GIDDINGS & LEWIS

PiC Application Note

Document Number:  000039
Topic:  Servo Setup Examples
This application note contains several examples for calculating the values for Servo Setup.  You should read “Chapter 3 – Servo Setup and Tuning” in the PiCPro or PiCPro for Windows Software Manual before using this application note.

Example 1 – Linear Ball Screw Axis

A DSM 120 Drive/HSM430 Motor attached to a 2:1 gearbox is used to drive a ball screw.  The HSM430 motor has a 2000 line encoder, which gives us 8000 counts or feedback units per revolution.  The maximum speed of the motor is 4000 RPM.  Four revolutions of the ball screw equals 1” of linear travel.  The total travel for the axis is 40” between the hardware end limits.  The axis will be referenced such that the zero position is in the middle of the travel. 

Input Scaling.  

The first calculation we have to make is the scaling between Feedback Units (FU) and Ladder Units (LU).  The machine will be programmed in 0.0001” increments, thus 1 LU will equal 0.0001”

8000 FU   | 2 Motor Rev    | 4 Ball Screw Rev | 1 Inch  |

Motor Rev | Ball Screw Rev | 1 Inch           | 10000 LU |

If we cancel out the Motor Rev, Ball Screw Rev and Inch units we are left with:

64000 FU / 10000 LU or 64000 FU / 1.0000”. 

The following are the values for the Input Scaling.

Input Scaling

Feedback units, ladder units, and ladder units/axis units establish a scaling ratio between the feedback units the servo software uses to perform its calculations and issue its commands, the units used in the ladder, and the units entered in setup.  NOTE: When using SERCOS feedback, it is recommended that the units be entered in a 1:1 ratio.

Feedback Units 
64000
 These are the units the servo software uses to perform its calculations and issue its commands. 

Ladder Units 
10000
These are the units used in the ladder program. Ladder units must be integers. The ratio of the feedback device signal to the PiC feedback units is: One revolution of a resolver = 4,000 feedback units.  One pulse of an encoder = one feedback unit (One cycle of a quadrature type encoder equals four pulses or FU).

Ladder Units / Axis Units
1
Axis units - the units of measurement (inches, millimeters, degrees) for the system. They may be integers on non-integers (decimals) and are used in the Servo setup program to enter certain types of setup data. This allows you to enter axis units instead of feedback units in the appropriate places for iterator and position loop data in setup. 

IMPORTANT Keep in mind that certain iterator and position loop data is entered in axis units. The default values are also in axis units and are sometimes at the upper limit of an acceptable value (ramps and software limits). If you choose a ratio for your ladder units/axis units that is greater than 1, then these default values will exceed the limit. Change the default value to a lower value for those parameters.  We recommend keeping the ratio as 1.

Output Scaling.  

The input scaling in the drive is set for 400 RPM/Volt.  Thus an analog output of 10 volts will command the motor to go at it maximum speed of 4000 RPM.  The following are the values for the Output Scaling. 

Output Scaling

These three parameters provide the information the controller needs to be able to calculate how much voltage the analog output will need to operate the axis at a certain speed and how many feedback units will be received for each motor revolution.

Commanded Voltage
10000
  Enter a commanded voltage in millivolts. 

Motor RPM at Voltage 
4000
 Enter the motor RPM at the commanded voltage entered.

Counts/Motor Revolution 
8000
Enter the number of feedback units that occur for each motor revolution. NOTE: These parameters are used for scaling servo calculations by the servo software. They do not represent limits.

Iterator Data.  

Velocity Limit  LU/Min

8000 FU   | 4000 Motor Rev | 10000 LU |  or  5000000 LU/Min
Motor Rev | Minute         | 64000 FU |

Acceleration / Deceleration Ramp LU/Min/Sec.  We need to determine how fast we want the axis to accelerate/decelerate.  For this example we want the axis to reach full speed in 0.5 seconds.

(5000000 LU/Min) / 0.5 Sec = 10000000 LU/Min/Sec

Controlled Stop Ramp LU/Min/Sec. Typically you want the controlled stop ramp to be faster than the normal Acceleration / Deceleration ramps, since this ramp is used when we exceed the soft end limits or do a C_STOP function in the ladder.  For example we would like to stop in 0.1seconds from full speed when a C_STOP occurs.

(5000000 LU/Min) / 0.1 Sec = 50000000 LU/Min/Sec

Slow/Fast Velocity Filter.  Not used.  See Software Manual for description.

Rollover on Position. Not used.  See Software Manual for description.

Software Upper/Lower Limit.  Since the zero position is in the middle of the travel we have +/- 20” of travel in either direction before we will hit the hardware end limit switches.  If we hit a soft limit at maximum speed we will travel:

5000000 LU | Minute | 0.1 sec to stop   or  0.8333”

Minute     | 60 Sec |

Thus we will want to set our soft limits at least 0.8333” or 8333 LU from the hardware end limits.  

Software Upper Limit = 200000 – 8500 = 191500 LU or 19.1500”

Software Lower Limit = -200000 + 8500 = -191500 LU or -19.1500”

The following parameters comprise the iterator data for the axis.

Velocity Limit
5000000
Enter the maximum velocity the motor should ever be commanded to in axis units/min. Limits the maximum motor RPM. Does not apply to a slave axis. 

WARNING The position loop may cause the axis to travel faster than this speed if enough position, integral, and/or derivative error accumulates.  

Typical values are 100,000 to 10,000,000 AU/min (where 1 AU = 1 LU), not to exceed 4095 FU/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Acceleration Ramp
10000000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a higher velocity command.  Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Deceleration Ramp
10000000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a lower velocity command.  Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Controlled Stop Ramp
50000000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a controlled stop. Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Slow Velocity Filter
0
Enter in milliseconds the filter will take to smooth out a “step” change in velocity while the axis is moving at slow velocities. NOTE: Specifically, the value entered represents the milliseconds that the servo software takes to carry out 63.2% of the step change.  range = 0 - 10,000 ms

Fast Velocity Filter
0
Enter the milliseconds the filter will take to smooth out a “step” change in velocity while the axis is moving at fast velocities.  NOTE: Specifically, the value entered represents the milliseconds that the servo software takes to carry out 63.2% of the step change.  range = 0 - 10,000 ms

Slow/Fast Velocity Threshold
0
Enter the velocity in axis units/minute (AU/min) at which the slow or fast velocity filter should be applied. Typical value is 0, not to exceed 4095 FU/update.

Rollover on Position
No
This parameter acts as a reference reset.  Enter “Yes” if you want the axis position to roll over to zero when the Rollover Position entered on the next line is reached. Enter “No” if you do not want the axis position to roll over. The commanded position will then accumulate.

Rollover Position
0
Enter the rollover position in axis units.  typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Software Upper Limit
191500
Enter the software-imposed upper travel limit in axis units. Exceeding this limit will generate a C-stop condition. Typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Software Lower Limit
-191500
Enter the software-imposed lower travel limit in axis units. Exceeding this limit will generate a C-stop condition.  Typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly

Ignore Limits Until Referenced?
Yes
A “Yes” here allows a machine reference to occur without exceeding the software limits designated earlier. This is useful if you exceed the software limits because of how far you have to travel to your reference switch or where your reference switch is located.  After the machine reference is complete, the software limits are in effect.

Example 2 – Linear Ball Screw Axis with Linear Scale as Feedback

A DSM 120 Drive/HSM430 Motor attached to a 2:1 gearbox is used to drive a ball screw.  The Linear Scale has a resolution of 0.0001”.  The maximum speed of the motor is 4000 RPM.  Four revolutions of the ball screw equals 1” of linear travel.  The total travel for the axis is 40” between the hardware end limits.  The axis will be referenced such that the zero position is in the middle of the travel. 

Input Scaling.  

The first calculation we have to make is the scaling between Feedback Units (FU) and Ladder Units (LU).  The machine will be programmed in 0.0001” increments, thus 1 LU will equal 0.0001”.  The linear scale will give us 4 FU or counts per 0.0001” or LU, thus our input scaling is 4 FU / 1 LU.

The following are the values for the Input Scaling.

Input Scaling

Feedback units, ladder units, and ladder units/axis units establish a scaling ratio between the feedback units the servo software uses to perform its calculations and issue its commands, the units used in the ladder, and the units entered in setup.  NOTE: When using SERCOS feedback, it is recommended that the units be entered in a 1:1 ratio.

Feedback Units 
4
 These are the units the servo software uses to perform its calculations and issue its commands. 

Ladder Units 
1
These are the units used in the ladder program. Ladder units must be integers. The ratio of the feedback device signal to the PiC feedback units is: One revolution of a resolver = 4,000 feedback units.  One pulse of an encoder = one feedback unit (One cycle of a quadrature type encoder equals four pulses or FU).

Ladder Units / Axis Units
1
Axis units - the units of measurement (inches, millimeters, degrees) for the system. They may be integers on non-integers (decimals) and are used in the Servo setup program to enter certain types of setup data. This allows you to enter axis units instead of feedback units in the appropriate places for iterator and position loop data in setup. 

IMPORTANT Keep in mind that certain iterator and position loop data is entered in axis units. The default values are also in axis units and are sometimes at the upper limit of an acceptable value (ramps and software limits). If you choose a ratio for your ladder units/axis units that is greater than 1, then these default values will exceed the limit. Change the default value to a lower value for those parameters.  We recommend keeping the ratio as 1.

Output Scaling.  

The inputs scaling in the drive is set for 400 RPM/Volt.  Thus an analog output of 10 volts will command the motor to go at it maximum speed of 4000 RPM.  The following are the values for the Output Scaling. 

Since the feedback device is not directly connected to the motor we have to calculate how may feedback units we will get from the linear scale per motor revolution.

1 Ball Screw Rev | 1 Inch           | 1 LU        | 4 FU

2 Motor Rev      | 4 Ball Screw Rev | 0.0001 Inch | 1 LU

If we cancel out the Ball Screw Rev, Inch, and LU units we are left with:

4 FU / 0.0008 Motor Rev or 5000 FU/Motor Rev 

Output Scaling

These three parameters provide the information the controller needs to be able to calculate how much voltage the analog output will need to operate the axis at a certain speed and how many feedback units will be received for each motor revolution.

Commanded Voltage
10000
  Enter a commanded voltage in millivolts. 

Motor RPM at Voltage 
4000
 Enter the motor RPM at the commanded voltage entered.

Counts/Motor Revolution 
5000
Enter the number of feedback units that occur for each motor revolution. NOTE: These parameters are used for scaling servo calculations by the servo software. They do not represent limits.

Iterator Data.  

Velocity Limit  LU/Min

5000 FU   | 4000 Motor Rev | 1 LU |  or  5000000 LU/Min
Motor Rev | Minute         | 4 FU |

Acceleration / Deceleration Ramp LU/Min/Sec.  We need to determine how fast we want the axis to accelerate/decelerate.  For this example we want the axis to reach full speed in 0.5 seconds.

(5000000 LU/Min) / 0.5 Sec = 10000000 LU/Min/Sec

Controlled Stop Ramp LU/Min/Sec. Typically you want the controlled stop ramp to be faster than the normal Acceleration / Deceleration ramps, since this ramp is used when we exceed the soft end limits or do a C_STOP function in the ladder.  For example we would like to stop in 0.1seconds from full speed when a C_STOP occurs.

(5000000 LU/Min) / 0.1 Sec = 50000000 LU/Min/Sec

Slow/Fast Velocity Filter.  Not used.  See Software Manual for description.

Rollover on Position. Not used.  See Software Manual for description.

Software Upper/Lower Limit.  Since the zero position is in the middle of the travel we have +/- 20” of travel in either direction before we will hit the hardware end limit switches.  If we hit a soft limit at maximum speed we will travel:

5000000 LU | Minute | 0.1 sec to stop   or  0.8333”

Minute     | 60 Sec |

Thus we will want to set our soft limits at least 0.8333” or 8333 LU from the hardware end limits.  

Software Upper Limit = 200000 – 8500 = 191500 LU or 19.1500”

Software Lower Limit = -200000 + 8500 = -191500 LU or -19.1500”

The following parameters comprise the iterator data for the axis.

Velocity Limit
5000000
Enter the maximum velocity the motor should ever be commanded to in axis units/min. Limits the maximum motor RPM. Does not apply to a slave axis. 

WARNING The position loop may cause the axis to travel faster than this speed if enough position, integral, and/or derivative error accumulates.  

Typical values are 100,000 to 10,000,000 AU/min (where 1 AU = 1 LU), not to exceed 4095 FU/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Acceleration Ramp
10000000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a higher velocity command.  Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Deceleration Ramp
10000000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a lower velocity command.  Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Controlled Stop Ramp
50000000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a controlled stop. Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Slow Velocity Filter
0
Enter in milliseconds the filter will take to smooth out a “step” change in velocity while the axis is moving at slow velocities. NOTE: Specifically, the value entered represents the milliseconds that the servo software takes to carry out 63.2% of the step change.  Range = 0 - 10,000 ms

Fast Velocity Filter
0
Enter the milliseconds the filter will take to smooth out a “step” change in velocity while the axis is moving at fast velocities.  NOTE: Specifically, the value entered represents the milliseconds that the servo software takes to carry out 63.2% of the step change.  Range = 0 - 10,000 ms

Slow/Fast Velocity Threshold
0
Enter the velocity in axis units/minute (AU/min) at which the slow or fast velocity filter should be applied. Typical value is 0, not to exceed 4095 FU/update.

Rollover on Position
No
This parameter acts as a reference reset.  Enter “Yes” if you want the axis position to roll over to zero when the Rollover Position entered on the next line is reached. Enter “No” if you do not want the axis position to roll over. The commanded position will then accumulate.

Rollover Position
0
Enter the rollover position in axis units.  Typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Software Upper Limit
191500
Enter the software-imposed upper travel limit in axis units. Exceeding this limit will generate a C-stop condition. Typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Software Lower Limit
-191500
Enter the software-imposed lower travel limit in axis units. Exceeding this limit will generate a C-stop condition.  Typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly

Ignore Limits Until Referenced?
Yes
A “Yes” here allows a machine reference to occur without exceeding the software limits designated earlier. This is useful if you exceed the software limits because of how far you have to travel to your reference switch or where your reference switch is located.  After the machine reference is complete, the software limits are in effect.

Example 3 – Rotary Table

A DSM 120 Drive/HSM430 Motor attached to a 10:1 gearbox is used to drive a rotary table.  The HSM430 motor has a 2000 line encoder, which gives us 8000 counts or feedback units per revolution.  The maximum speed of the motor is 4000 RPM. 

Input Scaling.  

The first calculation we have to make is the scaling between Feedback Units (FU) and Ladder Units (LU).  The machine will be programmed in 0.01 Degree increments, thus 1 LU will equal 0.01 Degrees

8000 FU   | 10 Motor Rev | Table Rev   | 1 Degree  |

Motor Rev | Table Rev    | 360 Degrees | 100 LU    |

If we cancel out the Motor Rev, Table Rev and Degree units we are left with:

80000 FU / 36000 LU or 80000 FU / 360.00 Degree’s.  

Note:  The maximum value you can have for the input scaling is 65535, thus we will have to scale each number by 10, 8000 FU / 3600 LU or 8000 FU / 360.0 Degree’s.  One LU will is still equal to 0.01 Degrees.

The following are the values for the Input Scaling.

Input Scaling

Feedback units, ladder units, and ladder units/axis units establish a scaling ratio between the feedback units the servo software uses to perform its calculations and issue its commands, the units used in the ladder, and the units entered in setup.  NOTE: When using SERCOS feedback, it is recommended that the units be entered in a 1:1 ratio.

Feedback Units 
8000
 These are the units the servo software uses to perform its calculations and issue its commands. 

Ladder Units 
3600
These are the units used in the ladder program. Ladder units must be integers. The ratio of the feedback device signal to the PiC feedback units is: One revolution of a resolver = 4,000 feedback units.  One pulse of an encoder = one feedback unit (One cycle of a quadrature type encoder equals four pulses or FU).

Ladder Units / Axis Units
1
Axis units - the units of measurement (inches, millimeters, degrees) for the system. They may be integers on non-integers (decimals) and are used in the Servo setup program to enter certain types of setup data. This allows you to enter axis units instead of feedback units in the appropriate places for iterator and position loop data in setup. 

IMPORTANT Keep in mind that certain iterator and position loop data is entered in axis units. The default values are also in axis units and are sometimes at the upper limit of an acceptable value (ramps and software limits). If you choose a ratio for your ladder units/axis units that is greater than 1, then these default values will exceed the limit. Change the default value to a lower value for those parameters.  We recommend keeping the ratio as 1.

Output Scaling.  

The inputs scaling in the drive is set for 400 RPM/Volt.  Thus an analog output of 10 volts will command the motor to go at it maximum speed of 4000 RPM.  The following are the values for the Output Scaling. 

Output Scaling

These three parameters provide the information the controller needs to be able to calculate how much voltage the analog output will need to operate the axis at a certain speed and how many feedback units will be received for each motor revolution.

Commanded Voltage
10000
  Enter a commanded voltage in millivolts. 

Motor RPM at Voltage 
4000
 Enter the motor RPM at the commanded voltage entered.

Counts/Motor Revolution 
8000
Enter the number of feedback units that occur for each motor revolution. NOTE: These parameters are used for scaling servo calculations by the servo software. They do not represent limits.

Iterator Data.  

Velocity Limit  LU/Min

8000 FU   | 4000 Motor Rev | 3600 LU |  or  14400000 LU/Min
Motor Rev | Minute         | 8000 FU |

Acceleration / Deceleration Ramp LU/Min/Sec.  We need to determine how fast we want the axis to accelerate/decelerate.  For this example we want the axis to reach full speed in 2 seconds.

(14400000 LU/Min) / 2 Sec = 7200000 LU/Min/Sec

Controlled Stop Ramp LU/Min/Sec. Typically you want the controlled stop ramp to be faster than the normal Acceleration / Deceleration ramps, since this ramp is used when we exceed the soft end limits or do a C_STOP function in the ladder.  For example we would like to stop in 1 second from full speed when a C_STOP occurs.

(14400000 LU/Min) / 1 Sec = 14400000 LU/Min/Sec

Slow/Fast Velocity Filter.  Not used.  See Software Manual for description.

Rollover on Position.  Since we want the table position to be absolute to one revolution we need to set the rollover value to 36000 LU or 360.00 Degrees.

Software Upper/Lower Limit.  Since our axis position will rollover at 36000 or 0 LU we need to set our software limits outside this window or +/-72000

The following parameters comprise the iterator data for the axis.

Velocity Limit
14400000
Enter the maximum velocity the motor should ever be commanded to in axis units/min. Limits the maximum motor RPM. Does not apply to a slave axis. 

WARNING The position loop may cause the axis to travel faster than this speed if enough position, integral, and/or derivative error accumulates.  

Typical values are 100,000 to 10,000,000 AU/min (where 1 AU = 1 LU), not to exceed 4095 FU/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Acceleration Ramp
7200000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a higher velocity command.  Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Deceleration Ramp
7200000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a lower velocity command.  Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Controlled Stop Ramp
14400000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a controlled stop. Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Slow Velocity Filter
0
Enter in milliseconds the filter will take to smooth out a “step” change in velocity while the axis is moving at slow velocities. NOTE: Specifically, the value entered represents the milliseconds that the servo software takes to carry out 63.2% of the step change.  Range = 0 - 10,000 ms

Fast Velocity Filter
0
Enter the milliseconds the filter will take to smooth out a “step” change in velocity while the axis is moving at fast velocities.  NOTE: Specifically, the value entered represents the milliseconds that the servo software takes to carry out 63.2% of the step change.  Range = 0 - 10,000 ms

Slow/Fast Velocity Threshold
0
Enter the velocity in axis units/minute (AU/min) at which the slow or fast velocity filter should be applied. Typical value is 0, not to exceed 4095 FU/update.

Rollover on Position
Yes
This parameter acts as a reference reset.  Enter “Yes” if you want the axis position to roll over to zero when the Rollover Position entered on the next line is reached. Enter “No” if you do not want the axis position to roll over. The commanded position will then accumulate.

Rollover Position
36000
Enter the rollover position in axis units.  Typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Software Upper Limit
72000
Enter the software-imposed upper travel limit in axis units. Exceeding this limit will generate a C-stop condition. Typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Software Lower Limit
-72000
Enter the software-imposed lower travel limit in axis units. Exceeding this limit will generate a C-stop condition.  Typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly

Ignore Limits Until Referenced?
Yes
A “Yes” here allows a machine reference to occur without exceeding the software limits designated earlier. This is useful if you exceed the software limits because of how far you have to travel to your reference switch or where your reference switch is located.  After the machine reference is complete, the software limits are in effect.

Example 4 – Rotary Knife Axis

A DSM 030 Drive/HSM320 Motor is used to drive rotary cutoff knife.  The motor shaft is directly coupled to the rotary knife shaft.  The HSM320 motor has a 2000 line encoder, which gives us 8000 counts or feedback units per revolution.  The maximum speed of the motor is 5000 RPM. 

Input Scaling.  

The first calculation we have to make is the scaling between Feedback Units (FU) and Ladder Units (LU).  The rotary knife is going to be slaved to a nip roll axis which is driving the web.  A RATIO_CAM function is going to used to control the rotary knife axis.  Since the RATIO_CAM is programmed in FU were are going to set FU equal to LU. 

The following are the values for the Input Scaling.

Input Scaling

Feedback units, ladder units, and ladder units/axis units establish a scaling ratio between the feedback units the servo software uses to perform its calculations and issue its commands, the units used in the ladder, and the units entered in setup.  NOTE: When using SERCOS feedback, it is recommended that the units be entered in a 1:1 ratio.

Feedback Units 
1
 These are the units the servo software uses to perform its calculations and issue its commands. 

Ladder Units 
1
These are the units used in the ladder program. Ladder units must be integers. The ratio of the feedback device signal to the PiC feedback units is: One revolution of a resolver = 4,000 feedback units.  One pulse of an encoder = one feedback unit (One cycle of a quadrature type encoder equals four pulses or FU).

Ladder Units / Axis Units
1
Axis units - the units of measurement (inches, millimeters, degrees) for the system. They may be integers on non-integers (decimals) and are used in the Servo setup program to enter certain types of setup data. This allows you to enter axis units instead of feedback units in the appropriate places for iterator and position loop data in setup. 

IMPORTANT Keep in mind that certain iterator and position loop data is entered in axis units. The default values are also in axis units and are sometimes at the upper limit of an acceptable value (ramps and software limits). If you choose a ratio for your ladder units/axis units that is greater than 1, then these default values will exceed the limit. Change the default value to a lower value for those parameters.  We recommend keeping the ratio as 1.

Output Scaling.  

The inputs scaling in the drive is set for 500 RPM/Volt.  Thus an analog output of 10 volts will command the motor to go at it maximum speed of 5000 RPM.  The following are the values for the Output Scaling. 

Output Scaling

These three parameters provide the information the controller needs to be able to calculate how much voltage the analog output will need to operate the axis at a certain speed and how many feedback units will be received for each motor revolution.

Commanded Voltage
10000
  Enter a commanded voltage in millivolts. 

Motor RPM at Voltage 
5000
 Enter the motor RPM at the commanded voltage entered.

Counts/Motor Revolution 
8000
Enter the number of feedback units that occur for each motor revolution. NOTE: These parameters are used for scaling servo calculations by the servo software. They do not represent limits.

Iterator Data.  

Velocity Limit  LU/Min

8000 FU   | 5000 Motor Rev | 1 LU |  or  40000000 LU/Min
Motor Rev | Minute         | 1 FU |

Acceleration / Deceleration Ramp LU/Min/Sec.  We need to determine how fast we want the axis to accelerate/decelerate.  For this example we want the axis to reach full speed in 0.2 seconds.

(40000000 LU/Min) / 0.2 Sec = 200000000 LU/Min/Sec

Controlled Stop Ramp LU/Min/Sec. Typically you want the controlled stop ramp to be faster than the normal Acceleration / Deceleration ramps, since this ramp is used when we exceed the soft end limits or do a C_STOP function in the ladder.  For example we would like to stop in 0.1seconds from full speed when a C_STOP occurs.

(40000000 LU/Min) / 0.1 Sec = 400000000 LU/Min/Sec

Slow/Fast Velocity Filter.  Not used.  See Software Manual for description.

Rollover on Position.  Since we want the knife position to be absolute to one revolution we need to set the rollover value to 8000 LU.

Software Upper/Lower Limit.  Since our axis position will rollover at 8000 or 0 LU we need to set 

The following parameters comprise the iterator data for the axis.

Velocity Limit
40000000
Enter the maximum velocity the motor should ever be commanded to in axis units/min. Limits the maximum motor RPM. Does not apply to a slave axis. 

WARNING The position loop may cause the axis to travel faster than this speed if enough position, integral, and/or derivative error accumulates.  

Typical values are 100,000 to 10,000,000 AU/min (where 1 AU = 1 LU), not to exceed 4095 FU/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Acceleration Ramp
200000000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a higher velocity command.  Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Deceleration Ramp
200000000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a lower velocity command.  Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Controlled Stop Ramp
400000000
Enter the rate in axis units/minute/second at which the servo software will iterate the axis to reach a controlled stop. Typical values are 10,000 to 10,000,000 AU/min/sec (where 1 AU = 1 LU), not to exceed 1023 FU/update/update. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Slow Velocity Filter
0
Enter in milliseconds the filter will take to smooth out a “step” change in velocity while the axis is moving at slow velocities. NOTE: Specifically, the value entered represents the milliseconds that the servo software takes to carry out 63.2% of the step change.  Range = 0 - 10,000 ms

Fast Velocity Filter
0
Enter the milliseconds the filter will take to smooth out a “step” change in velocity while the axis is moving at fast velocities.  NOTE: Specifically, the value entered represents the milliseconds that the servo software takes to carry out 63.2% of the step change.  Range = 0 - 10,000 ms

Slow/Fast Velocity Threshold
0
Enter the velocity in axis units/minute (AU/min) at which the slow or fast velocity filter should be applied. Typical value is 0, not to exceed 4095 FU/update.

Rollover on Position
Yes
This parameter acts as a reference reset.  Enter “Yes” if you want the axis position to roll over to zero when the Rollover Position entered on the next line is reached. Enter “No” if you do not want the axis position to roll over. The commanded position will then accumulate.

Rollover Position
8000
Enter the rollover position in axis units.  typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Software Upper Limit
16000
Enter the software-imposed upper travel limit in axis units. Exceeding this limit will generate a C-stop condition. Typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly.

Software Lower Limit
-16000
Enter the software-imposed lower travel limit in axis units. Exceeding this limit will generate a C-stop condition.  Typical values are 100 to 1,000,000 AU (where 1 AU = 1 LU), not to exceed 536,870,911 FU. NOTE: If 1 AU does not equal 1 LU, scale these values accordingly

Ignore Limits Until Referenced?
Yes
A “Yes” here allows a machine reference to occur without exceeding the software limits designated earlier. This is useful if you exceed the software limits because of how far you have to travel to your reference switch or where your reference switch is located.  After the machine reference is complete, the software limits are in effect.
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