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Increasing course adoption

e Cost of laboratory infrastructure major impediment
e Software such as MATLAB are essential but inaccessible
1. Costs around $4,500 for educational purpose
2. Upwards of $21,000 for commercial use
3. Unaffordable to community colleges, universities in developing countries and startups
* Real-time prototyping hardware such as dSpace are equally expensive and not best suited for power

electronics



Sciamble Workbench
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T 1= « Numerical simulation software.
ref :+ ) Gain :I —'*_?'——"II|
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[T }——! Add s Add1l  Saturation
fok >_' ! * Model based drag and drop.
Gain1  Intearstor
Public kpi As Native Double ! current loop proportional gain
Public kii As Mative Double ! current loop integral gain
e Advanced coding environment. ! Parameter initalization function

Public Function Init()

! local wvariables, just for the purpose of computation and
Local Ardg® As Native Double = +/(Arde? + Arge?)

° Supports matrix operations. Local ,qug As Nat.jwe Double = m-"{i“-.sdez + Asqge?)
Local BIsdg As Mative Double = Math:ATan2{Isg8, Isda@)
Local BVWsdg As Native Double = Math:ATan2(Vsgh, Vsdaé)
Local Isdge As Native Double = +/(Isge® + Isde?)
Local Vsdg@ As Native Double = +/(Vsg@? + vsde?)



Workbench — Model based numerical simulation and real-time code generation
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3 WMODoe One or more tool outputs are unconnected. ModelFile IMVectorContral inverter
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Workbench Features — Script Editor

Public Module IMParam ! Induction motor parameter "
Public sgrt2by3 As Mative Double = +2 / v3

Public Rs As Native Double = 1.79 ! Stator Resistance

Public Rr As Mative Double = 1.85 ! Rotor Resistance

Public Lls As Mative Double = 6.2E-3 ! Stator leakage inductance PY 1

Public Llr As Mative Double = 5.8E-3 ! Rotor leakage inductance Language deSIgned from ScratCh to
Public Lm As Native Double = 38E-3 ! Mutual Inductance
Public Jeq As Mative Double = 8.88015 ! Rotor ILnertia
Public p As Mative Double = 4 ! Number of poles

support dynamic compilation.

Public Ls As Native Double = Lm + Lls ! Stator Inductance
Public Lr As Native Double = Lm + Llr ! Rotor Inductance

Public f As Native Double = 58 ! Rated freguency
Public VLLrms As Mative Double = 14.7 ! Rated line to line voltage

Public s As Mative Double = ©.81 ! Rated slip ° Extremely easy to use

Public wsyn As Native Double = 2 * n * £ ! Synchonous speed at rated frequency
Public wm As Mative Double = (1 - s) * wsyn ! Speed at rated slip

Public Va As Mative Double = VLLrms * sqri2by3 ! Phase voltage peak

Public VsB As Mative Double = 1.5 * Va

Public BVs0 As Native Double - O * Inbuilt matrix operation support.
8

s
Public Hdz& As Native Double = @

Initial stator dg Voltages
Public Vsd@ As Native Double = sqrt2by3 * Math:Abs(Vs8) * Math:Cos(BVsE - Bdag)
Public Vsqg@ As MNative Double = sqrt2by3 = Math:Abs(Vs@) = Math:5in(BVs@ - Bda8)

Public tr As Native Double = Lr / Rr
Public A As Double = [[Rs, -wsyn * Ls, @, -wsyn * Lm], [wsyn * Ls, Rs, wsyn * Lm, 8], [8, -5 ® wsyn * Lm, Rr, -5 * ws
Public Ainv As Double = 1 / A
Initial dg stator and rotor voltages (as row matrix)
Public vdge As Double = [[Vsde], [vsge], [e], [@]]
Public Idge As Double = Ainv * Vdg@ ! Initial dq stator and rotor currents
! Retriving individual current from row matrix
Dihl4d- Tedd Ac Matdiva NAankhla — TdaarlTlan




Workbench Features — Real-time Code Gen

T Workbench
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Workbench Features — Real-time Code Gen
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Previously used system in electric drives lab (Spring 2017)

Academic

Non-academic

Cost: > $7,000

Cost: > $20,000

& MATLAB

Cost: = $6,000

Cost: = $20,000

::‘."x
‘.t 3: 5

s///

7" U

Cost: = $7,500

Cost: = $7,500

Total: > $20,500

Total: > S47,500



Currently used system in electric drives lab (Spring 2018)

Academic/Non-academic

Cost: FREE!

ﬁWorkbench

Cost: $3,300

Total: $3,300
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List of Experiments

Basic drives lab (undergraduate level)

Switched-mode DC-DC converter
Characterization of DC motor
DC motor closed-loop speed control

Four-quadrant operation of DC motor

AR S

Torque-load angle characteristics and
speed control of PMAC motor

6. Determination of Induction motor
parameters

7. Torque-speed characteristics and
speed control of Induction motor

Advanced drives lab (graduate level)

oW nNpoe

Characterization of Induction motor
Induction motor V/f control
Vector control of induction motor

Encoder-less vector control of
induction motor

Direct torque control of induction
motor

Space vector Pulse width modulation
of two level three-phase inverter

Vector control of surface PMAC
motor
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Workbench Induction motor vector control
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Workbench Induction motor vector control

Public Module IMParam ! Induction motor parameter -
Public sqrt2by3 As Native Double = v2 / /3

Public Rs As Native Double = 1.79 ! Stator Resistance

Public Rr As Native Double = 1.85 ! Rotor Resistance

Public Lls As Mative Double = 6.2E-3 ! Stator leakage inductance
Public Llr As Mative Double = 5.8E-3 ! Rotor leakage inductance
Public Lm As Native Double = 38E-3 ! Mutual Inductance

Public Jeq As Mative Double = 8.88815 ! Rotor Inertia

Public p As MNative Double = 4 ! Number of poles

Lm + L1ls ! Stator Inductance
Lm + L1r ! Rotor Inductance

Public Ls As Native Double
Public Lr As Native Double

Public f As Native Double = 58 ! Rated frequency
Public VLLrms As Mative Double = 14.7 ! Rated line to line voltage
Public s As Native Double = 8.81 ! Rated slip

Public wsyn As Mative Double = 2 * n * £ ! Synchonous speed at rated frequency
Public wm As Native Double {1 - s) * wsyn ! Speed at rated slip

Public Va As Native Double = VLLrms * sqgrt2by3 | Phase voltage peak

Public Vs@& As Native Double = 1.5 * Va

Public Bvs8 As Mative Double = &
Public Bdz@ As Mative Double = B

! Initial stator dgq Voltages
Public Vsd@ As Native Double = sgrt2by3 * Math:Abs(VsB) * Math:Cos
Public Vsq8 As Mative Double = sqri2by3 * Math:Abs(Vs8) * Math:5in

gvsa - 0das)
Bvse - B8dad)

e

Public tr As Native Double = Lr / Rr

Public A As Double = [[Rs, -wsyn * Ls, 8, -wsyn * Lm], [wsyn * Ls, Rs, wsyn * Lm, 8], [6, -5 * wsyn * Lm, Rr, -5 * ws
Public Ainv As Double = 1 / A

! Initial dq stator and rotor voltages (as row matrix)

Public Vdqe As Double = [[Vsd@], [vsqe], [e], [@]]

Public Idgé As Double = Ainv * Vdge ! Initial dq stator and rotor currents

! Retriving individual current from row matrix
Dihl14i- TeAa Ac Matiwvwa Nrohla — TAaar Tl
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Induction motor real-time vector control results

Induction motor 3¢ stator current
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Current (A)

Induction motor real-time vector control results

Induction motor stator dq currents
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Electric drives lab adoption - Worldwide
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WBG based Digitally controlled Power Electronics Lab
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List of Experiments

Power electronics lab (undergraduate level)

Si and GaN power-device characteristics
Buck converter

Boost converter

Buck-boost converter

Digital voltage mode control

Digital current mode control

Flyback converter

Forward converter

A L o

Full-bridge converter
10. Single-phase DC-AC inverter
11. Three-phase DC-AC inverter

21



Low-cost general purpose prototyping platform

* Code-free model based design enabled rapid prototyping platform.
* Cost $25 and has similar capability as $9000 dSpace platform.

* Measures 1 x 1 in and can be easily plugged into any real-world control
application.

* 100 MHz clock, 16 PWMs, 14 ADCs, 33 GPIOs, 1 SPI/SCI/CAN COM.

* On-board datalogger and programmer that interfaces directly with Workbench.

22



Emulated Power Systems Lab
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Ethernet Local High-speed bidirectional data transfer bus
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