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1. General Information

DSP – 21 is a is a miniaturized single axis controller / driver providing in a single package a complete standalone control system for a wide range of 2-phase bipolar stepper motors. 

It is typically used in ultra-precise positioning systems for laboratory and industrial applications and with the appropriate mechanics it is capable to deliver sub micron precision at a wide range of velocities.

The DSP – 21 can be operated as standalone or it can be networked with up to 6 other controllers using only one power supply and interconnection cables as shown below.
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2. Accessories 

2.1 Power Supply

Only one power supply is necessary for the whole network of controllers.

Selecting the appropriate Power Supply is very important because it will determine the type of motors that can be used.

The voltage should not be less than 8V and not greater than 35V DC.

The current output should be in the 0.5A or higher.

Derived from the Power Supply a regulated 5Volts is transmitted through the motor connector for the limit of travel and the deceleration switches.

2.2 Connections

2.2.1 DC coaxial connector

The connection polarity it is shown below:
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2.2.2 Motor Connections 
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10 Pin IDC Connector – Pin Assignment

	Pin
	 
	Signal

	1
	
	Motor (-)

	2
	
	+5 Volts Encoder Supply

	3
	
	Encoder Ch A

	4
	
	Encoder Ch B

	5
	
	GND

	6
	
	Motor (+)

	7
	
	Limit GND

	8
	
	Limit +5 Volts

	9
	
	Reverse Limit

	10
	 
	Forward Limit

	
	
	

	Pin
	
	Signal

	1
	
	Motor (-)

	2
	
	+5 Volts Encoder Supply

	3
	
	Ch B

	4
	
	Ch A

	5
	
	GND

	6
	
	Motor (+)

	7
	
	NC

	8
	
	Limit GND

	9
	
	Limit Switch Minim

	10
	
	Limit Switch Maxim

	
	
	

	Pin
	
	Signal

	1
	
	Motor (+)

	2
	
	+5 Volts Encoder Supply

	3
	
	Encoder Ch A

	4
	
	Encoder Ch B

	5
	
	GND

	6
	
	Motor (-)

	7
	
	NC

	8
	
	Positive Limit Switch

	9
	
	Negative Limit Switch

	10
	
	Limit GND


2.3 PC Communication

2.3.1 Configuration

The controllers delivered with RS-232 interface do not require a driver to operate. The default configuration as delivered from the factory is shown below:

Speed


- 9600 bits/sec

Data Bits 


- 8

Parity 


- None

Stop Bits


- 1

Flow Control 

- None

The same configuration is used for serial and USB communications. The difference between them it is the physical layout. When using the controller with a USB interface a USB driver is provided.

2.3.2. USB Driver Installation

1. Connect the USB stepper controller to the PC using a standard USB cable.

Windows opens the Found New Hardware Wizard.

2. Select “Install from a list or specific location (Advanced)” on the “Welcome to the New Hardware Wizard” page.
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3. A “Hardware Installation” popup window appears. Select “Continue Anyway”.
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4. On the next window, select “Include this location in the search” and “Browse” for the location where your USBX_Driver files are located.
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5. Click the Finish button on the “Completing the Found New Hardware Wizard”.
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6. Open the “System Properties” dialog box and on the “Hardware” page, and select the “Device Manager” button. The Device Manager window opens. The newly installed USBXpress Device should appear in the “Universal Serial Bus Controllers” list. 

See section 4.Quick Start to establish the communication.

2.4 Hyper Terminal 

To illustrate the power and simplicity of the commands, you can use the HyperTerminal program included with most WINDOWS operating systems. If the HyperTerminal is not available on your PC you can download it from:

http://www.hilgraeve.com/htpe/index.html
See the Commands section of this document for a list and description on how to use the two letter commands.

2.5 Demo Program

A DEMO program written using the LabView 6.1 drivers is also provided for immediate operation right out of the box. 

Please see the Quick Start section at the end of this manual for a description of the functions available with the DEMO program.

3. Features 

3.1 Multiple Axis Control

The DSP – 21 allows the connection of up to 7 controllers to a single RS-232 channel. This capability can save cabling and power supplies in larger systems, and requires a single communications port for all six axes of control. 
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The power supply is connected through a single cable to any one of the controllers.

There are 2 ways to connect the controllers:

1. Daisy-chain - using phone cords with RJ11 connectors

2. Connect in parallel – using a split RS – 232 cable

3.2 Joystick operation (with configurable digital display )
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One or 2 axis can be controlled as shown above from a simple Joystick console (sold separately). Only one power supply and no PC is required to operate.

Available controls are position, velocity and setting the reference.

3.3 Front Panel Button

The front panel button toggles the execution of Macro 1 (CM1) and Macro 2 (CM2). 

Pressing the button first time starts the execution of Macro1. Pressing it again executes Macro 2 and so on.

3.4 Macro 0

At startup, the controller automatically executes Macro 0 (CM0). The user can write his/her own startup sequence and store it in Macro 0.

If the user doesn’t need anything to be executed at startup, then Macro 0 can be defined differently. For example: DM0=TP (Tell Position command).
3.5 Single/Multiple Commands

The DSP – 21 controller uses 2-letter commands to allow it to perform multiple functions. The commands can be executed instantly, repeated multiple times or saved.

See details in section 4.Commands of this manual. 

4. Commands 

Commands are used to interact with the motor-controller system. They can be issued from a PC using the Hyper Terminal program. Refer to the 2.3 PC Communication section.

All the commands have the basic format of 2 characters that may or may not be followed by a number. Multiple commands can be issued and/or stored in a single string, each single command being separated by comma.

The maximum length of a string is limited to 94 characters, including spaces and blanks.

Commands are not case sensitive. Capital and lower case letters are interpreted the same way.

Pressing the Enter Key after a command is finished, will repeat the last command or Macro. No need to type the command again.

The Board Address is required when there are more controllers connected in a network.

If the Board Address is 0 or is missing, all of the controllers will execute the command or the Macro.

4.1 Command Types 

4.1.1 Instant Commands

Instant Commands are single commands that can be executed immediately. They can be executed as a standalone command or during the execution of another command or a Macro. See section 5.1.3 Macro Commands.

The general form of the command is:



aCommandValue


a

= Board Address


If NO Board Address is specified OR if the Board Address is 0, then the macro is loaded into all of the boards

Command
= a command from the list of existing commands


Value

= the value associated with the command 

Example: 

2SV4000

Set Velocity to 4000 for Board number 2




TP


Display Position.
4.1.2 Macro Commands 

A Macro is one command or a group of commands separated by comma. 

The maximum length of the macro is limited to 94 characters, including blanks and spaces. The blanks and spaces don’t change the content of the macro. They are ignored.

Macros are not case sensitive. This means that capital letters and lower cases are interpreted the same.

4.1.3.1 General Form

The general form of a macro is:



a(Cmd1,Cmd2,Cmd3,…)RPm
Example: 
4(MR20000, TP,mr-1000RP20, tp)RP6

a

= Board Address


If NO Board Address is specified OR if the Board Address is 0, then the macro program is loaded in all the networked controllers.


( )

= parentheses are required when the macro has repetitions. 

Otherwise they can be omitted


Cmdn
= a single command. 


RPm
= repetitions. See 5.1.3.4 Repetitions for description

4.1.3.2 Define Macro

An exception to the General Form of a Macro is the Define Macro format. This macro has a special format because we save it in the memory.



aDM Number=(Cmd1, Cmd2, Cmd3,…) RPm
Example:
 4DM3=(MR20000, tp,wa, MR-1000rp20, TP)RP1000

a

= Board Address


If NO Board Address is specified OR if the Board Address is 0, then the macro is loaded into all of the boards


DM

= Define Macro label command


Number = the Number of the Macro (0 to 8)


If NO Number is specified, then the Number 0 will be assigned as default


=

= the Equal sign is required


( )

= parentheses are required when the macro has repetitions. 

Otherwise they can be omitted


Cmdn
= a single command. See 5.1.3.3.Single Commands for description


RPm

= repetitions. See 5.1.3.4 Repetitions for description


4.1.3.3 Single Commands

The general form of a command in a macro is:



CommandValueRPm

Label
= a command from the list of existing commands


Value
= the value associated with the command 




Example:
 MR4000  
means Move Relative 4000 steps

RPm

= repetitions. See 5.1.3.4 Repetitions for description


4.1.3.4 Repetitions

Repetitions represent the number of times a Command or a Macro has to be repeated. That means that the Command or Macro is executed and then repeated as many times as the repetition value specifies.

The format of the repetition is:



RPValue

RP

= repetition command


Value
= the number of repetitions.




= 0 means no repetition




= 1 to 9223372036854775807 

Example: 
 (tp)rp1000 
will execute the TP Command 1001 times
4.1.3.5 Saved Macros

Macros saved in the memory have a Macro Number. Each time a Macro is called from the memory, it needs to have its Number specified.

4.1.3.6 Limitations

1. The maximum length of the Macro is limited to 94 characters, including blanks. 

2. The maximum number of Macros saved in the memory is 9. This means there is available space to save Macro 0 to Macro 8.

3. You cannot call an existing Macro (already saved in the memory) when you define a new Macro. However you can call a saved Macro for execution or display.

Example:

DM5=(CM2,…)



is not accepted

4(TP, CM2, TM4, EM5,…)
 is a valid Macro 

4.2 Examples 

Exemple1


4MR6000




Board 4, execute Move Relative 6000 steps

Exemple2

sv1200




Set Velocity to 1200 for any board

Exemple3.


4MR6000RP24


Board 4, execute Move Relative 6000 steps and repeat the movement 24 more times 

Exemple4

2SV2000,tp,mr3000rp1,TP

Board 2, Set Velocity to 2000, display (Tell) Position, Move Relative 3000 and repeat the movement 1 more time, Tell Position

Exemple5

6(TP,mr1000RP2,SV1200,MR-3000,WA300)RP20

Board 6, Move Relative 1000 and repeat 2 more times, Set Velocity to 1200, Move Relative          –3000, Wait 300 milliseconds, and repeat the whole Macro 20 more times.

Exemple6.


4DM2=(MR44000,tp,mr-44000)RP8

Define Macro 2 for Board Number 4. The Macro (MR44000,tp,mr-44000)RP8 is saved in the memory

Exemple7

(TP, TM2, CM2, SV2000, MR-50000,CM4)rp100

Display Position, Display Macro number 2, Set Velocity to 2000, Move Relative –50000 steps, Call and Execute Macro number 4 and repeat the whole macro 100 times

4.3 Commands description 

To simplify the description, the board address will be omitted, but it is required for all the controllers with a board number different than number 0 when they are connected in a network.

Note: 

The Board Address is required when there are more controllers connected in a network.

If the Board Address is 0 or is missing, all of the controllers will execute the command or Macro.

If the value of a command (which requires a value) is missing, than the default value of 0 is assigned to that command.

AB - ABort Motion

Abort stops any movement. All of the data related to the Macro is cleared.

Example of use:

AB



AL – Enter Administrative Level

This command activates all of the configurations. A password is required, to avoid changing any configuration by mistake. The password is 1234. The ‘administrative level’ command is active until the first restart.

Example of use:

AL1234


AP – Set Analog Positioning mode

The target position is issued by the sum of 2 analog input voltages.

Example of use:

AP



AT – Set Analog Transfer Factor 1

Set the gain of the analog to position transfer function for channel 1.

Example of use:

ATn



n = factor 1 value

AU – Set Analog Transfer Factor 2 

Set the gain of the analog to position transfer function for channel 2

Example of use:

AUn



n = factor 2 value

AV – Set Analog Velocity mode ON

The voltage applied to the analog input channel 1 controls the speed.

Example of use:

AV


BA – Set Board Address

Set or change the existing board address to a specified number. This command works only if the ‘administrative level’ is active.

Example of use:

mBAn



m = current board number, different of 0

n = new board number, different of 0

CM – Command Macro

This command calls the specified macro from the memory to be executed.

Example of use:

CMn



n = macro number

DH – Define Home

Set the home position. The value is optional. If a value is specified, it represents the distance from the home position to the current position

Example of use:

DHn



n = distance from current position

DM – Define Macro

Define a Macro and store it in the memory. See 5.1.3.2 Define Macro section for programming details
Example of use:

DMn=(…)RPm



n = macro number

= =the equal sign is required

( ) = parentheses are required if the entire macro has repetitions

RPm = number of the macro repetitions

EM – Erase Macro

Erase the specified macro from the memory.

Example of use:

EMn


n = macro number

FD – Load Factory Default values

This command loads the factory default values and configurations. It works only when the ‘administrative level’ is active. Factory defaults overwrite the user defaults (see UD command).

This command requires the password: 2006.

Example of use:

FD2006



List of default values that will be rewritten by the FD command

Board address

Baud Rate

Motor Current

Current Rating

PFD

Microstepping

Limit Switch Enable

Limit Switches Swap Status

Limit Switches Active High

Reverse Direction of Motor

Reporting ON / OFF

Maximum Velocity

Slow Speed

Acceleration

Analog Transfer Factor 1

Analog Transfer Factor 2

Analog Mode

Dead Band

GA – Get Acceleration

Display the value of the current acceleration.

Example of use:

GA


GB – Get Board Address

Display the number (address) of the controller.

Example of use:

GB


GC – Get Motor Current

Display the existing motor current.

Example of use:

GC


GH – GO Home

Move to the home position.

Example of use:

GH



GS – Get Slow Speed 

Display the speed when the deceleration limit switches are activated.

Example of use:

GS


GT – Get Analog Transfer Factor 1

Display the gain of the analog to position transfer function for channel 1.

Example of use:

GT


GU – Get Analog Transfer Factor 2

Display the gain of the analog to position transfer function for channel 2.

Example of use:

GU


GV – Get Maximum Velocity

Display the maximum allowed velocity of the motor.

Example of use:

GV

GZ – Get Dead Band (Zone)

Display the dead band of the analog input. It is active only in the ‘analog velocity control’ mode.

Example of use:

GZ

HE – HElp

Display a list of the most important commands.

Example of use:

HE

LF – Limit Switches Operation OFF

Disable the limit switches’ operation.

Example of use:

LF


LH – Limit Switches Active High

Limit switches become active on the high logic level (+5 Volts). This command works only in ‘administrative level’ mode.

Example of use:

LH


LL – Limit Switches Active Low

Limit switches become active on the low logic level (0 Volts). This command works only in ‘administrative level’ mode.

Example of use:

LL


LN – Limit Switch Operation ON
Enable limit switches operation.

Example of use:

LN


LS – Limit and Deceleration Switches Swap

Swap the limit switches from (-) to (+) and the deceleration switches from (-) to (+). This command works only in ‘administrative level’ mode.

Example of use:

LS


MA – Move Absolute

Move to the target position specified by the value of the command.

Example of use:

MAn


n = target position

MR – Move Relative

Move a distance specified by the value of the command.

Example of use:

MRn


n = distance to move

PC – Set PC mode

Return to PC control mode from any analog mode.

Example of use:

PC
RD – Reverse Direction of Motor

This command allows the user to configure the motor’s turning direction while keeping the same counting direction as before. Applying this command twice returns to the initial setting. This command works only in ‘administrative level’ mode.
Example of use:

RD
RF – Set Reporting OFF

Turn off the ‘reporting’ of additional information. 
Example of use:

RF
RN – Set Reporting ON
Turn on the ‘reporting’ of additional information. This command is not recommended when more controllers are connected in a network.
Example of use:

RN
RV – Set Remote Velocity

This is an ‘instant velocity control’ mode. The motor is moving continuously with the specified velocity. Type ‘RV0’ or ‘AB’ (abort) to stop the motor from moving. 

The range of the velocity value is between –2049 and +2049.

Example of use:

RVn


n = velocity value

SA – Set Acceleration

Set the acceleration of the motor. The same value applies for the deceleration of the motor. 

The range of the acceleration values is between 1 and 250000.

Example of use:

SAn


n = acceleration value
SB – Set Baud rate

Set the baud rate of the serial communication port.

Accepted values are:



9600, 19200, 38400, 57600

Example of use:

SBn


n = baud rate value

SS – Set Slow Speed

Set the maximum value of the ‘slow speed’ (when the motor is on the deceleration switch).

The value is in the range of 0 to 150000.
Example of use:

SSn


n = slow speed value

SV – Set Velocity

Set the maximum value of the motor speed (velocity)

The value is in the range of 6 to 500000.
Example of use:

SVn


n = maximum velocity value

SZ – Set Dead Band (Zone)

Set the ‘dead band’ of the analog input. It is active only in the ‘analog velocity control’ mode.

The value is in the range of 0 to 500
Example of use:

SZn


n = dead band value

TA – Tell Analog Input Value

Display the reading of the ‘analog / digital converter’ value for the specified channel.

Valid channel numbers are 1, 2, and 3.
Example of use:

TAn


n = channel number

TI – Tell Remaining Iterations

Display the number of remaining repetitions as follows:



MER
Main macro Element (single command in execution) Repetitions



MTR
Main macro Total Repetitions



SER

Saved macro (in execution) Element (single command) Repetitions



STR

Saved macro (in execution) Total Repetitions
Example of use:

TI


TL – Tell Limit Switch Status

Display the limit switches’ status. See the meaning of each character displayed.
Example of use:

TL
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TM – Tell Macro

Display the content of the saved macro. If no macro number is specified, the content of macro zero is displayed. 
Example of use:

TMn


n = macro number

TP – Tell Current Position

Display the motor position relative to the home position.
Example of use:

TP
TS – Tell Status

Display status parameters. See the meaning of each character displayed.
Example of use:

TS
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TW – Tell Remaining Wait Time

Display the time left to wait until the WA (wait time) command has elapsed.

The time is displayed in milliseconds.
Example of use:

TW
UD – Update User Defaults 

Update the user settings into EEPROM. 
Example of use:

UD
VE – Display VErsion Number

Display the firmware version. For example DSP-21 v1.4 / Sept 2007
Example of use:

VE
WA – WAit Time

Set a time during which the motor is stopped. The command is entered into a set of movement commands. 

The time is in milliseconds.
Example of use:

WAn


n = waiting time value

5. Troubleshooting

.

Quick Start

Use the following steps to start the controller – motor system:

1

6. First make sure that the motor is not restricted mechanically and can move in both directions freely.

Give a ‘move relative’ command, for example:



MR1000

If the motor is moving, set the limit switch operation ON with the LN (Limit switch ON) command

If the motor is not moving, the limit switches might be wrongly configured. In this case, disable the limit switches using the LF (Limit switch OFF) command. Repeat the move command: MR1000.

If the motor is still not moving, refer to Troubleshooting section of the manual.

If the motor is moving, then a wrong limit switch configuration was the problem. Enable the limit switch with the LN (Limit switch ON) command and set the limit switch on ‘active high’ with the LH command. Try to move the motor again with the MR1000 command.


If the motor moves, the setting is correct.

If the motor still doesn’t move, then set the limit switch to “active low” with the LL command and try to move it again using the MR command.

 If the motor is moving, either with the LH or LL command, then store the proper configuration using the UD (Update User Default settings) command

7. Refer to section 5.Commands of this manual to work with the controller

Note:

The terms "positive" and "negative" in, connection with limit switches, refer to the polarity of the position. The "positive" limit switch will prevent additional motion in the "positive" direction when actuated, and vice-versa. The RD (Reverse Direction of motor) command allows the user to configure the motor’s turning direction while still counting in the same direction as before. To determine the correct wiring for the switches, set the system into a safe position, with a low velocity – using the SV (Set Velocity) command. Start the motor with an MR (Move Relative) or MA (Move Absolute) command and enable limit switch operation with the LN (Limit switch operation ON) command. Move the motor until it reaches one of the limit switches. If the motor stops, then that is the correct switch configuration. If it does not stop, move the motor to the other limit switch. If the motor still does not stop, remove power and read further.

Limit switches may be connected so that the stop condition is either a low signal (GROUND) or a high signal (+5Volts), but both must have the same configuration (either active on high, or active on low). The active state is saved with the velocity, acceleration, and other system parameters using the UD (Update User Default settings) command. The active state may be changed with the LL (Limit switch active Low) and LH (Limit switch active High) commands. 

4.2 Multiple Controllers 

When multiple controllers are connected in a network, the board address is required with every command. The board address specifies which command is addressed to a certain controller. Only the controller with the matching board address will execute the issued command.

This capability makes it easy to synchronize multiple-axis motion. It is useful in giving identical commands simultaneously, but will not work for reporting commands.

If the board address is 0, or is missing, then all of the controllers on the bus will be selected and will execute the command. 

To set or change the board address use the BA (Set Board Address) command. 

The USC – 22 provides simultaneous control of position, velocity and acceleration.  

All parameters can be programmed. When the system is turned on, all values are set as default. They may be changed at any time, and become default settings if you save them. 

The default values can be update in the controller memory using the UD (Update User Default settings in EEPROM) command.

During motion, the velocity and acceleration are controlled and the most recent settings of the parameters are used. It is not necessary to set the same parameters repeatedly for each movement of the motor. In many applications, the initial setup values are adequate for all uses and they never need to be changed. In other applications, the user may vary them continuously, as required.

User Manual

DSP-21

Servo Controller and Driver for DC motors

Stand-alone or Networkable 

Front view for XY control setup.

Use straight through serial cable (provided) or direct from USB to serial converter.

Once you connected everything, see the QUICK START section on establishing communications, then begin controlling the motor.

If the encoder signals are not properly phased, the motor will run at full speed because the drive being applied causes an increase in the error.  When wiring a new system, it is always wise to limit the motion of the motor until the polarity has been verified.  

The DSP-21 provides simultaneous control of position, velocity and acceleration.  

All parameters can be programmed, they are set to a default value every time power is applied. They may be changed at any time, but the settings will be returned to default whenever power is removed and re-applied, or when an RT (reset) command is issued. 

To update the default values in the controller memory to the new values selected the UD command must be issued.

By use of the supplied commands and features, the user will be able very quickly to command the motor to move to any desired position.  During the move, the velocity and acceleration will be controlled to the most recent settings for these parameters.  It is not necessary to set them up for each move.  In many applications, the initial setup values are adequate for all uses and need never be changed. Other applications may vary them continuously, as required.

Multiple axis control.

The DSP-21 is unique among available controllers (and most RS-232 devices) in that it allows the connection of up to 8 controllers to a single RS-232 channel.  This capability not only can save an enormous amount of cabling and Power supplies in larger systems, but also saves by only requiring a single communications port for each 8 axes of control.  
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Connect the power only to one controller. Indifferent which one.

Connect the PC RS-232 cable only to one controller. Indifferent which one.

Connect the Networking cable provided in any available socket.
Unlike many bussed systems, such as the IEEE-488, switching between devices is extremely simple.  The address of the controller must be placed in front of every command.  When the DSP-21 controller receives a command, it compares its own stored address with the first character in the command.  

If there is a match with the address, it enables itself to respond to subsequent commands.

If not, it disables the response to any subsequent transmissions that are not address selection sequences. 

If address 0 is selected, then all DSP-21s on the bus will be selected until a subsequent address higher than 0 is sent.  This capability makes it easy to synchronize multiple-axis motion.  It is also beneficial in downloading identical commands such as macro definitions to all DSP-21s simultaneously, but will not work for reporting commands.

Any motion sequence or operation begun prior to being de-selected will continue to be executed except for those that report data.  In this manner, each DSP-21 on the bus can be addressed, programmed to execute any desired operation, then de-selected before the sequence is repeated for any other motors selected.

Remember that each controller is de-selected when power is first applied, or after an RT command.  An address selection sequence must be transmitted to begin control.

The stored address for each DSP-21 is set with the DAn (define address) command.  All addressed DSP-21s on the bus when this command is issued will be set to address n.  

The TP (tell position) command reports the position of the encoder when rotated manually as well as when under control of the servo loop.  If the TP command does not report an increase in position when rotated in one direction and a decrease when rotated in the opposite direction, there is a serious problem.  The motor should be disconnected until this problem is corrected.

When the encoder operation has been verified, it is good practice to set the velocity limit to a low value before issuing the MN command.  This makes it easier to restrain the motor in the event that the phasing is wrong.  If the motor attempts to drive continuously, the MF command may be issued to turn off the servo loop. After changing the polarity, the MN command should cause the servo loop to hold the motor at any commanded position.  If the encoder has been verified and the motor is unstable, then there is a serious problem.

Please note that the terms "positive" and "negative" in connection with limit switches refer to the polarity of the position.  The "positive" limit switch will prevent additional motion in the "positive" direction, when actuated, and vice-versa.  Either switch will allow motion in the opposite direction.  Of the two switches, only one will interrupt motion in a given direction.  To determine the correct wiring for the switches, set the system into a safe position, set a low velocity with the SV command, and begin motion with an MR or MA command and enable limit switch operation with the LN command.  While the motor is moving, actuate one of the limit switches.  If the motor stops, that is the correct one to connect at the end of desired motion for that direction.  If it does not stop, actuate the other limit switch.  If the motor still does not stop, remove power and read further.

Limit switches may be connected so that the stop condition is either a low signal (ground) or a high (+5V), but both must be the same.  The active state is saved with velocity, acceleration, PID gains and other system parameters with the UD command and restored on reset.  The active state may be changed with the LL (Limits Low) and LH (Limits High) commands. 

Quick Start

The DSP-21 command interface has been optimized for interactive control using a standard terminal emulation program, such as that provided by Hyperterm.  When a command is entered, it is stored in a buffer and may be repeated with the "Enter" key (which sends a carriage return character).  Command syntax is tested on a character-by-character basis, with an error flag returned to the operator immediately on detection of an error.

To verify proper communications, use  a reporting command such as HE or TP.  This command reports the the list of commands resident in the DSP-21.

When you are ready to begin system operation, enter an MN to enable the servo loop.  Enter MR1000(rtn).  The motor should move 1000 encoder counts in the positive direction.  When it stops, enter TP.  The position should be very close to 1000.  Enter TT,TE (rtn).  This reports where the motor should be (1000) and the distance of the actual position from this target.  If the reported position was 998, then the reported error should be 2.  If the reported position was 1002, the reported error should be -2.

Now enter MR-1000 (rtn).  The motor should return to zero, or home, position.  Press the return (or enter) key again.  The motor should move another 1000 counts in the negative direction.  Press it again and again.  The motor should move each time.

Now try GH (rtn).  The motor should return to its original position when power was first applied.  This command is equivalent to MA0.

When the stage has run to the end of travel, the position should now have been set to 0 by the DH command.  The position should have been reported as some very low value and the servo loop should have been disabled by the act of encountering the stop which would have caused excessive error.  To move to the opposite end of travel, we must enable the loop again with the MN command.  We can do this as a separate command or include it in the motion command.  The values we set for maximum output and velocity will still be in effect.

Now we can try some other things with the knowledge of the valid maximum distance we can travel.  Assuming that the position at the positive end of travel was 1,000,000 encoder counts (a reasonable value), we can do some more experimenting without fear of damage to the mechanical system.

Note:  A motor with a 500 line encoder yields 2000 encoder counts per revolution.  In precision stages, a lead screw pitch of 2 turns per millimeter is not uncommon and a gear ratio of 8:1 might be found.  In such a system, the motor must rotate 16 revolutions to move the stage by 1 mm.  Sixteen motor revolutions will generate 32,000 encoder counts with a 500-line encoder.  If the stage is 100 mm long, there will be 3,200,000 encoder counts in moving from one end to the other.

If we are at the negative travel limit of the motor, as would be the case if we are following the scenario described above, we can safely increase the values we used for finding the stops to something more consistent with full performance.  In the notation above, we assumed an encoder with 500 line resolution.  At 6,000 RPM, it will generate 200,000 counts per second.  Therefore, to operate at full speed, we can SV200000 (rtn).  Note that there is no comma allowed when specifying values to the DSP-21.  The comma is reserved for use as a command separator.  However, spaces are ignored so they may be used to visually format large numbers, such as MA12 345 678.

The maximum expected following error for a system with reasonable friction levels should be no more than 10,000 and would be expected to be no more than around 500 when moving at full speed.  Unless there is some other reason for setting a lower value, set the maximum error to 10,000 using SM10 000(rtn).

Unless we wish to have a slower acceleration, we can set the acceleration to, say, 800,000 counts per second per second, which will attempt to accelerate to 200,000 cps in 1/4 second.  If the system is not physically capable of achieving this acceleration level, the loop will be disabled when the following error exceeds the set limit.  If so, enable the loop once more with the MN (rtn) command and set the acceleration to a lower value, such as SA100 (rtn).  Continue in this manner until a physically possible rate is determined.

Note that these numbers were based on certain assumptions of encoder resolution and maximum motor speed.  They must be suitably adjusted for other combinations.

We are now ready to make some longer moves.  Enter MR100 000(rtn) and verify that the motor has moved that distance.  Press the (rtn) key again and see that the motor moves the same amount in the same direction.  Press it again and again.  The motion should continue each time the (rtn) key is pressed.

Set the acceleration to a lower value, such as 50 (SA50(rtn)) and see the velocity increase and decrease over a longer period.  Set the velocity to various values and issue commands to move to various positions using either MA or MR commands.  Try MA10000(rtn).  Do it again after motion has stopped.  There should be no movement.  It is already at this position.

By now, you have seen how easy the DSP-21 is to set up and how easily complex operations can be controlled.  Use the HE command to display a list of all commands installed in your system and try using each one. 

Setting PID gain values.

The PID gain values stored in the DSP-21 have been chosen for an encoder with 1024 counts per motor revolution. The encoder resolution is an effective contributor to the gain equation because it describes the physical angle through which the encoder will turn in response to a given level of drive to the motor.  If an encoder with 2000 or more cps resolution is used, the gain may need to be decreased from the default setting to prevent oscillation.  There are many factors in actual systems that determine the overall loop characteristics, so it is impossible to define optimum values without a complete knowledge of the system, but the default values usually are a good starting point and may be adequate for all operation.

There is a certain amount of interaction between the proportional (P), integral (I), and derivative (D) gain settings, so it is usually necessary to perform a series of trial settings before finding an optimum combination.  

In general, the P gain may be thought of as the main servo component.  If the system has only moderate friction and very low inertia, there is no need to assign gain values to the I-gain and D-gain if moderate values of position error are acceptable.  The primary function of the integral gain is to overcome continuing errors, such as those caused by friction which prevent the target position from being achieved.  If the motor consistently stops before reaching the target, then the I-gain should be increased to reduce the offset.

Before increasing the I-gain, it is usually best to adjust the P-gain and D-gain.  The D-gain's main contribution is in reducing overshoot caused by load inertia and in reducing the settling time required to reach a complete stop at the target.

Start by setting the I and D gains to zero.  DI0,DD0(rtn).  Then increase the P gain until the motor oscillates at the end of a move.  For best results, make a test move that allows the motor to reach something like full speed, with full acceleration, so that the target is arrived at with full force.  When the P gain is so high that the motor oscillates at the end of the move, reduce the gain sufficiently so that the oscillation does not happen under the same conditions.

With the D-gain set to 0, the motor will probably overshoot the target and may oscillate about the target position momentarily before settling down.  If so, increase the value for the D-gain in small steps, repeating the test move between each step until the damping is sufficiently improved.

Due to the fact that the D-gain acts in opposition to the P and I gains, after the D-gain has been set, it is probably possible to increase the P-gain again, past the original value where oscillation occurred.  If so, work back and forth between the two gains until you are satisfied that the settings are optimal.  Record these values.  Check them by monitoring the following error during a long move by using the TF command.  The following error is the difference between the actual position of the motor and the ideal position at that point in time.  When properly set up, the value reported by the TF command will be very repeatable and can be decreased by increasing the P- and I-gains.

When the following error begins to jitter or oscillate during motion, the gains are too high and must be reduced.

If the static error at the end of a move remains higher than acceptable and the PD-gains have previously been optimized, then this static error may be reduced by increasing the 

I-gain.  The I-gain also has the effect of increasing the P-gain action and of decreasing the D-gain action.  If the I-gain is increased, it may be desirable to modify the PD-gains somewhat.

The good news is that this is usually a one-time procedure for a given mechanical system.  Once the optimum values are determined, which shouldn't require more than a few minutes, there is no need to change them unless some significant aspect of the system is modified.  A change of encoder resolution or a more powerful motor or different gear ratio or significant change in load or friction or operation in the vertical plane are instances where it would be expected that the optimum gain values would require determining once more.

In extreme cases, it may be desirable to use different sets of gain values for loaded and unloaded motion.  Leadscrew-driven stages rarely encounter this type of problem because they frequently utilize gearhead reduction and the percentage of load inertia that is reflected to the motor is determined by the square root of the gear ratio.

If it were desirable to have different gain sets for varying load conditions, the DSP-21 provides several methods by which this can be easily implemented.  One method would be to define a series of macro commands, each of which sets up one of the desired gain combinations.

Of course, these gain settings could be made in the same command as the motion command, but there might be several motion command lines in the program and it is much easier to edit a single macro than to search out all cases of gain changes.

(Please refer to the Command List for additional information on programming the DSP-21.)

Accessories

Available accessories:

· Universal Power Supply 100-240VAC – 12VDC 1Amp

· Special RS232 cable

· Special Networking cable
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