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Mathematical Representation of WECC
Composite Load Model

Zixiao Ma, Zhaoyu Wang, Yishen Wang, Ruisheng Diao, and Di Shi

Abstract——Composite load model of Western Electricity Coor‐
dinating Council (WECC) is a newly developed load model that
has drawn great interest from the industry. To analyze its dy‐
namic characteristics with both mathematical and engineering
rigors, a detailed mathematical model is needed. Although com‐
posite load model of WECC is available in commercial software
as a module and its detailed block diagrams can be found in
several public reports, there is no complete mathematical repre‐
sentation of the full model in literature. This paper addresses a
challenging problem of deriving detailed mathematical represen‐
tation of composite load model of WECC from its block dia‐
grams. In particular, we have derived the mathematical repre‐
sentation of the new DER_A model. The developed mathemati‐
cal model is verified using both MATLAB and PSS/E to show
its effectiveness in representing composite load model of
WECC. The derived mathematical representation serves as an
important foundation for parameter identification, order reduc‐
tion and other dynamic analysis.

Index Terms——Composite load model, dynamic load modeling,
mathematical model, three-phase motor, DER_A model.

I. INTRODUCTION

LOAD modeling is essential to power system stability
analysis, optimization, and controller design as shown

in many researches [1]. Although the importance of load
modeling is recognized by power system researchers and en‐
gineers [2], obtaining an accurate load model remains chal‐
lenging. The difficulty is caused by the large number of di‐
verse load components, time-varying compositions, and the
lack of detailed load information and measurements. To this
end, developing high-fidelity load models that approximate
the real load characteristic while overcoming the above chal‐
lenges is imperative.

Load modeling consists of developing model structures
and identifying associated parameters. For a given load mod‐
el structure, its parameter identification can be implemented

with component-based or measurement-based approaches.
The component-based approach is based on the knowledge
of detailed physical models with different load components
and their compositions [3], [4]. However, the information is
usually difficult to obtain, which motivates the research of
measurement-based load modeling [5] - [10]. With the wider
deployment of digital fault recorders, the measurement-based
approaches become increasingly popular [6], [9], [11] - [13].
Measurement-based modeling uses the measured data to
identify model parameters. The main advantage of this ap‐
proach is that it collects the data directly from the power sys‐
tem and can be used for online modeling.

For the load model structure, there exist static and dynam‐
ic load models. For example, static load models include stat‐
ic constant impedance-current-power (ZIP) model and expo‐
nential model [4]. However, they cannot capture the dynam‐
ic behaviors of loads. Dynamic load models represent the re‐
al/reactive power as functions of both voltage and time such
as induction motor (IM) model and exponential recovery
load (ERL) model [14]-[16]. To consider both dynamic and
static load characteristics, composite load models (CLMs)
are proposed such as ZIP+IM load model, complex load
model (CLOD), low-voltage (LV) load model and Western
Electricity Coordinating Council (WECC) CLM. An aggre‐
gated five-machine dynamic equivalent electro-mechanical
model of WECC power system using synchrophasor mea‐
surements is developed to bridge the gap aroused by the in‐
creasing penetration of renewable energy resources. These re‐
newable energy resources will significantly change dynamic
properties, inter-area oscillation characteristics and stability
margins of WECC power systems in the near future [17].
However, this model is built from the perspective of the en‐
tire power system. After the blackout of the Western Sys‐
tems Coordinating Council (WSCC) in 1996 [18], the ZIP+
IM model is designed to capture the dynamic effects under
highly stressed conditions in summer peaks. However, this
interim model is ineffective in capturing delayed voltage re‐
covery events from transmission faults [4], [19], [20]. By
adding the electrical distance between the transmission sys‐
tem and the electrical end-uses as well as adding special
components such as electronic load components and single-
phase motors, a preliminary WECC CLM is proposed and
implemented in major industry-level commercial simulation
software packages [15]. With continuous updates and the in‐
corporation of distributed energy resources (DERs), the new‐
est WECC CLM, called CMPLDWG, is proposed as shown
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in Fig. 1 [21]. The model includes an electrical representa‐
tion of a distribution system with a substation transformer,
shunt reactance, and a feeder equivalent. At the side of distri‐
bution system, it includes one static load model, one power
electronic model, three three-phase motor models, one A/C
single-phase motor and one DER. CMPLDWG uses PVD1
model to represent the DERs. However, PVD1 model con‐
sists of 5 modules, 121 parameters and 16 states, which is as
complex as WECC CLM. Therefore, Electric Power Re‐
search Institute (EPRI) has developed a simpler yet more
comprehensive model to replace PVD1 model, which is
named as DER_A model [22].

Although WECC CLM has been widely implemented in
commercial software of power system, a comprehensive
mathematical representation cannot be found in existing liter‐
ature. Moreover, researchers cannot access the source codes
of commercial software packages, making it hard to obtain
the insights of the models implemented in the software. The
detailed block diagrams of the model can be found in public‐
ly available reports [22], [23]. However, deriving mathemati‐
cal representation from these diagrams are challenging. In
[24], one mathematical representation of three-phase motors
has been provided, nevertheless, the DER_A model is miss‐
ing. However, the mathematical model is essential for param‐
eter identification, stability assessment, and dynamic order
reduction. To this end, this paper derives a detailed and com‐
prehensive mathematical representation of WECC CLM with
DER_A model. Various simulations are conducted in both
MATLAB and PSS/E to verify the effectiveness of the de‐
rived mathematical model.

The rest of the paper is organized as follows. Section II
presents the detailed derivation of WECC CLM. Section III
shows the simulation results and analysis. Section IV con‐
cludes the paper.

II. MATHEMATICAL MODELING OF INDIVIDUAL COMPONENTS

In this section, we will derive mathematical representa‐
tions for individual components in WECC CLM, namely,
three-phase motors, DER_A, single-phase motor, electronic
and static loads.

A. Three-phase Motor Model

There are multiple types of three-phase induction motors
that can describe the end-use loads [25]. In CMPLDWG,
three different three-phase motors, A, B and C are used to
represent different types of dynamic components. Motor A
represents the three-phase induction motors with low-inertia
driving constant torque loads, e.g., air conditioning compres‐
sor motors and positive displacement pumps. Motor B repre‐
sents the three-phase induction motors with high-inertia driv‐
ing variable torque loads such as commercial ventilation
fans and air handling systems. Motor C represents the three-
phase induction motors with low-inertia driving variable
torque loads such as the common centrifugal pumps.

These three-phase motors share the same model structure.
However, their model parameters are different. Therefore, a
fifth-order induction motor model is adopted to represent
three-phase motors in WECC CLM. Its block diagram is
shown in Fig. 2, where 1/s denotes the integrator.

From Fig. 2, we can obtain a fourth-order electrical model
with respect to E′q, E′d, E″q and E″d. Combining with the me‐
chanical model, we have the complete fifth-order model:

Ė′q =
1

Tp0

[-E′q - id (Ls - Lp)-E′dω0SslipTp0] (1)

Ė′d =
1

Tp0

[-E′d + iq (Ls - Lp)+E′qω0SslipTp0] (2)

Ė″q =
Tp0 - Tpp0

Tp0Tpp0

E′q -
Tpp0 (Ls - Lp)+ Tp0 (Lp - Lpp)

Tp0Tpp0

id -
1

Tpp0

E″q -

ω0Sslip E″d (3)

Ė″d =
Tp0 - Tpp0

Tp0Tpp0

E′d +
Tpp0 (Ls - Lp)+ Tp0 (Lp - Lpp)

Tp0Tpp0

iq -
1

Tpp0

E″d +

ω0Sslip E″q (4)

Ṡslip =-
pE″did + qE″qiq - TL

2H
(5)

The algebraic equations are:

TL= Tm0 (Aw2 +Bw+C +DwEtrq) (6)

Tm0 = pE″d0id0 + qE″q0iq0 (7)

w= 1- Sslip (8)
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Fig. 2. Block diagram of three-phase motor.
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id =
rs

r 2
s + L2

pp

(Vd +E″d)+
Lpp

r 2
s + L2

pp

(Vq +E″q) (9)

iq =
rs

r 2
s + L2

pp

(Vq +E″q)-
Lpp

r 2
s + L2

pp

(Vd +E″d) (10)

P =Vdid +Vqiq (11)

Q=Vdiq -Vqid (12)

where the five state variables are E′q, E′d, E″q, E″d, and Sslip; Ls,
rs, Lp, and Lpp are the synchronous reactance, resistance, tran‐
sient and subtransient reactances, respectively; Tp0 and Tpp0

are the transient and subtransient rotor time constants, re‐
spectively; ω0 is the synchronous frequency; H is the inertia
constant; id and iq are terminal currents of dq-axes; p and q
are constant coefficients which are predefined as -1; w is
the motor speed; A, B, C, D are the speed coefficients of me‐
chanical torque; Etrq is the torque damping coefficient; Tm0 is
the initial mechanical input torque; Vd and Vq are terminal
voltages of dq-axes; and P and Q are the active and reactive
power consumptions of the motor, respectively.

B. Single-phase Motor Model

Motor D in Fig. 1 represents the single-phase motor mod‐

el that captures the behaviors of single-phase air with recip‐
rocating compressors. However, it is challenging to model
the fault point on wave [26] and voltage ramping effects
[25]. Moreover, the new motors A and C are mostly
equipped with scroll compressors and/or power electronic
drives, making their dynamic characteristics significantly dif‐
ferent from the conventional motors. Therefore, WECC uses
a performance-based model to represent single-phase motors.
The main purpose of deriving the mathematical model is to
establish the foundation for theoretical studies such as param‐
eter identification and order reduction. Hence, it is unneces‐
sary to derive the mathematical representation of the perfor‐
mance-based model.

C. DER_A Model

The DER_A is a newly developed model representing ag‐
gregate renewable energy resources. Compared to the previ‐
ous PVD1 model which is relatively large and complex, the
DER_A model has fewer states and parameters. There is no
mathematical representation of the DER_A model in the ex‐
isting literature till now. In this section, the detailed mathe‐
matical model is derived from Fig. 3 with respect to each
state variable [21].

1) Mathematical Model of S0

Figure 4 shows the block diagram of first-order filter and
we can obtain the following dynamic equation:

Ṡ0 =
1

Trv

(Vt - S0) (13)

where Trv is the transducer time constant for voltage measure‐
ment; Vt is the bus voltage; and S0 is the filtered voltage Vtfilt.

1
1+sTrv

Vt S0

Fig. 4. Local block diagram of S0 in DER_A model.

2) Mathematical Model of S1

Figure 5 shows the block diagram of the first-order filter,
whose input is the electrical power Pgen (S8) generated at the
terminals of DER_A model, and the output is the filtered
power S1.

From Fig. 5, we can obtain the dynamic equation as:

Ṡ1 =
1
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where Tp is the transducer time constant.

3) Mathematical Model of S2

The local block diagram of S2 is shown in Fig. 6 and we
can obtain the following dynamic equation as:

Ṡ2 =

ì

í

î

ï
ï
ï
ï

-
S2

Tiq

+
Qref

Tiq × sat1 (S0)
PfFlag = 0

-
S2

Tiq

+
S1 tan ( )pfaref

Tiq × sat1 (S0)
PfFlag = 1

(15)

where Qref is determined based on the initial P output of
DER_A model in software; pfaref can be computed by

arctan (Qgen0 /Pgen0), Qgen0 and Pgen0 are the active power and re‐
active power determined by the initial power flow solution,
respectively; and Tiq is Q control time constant. The limiter
in the diagram is described by a saturation function that can
be defined as:

sat1 (x)= {x x> 0.01
0.01 x£ 0.01

(16)

4) Mathematical Model of S3

The local block diagram of the current of q-axis S3(iq) is
shown in Fig. 7.

From Fig. 7, we can obtain the dynamic equation as:

Ṡ3 =

ì

í

î

ï
ï
ï
ï

sat2 (S2 + sat3 (gdbV (Vref0 - S0)Kqv))- S3

Tg

Vtripflag = 0

sat2 (S2 + sat3 (gdbV (Vref0 - S0)Kqv))S4 - S3

Tg

Vtripflag = 1

(17)

where Vref0 is the voltage reference of set-point; Tg is the cur‐
rent control time constant; and Kqv is the proportional volt‐
age control gain. Voltage tripping is disabled when
Vtripflag = 0, and it is enabled when Vtripflag = 1. The limiter func‐
tions and voltage dead band function are defined as:

sat2 (x)= {Iqmax x³ Iqmax

x Iqmin < x< Iqmax

Iqmin x£ Iqmin

(18)

sat3 (x)= {Iqh1 x³ Iqh1

x Iql1 < x< Iqh1

Iql1 x£ Iql1

(19)

gdbV (x)= {x-ΔV1 x>ΔV1

0 ΔV2 £ x£ΔV1

x-DV2 x<ΔV2

(20)

where Iql1 and Iqh1 are the minimum and maximum limits of
reactive current injection, respectively; and ΔV,1 and ΔV,2 are
the lower and upper voltage deadbands, respectively. The
current limit is modeled as:

1) Q-priority: Iqmax = Imax, Iqmin =-Imax, where Imax is the
maximum converter current.

2) P-priority: Iqmax = I 2
max - I 2

pcmd , Iqmin =-Iqmax, where Ipcmd

is the active power command.
5) Mathematical Model of S4

The local block diagram of S4 is shown in Fig. 8. The
first block is a function of voltage tripping logic. Denoting it
by a piecewise function as (21), we can obtain the dynamic
equation (22).
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(21)

Ṡ4 =
1
Tv

(gvp (S0Vrfrac)- S4) (22)

where Tv is the time constant on the output of the voltage/
frequency cut-off; Vl0 and Vl1 are the voltage break-points
for low voltage cutout of inverters; Vh0 and Vh1 are the volt‐
age break-points for high voltage cut-out of inverters; tlv1 is
the timer for Vl1 point; thv1 is the timer for Vh1 point; and
Vrfrac is the fraction of device that recovers after voltage
comes back to within Vl1 <V <Vh1.

Note that Vmin and Vmax are determined by internal soft‐
ware which keeps tracking the minimum voltage of Vt dur‐
ing a simulation. Moreover, the frequency tripping logic is
designed as follows: if the frequency goes below fl for more
than tfl, then the entire model will trip; if the frequency goes
above fh for more than tfh, then the entire model will trip.
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6) Mathematical Model of S5

Figure 9 shows the block diagram of first-order filter.
From the diagram, we can obtain the dynamic equation as:

Ṡ5 =
1
Trf

( f - S5) (23)

where Trf is the transducer time constant for frequency mea‐
surement and Trf ³ 0.02 s; f is the terminal frequency; and S5

is the filtered frequency ffilt.

7) Mathematical Model of S6

Figure 10 shows the diagram of proportional-integral (PI)
controller with respect to S6. Defining the limiter and dead
band functions as (19) - (30), we can obtain the following
model of S6:

Ṡ6 =Kig sat4 (Pref -S1 + sat5 (Ddn gdbF ( fref -S5))+

sat6 (Dup gdbF ( fref -S5)))+
Kpg

Tp

S1 +Gdn ( f -S5)+Gup ( f -S5)-
S8

Tp

(24)

sat4 (x)=
ì

í

î

ïï
ïï

femax x³ femax

x femin < x< femax

femin x£ femin

(25)

sat5 (x)= {x x£ 0
0 x> 0

(26)

sat6 (x)= {x x> 0
0 x£ 0

(27)

gdbF (x)= {x-ΔF2 x>ΔF2

0 ΔF1 £ x£ΔF2

x-ΔF1 x<ΔF1

(28)

Gdn (x)= {- Kpg Ddn

Trf

x x<ΔF1 or x>ΔF2
Ddn

Trf

x³ 0

0 otherwise

(29)

Gup (x)= {- Kpg Dup

Trf

x x<ΔF1 or x>ΔF2
Dup

Trf

x< 0

0 otherwise

(30)

8) Mathematical Model of S7

The local block diagram of S7 is shown in Fig. 11. From
the diagram, we can obtain the following dynamic equation:

Ṡ7 = {0 fflag = 0

sat8 (sȧt7 (S6)) fflag = 1
(31)

When fflag = 0, frequency control is disabled and when fflag =
1, frequency control is enabled. The limiter function is:

sat7 (x)= {Pmax x³Pmax

x Pmin < x<Pmax

Pmin x£Pmin

(32)

sat8 (x)= {dPmax x³ dPmax

x dPmin < x< dPmax

dPmin x£ dPmin

(33)

where Pmin and Pmax are the minimum and maximum power,
respectively; and dPmin and dPmax are the lower and upper
power ramp rates, respectively.
9) Mathematical Model of S8

The local block diagram of S8 is shown in Fig. 12. From
the diagram, we can obtain the following dynamic equation:

Ṡ8 =
1

Tpord

(S7 - S8) (34)

where Tpord is the power order time constant; and S8 is the
power order (Pord).

10) Mathematical Model of S9

The local block diagram of the current of d-axis S9 (ip) is
shown in Fig. 13, from which, we can obtain:

Ṡ9 =

ì

í

î

ï
ï
ïï

ï
ï
ïï

1
Tg

( )sat9 ( )sat7 (S8)

sat1 (S0)
S4 - S9 Vtripflag = 1

1
Tg

( )sat9 ( )sat7 (S8)

sat1 (S0)
- S9 Vtripflag = 0

(35)

When Vtripflag = 0, the voltage tripping is disabled, other‐
wise, it is enabled. The limiter functions are defined as (16),
(32) and (36).

sat9 (x)= {Ipmax x³ Ipmax

x Ipmin < x< Ipmax

Ipmin x£ Ipmin

(36)

The current limit is modeled as:

1) Q-priority: Ipmax = I 2
max - I 2

qcmd , where Iqcmd is the reac‐

tive power command. If the unit is a storage device, Ipmin =
-Ipmax; if the unit is a generator, Ipmin = 0.

2) P-priority: Ipmax = Imax. If the unit is a storage device,
Ipmin =-Ipmax; if the unit is a generator, Ip, min = 0.
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Fig. 11. Local block diagram of S7 in DER_A model.
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D. Static Load Model

In CMPLDWG, the classic ZIP model is adopted to repre‐
sent the static load [24]. The ZIP model consists of constant
impedance (Z), constant current (I) and constant power (P)
components. It is usually used to represent the relationship
between output power and input voltage. The mathematical
representation is given as:

PZIP =P0

é

ë

ê
ê

ù

û

ú
úap ( V

V0
)

2

+ bp

V
V0

+ cp (37)

QZIP =Q0

é

ë

ê
ê

ù

û

ú
úaq ( V

V0
)

2

+ bq

V
V0

+ cq (38)

where PZIP and QZIP are the active power and reactive power
at the bus of interest, respectively; V0 is the nominal voltage;
P0 and Q0 are the base active and reactive power, respective‐
ly; V is the voltage magnitude; ap, bp, cp are the parameters
for active power of the ZIP load, and they satisfy ap + bp +
cp = 1; aq, bq, cq are the parameters for the reactive power of
the ZIP load, and they satisfy aq + bq + cq = 1; ap P0 (V/V0)

2 in
(37) represents the active power of the constant impedance
load; P0ap /V 2

0 is the constant conductance; bp P0 (V/V0) repre‐
sents the active power of the constant current load; P0bp /V0

is the constant current; and cp P0 represents the constant pow‐
er load.

E. Model of Electronic Load

The electronic load defined in CMPLDWG is similar to
that defined in the software PowerWorld [27]. The mathemat‐
ical representation is:

PEt = ct PE0 (39)

QEt = ctQE0 (40)

where PEt and QEt are the active and reactive power of the
electronic load at time t, respectively; ct is a coefficient with
respect to the bus voltage, and is defined in Table I [21];
and PE0 and QE0 are the base active and reactive power, re‐
spectively. In Table I, Vd1 and Vd2 are two threshold values,
and α is a fraction of the electronic load that recovers from
low voltage trip. If α is larger than zero, it will be reconnect‐
ed linearly as the voltage recovers. Vmint is a value tracking
the lowest voltage but not below Vd2, and it is a known val‐
ue at each sample. Its value can be expressed as:

Vmint =max{Vd2min{VtVmint - 1}} (41)

The modes depend on the terminal voltage following rules
as below:

1) If the terminal voltage Vt is higher than the threshold
value Vd1, the active power and reactive power of the elec‐
tronic load are constant P and Q.

2) If the terminal voltage Vt is lower than the threshold
value Vd2, the active power and reactive power of the elec‐
tronic load are constant P and Q.

3) If the voltage Vt is between two threshold values Vd1

and Vd2 (Vd1 >Vd2), the active power and reactive power of
the electronic load are linearly reduced to zero.

III. MODEL VALIDATION VIA SIMULATION

In this section, the mathematical model derived in this pa‐
per is verified through simulation. The mathematical models
of three-phase motor and DER_A are tested on MATLAB
and PSS/E simultaneously. We compare the performance of
the derived mathematical representation with WECC model
embedded in PSS/E to show the accuracy of the derived one.

A. Validation of Three-phase Motors

To verify the proposed model of three-phase motor, we
simulate the mathematical model in MATLAB and compare
it with CMLDBLU2 load model provided by PSS/E. Since
only the mathematical model of three-phase motor to be vali‐
dated, the parameters other than three-phase motor in
CMLDBLU2 are set to be zero. Moreover, the same bus
voltage inputs are given to both models. Consequently, we
can compare the output power of the proposed mathematical
representation of three-phase motor with that in PSS/E. Re‐
fer to [21], the bus voltage input is generated by (42). The
parameters are set in Table II [28].

V (t)=

ì

í

î

ïï
ïï

a 1£ t < 1+ b/60
(1- d)(t - c- 1)

b/60- c
+ 1 1+ b/60£ t £ 1+ c

1 otherwise

(42)

where a is the voltage sag level; b is the sag duration; c is the
ramp recovery time; and d is the ramp recovery starting level.

Figure 14 shows the bus voltage input of three-phase mo‐
tor. Figures 15-17 show the dynamic power responses of mo‐

€÷
1

1+sTg
Pord

Ip,max

Ip,min

0.01

Vtripflag
0

1

S8

S0

1
1+sTVS0 S40

1

V V V Vh0l1l0 h1

Vrfrac

1
1+sTpord

P

P

max

min

)(ipS9

Fig. 13. Local block diagram of S9 in DER_A model.

TABLE I
COEFFICIENT OF ELECTRONIC LOAD

Value of ct

0

Vt -Vd2

Vd1 -Vd2

Vmint -Vd2 + α(Vt -Vmint)

Vd1 -Vd2

1

Vmint -Vd2 + α(Vd1 -Vmint)

Vd1 -Vd2

Condition

Vt <Vd2

Vd2 £Vt <Vd1Vt £Vmint

Vd2 £Vt <Vd1Vt >Vmint

Vt ³Vd1Vmint ³Vd1

Vt ³Vd1Vmint <Vd1

Mode

1

2

3

4

5
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tors A, B and C, respectively. The mean square errors
(MSEs) between the proposed mathematical model and
CMLDBLU2 model are shown in Table III. The small errors
show the accuracy of the proposed mathematical model of
three-phase motor.

B. Validation of DER_A Model

Similar to the verification process of three-phase motor,
we simulate the mathematical model of DER_A in MAT‐
LAB and adopt DERAU1 provided by PSS/E at the same
time. Moreover, the same bus voltage and frequency inputs
are given to both models. Consequently, we can compare the
output power of the proposed mathematical representation of
DER_A model with that in PSS/E. The voltage input is the
same as (42). The frequency input is set to be 60 Hz. The
base voltage is 12.47 kV. The base capacity is 15.0 MVA.
The parameters are set as shown in Table IV [21], where
typeflag = 1 represents the applied unit is a storage device.

Figure 18 shows the filtered bus voltage and frequency in‐
puts of DER_A. Figure 19 shows the dynamic power re‐
sponses of DER_A. The MSEs of real and reactive power
are 1.1053´ 10-4 and 7.3079´ 10-5, respectively. The small

TABLE II
PARAMETERS OF THREE-PHASE MOTOR MODEL

Parameter
of motor A

rsA

LsA

LpA

LppA

TpoA

TppoA

HA

AA

BA

CA

DA

EtrqA

pA

qA

ω0A

Value

0.04 p.u.

1.8 p.u.

0.1 p.u.

0.083 p.u.

0.092 s

0.002 s

0.05 s

0

0

0

1

0

-1

-1

120π rad/s

Parameter of
motor B

rsB

LsB

LpB

LppB

TpoB

TppoB

HB

AB

BB

CB

DB

EtrqB

pB

qB

ω0B

Value

0.03 p.u.

1.8 p.u.

0.16 p.u.

0.12 p.u.

0.1 s

0.0026 s

1 s

0

0

0

1

2

-1

-1

120π rad/s

Parameter
of motor C

rsC

LsC

LpC

LppC

TpoC

TppoC

HC

AC

BC

CC

DC

EtrqC

pC

qC

ω0C

Value

0.03 p.u.

1.8 p.u.

0.16 p.u.

0.12 p.u.

0.1 s

0.0026 s

0.1 s

0

0

0

1

2

-1

-1

120π rad/s

TABLE III
MSES BETWEEN MATHEMATICAL MODEL AND CMLDBLU2 MODEL OF

THREE-PHASE MOTOR

Power

Real power

Reactive power

MSE

Motor A

3.1109´ 10-7

3.1325´ 10-5

Motor B

1.0291´ 10-5

8.4974´ 10-5

Motor C

1.0263´ 10-5

4.9115´ 10-5
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Fig. 16. Real and reactive power of mathematical and PSS/E models of
three-phase motor B.
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error shows the accuracy of the proposed mathematical mod‐
el of DER_A.

IV. CONCLUSION

WECC CLM is important for power system monitoring,
control and planning such as stability margin assessment,
contingency analysis, impact assessment of renewable ener‐
gy, and emergency load control. This paper develops the de‐
tailed mathematical model of three-phase motor and DER_A
in WECC CLM. Several simulations are conducted in mat‐
lab and PSS/E. The comparison analysis shows the accuracy
of the proposed mathematical representation. This detailed
representation is useful for theoretical studies such as stabili‐
ty analysis, parameter identification, and order reduction.
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Tp
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