 
 
21. CLEAR SERIAL PARAMETERS None  0 CR LF A V CR LF A CR LF 
22. E2 RESET    None  0 CR LF D V CR LF B CR LF (O CR LF) 
23. RESPOND TO INDEX COMPLETE None  0 CR LF E R CR LF A CR LF (C CR LF) 
24. RESPOND TO INDEX DATA LOAD None  0 CR LF C R CR LF A CR LF (D CR LF) 
25. GO TO SHORT FORM  None  0 CR LF X S CR LF A CR 
 
26. READ INPUT MODULE STATUS None  0 CR LF A U CR LF dddd CR LF 
27. ENABLE SELECTED INPUTS  None  ddd CR LF A S CR LF A CR LF 
28. READ PRESET POSITION  None  0 CR LF I T CR LF (-) dddddd CR LF 
29. MOVE TO INITIALIZE 0   0 CR LF I Q CR LF A CR LF 
30. MOVE TO HOME  1   1 CR LF I Q CR LF A CR LF 
 
31. MOVE TO INDEX  2   2 CR LF I Q CR LF A CR LF 
32. SET 0.00    3   3 CR LF I Q CR LF A CR LF 
33. SET MS E_UNITS IN KIN(MS)   ddddddd CR LF J V CR LF A CR LF 
34. SET LS E_UNITS IN  KIN(LS)   ddddddd CR LF J S CR LF A CR LF 
35. SET MS E_UNITS OUT KOUT(MS)   ddddddd CR LF J V CR LF A CR LF 
 
36. SET LS E_UNITS OUT KOUT(LS)   ddddddd CR LF J S CR LF A CR LF 
37. INVERT OUTPUTS  None   0 CR LF E Q CR LF A CR LF 
38. ENGINEERING UNITS (±)52 to 40960  dddddd CR LF M P CR LF A CR LF 
39. ENGINEERING UNITS 
 DECIMALS   2 — 4   d CR LF E T CR LF A CR LF 
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 NOTE 
a) Data fields in all formats are indicated by dd--dd.  The data field is a variable length with 

leading zeros optional.  The last data d character received is always treated as the “units” 
digit. 

b) (-) indicates an optional minus sign for counterclockwise operation. 
c) The servo controller will respond as shown to all serial messages or with an error 

message. 
d) The “E2” reset response has data characters “B” or “0”.  The “0” is sent if an “E2” was not 

present and a “B” is sent if an “E2” was present and reset. 
e) ASCII “Null” and “Space” characters are ignored by the MM-10-PLUS/MM-10-T. 
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5.2. SYSTEM RESPONSES 
 
The serial command sequences provide two commands which can be used by the host 
computer or programmable logic controller to verify that the MM-10-PLUS/MM-10-T is 
performing the desired indexes properly. 
 
 
5.2.1.  RESPOND TO INDEX COMPLETE 
 
The “Respond to Index Complete” command directs the MM-10-PLUS/MM-10-T controller to 
respond to the host computer or PLC when an index is complete.  The sequence of 
commands and responses is as follows: 
 

f) The command to “Respond to Index Complete” is 
sent from the serial control device to the 
MM-10-PLUS/MM-10-T controller. 

[O E R CR] 

 
g) The controller responds, indicating it has received 

the command. 
[A CR] 

 
h) An “Index” command is sent from the serial control 

device to the controller. 
[2 I Q CR] 

 
i) The controller acknowledges receipt of the 

command. 
[A CR] 

 
 OR 
 
c) An “Index” command is sent from an external 

device to the “Index” input module. 

 

 
d) The controller acknowledges receipt of the index 

command to the serial device. 
[A CR] 

 
e) When the index move is complete, the controller 

sends an additional response message to the 
serial control device. 

[C CR] 
  or 
[c CR] 

 
 NOTE 
The “Respond to Index Complete” command only needs to be sent 
once.  It then remains active and will cause a response from the 
controller each time an “Index” command is received and executed. 

 
The controller's response to the index complete alternates between [C CR] and [c CR].  This 
allows the operator to know that the character in the receive buffer is a new response and not 
left from a previous index.  Early INDEX complete has no effect on transmition of C/c CR 
response.  The response will always be transmitted ay end of INDEX. 
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5.2.2.  RESPOND TO INDEX DATA LOAD 
 
The “Respond to Index Data Load” command directs the MM-10-PLUS/MM-10-T controller to 
respond each time it receives a new distance data input.  The sequence of commands and 
responses is as follows. 
 

a) The command to “Respond to Index Data Load” is 
sent from the serial control device to the 
MM-10-PLUS/MM-10-T controller. 

[O C R CR] 

 
b) The controller responds, indicating it has received 

the command. 
[A CR] 

 
c) A “Distance” command is sent from the serial 

control device to the controller. 
[(-) ddddd H P CR] 

 
d) The controller acknowledges receipt of the data. [A CR] 

 
 OR 
 
c) An “distance” command is polled from a thumb-

wheel or BCD-410 Input Module. 

 

 
d) The controller acknowledges receipt of the 

distance data to the serial device. 
[A CR] 

 
e) The controller sends an additional response 

message to the serial control device when it 
accepts the new data for use. 

[D CR] 
  or 
[d CR] 

 
 NOTE 
The “Respond to Index Data Load” command only needs to be sent 
once.  It then remains active and will cause a response from the 
controller each time an “Index” command is received and registered. 

 
The controller's response to the index complete alternates between [D CR] and [d CR].  This 
allows the operator to know that the character in the receive buffer is a new response and not 
left from a previous data receipt. 
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5.3. PROGRAMMING ENGINEERING UNITS 
 
Engineering units represent a number of distance units per revolution of the motor (or resolver 
or encoder which rotate at a one to one ratio with the motor).  They may or may not represent 
actual units of measure such as feet or millimeters. 
 
Because of internal bit transmission limitations, entering engineering units through serial 
command requires four separate commands to enter the required constants plus a series of 
calculations to determine the constants.  These constants — KIN(MS), KIN(LS), KOUT(MS), and 
KOUT(LS) — set the scale factor of engineering units to resolver (KIN) and resolver to 
engineering units (KOUT). 
 
The serial transmission formats for KIN(MS), KIN(LS), KOUT(MS), and KOUT(LS) are shown in 1 
and 2.    After the four sets of transmissions are made to program the engineering units, the 
controller may be set to the desired operating mode using the “Mode” command. 
 
KIN is calculated as shown below.  After it is determined, it is factored into two parts because 
there is no provision for transmitting decimal points through the serial transmissions.  The 
integer part of the number represents the “Most Significant” (MS) part of the number.  The 
decimal part of the number represents the “Least Significant” (LS) part of the number.  
KIN(MS) and KIN(LS) are determined by multiplying the integer and decimal parts of KIN by 
additional constants. 
 

 NOTE 
For correct conversion, KIN must be less than 80 but greater than 0.10.  
If KIN is not within this range, it will be necessary to choose a different 
decimal value or different engineering units. 

 
To calculate KIN: 
 
   [(4096) × (X of Feedback Device)]
 KIN = 
   [(Engineering Units) × (Decimal)] 
 
where: 
 (X of Feedback Device) = Number of feedback device counts per revolution. 
 (Decimal)           = Decimal point placement 
    (Decimal) =       1  for  XXXXX. 
    (Decimal) =      10  for XXXX.X 
    (Decimal) =     100  for XXX.XX 
    (Decimal) =    1000  for XX.XXX 
    (Decimal) =   10000  for X.XXXXX 
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From the calculated value of KIN, determine KIN(MS) and KIN(LS): 
 
KIN(MS)  =  Integer Part of {KIN × 65536} 
 
KIN(LS)  =  Integer Part of {Decimal Part of [KIN × 65536] × 65536} 
 
Calculations for KOUT, KOUT(MS), and KOUT(LS) are performed in a similar manner: 
 

 
To calculate KOUT: 
 
    1   [(Engineering Units) × (Decimal)]
 KOUT =  = 
   KIN  [(4096) × (X of Feedback Device)] 
 
where: 
 (X of Feedback Device) = Number of feedback device counts per revolution. 
 (Decimal)   = Decimal point placement 
    (Decimal) =       1  for  XXXXX. 
    (Decimal) =      10  for XXXX.X 
    (Decimal) =     100  for XXX.XX 
    (Decimal) =    1000  for XX.XXX 
    (Decimal) =   10000  for X.XXXXX 
 
From the calculated value of KOUT, determine KOUT(MS) and KOUT(LS): 
 
KOUT(MS)  =  Integer Part of {KOUT × 65536} 
 
KOUT(LS)  =  Integer Part of {Decimal Part of [KOUT × 65536] × 65536} 

 NOTE 
For correct conversion, KOUT must be less than 10 but greater than 
0.0125.  If KOUT is not within this range, it will be necessary to choose a 
different decimal value or different engineering units.  (If KIN is correct, 
KOUT will be correct.) 

 NOTE 
Engineering Units may also be programmed from the TWR-400A, 
TWR-410A, and BCD-410 Input Modules (refer to Section 3) and the 
TPP-400 Touch Panel Programmer (refer to Appendix A). 
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5.4. ENABLE/DISABLE I/O MODULES 
 
When the MM-10-PLUS/MM-10-T controller is powered up in “Mode E” or “Mode F”, all I/O 
modules are disabled.  The “Enable Selected Inputs” may be used to enable specific input 
modules.  The ddd field in the command is used to select which modules are active.  The ddd 
field is weighted as follows: 
 
  DATA  INPUT MODULE
 
    1 = INDEX 
    2 = JOG CW 
    4 = JOG CCW 
    8 = FORCE DECEL 
   32 = HOME 
   64 = INITIALIZE 
  128 = SET 0.00 
  256 = HIGH SPEED INDEX ENABLE (INTERRUPT) 
 
When the command is entered, the value for the ddd field is the sum of the values for the 
inputs which are to be enabled. 
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 CALCULATIONS












































	ERRATA SHEET
	TABLE OF CONTENTS
	LIST OF ILLUSTRATIONS
	LIST OF TABLES
	INTRODUCTION
	SECTION 1 - DESCRIPTION
	1.1.  INDEXING DRIVE SYSTEM OVERVIEW
	1.2.  SYSTEM FUNCTIONS
	1.3.  COMPONENTS
	1.4.  PERIPHERAL MODULES
	1.4.1.  DSP-400 DISPLAY
	1.4.2.  TWR-400A THUMB-WHEEL INPUT MODULE
	1.4.3.  TWR-410A STROBED THUMB-WHEEL INPUT MODULE
	1.4.4.  BCD-410 PARALLEL INPUT MODULE
	1.4.5.  BCD-450 PARALLEL OUTPUT MODULE
	1.4.6.  IPS-15 POWER SUPPLY
	1.4.7.  TPP-400 TOUCH PANEL PROGRAMMER

	1.5.  SPECIFICATIONS
	1.5.1.  PHYSICAL REQUIREMENTS
	1.5.2.  PERFORMANCE SPECIFICATIONS
	1.5.3.  SYSTEM PARAMETERS
	MM-10-PLUS
	MM-10-T



	SECTION 2 - INSTALLATION
	2.1.  MOUNTING
	2.2.  ELECTRICAL CONNECTIONS
	2.2.1.  CONTROLLER AND PERIPHERAL CONNECTIONS
	2.2.2.  MM-10-PLUS/DRIVE AND RESOLVER INTERCONNECTIONS
	2.2.3.  MM-10-T/DRIVE AND ENCODER INTERCONNECTIONS
	2.2.4.  MM-10-T/DRIVE AND ENCODER WITH INT-410


	SECTION 3 - CONTROLS AND OPERATION
	3.1.  CONTROLS
	3.2.  OPERATING INPUTS
	3.2.1.  PROFILE ADJUSTMENTS
	3.2.2.  ENGINEERING UNITS
	3.2.3.  DISTANCE INPUT
	3.2.4.  INPUT MODULE DEFINITIONS
	3.2.5.  OPERATING MODES

	3.3.  OPERATING OUTPUTS
	3.3.1.  DISTANCE OUTPUT PERIPHERAL MODULES
	3.3.2.  OUTPUT MODULES

	3.4.  OPERATING MODES
	3.4.1.  INDEXING
	3.4.2.  POSITIONING
	3.4.3.  SPECIAL FUNCTION MODES

	3.5.  OPERATIONS
	3.5.1.  START-UP
	3.5.2.  PROGRAMMING ENGINEERING UNITS
	3.5.3.  INDEXING/POSITIONING
	3.5.4.  OVERDRAW
	3.5.5.  INTIALIZE
	3.5.6.  MOTOR JOGGING
	3.5.7.  EARLY INDEX COMPLETE
	3.5.8.  FORCE DECEL
	3.5.9.  DIVIDING HEAD INDEXING
	3.5.10.  FOLLOWING ERROR


	SECTION 4 - PERIPHERAL MODULES
	4.1.  DSP-400 DISPLAY
	4.1.1.  DESCRIPTION
	4.1.2.  INSTALLATION
	4.1.3.  OPERATION

	4.2.  TWR-400A THUMB-WHEEL INTPUT MODULE
	4.2.1.  DESCRIPTION
	4.2.2.  INSTALLATION
	4.2.3.  OPERATION

	4.3.  TWR-410A STROBED THUMB-WHEEL INPUT MODULE
	4.3.1.  DESCRIPTION
	4.3.2.  INSTALLATION
	4.3.3.  OPERATION

	4.4.  BCD-410 PARALLEL INPUT MODULE
	4.4.1.  DESCRIPTION
	4.4.2.  INSTALLATION
	4.4.3.  OPERATION

	4.5.  BCD-410 PARALLEL OUTPUT MODULE
	4.5.1.  DESCRIPTION
	4.5.2.  INSTALLATION
	4.5.3.  OPERATION

	4.6.  IPS-15 POWER SUPPLY
	4.6.1.  DESCRIPTION
	4.6.2.  INSTALLATION
	4.6.3.  OPERATION

	4.7.  TPP-400 TOUCH PANEL PROGRAMMER
	4.7.1.  DESCRIPTION
	4.7.2.  INSTALLATION
	4.7.3.  OPERATION


	SECTION 5 - SERIAL COMMUNICATIONS
	5.1.  ENTERING SYSTEM PARAMETERS
	5.2.  SYSTEM RESPONSES
	5.2.1.  RESPOND TO INDEX COMPLETE
	5.2.2.  RESPOND TO INDEX DATA LOAD

	5.3.  PROGRAMMING ENGINEERING UNITS
	5.4.  ENABLE/DISABLE I/O MODULES

	SECTION 6 - TROUBLESHOOTING
	6.1.  ERROR CODES
	6.2.  BASIC SYSTEM CHECKS
	6.3.  SYSTEM TESTS
	6.3.1.  VELOCITY LOOP TEST
	6.3.2.  POSITION LOOP TEST
	6.3.3.  RESOLVER TEST
	6.3.4.  ENCODER TEST


	APPENDIX A - PROGRAMMING WITH TPP-400 TOUCH PANEL PROGRAMMER
	APPENDIX B - COMMAND CODE CROSS REFERENCE
	APPENDIX C - ASCII CONVERSION TABLE
	APPENDIX D - GLOSSARY



