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@ Outline - Machine Modeling and Applications

*  Mathematical representation of machine windings and rotor dynamics

* Machine models and controls models available in PSCAD
* Setting up a PSCAD simulation case
o Synchronous machine (initialization of machine and control models)
o Induction machine (starting example)
* [lllustration of Simulation examples
o Model setup and data entry and model response
o Model Benchmarking
o Black start restoration studies
o Voltage flicker due to compressor load driven by a synchronous machine
o Sub synchronous resonance and torsional interactions
o Voltage dips due to induction motor starting and mitigation options

o Applications in wind generation (DFIG)
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Machine windings and the mathematical representation
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Machine windings and the mathematical

representation

Representation of the machine coils and the direction of their magnetic axes

D- Axis direction of rotation

Kd

C - Axis B - Axis
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Position dependent (time dependent) elements.
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d
= [R]lE] + - ([L][E])

[ La Mab Mac Maf Makd Makq]
Mab Lb Mbe Mbf Mbkd Mbkq
Mac Mbece Le Mecf Mckd Mckq
Maf Mbf Mef Lf Mfkd Mfkq
Makd Mbkd Mckd Mfkd Lkd 0

| Makq Mbkq Mckq 0O 0 Lkq |

Q La = (Ll + Lz) + L3COS(29)

Maf = MfCos(ZG)
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V1= [R]Li] + - (IL][E])

[ La Mab Mac Maf Makd Makq]
Mab Lb Mbec Mbf Mbkd Mbkq
Mac Mbc Le Mcf Mckd Meckq
Maf Mbf Mecf Lf Mfkd Mfkq

Makd Mbkd Mckd Mfkd Lkd 0

| Makq Mbkq Mckq 0 0 Lkq |

Position dependent (time dependent)
elements of Inductance matrix

La = (Ll + Lz) + LchS(ze)

Maf = MfCOS(ze)
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@ Synchronous Machine Equations in d-q reference frame

Stator Side Rotor Side
d
, d _ ;
Vi = Rsig +—Aq(0) — A, (D). w, Ef=Rpis+ &lf(t)
—R.i +% 0 = Ryg.ifa + At
V,=R.i,+—=2A,(t) + A (t). w, kd- Lkd ka ()
q a7 g+’ dt
d
d — ; _
Vo= Ry.i, + Eko(t) 0= Ryqr- kg1 + 5 Aegn (O
_— d
Dampers — 2 on Q-axis 0= quz_ iqu + —lqu(t)

Mechanical rotation dt
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Speed - W,
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@ Synchronous Machine Equations in d-q reference frame

Parameter [ AB C] 3 [d q O]
Stator leakage Inductance X,
X . . . .
Synchronous Reactance X” Direct linear relationship
Transient Reactance X
XI”. — La'Lb--Mab'o-Lf’ Maf’ Lkd -----
Sub transient Reactance X
X",
n Examples:
Transient OC Time Constant b
T
T . . ' Ly
Sub transient OC Time Constant da Field open time constant: T = Re
T f
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@ Machine Models in PSCAD

Synchronous Machine PSCAD Machine models are accurate and reliable.

* In use for over 30 years

* Almost all major power system projects
(HVDC, large generation) were studied

Induction Machine using these models

* Inrecent times, the wind turbine models
of all vendors use PSCAD machine models

w, (-

@ Permanent Magnet Machine
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Machine control models

Exciter models |EEE Standard exciter type AC1A
5 J J
Vref Vref Vref =
Exciter_(AClA[ Exciter (DC1A Exciter (ST1A 1+sTs
%EfOEf I 1’; K3 %EfoEf fn@ %EfoEf ¥ fn
7 | )

Governor/Turbine models
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preem Sov R S - A I i Non standard generator control systems
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Simulation setup — Synchronous machine

__TIME >

52M

(_TIE >y —|

LRR

Timed
Fauft
ABC->G Logic

-GN

Parameter Thermal Units
(Typical values)
Stator leakage
Inductance Xi 0.1-0.2
Synchronous Xd 1.0-2.3
reactance Xq 1023
Transient X'q 0.15-0.4
Reactance X'q 0.3-1.0
Subtransient X'q 0.12-0.25
Reactance X"q 0.12-0.25
Transinet OC time T'do 3.0-10.0s
constant T'qo 05205
Subtransient OC Tdo 0.02-0.05 s
Time constant T”qo 0.02-0.05 s
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Simulation setup — Synchronous machine

Machine response

|
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Technical note available on how to set up the machine model and controls.
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Steady state operation:

Hand calculations confirm PSCAD

model response
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Transient response: PSCAD model follows expected response (see

technical note)

Transient response

Td' =(&j-Tdo (0314j 6.55=2.03s
Xd - \1.014

Sub Transient response

Td = xd_ -Tdo__ = (0 280) 0.039=34.7ms
0.314

Xd _

Field current decay time constant
I, = xd Ay = (1014 -1=3.23PU
Xd 0.314

-t/ -t/
I =|f0+(|'fo—|fo)-e%d = 1+(3.23—1)-e%d
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Induction machine

e e s e s s — Machine response can be represented in the form of

O—— T - six mutually coupled winding
1 m

—
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Three-phase T !
supply
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@ Induction machine

Steady state equivalent circuit and torque-slip characteristics

4 Speed(w)
l, R, X, |2 X,
AT 0
. 1 Synchronous speed - w;
R
Vl X ) Pag* _2 ...................................................................
S Rotor mechanical speed - w,,
Slip (s)
time
7368 10— T-s Curwe

3V'R, ]

2
S- Wp: [Rl + ?) + (XeQ)

8541 <10 °,
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Induction machine

. . . . . Direct connected IMresponse to a fault
Induction machine response during fault recovery — High reactive — mes 0 ] |
. .- 100
power absorption can lead to voltage stability concerns y
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Simulation setup — Induction machine
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Technical note available on how to set up the machine model and controls
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@ Simulation examples

* lllustration of Simulation examples

o Model setup and data entry

o Model Benchmarking

o Black start restoration studies

o Voltage flicker due to compressor load driven by a synchronous machine
o Sub synchronous resonance and torsional interactions

o Voltage dips due to induction motor starting and mitigation options

o Applications in wind generation (DFIG)
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Simulation setup — Synchronous Machine

Synchronous Machine initialization and

T :]j_ | s verification of response
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Fault Response— Synchronous Machine

Transient response: PSCAD model follows expected

response (see technical note)
Synchronous Machine - Short Circuit Test and
Model Verification

Transient response

Td =(&j-Tdo (0314J 6.55=2.03s
Xd - (1.014
Sub Transient response

Td = Xd__ -Tdo (O 280) 0.039=34.7ms
Xd _ — (0.314
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@ Model Benchmarking— Synchronous Machine

Comparing response with RMS simulation results

The results (even RMS quantities) are derived from two different methods of
mathematical circuit solution techniques — There can be minor differences

Synchronous generator fault ride through
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@ Model Benchmarking— Synchronous Machine

The results (even RMS quantities) are derived from two different methods of
mathematical circuit solution techniques

* The test circuits are simplified (ideal like)
* Note network dynamics such as DC offset in fault current
e In EMT, currents are interrupted at ‘zero crossings’

- %1\
SM

Timed T
Fault
Logic ABC-=G
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Model Benchmarking— Synchronous Machine

The results (even RMS quantities) are derived from two different methods of mathematical circuit solution

techniques
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Black Start Restoration Example

System Blackstart Study - 900 MVA generating plant
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Excner,(AcFA 3
Ef0, gl 48
Ef I I @‘@ “g>
T - m
> 3
J,,—L sk ™ Sub Station -02

—sp

B_AL
R —a— —
®- 05.:2) 8L Ia ﬁ‘@ > @
I%, 0+ P _
L i =
90 MVA Machine + A = N & 375 K line
ol
1 unit of the plant being used for black start 1 1L

H
=
4 3R
EW ‘
8y

vl—jov 5
Steam Gov 4| | Steam_Tur_1 -

Wref Wref Tm2

s S T Tr

BSR Studv

1.010 / \
1.000 \/ e

=
= S~ T
0.9%0

200.000 (—EL = il

100.000 |
£ oo i e AT ——
£ .
= -100.000

r——

Example: Self Excitation D
when energizing a long line -

0.0

2.0

% 10.00 20.00 30.00

pscad.com

Powered by Manitoba Hydro International Ltd.



@ Example: Flicker due to a synchronous motor driven compressor

Voltage flicker measured at
Compressor load torque characteristics transmission level

T
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@ Example: SSTI studies - Mechanical shaft-mass system

 Rotor of a Turbine Generator is a
complex system of masses connected by
shaft sections

* The total length can be as much as 50 m.

* Asingle lumped inertia representation is
typically considered in system transient
stability studies

— Assumption: Rigid shafts

Speed - W
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@ Mechanical shaft-mass system

o)
\L e Torsional Interaction studies require a
HF IP LA -4 G more detailed representation of the
shaft (compared to lumped mass

Speed - W, representation)

— A Multi-Mass representation

E o Main rotor components
represented as separate (rigid)

3 masses
0w o § o The masses are connected to each
é s o other with ‘elastic’ shaft sections
% § —K—
=2

Ek—

4

T
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Induction Machine Response
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Induction machine response
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