Inverter module
Macro file name: SSIM.mac
Macro name: SSIM, NLAM_SSIM
Version number: NCS 3.1
The inverter module is a DC/AC converter that provides clean 3-phase AC power to a variety of loads. . Figure 1 depicts the power converter topology used to implement the inverter module. As shown, this component consists of an input capacitor, a 3-phase fully controlled bridge converter, an output LC filter, and the control algorithms. The LC filter, illustrated in Figure 2, is used to filter the switching frequency component harmonics from the output in order to provide clean ac power to its loads.

The overall control of the inverter module contains a voltage control loop and a synchronous current regulator (SCR).  A diagram of the voltage control loop is shown in Figure 3.  The voltage control loop drives the error in the output voltage to zero by generating a current command through the use of a PI regulator with decoupling and feed-forward control.  The voltage control loop takes as inputs the desired output voltage and the desired output frequency.  A synchronous current regulator shown in Figure 4, uses the current command from the voltage control loop and actively regulates the fundamental component of the current so the command is exactly achieved.  A hysteretic/delta modulator regulates the current in the output filter inductors to the SCR commanded value.  It generates the switching commands for the power semiconductors.
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Fig 1.  Inverter module
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Figure 2. Inverter module filter
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Figure 3. Inverter control
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Figure 4  Synchronous current regulator.
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Version number:  NCS 3.1
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Brief Description
Detailed model of a ship service inverter module.
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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	Inverter module DC input voltage 
	V
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	a-phase current out of the inverter module 
	A
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	b-phase current out of the inverter module 
	A


	Output Variable Name
	Description
	Units
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	Instantaneous Thevinen equivalent input voltage
	V
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	Instantaneous Thevinen equivalent input resistance
	(
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	a- to b-phase output voltage
	V
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	b- to c-phase output voltage
	V

	
[image: image12.wmf]caO

v

            
	c- to a-phase output voltage
	V


	Parameter Name
	Description
	Default Value
	Units

	Set Up
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	q-axis voltage command
	
	V
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	Command output frequency
	
	rad/s

	Bridge
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	Input capacitance
	
	F
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	Input capacitor effective series resistance
	
	(
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	Switch nominal forward voltage drop
	
	V
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	Switch forward resistance
	
	(
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	diode nominal forward voltage drop
	
	V
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	diode forward resistance
	
	(

	LC Filter
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	Inductance of AC filter
	 
	H
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	Series resistance of inductor
	
	(

	
[image: image23.wmf]ac

C


	Capacitor in delta-connection
	
	F
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	Series resistance of capacitor
	
	(

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

	Sensors
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gain

      
	gain of a- to b-phase output voltage sensor
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offset

    
	offset of a- to b-phase output voltage sensor
	
	V
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	gain of b- to c-phase output voltage sensor
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offset

    
	offset of b- to c-phase output voltage sensor
	
	V
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	gain of a -phase output current sensor
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	offset of a- to b-phase output current sensor
	
	A
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	gain of b-phase output current sensor
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	offset of b-phase output current sensor
	
	A
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	gain of a-phase inductor current sensor
	
	

	
[image: image39.wmf]iaL

offset

     
	offset of a-phase inductor current sensor
	
	A
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	gain of b-phase inductor current sensor
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	offset of b-phase inductor current sensor
	
	A

	Voltage Control
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	Voltage control proportional gain
	
	A/V
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	Voltage control integral gain
	
	A/Vs
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	estimated equivalent line-neutral capacitance
	
	F
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	Current limit
	
	A

	Current Control
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	Synchronous current regulator time constant
	
	second
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	SCR turn off time constant
	
	second
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	Integral feedback current limit
	
	A

	Hybrid or Sampled Delta Modulator
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	Per phase sampling frequency
	
	Hz

	h                
	Hysteresis level
	
	A


	Internal Variable  Name
	Description
	Units
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	Operate inverter module (true to operate)
	logical
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	DC current into bridge converter
	A
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	a-phase switching signal (true is upper on)
	logical
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	b-phase switching signal (true is upper on)
	logical
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	c-phase switching signal (true is upper on)
	logical
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	a-phase inductor current (out of inverter)
	A
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	b-phase inductor current (out of inverter)
	A
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	c-phase inductor current (out of inverter)
	A
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	a-phase inverter line-to-bottom rail voltage
	V
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	b-phase inverter line-to-bottom rail voltage
	V
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	c-phase inverter line-to-bottom rail voltage
	V
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	measured a- to b-phase voltage
	A
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	measured b- to c-phase voltage
	A

	
[image: image63.wmf]aL

i

ˆ

                     
	measured a-phase inductor current (into inverter)
	A
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	measured b-phase inductor current (into inverter)
	A
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	measured a-phase output current
	A
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	measured b-phase output current
	A
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	nonlinear stabilizing control modulation signal
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	a-phase inductor current command
	A
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	b-phase inductor current command
	A
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	c-phase inductor current command
	A
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	Synchronous reference frame position
	rad


Macro format

MACRO SSIM(z,on,off,vdc,iaO,ibO,vthev,rthev,vabO,vbcO,vcaO, &

           par_vqestar,par_westar, &

           par_cin,par_rcin,par_vsw,par_rsw,par_vd,par_rd, &

           par_lac,par_rl,par_cac,par_rc, &

           par_vinmin1,par_vinmax1, &

           par_vinmin2,par_vinmax2,par_tausupc, &

           par_gainvab,par_offsetvab,par_gainvbc,par_offsetvbc, &

           par_gainiaO,par_offsetiaO,par_gainibO,par_offsetibO, &

           par_gainiaL,par_offsetiaL,par_gainibL,par_offsetibL, &

           par_kpvc,par_kivc,par_ceq,par_ilimit, &

           par_tauscr,par_tauscroff,par_ifcl, &

      par_fsmple,par_h)
Validation
These models have been validated via hardware experimentations.
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Brief Description
NLAM Model of a Ship Service Inverter Module.
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: image72.wmf]dc
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	Inverter module DC input voltage 
	V

	
[image: image73.wmf]qO
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	q-axis current out of the inverter module 
	A
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	d-axis current out of the inverter module 
	A


	Output Variable Name
	Description
	Units
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	Instantaneous Thevinen equivalent input voltage
	V

	
[image: image76.wmf]thev
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	Instantaneous Thevinen equivalent input resistance
	(

	
[image: image77.wmf]qO
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	q-axis output voltage (line-to-reference)
	V
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	d-axis output voltage (line-to-reference)
	V
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	radian frequency of output
	rad/S


	Parameter Name
	Description
	Default Value
	Units

	Set Up
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	q-axis voltage command
	
	V
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	Command output frequency
	
	rad/s

	Bridge
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	Input capacitance
	
	F

	
[image: image83.wmf]Cin
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	Input capacitor effective series resistance
	
	(
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	Switch nominal forward voltage drop
	
	V
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	Switch forward resistance
	
	(
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	diode nominal forward voltage drop
	
	V
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	diode forward resistance
	
	(

	LC Filter
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	Inductance of AC filter
	 
	H
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	Series resistance of inductor
	
	(
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	Capacitor in delta-connection
	
	F
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	Series resistance of capacitor
	
	(

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

	Sensors

	Voltage Control
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K


	Voltage control proportional gain
	
	A/V

	
[image: image98.wmf]iv
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	Voltage control integral gain
	
	A/Vs
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	estimated equivalent line-neutral capacitance
	
	F
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	Current limit
	
	A

	Current Control
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	Synchronous current regulator time constant
	
	second
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	SCR turn off time constant
	
	second
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	Integral feedback current limit
	
	A

	Hybrid or Sampled Delta Modulator
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	Effective gain of delta modulator
	
	V/A


	Internal Variable  Name
	Description
	Units
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	Operate inverter module (true to operate)
	logical
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	DC current into bridge converter
	A
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i

         
	q-axis inductor current (out of inverter)
	A
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	d-axis inductor current (out of inverter)
	A
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	q-axis inverter line-to-bottom rail voltage
	V
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	d-axis inverter line-to-bottom rail voltage
	V
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	q-axis inductor current command
	A
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	d-axis inductor current command
	A
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	q-axis modulation command
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	d-axis modulation command
	


Macro format

MACRO NLAM_SSIM(z, on,off,vdc,iqO,idO, vthev,rthev,&

                vqO,vdO,we, &

                par_vqestar,par_westar, &

                par_cin,par_rcin,par_vsw,par_rsw,par_vd,par_rd, &

                par_lac,par_rl,par_cac,par_rc, &

                par_vinmin1,par_vinmax1, &

                par_vinmin2,par_vinmax2,par_tausupc, &

                par_kpvc,par_kivc,par_ceq,par_ilimit, &

                par_tauscr,par_tauscroff,par_ifcl, &

                par_kcmeff)
Assumptions in Model Derivation

All variables are represented in the synchronous reference frame unless otherwise noted.              
Validation
These models have been validated via hardware experimentations.
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