Motor Controller
Macro file name:  motcon.mac
Macro names:  MTCN, NLAM_MTCN



Version number:  NCS 3.1

The motor controller, shown in Figure 1 is used to represent the system-level effects of machine/drive units. The controls of the inverter have been developed to provide a means to control the speed or torque of a standard 3-phase induction machine.
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Figure 1. Motor controller
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Figure 2. Motor controller
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Figure 3. Drive unit control
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Figure 4. Speed control

The overall control of the machine is shown in Figure 2. Therein the drive control (Figure 3) generates torque command based either on the reference or on the output of a speed control (Figure 4) and
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 are logical variables which, when true, indicate to operate the drive in torque mode or in speed control mode respectively. The input commands are 
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for the torque reference for torque mode (in Nm) and speed reference for speed control mode (rad/s), respectively. Other variables depicted include the torque command used for speed control mode, 
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and the final torque command 
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.  As can be seen, the output of the drive control is always a torque command – which is set to the reference torque, or the torque command determined by the speed control, depending upon operating mode.  
Based upon the torque command 
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, the true maximum torque per amp control (TMTPA) generates current and slip commands that optimize torque per amp performance.  A qd current limit then limits the magnitude of the current command to avoid output over currents. Next a synchronous current regulated control (similar to the one in the ship service inverter module) is used to ensure that the commanded current is precisely obtained.  Finally, a hybrid hysteretic/delta modulator is used to control the switching of the power semiconductors to regulate the current into the motor.
MTCN : detailed model
Author: S. D. Sudhoff

Author contact: sudhoff@purdue.edu, 

Date:  1/ 27/ 2005

Macro name: MTCN



Version number:  NCS 3.1
Report errors or changes to: sudhoff@purdue.edu 

Brief Description
Motor Controller.
List of Inputs, Outputs, Parameters, and Internal variable

	Variable Name
	Description
	Units

	z
	Concatenation variable
	


	Input Variable Name
	Description
	Units

	on
	Logical command to turn on converter
	logical

	off
	Logical command to turn off converter
	logical

	
[image: image13.wmf]md

o

 
	Operating mode (true is torque mode, false is speed control mode) 
	logocal
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	Torque command (torque mode)
	Nm
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	mechanical speed command (speed mode)
	rad/s
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	DC input voltage
	V
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	mechanical rotor speed of machine
	rad/s
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	a-phase inverter current
	A
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	b-phase inverter current
	A
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	c-phase inverter current
	A


	Output Variable Name
	Description
	Units
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	Instantaneous Thevenin equivalent input voltage
	V
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	Instantaneous Thevenin equivalent input resistance
	(
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	a-phase line-to-bottom-rail voltage
	V
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	b-phase line-to-bottom-rail voltage
	V
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	c-phase line-to-bottom-rail voltage
	V


	Parameter Name
	Description
	Default Value
	Units

	Configuration
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	wye configuration. If true, the machine is wye connected. Otherwise it is delta connected.  
Note: All the controls are set up to view the machine as a delta equivalent.  Changing this flag causes the TMTPA control to adjust its current value, and the torque estimate to adjust the stator resistance so that appropriate operation is obtained.
	
	rad/s

	Bridge
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	Input capacitor capacitance
	
	F
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	Input capacitor series resistance
	
	(

	
[image: image29.wmf]sw

v


	Constant drop across switching device
	
	V

	
[image: image30.wmf]sw

r


	Resistive drop across switching device
	
	(
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	Diode nominal forward voltage drop
	
	V
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	Diode forward resistance
	
	(

	Sensors
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	Gain of a- to b-phase voltage sensor
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	Offset of a- to b-phase voltage sensor
	
	V
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	Gain of b- to c-phase voltage sensor
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	Offset of b- to c-phase voltage sensor
	
	V
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	Gain of a- to b-phase current sensor
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	Offset of a -phase current sensor
	
	A

	
[image: image39.wmf]ibi

gain


	Gain of b-phase current sensor
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	Offset of b-phase current sensor
	
	A

	Supervisory Control
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	Lowest input capacitor voltage to start converter
	
	V
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	Highest input capacitor voltage to start converter
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	Lowest input capacitor voltage to keep running
	
	V
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	Highest input capacitor voltage to keep running
	
	V
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	Time constant of supervisory control
	
	sec.

	Speed Control
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	Proportional gain of voltage control
	
	Nms\rad
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	Time constant
	
	sec.
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	Torque command minimum limit
	
	Nm
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	Torque command maximum limit
	
	sec.

	True Maximum Torque Per Amp Control
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	Coefficients used to calculate the optimum current command from the torque command
	
	Nm
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	Coefficients used to calculate the optimum slip frequency from the torque command
	
	Nm

	Current Control
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	Peak current limit
	
	A
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	Synchronous current regulator time constant
	
	sec.
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	Turn off time constant
	
	sec.
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	integral feedback current limit
	
	A

	Hysteretic Delta Modulator
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	per phase sampling frequency
	
	Hz

	h
	Hysteresis band
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	Internal Variable  Name
	Description
	Units
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	Operate speed control (true to operate)
	logical

	curlim
	flag indicating current limit is active
	logical
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	Internal torque command
	Nm
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	Torque commanded by speed controller
	Nm

	p
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	Time derivative of dc link voltage
	V/s
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	DC current into bridge converter
	A
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	a-phase switching signal (true is upper on)
	A
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	b-phase switching signal (true is upper on)
	A
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	c-phase switching signal (true is upper on)
	A
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	Measured a- to b-phase voltage
	V
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	Measured b- to c-phase voltage
	V
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	Measured a-phase current
	A
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	Measured a-phase current
	A
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	Estimated torque 
	Nm
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	True if torque estimate valid
	logical
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	compensated torqued command
	Nm
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	q-axis current command from TMTPA control
	A
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	d-axis current command from TMTPA control
	A

	m
	nonlinear stabilizing control modulation signal
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	Modulated q-axis current command
	A
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	Modulated d-axis current command
	A

	
[image: image85.wmf]*

ai

i


	a-phase current command
	A
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	b-phase current command
	A
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	c-phase current command
	A
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	Electrical rotor speed
	rad/s
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	Synchronous reference frame speed
	rad/s
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	Synchronous reference frame position
	rad
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	drive operating status (.true. implies on)
	logical
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	torque command out of speed control
	Nm
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	d-axis modulation command
	logical


Macro format

MACRO MTCN(z, on,off,omd,teref,wrmref,vdc,wrm,iai,ibi,ici, &

           vthev,rthev,var,vbr,vcr, &

           par_wcnfg,par_cin,par_rcin, &

           par_vsw,par_rsw,par_vd,par_rd,&

           par_gainvab,par_offsetvab,par_gainvbc,par_offsetvbc, &

           par_gainiai,par_offsetiai,par_gainibi,par_offsetibi, &

           par_vinmin1,par_vinmax1,par_vinmin2, &

           par_vinmax2,par_tausupc, &

           par_ksc,par_tausc,par_teminsc,par_temaxsc, &

           par_a1,par_a2,par_b1, &

           par_c0,par_c1,par_c2,par_c3,par_c4, &

           par_d1,par_d2,par_d3, &

           par_ipklim,par_tauscr,par_tauscroff,par_ifcl, &

           par_fsmple,par_h)
NLAM_MTCN : detailed model
Author: S. D. Sudhoff

Author contact: sudhoff@purdue.edu, 

Date:  1/ 27/ 2005

Macro name: NLAMMTCN



Version number:  NCS 3.1
Report errors or changes to: sudhoff@purdue.edu 

Brief Description
Nonlinear average value model of motor controller.
List of Inputs, Outputs, Parameters, and Internal variable

	Variable Name
	Description
	Units

	z
	Concatenation variable
	


	Input Variable Name
	Description
	Units

	on
	Logical command to turn on converter
	logical

	off
	Logical command to turn off converter
	logical
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	Operating mode (true is torque mode, false is speed control mode) 
	logocal
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	Torque command (torque mode)
	Nm
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	mechanical speed command (speed mode)
	rad/s
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	DC input voltage
	V
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	mechanical rotor speed of machine
	rad/s
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	q-phase inverter current
	A
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	a-phase inverter current
	A


	Output Variable Name
	Description
	Units

	
[image: image101.wmf]thev

V

        
	Instantaneous Thevenin equivalent input voltage
	V
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	Instantaneous Thevenin equivalent input resistance
	(
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	q-phase line-to-bottom-rail voltage
	V
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	d-phase line-to-bottom-rail voltage
	V
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	speed of synchronous reference frame
	rad/s


	Parameter Name
	Description
	Default Value
	Units

	Configuration
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	wye configuration. If true, the machine is wye connected. Otherwise it is delta connected.  
Note: All the controls are set up to view the machine as a delta equivalent.  Changing this flag causes the TMTPA control to adjust its current value, and the torque estimate to adjust the stator resistance so that appropriate operation is obtained.
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	Input capacitor capacitance
	
	F
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	Input capacitor series resistance
	
	(
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	Constant drop across switching device
	
	V
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	Resistive drop across switching device
	
	(
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	Diode nominal forward voltage drop
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	Diode forward resistance
	
	(

	Supervisory Control
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	Lowest input capacitor voltage to start converter
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	Highest input capacitor voltage to start converter
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	Lowest input capacitor voltage to keep running
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	Highest input capacitor voltage to keep running
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	Time constant of supervisory control
	
	sec.

	Speed Control
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	Proportional gain of voltage control
	
	Nms\rad
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	Time constant
	
	sec.
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	Torque command minimum limit
	 
	Nm
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	Torque command maximum limit
	
	sec.

	True Maximum Torque Per Amp Control
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	Coefficients used to calculate the optimum current command from the torque command
	
	Nm
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	Coefficients used to calculate the optimum slip frequency from the torque command
	
	Nm

	Current Control
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	Peak current limit
	
	A
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	Synchronous current regulator time constant
	
	sec.

	
[image: image135.wmf]scroff

t


	Turn off time constant
	
	sec.
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	integral feedback current limit
	
	A

	Hysteretic Delta Modulator
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	effective gain of delta modulator
	
	V/A


	Internal Variable  Name
	Description
	Units
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	Operate speed control (true to operate)
	logical

	curlim
	flag indicating current limit is active
	logical
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	Internal torque command
	Nm
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	Torque commanded by speed controller
	Nm

	p
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	Time derivative of dc link voltage
	V/s
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	DC current into bridge converter
	A
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	a-phase switching signal (true is upper on)
	A
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	b-phase switching signal (true is upper on)
	A
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	c-phase switching signal (true is upper on)
	A
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	Measured a- to b-phase voltage
	V
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	Measured b- to c-phase voltage
	V
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	Measured a-phase current
	A
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	Measured a-phase current
	A
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	Estimated torque 
	Nm
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	True if torque estimate valid
	logical
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	compensated torqued command
	Nm
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	q-axis current command from TMTPA control
	A
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	d-axis current command from TMTPA control
	A
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	Modulated q-axis current command
	A
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	Modulated d-axis current command
	A
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	a-phase current command
	A
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	b-phase current command
	A
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	c-phase current command
	A
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	Electrical rotor speed
	rad/s
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	drive operating status (.true. implies on)
	logical
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	torque command out of speed control
	Nm
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	q-axis modulation command
	logical
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	d-axis modulation command
	logical


Macro format

MACRO NLAM_MTCN(z, on,off,omd,teref,wrmref,vdc,wrm, &

                iqi,idi,vthev,rthev,vqi,vdi,we, &

                par_wcnfg,par_cin,par_rcin, &

                par_vsw,par_rsw,par_vd,par_rd,&

                par_vinmin1,par_vinmax1, &

                par_vinmin2,par_vinmax2,par_tausupc, &

                par_ksc,par_tausc,par_teminsc,par_temaxsc, &

                par_a1,par_a2,par_b1, &

                par_c0,par_c1,par_c2,par_c3,par_c4, &

                par_d1,par_d2,par_d3, &

                par_ipklim,par_tauscr,par_tauscroff,par_ifcl, &

                par_kcmeff)
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