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Diakoptics based on Actors (A-Diakoptics) combines two computing techniques from different
engineering fields: Diakoptics and the actor model. Diakoptics is a mathematical method for tearing
networks. The actor model is used to coordinate the interaction between sub-circuits.

A-Diakoptics is a technique that seeks to simplify the power flow problem to achieve a faster
solution at each simulation step. Consequently, the total time reduction when performing QSTS will
be evident at each simulation step with A-Diakoptics.

This technique has been implemented in OpenDSS in version 9.4 using a simplification that will be
explained later in this document. The suite integrated in version 9.4 includes automated and manual
circuit tearing among other tools to execute and debug the method step by step. Since the
simplification implemented in OpenDSS is relatively new, we will continue to improve the suite in
time.

The simplified A-Diakoptics solution method

Initially proposed by Gabriel Kron and later used and modified by other authors [1, 2]. Diakoptics is
a technique for tearing large physical circuits into several sub-circuits to reduce the modeling
complexity and accelerate the solution of the power flow problem using a computer network. Each
computer will handle a separate piece of the circuit to find a total solution. Using modern multi-core
computers this technique can be used for accelerating QSTS simulations, in OpenDSS, by using the
actor model as a framework for coordinating the interactions between the distributed pieces
proposed in Diakoptics [3, 4].

A-Diakoptics uses the parallel processing suite inside OpenDSS to allocate and solve the separate
pieces of the interconnected circuit. A-Diakoptics was proposed initially in 2015 [5, 6] and utilizes
the power flow solution method proposed in OpenDSS for the analysis.

The power flow problem in OpenDSS

While the power flow problem is probably the most common problem solved with the program, the
OpenDSS is not best characterized as a power flow program. Its heritage is from general-purpose
power system harmonics analysis tools. Thus, it works differently than most existing power flow
tools. This heritage also gives it some unique and powerful capabilities for modeling complex
electrical circuits. The program was originally designed to perform nearly all aspects of distribution
planning for distributed generation (DG), which includes harmonics analysis. It is relatively easy to
make a harmonics analysis program solve a power flow, while it can be quite difficult to make a
power flow program perform harmonics analysis. To learn more about how the algorithm works for
the power flow problem, see “Putting It All Together” below. [Where is this?]
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The OpenDSS program is designed to perform a basic distribution-style power flow in which the bulk
power system is the dominant source of energy. However, it differs from the traditional radial circuit
solvers in that it solves networked (meshed) distribution systems as easily as radial systems. It is
intended to be used for distribution companies that may also have transmission or sub transmission
systems. Therefore, it can also be used to solve small- to medium-sized networks with a
transmission-style power flow.

Nearly all variables in the formulation result in a matrix or an array (vector) to represent a
multiphase system. Many of the variables are complex numbers representing the common phasor
notation used in frequency-domain ac power system analysis.

OpenDSS uses a standard Nodal Admittance formulation that can be found documented in many
basic power system analysis texts. The Arrillaga and Watson textbook is useful for understanding
this because it also develops the admittance models for harmonics analysis similarly to how
OpenDSS is formulated.

A primitive admittance matrix, Yprim, is computed for each circuit element in the model. These small
matrices are used to construct the main system admittance matrix, Ysystem, that knits the circuit
model together. The solution is mainly focused on solving the nonlinear system admittance equation
of the form:

IPC(E) = YsystemE
where,
Ipc(E) = Compensation currents from Power Conversion (PC)elements in the circuit

The currents injected into the circuit from the PC elements, /p(E), are a function of voltage as
indicated and represent the nonlinear portion of the currents from elements such as Load,
Generator, PVsystem, and Storage.

There are a number of ways this set of nonlinear equations could be solved. The most popular way
in OpenDSS is a simple fixed point method that can be written concisely [7]:

Epi1 = [Ysystem]_llpc(En) n =0,1,2 ...until converged

From here it can be inferred that every time an expression like the following is found:

E= [Ysystem]_ll

there is an OpenDSS solver, called an actor in OpenDSS’ parallel processing suite, and this is the
basis for the A-Diakoptics analysis.

Simplified A-Diakoptics
An initial form of A-Diakoptics was developed in [5, 6]. From there, the general expression for
describing the interactions between the actors (sub-circuits) and the coordinator is as follows:

Er = ZTTIO(n—l) - ZTCZEgZCTIO(n)

Er is the total solution of the system (the voltages in all the nodes of the system). Iy is the vector
containing the currents injected by the PC elements, and the time instants n and n +1 are discrete
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time instants to describe the different times in which the vector of currents is calculated [6]. Zr is
the trees matrix and contains the admittance matrixes for all the sub-circuits that contained in the
interconnected system after the partitioning. The form of Z:r is as follows:

[Y]7!
: : n=0,1,2..# of sub — circuits
AR

The sub-circuits contained in Zrr are not interconnected in any way. The connections are through
external interfaces that define the relationship between them. Zrc, Zcr and Zcc are interfacing
matrixes for interfacing the separate subsystems using a graph defined by the contours matrix (C)
as described in [6, 8]. Zrrlo(n-1) corresponds to the solutions delivered when solving the sub-systems
and ZrcZcc *Zcrlo(n) is the interconnection matrix to find the total solution to the power flow problem.

Zpr =

As can be seen at this point, the form of Zr proposes that multiple OpenDSS solvers can find
independent partial solutions that when complemented with another set of matrixes, can calculate
the voltages across the interconnected power system. However, in this approach the
interconnection matrix is a dense matrix that operates on the injection currents vector provided by
the latest solution of the sub-systems.

Nowadays, sparse matrix solvers are very efficient and to operate with a dense matrix is not
desirable. The aim in this part of the project is to simplify the expression that defines the
interconnection matrix to find a sparse equivalent that can be solved using the KLUSolve module
already employed in OpenDSS.

Assuming that the times in which the sub-systems are solved, and the interconnection matrix is
operated are the same and fit into the same time window (ideally), A-Diakoptics can be
reformulated as:

Er =Zrrlomy — ZTCZEClZCTIO(n) ()
Additionally, in OpenDSS the interconnected feeder is solved using:
Er = [Y;]7',

Where Y is the Ys,s matrix that describes the interconnected feeder. Equating the two previous
equations the expression results in:

Vil oay = Zrrloay — ZrcZcd Zerlom)

This new expression can be taken to the admittance domain since Zrr is built using the Yg,s matrixes
that describe each one of the sub-systems created after tearing the interconnected feeder [5, 6].
The new equation is reformulated as:

Vil oay = Yrr)™Homy — ZrcZel Zerlowm)

Y17t = [Yorl ™t = ZpeZel Zer

Then the interconnection matrix can be reformulated as:

ZpcZit Zer = [Yxx] ™t = Ypr] ™t = 1Y)t
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This new formulation proposes that the interconnection matrix is equal to an augmented
representation of the link branches between the sub-systems. To support this conclusion take the
simplification proposed by Happ in [8] where:

€cr = _ZCTIO(n)
Zer =CTZpr > eg = _CTZTTIO(n)

This expression is similar to the partial solution formulation of the Diakoptics equation but including
the contours matrix, then if the partial solution is called Eq) it is possible to say:

ec, = _CTET(O)
On the other hand, Zrc, which is the non-conjugate transposed of Zcr, is calculated as follows:
Zpe = Z7rC

Replacing the new equivalences for Zcr and Zrc the equation proposed in (*) is reformulated as
follows:

Er = Zrrlomy + Zprle
Or in terms of sparse matrices:
Er = [Yrr] ™ oy + [Yrr] ™', (*%)
Where:
Io = —=CZge CTEr(oy

The new equation described in (2) establishes that the same actor can calculate its partial and
complementary solutions using information calculated using the interconnection matrix Zcc. Zcc is a
small matrix that contains the information about the link branches and the calculation of /. does not
represent a significant computational burden in medium and large-scale circuits. With this
approach, all the matrix calculations are made using sparse matrix solvers, reducing the
computational burden.

Using the A-Diakoptics suite in OpenDSS

The A-Diakoptics suite is an instruction set for driving simulations using A-Diakoptics in OpenDSS.
This instruction set is available from version 8.5 and later. The instructions are as follows:

Command Description

Activates/deactivates the A-Diakoptics suite. XX can be False/True o Yes/No. To activate A-
Diakoptics there must be a system loaded into memory in actor 1 (default) and the circuit
needs to be solved once in snapshot mode. When enabled, A-Diakoptics will partition the
Set ADiakoptics = XX | system using the number of sub-circuits specified with set num_subcircuits=5S, where SS is
the number of sub-circuits. Then, the sub-circuits will be compiled and loaded into memory
for the simulation. See “Circuit partitioning” for details on the output. When deactivated (set
ADiakoptics=No), no action is taken, and the crated actors will remain in memory.

Get ADiakoptics Returns Yes/No to indicate if the A-Diakoptics suite is active
After activating A-Diakoptics, the user can use this instruction to get the names of the link
Get LinkBranches branches used for partitioning the circuit. It is required that the active actor is 1 to obtain the

correct values. The partition is made using MeTIS [9] V4.
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Sets the list of link branches to be used for tearing the circuit manually. With this option the
user specifies what are the link branches (Lines only) to be used for tearing the circuit.

If set True, enables the tearing algorithm for using the link branches proposed by the user
UseMyLiﬁE:Branches when tearing the circuit. The number of sub-circuits will be determined based on the
number of link branches given.
Exports the contours matrix calculated in compressed coordinated format. A-Diakoptics
needs to be active.

Exports the Link branches matrix calculated in compressed coordinated. A-Diakoptics needs

Set LinkBranches

Export Contours

Export ZLL to be active. See [5, 10] for details.

Export ZCC Exports the connections matrix calculated in compressed coordinated. A-Diakoptics needs to
be active. See [5, 10] for details.

e Exports the inverse of ZCC (Y4 = Zcct) in compressed coordinated format. A-Diakoptics needs

to be active.

Circuit partitioning

After activating A-Diakoptics OpenDSS will deliver an output describing the result of the
initialization. Consider the following lines of code for enabling A-Diakoptics using 4 sub-circuits (the
circuit has been compiled and solved in snapshot mode previously):

set Num Subcircuits=4
set ADiakoptics=True

If the partitioning and initialization of the circuit was correct, the output from OpenDSS will be as
shown in Figure 1.

B OpenDSS Data Directory C:\, - O X
File Edit Do Set Make Export Show Visualize Plot Reset Help
B & \ & 3 eg” Bl HSource,fFauIt lesource v||
v| ¢ v p || ®| % 7 ||BaseFrequency = 60 Hz
o\ | & i | @ [A-Dakoptics intiaized |

A-Diakoptics initialization summary:

- Creating Sub-Circuits. ..

4 Sub-Circuits Created
- Indexing link branches. ..Done
- Setting up the Actors...Done
- Building Contours...Done
- Building ZLL...Done
- Opening link branches...Done
- Building ZCC...Done
- Building Y4 ...Done
- Assigning indexes to actors
...Done

5 pu=1.05 r1=0 «1=0.001 r0=0 x0=0.001

Partitioning statistics

Circuit reduction  (%%): 68.52
Max imbalance (%%): 42.33
Average imbalance(%%): 20.52 247 416,048, 0415, 0 208)

A-Diakoptics initialized

Main  Master_ckt5.dss

Messages OpenDSS - C:\
Summary Results

Memory: 131212K Circuit Status: SOLVED Total lterations = 2, Control lterations = 1, Max Solution lterations = 2

Figure 1. Circuit partitioning successful

As can be seen in Figure 1, the summary window will display all the steps carried out to initialize A-
Diakoptics including the partitioning statistics (see partitioning statistics). At this point the system is
ready to solve in A-Diakoptics mode. The following considerations need to be taken:

1. All monitors or energy meters can be created in actor 1. Actor 1 is the simulation
coordinator, and it hosts Y4 and the vectors for calculating /c. Actor 1 also hosts the
admittance matrix of the interconnected circuit.

A-Diakoptics suite for OpenDSS
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2. Actor 1is the simulation coordinator; the others are slaves of the coordinator.
3. The number of actors depends on the number of sub circuits configured by the user. If the
number of sub-circuits set by the user overpasses the number of CPUs — 2 in the local PC,
the Initialization algorithm will force the number of sub-circuits to the number of CPUs — 2.
4. The CPUs are assigned automatically. If the user wants a better performance (e.g., 1
thread per Core) it is necessary to do the redistribution manually.

5. The algorithm is available for all the OpenDSS compilations: EXE, COM, and DLL. It is fully
operational for all QSTS and direct solution modes.

Error messages

The A-Diakoptics initialization is a complex process and has multiple moving pieces that may cause
an error in the initialization, making the initialization unsuccessful and aborting A-Diakoptics.
Sometimes when creating the sub-circuits, one or more circuits cannot be solved, either because
the circuit is invalid, or something is missing. In this case the message at the summary window in
OpenDSS is as follows:

A-Diakoptics initialization summary:
- Creating Sub-Circuits...
6 Sub-Circuits Created
- Indexing link branches...Done
- Setting up the Actors...Error

One or more sub-systems cannot be compiled

One or more errors found

In this case the A-Diakoptics initialization failed and as a result, A-Diakoptics was not enabled.

OpenDSS uses MeTIS for the circuit partitioning. Sometimes MeTIS suggests a PD element different
from a Line as a link branch, which is an error. In that case the output at the summary window will
be:

A-Diakoptics initialization summary:

- Creating Sub-Circuits...
6 Sub-Circuits Created

- Indexing link branches...Done
- Setting up the Actors...Done
- Building Contours...Error

One or more link branches are not lines

One or more errors found

Again, the A-Diakoptics initialization failed and A-Diakoptics was not enabled. In this case the best
solution is to propose a different number of sub-circuits until a valid partitioning is achieved. The
partitioning can be validated using the partitioning statistics information.

Partitioning statistics

After a successful circuit partitioning OpenDSS will calculate some statistics to help the user to
understand and estimate what to expect from the circuit tearing. There are 3 indicators delivered
by OpenDSS called the circuit reduction, the maximum imbalance and the average imbalance.

The circuit reduction is the relationship between the number of nodes in the interconnected circuit
and the largest sub-circuit created after partitioning the circuit. The circuit reduction is calculated
as follows:

A-Diakoptics suite for OpenDSS
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Circuit reduction (%) = (1 -

max(actory,. NumNodes|N,_,)
Total NumNodes

) 100 N = # sub — circuits
It is the largest sub-circuit that will take longer to solve (normally), determining the total time
required for solving a simulation step.

The maximum imbalance and the average imbalance are 2 metrics oriented to illustrate the level of
balance between sub-circuits. The maximum imbalance is calculated considering the relationship
between the sizes of all the sub-circuits and the largest sub-circuit after the partitioning.

N

actory,. NumNodes |

Max imbalance (%) =1 — max< ) 100 N = # sub — circuits

Largest. NumNodes|  _,

The average imbalance is the average of the all the imbalances considering the largest sub-circuit as
reference.

N

actor,,. NumNodes ”

avg imbalance (%) = mean <[1 ) 100 N = # sub — circuits
2

~ Largest. NumNodes m=

The aim with these metrics is to keep them as low as possible after partitioning the circuit. Ideally,
the average and maximum imbalances should be 0. However, that may happen only in very special
situations. If the maximum imbalance is lower than 50 % it means that the tearing is acceptable. For
example, consider the following statistics after tearing the circuit using 4 sub-circuits:

Circuit reduction (%) : 68.52
Max imbalance (%) : 42.33
Average imbalance (%): 20.52

These statistics reflect that the circuit had a reduction greater than the 50% and the maximum
imbalance is not perfect but is below 50%. In another scenario using only 2 sub-circuits, the output
is as follows:

Circuit reduction (%): 46.34
Max imbalance (%): 13.04
Average imbalance (%): 6.818

The imbalance ratio is much better than when using 4 sub-circuits, however, the reduction ratio is
lower. Finally, consider a partitioning using 5 sub-circuits in the same system, the output is as
follows:

Circuilt reduction (%): 60.95
Max imbalance (%): 94.04
Average imbalance (%) : 48.67

In this case, the circuit reduction is not higher than using 4 sub-circuits and the maximum and
average imbalances growth significantly, indicating that the circuit partitioning is not better using
more partitions.

Actors’ distribution in memory

The new implementation of A-Diakoptics considers several implementations, these can be
reviewed in Table 1.

A-Diakoptics suite for OpenDSS
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Table 1

Optimization name Description

The circuit tearing process and the calculation of C and Zcc
matrices is performed with a single command. The link
branches can be calculated automatically using the MeTIS
implementation within OpenDSS or manually. The
initialization process is performed only once when the user
Initialization enables the A-Diakoptics mode in OpenDSS. The user can
specify the number of sub-circuits to be created and get
information on the link branches name and matrices around
the initialization for debugging. The initialization can only be
commanded from actor 1 and only 1 actor must exist in the
OpenDSS environment.

The solution in A-Diakoptics mode is commanded and
coordinate by actor 1, who contains the image of the
interconnected model mimicking the total solution. Actor 1
will send messages to other actors, wait for commands
completion, and setup the memory space for the other actors
to find their solutions. Actor 1 is also responsible for
performing operations over Zcc, which happen in the middle
of the solution process.

Coordination

Distributed solvers start from actor 2 to the number of sub-
circuits defined by the user. Actor 1 is occupied with the
solution coordinator. The solution of the distributed solver
points to the voltage solution vector (Er) in actor 1 starting at
the index specified in the initialization. The index for each
actor is assigned at the initialization and requires that the
actor’s node distribution matches with the zone assigned in
actor 1. This coordination is done during the initialization.

Distributed solver

The control actions are performed at the distributed solvers.

Control actions Changes in the Y Bus are applied locally and not transported
into actor 1.
Actor 1 samples monitors across the model since the total
Meter sampling solution will remain in its memory space after a solution is
found.

Unnecessary mathematical or linear algebra operations are
Math operations replaced with simpler equivalents based on additions to
reduce the computational overhead.

The convergence is evaluated at the coordinator, who will
decide considering the flags triggered by the distributed
solvers if the max. solution or control iterations has been
reached.

Convergence criteria

The transport of data between memory is simplified by pointing the distributed solvers to
actor’s 1 memory. While the injected current vectors for each solver is kept locally, the
output of the solution algorithm (voltage) is read/write in the part of the solution of actor 1
matching the nodes of each subnetwork.

A-Diakoptics suite for OpenDSS
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For example, consider a circuit model with 14 nodes that is torn into 2 sub-circuits. Actor 1
will contain the model representing the 14-node system, which has a vector for representing
the injected currents and another one for the voltages at each node, which also represents
the solution. Both vectors have 14 elements.

Assume that the sub-circuits have 7 nodes each, in that case, actor 2 containing the first
subnetwork will read/write the solution for its zone from the voltage vector in actor 1
starting at position 1 to 7. Actor 3 containing the second subnetwork will then read/write
the solution for its zone from the voltage vector in actor 1 starting at position 8 to 14. This
concept is illustrated in Error! Reference source not found..

Avoiding complicated math when possible is crucial for reducing computational overhead
in simulation time. Even when the math suggests steps including linear algebra, these can
be simplified by giving them the correct physical interpretation within the computer
algorithm. For example, the expression:

IC = _CZESCTET(O)

Suggests that the partial voltages found in a previous step (Et()) need to be multiplied by
the vector C before operating with the inverse of Zcc, which has been calculated at the
initialization. Zcc? is expected to be a small matrix, then, CTEr(q) is a linear algebra
operation intended to reduce the partial voltage vector into the number of Zcc. However,
the physical meaning of this reduction is the voltage difference at the terminal of the link
branches, used to calculate the current injections representing the interactions between sub-
circuits in the context of the interconnected system as depicted in Figure 2Error!
Reference source not found..

In this case, it is faster to extract the voltages at the nodes of interest and perform a simple
subtraction for building the result CTEr () than operating 2 vectors. Similar implementations
are made when coding the new algorithm in OpenDSS to reduce the implicit overhead
when working in parallel.

The read/write operations from the distributed solvers (actors 2 and 3) into the solution
space of actor 1 are done using pointers, removing the need for transporting data from
actors > 2 into actor 1 through iterative routines.

The present state for controller implementation in OpenDSS needs to be considered in
future projects when using A-Diakoptics. Controllers that produce changes in the local Y
Bus matrix of the distributed solvers introduce an error that can be significant. One option
is to rethink those controllers using current injection equivalents, or, to optimize the
calculation of the interconnection matrix Zcc to recalculate it every time a control action
requires it.

Monitors and meters also need extra work when monitoring DER such as ES and PV, since
their control actions and state variable change in the context of the distributed solvers, but it
is actor 1 (coordinator) the one that sample meters. This can be easily solved by adding an
index to the actor containing the element of interest to the meters in actor 1, a change that
can be implemented in future releases.

A-Diakoptics suite for OpenDSS
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Actor 1 — Interconnected model
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Vier™ - Y Bus 1 IPC(Vn*) Vi ™ = Y Bus 2 IPC(Vn*)

Actor 2 — subnetwork 1 Actor 3 — subnetwork 2

Figure 2. Distributed solvers pointing to actor 1 solution space

Test circuits for A-Diakoptics

In version 9.4, OpenDSS includes 6 test cases publicly available on the internet for
illustrating the features of the A-Diakoptics implemented in this project. The test cases
proposed are:

IEEE 13 bus test case, used for learning more about A-Diakoptics and for debugging,
available at:
https://sourceforge.net/p/electricdss/code/HEAD/tree/trunk/Version8/Distrib/Examples/AD
iakoptics/IEEE_13 Bus/.

IEEE 123 bus test case, used for learning more about A-Diakoptics and for understanding
its behavior when using Y Bus modifying and current based controllers, available at:
https://sourceforge.net/p/electricdss/code/HEAD/tree/trunk/Version8/Distrib/Examples/AD
lakoptics/IEEE_123 Bus-G/.

EPRI Circuit 5, for testing simulation performance, available at:
https://sourceforge.net/p/electricdss/code/HEAD/tree/trunk/Version8/Distrib/Examples/AD
iakoptics/EPRI Ckt5-G/.

EPRI Circuit 7, for testing simulation performance, available at:
https://sourceforge.net/p/electricdss/code/HEAD/tree/trunk/Version8/Distrib/Examples/AD
iakoptics/EPRI Ckt7-G/

EPRI Circuit 24, for testing simulation performance, available at:
https://sourceforge.net/p/electricdss/code/HEAD/tree/trunk/Version8/Distrib/Examples/AD
iakoptics/ckt24/

A-Diakoptics suite for OpenDSS
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Transmission and distribution case (combining IEEE 30 bus and EPRI circuit 5), for testing
simulation performance based on simulation complexity simplification, available at:
https://sourceforge.net/p/electricdss/code/HEAD/tree/trunk/Version8/Distrib/Examples/AD
lakoptics/TnDSystem/.

These test systems include the commands and instructions to evaluate the performance of
A-Diakoptics. The user can modify the cases at will to fulfill his simulation needs. Also,
result tables and statistics are provided within the test cases. The details on the findings and
experiments conducted with these test systems are presented in [11].

Testing model (SQA)
For running the test model follow these steps:

1. Open the application by double clicking on the executable OpenDSS.exe.
2. Once the application is running, open the demo model located at ...EPRI_Ckt5-
G\master.dss within the executable’s folder.

B OpenDSS Data Directory: C\Users\pdmo005\Documents\Projects\T|_2021_ADizkoptics\SQA_Package\UserFiles\EPRI_Ckt5-G\Torn_Circuity - [m] >
File Edit Do Set Make Export Show Visualize Plot Reset Help

e &g & | HSource;’FauIt vlm v”

\,| ¢ v p|| [®| X g |BaseFrequency =60 Hz
C:\Users\pdmo005\Documents\Projects\TL_2021_ADiakoptics\SQA_Package\UserFiles), V|E7 a" | E ) |Ver5i0n 9.3.0.2 (64-bit buid) ||

7 — A-Diakoptics applied to Ckt 5 EPRI ol
H
12

Clear
New Circuit_ckth

Redirect Vsource.dss

Redirect WireData D55
Redirect LineGeometiy. D55
Redirect LineCode D55
Redirect LoadShape.D55
Redirect GrowthShape D55
Redirect TCC_Curve. D55
Redirect Spectrum.D5SS
Redirect sub\Branches.dss
Redirect sub\Transformers. dss
Redirect sub\Loads.dss
Redirect sub\Capacitors.dss
Redirect Transformer.DS5
Redirect Reactor DS5 v

Main  Master.DSS

Messages OpenDSS - C:\Users\pdmo005\Documents\Projects\T1_2021_ADiakoptics\SQA_Package\UserFiles\EPRI_Ckt5-G\Master.DSS

Summary Results

Memory: 36216K Ne Active Circuit

Figure 3. Opening the test model

3. Once the script is open, select the content of the script by using the key combination
Ctrl+A.
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B OpenDSS Data Directory: C:\Users\pdmo0D5\Documents\Projects\TI_2021_ADiakoptics\5Q4_Package\UserFiles\EPR|_Ckt3-G\Torn_Circuit\ - ]

File Edit Do Set Make Export Show Visualize Plot Reset Help
E?| & HSnurce,.fFauIt vl\rsnurce v||

V| ¢ v p || [®]| X @ ||Base Frequency = 60 Hz

C:\Users\pdmo005\Documents\Projects\TL_2021_ADiakoptics\SQA_Package\UserFiles), v|E7 # ik ‘Version 9.3.0.2 (64-bit build)

et -A-Diakoptics applied to Ckt 5 EPRI
i

H

Clear
Mew Circuit.cktS
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Figure 4. Selecting the content of the script.

4. Right click on the highlighted text and select “Do selected” from the pop-up menu.
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Summary Results
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Figure 5. Executing the test code.

After the test code is executed, OpenDSS will open a text file containing the results of the yearly

simulation.
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hour, t(sec), V1, VAnglel, V2, VAngle2,
1, 09.00000, 7559.1, -31.6771, 7554.48, -
2, 0.80000, 7573.2, -31.4966, 7568.7,
3, 0.90060, 7589.81, -31.3827, 7584.57,
, 0.00000, 7599.67, -31.1938, 7594.2,
00000, 7608.1, -31.1184, 7600.83,
20000, 7613.34, -31.067, 7605.97,
00000, 7615.13, -31.8422, 7608.8,
00000, 7611.37, -31.8932, 7603.91,

a
S,
6,
7,
8
9, 8.80000, 7586.69, -31.3307, 7582.31,

a.
a.
a.
a.
a.

-151.615, 7578.86, 88.5282, 133.659, -22.4872, 145.931,

V3, VAngle3, I1, IAnglel, I2, IAngle2, I3, IAngle3
151.81, 7563.4, 88.3396, 149.38, -26.6136, 163.146, -147.498, 147.793, 94.8882
-143.741, 131.755, 99.7@84

-151.483, 7597.44, 88.7346, 117.716, -16.6796, 128.115, -138.443, 115.743, 186.985

-151.29, 7607.88, 88.8419, 109.679, -12.0407, 119.18, -134.64, 108.347, 111.534

-151.217, 7612.48, 88.9084, 104.818, -8.01504, 113.667, -131.758, 104.865, 114.43
-151.162, 7616.12, 88.9558, 181.73, -5.25236, 169.817, -129.338, 161.88, 116.553
-151.131, 7618.21, 88.9831, 180.157,

-4.15581, 107.691, -127.884, 99.3609, 117.841
-6.44573, 111.734, -138.372, 182.244, 115.78
-17.6863, 13@.341, -139.229, 116.369, 106.683

-151.188, 7614.89, 88.9374, 183.451,
-151.43, 7596.74, 88.7248, 119.942,

= 10, ©.00000, 7566.74, -31.5814, 7562.04, -151.704, 7573.32, 88.461, 140.999, -24.5454, 153.758, -145.565, 137.232, 97.8647
N Master.DSS |17 g pppee, 7549.87, -31.7989, 7544.79, -151.939, 7555.69, 88.2382, 160.35, -28.9402, 174.988, -149.607, 156.579, 92.8791
MessageTpmss,c 12, ©.00000, 7528.66, -32.0751, 7522.83, -152.238, 7534.73, 87.9609, 185.808, -33.1854, 202.842, -153.542, 181.694, 88.3873
13, ©.00000, 7501.88, -32.4251, 7495.82, -152.618, 7508.1, 87.6089, 218.959, -37.1536, 238.986, -157.244, 214.587, 84.1739
Summary Results 14, ©.00000, 7493.56, -32.5333, 7486.32, -152.736, 7499.66, §7.4981, 229.342, -38.1623, 250.367, -158.2, 225.116, 83.8826
Memory: 163052K Mo Active Circuit 15, ©.00000, 7487.1, -32.618, 7479.56, -152.829, 7492.94, 87.4094, 237.492, -38.884, 259.335, -158.885, 233.592, 82.2836
16, ©.00000, 7471.79, -32.8191, 7463.63, -153.847, 7477.36, 87.2032, 256.942, -48.4227, 280.52, -160.337, 253.38, 80.6221
17, ©.00000, 7479.26, -32.7213, 7471.39, -152.942, 7484.66, 87.2995, 247.45, -39.6943, 270.315, -159.655, 244.144, 81.3719
18, 0.00000, 7504.01, -32.3962, 7497.11, -152.591, 7509.14, 87.6234, 216.159, -36.8678, 236.385, -157.816, 213.312, 84.314
19, ©.00000, 7520.59, -32.1792, 7514.37, -152.356, 7525.48, 87.8394, 195.543, -34.4972, 213.916, -154.81, 193.851, 86.7671
20, ©.00000, 7530.25, -32.0539, 7524.46, -152.22, 7534.92, 87.9632, 183.777, -32.8774, 2@1.865, -153.303, 181.593, 88.4222
21, ©.80808, 7538.1, -31.9513, 7532.64, -152.109, 7542.54, 88.8641, 174.245, -31.41, 190.615, -151.944, 172.373, 89.9088
22, ©.00800, 7543.72, -31.8778, 7538.44, -152.03, 7548, 88.1367, 167.484, -38.2612, 183.239, -150.889, 165.805, 91.875
23, 0.00000, 7552.06, -31.7694, 7547.23, -151.911, 7556.26, 88.2452, 157.643, -28.38, 172.277, -149.125, 156.101, 93.9108
24, 0.00000, 7567.98, -31.5625, 7563.6, -151.686, 7572.58, 88.4552, 139.329, -24.104, 152.051, -145.187, 137.866, 97.6141
25, 0.00000, 7585.22, -31.3465, 7580.98, -151.45, 7593.07, 88.6851, 121.186, -18.1835, 131.899, -139.758, 119.431, 185.889 v

Ln1, Col1 100%  Windows (CRLF) UTF-8

Figure 6. Output of the testing procedure.
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