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Introduction

Since we have had some delay in getting things organized for this WG, I have decided to put up a straw man proposal for the definitions of distribution system analytical data objects.   At least, this should get our discussions started.

This WG is to define standard names/definitions for quantities used in distribution system analysis.  We are not defining formats for data exchange; just definitions of the data that are exchanged.

I confess to taking the easy way out due to lack of time.  I've been unable to collect data definitions from a significant number of potential participants in this WG.  What I do have is on paper and I would have to type it in.  I would rather the WG members do that themselves and send it to me, since they probably have it in computer form in approximately the format I need.  For the most part, I simply dumped the definitions from Electrotek's latest distribution analysis application, because I can dump the help for the circuit element properties simply by clicking a button.  I then deleted properties that I felt were applicable only to our implementation and left properties I felt would be common to most distribution analysis software. The application is designed to accept circuit description data from a variety of types of models with a minimum of conversion, so I suspect it is close to the common ground between all distribution analysis software vendors. Therefore, these definitions should not be far off from the norm and would be a good starting place.  I've also included some definitions from an older version of Cooper Power Systems' V-BASE database, since I have been using their regulator control as an example in my talks on this WG.

I think we ought to adopt the PSAD WG concept of naming the quantities in which they are first segregated by object class and then by property of the object.  Thus, the full name of a quantity is

ClassName.Property

I think this is consistent with common computer data usage today and should be familiar to anyone working with modern software systems.  This draft document contains proposed definitions (for distribution analysis) for the following object classes:

1. Linecode

2. Line

3. Transformer

4. LoadShape

5. GrowthShape

6. Generator

7. EnergyMeter

8. Monitor

9. VSource

10. Fault

11. Capacitor

12. Regulator

13. CL4Regulator

Of course, the naming and breakdown of classes are open to debate by  the members of WG.  The WG must also define many other classes of data.  Proposed definitions are solicited from those who already have software packages that use other classes of objects.

Examples of complete name of a property would be 

LineCode.NPHASES

Line.LINECODE

Line.LENGTH

Transformer.XHL

If the context in unambiguous, such as when we are transferring only Line object data, then the object type can be implied and only the property name given.

For data transfer, we should probably follow the PSAD WG lead for the simple, "self-defining format" (SDF).  Also, XML appears to be catching hold as the method of choice for transfer of data between systems and it generally fits in well with this definition process.  Both have some deficiencies with respect to distribution system data that the WG will need to address and come up with recommended ways of dealing with it.  In particular, we have a need to pass arrays and matrices for several modeling issues.  These are not handled in the SDF and we need to define a standard way to do it in XML.  However, I am opposed to spending any significant time in the WG discussing the transfer formats.  Rather, we should concentrate on the standard definitions of quantities used in analysis.

All objects and their properties are named with text strings. I have shown the property names in all caps for convenience.  My preference is NOT to make the names case-sensitive.

I have chosen most of the names of the properties in this document and I will admit that they are not 100% consistent for all the objects.  Also, I tend to choose as short and as simple a name as possible for the properties.  However, this is also open to debate by the WG.  Both the PSAD WG and the EPRI CIM naming conventions are more verbose.  

Some Issues

The WG must decide how closely it will attempt to follow other industry efforts such as PSAD and CIM.  While there are some things we should be able to adopt, I have noticed several conflicts and deficiencies.  Both of the aforementioned efforts began as utility transmission-oriented projects.  I will confess that 28 years in the distribution analysis business has created in me a rather substantial bias and skepticism about anything developed first for transmission power flows being useful for the full range of distribution system analysis.  We should borrow what is useful so we don't have to reinvent the wheel, but we should not be timid about an alternative approach if there is a good reason.

Following the lead of the PSAD WG, I would prefer not to specify field widths or precision for text and numeric quantities.  The quantities will be defined in terms of mainly three data types:

1. TEXT

2. INTEGER

3. REAL

In addition, the DSADD will add ARRAY and MATRIX qualifiers to each of these types to enable constructs like load shapes and impedance matrices to be transferred easily.

It appears now that the vast majority of all analytical data transfers between different entities using different analysis software will be done using text, or script, transfer schemes.  There are just too many potential pitfalls for binary transfers, although it is conceivable to build such a scheme and follow the DSADD as a standard.  Therefore, the precision of numeric values is totally up to the participants in the transfer in terms of how many digits they prefer to print.  The conversion between REAL and INTEGER types is also somewhat of a non-issue for numeric values transferred by text.  Most modern systems correctly convert between the two transparently, although there are still a few potential pitfalls. 

The SDF allows for definitions of field widths, but uses a common-separated variable (CSV) format that can easily be parsed without paying any attention to field widths.  I don't believe that field widths are much of an issue with XML. 

The length of TEXT quantities is also not much of an issue with any modern programming languages.   All three of the languages I use have a String type of indefinite length and excellent support for handling strings.  The main objection to this in the past has come from those who have to specify fixed widths for either relational databases or legacy code.  However, I think the standard dictionary should reflect the future rather than the past and should not reflect restrictions of current technologies.

Arrays and Matrices

The DSAD WG seems to be plowing new ground in the transfer of data values in arrays and matrices, since it does not appear to be of much interest to transmission system analysts.  This is one area where we will have to deal a little with transfer formats.

The simplest way to handle arrays is to extend the concept of what a text or numeric field means.  Instead of only one value, an array consists of several values of identical type.  For text-based data transfers, this simply requires the processing software to support nested delimiters.  In XML, for example, values are enclosed in double quotes (" …"), e.g.,


X = "1.0"

To extend this to an array, we would need another delimiter ‑ a comma would seem natural:


X = "1.0, 2.0, 3.0"

Most programming systems seem to have no problem pulling off the text between the quotes.  The remaining text will then have to be re-parsed to separate the individual array elements.

Likewise, a matrix is a series of arrays ‑ each representing a row or column.  The WG will have to decide which it will be.  I prefer rows, but the default order for Fortran, for example, is columns.  Of course, for symmetrical matrices, it doesn't matter.  Another delimiter is needed to separate the rows or another construct is needed.  Some alternatives are:

1. Delimiter for row separater:  (I like a vertical bar "|")

Xmatrix = "11, 12, 13 | 21, 22, 23 | 31, 32, 33"

In this approach, we do not have to specify the matrix order a priori.

2. Nested delimiters. (The SuperHarm program approach)


Xmatrix = {{11, 12, 13}, {21, 22, 23}, {31, 32, 33}}  



3. Simple Array (just a series of numbers, but put the order in first element so we will know where to put the numbers)


Xmatrix = "3, 11, 12, 13 , 21, 22, 23 , 31, 32, 33"

This is analagous to how one might do it if one were designing a binary transfer scheme.  An alternative is to require that the order be defined elsewhere and we could leave it out of the array.  However, I would personally like each property to stand on its own.

It is not possible to use this technique for lower or upper triangle data entry unless one knows ahead of time that the data is in that form.  The other two options do not have any difficulty ‑ simply leave off the redundant values.

I have used all three approaches at one time or another and have now come to favor the first one.  But that's just my opinion.

LINECODE Object

Most distribution analysis systems use some kind of a code, variously called a "line code", "wire code", etc. to represent the impedances of lines.  Rather than enter the impedances specifically for each line, the code is used to refer to a structure or record containing the impedances per unit length.  There are generally less than 100 different construction types used in a particular utility while there are thousands of lines.  The LineCode object is defined with properties representing the impedance values.  Thus, when a Line object is defined, the data need only refer to a LineCode object and a length.

Note that the impedances are ohm per unit length.  This is in contrast to the PSAD dictionary in which the line data are in per unit on a system MVA base.  This is one subject that might make an interesting debate.  Do we need a system MVA base for distribution analysis?  I have written several distribution analysis applications since the late 1970's that did not use a system MVA base and per unit impedances, including the one from which these definitions were extracted, so I know it's not necessary.  In fact, it's dangerous to use per units for harmonics analysis.  However, I suspect the industry may be divided on this issue.  It will be interesting to see how many use the per unit system and how many use ohmic values.

Property
Type
Description

nphases
INTEGER
Number of phases in the line this line code data represents.

r1
REAL
Positive-sequence Resistance, ohms per unit length.  See also Rmatrix.

x1
REAL
Positive-sequence Reactance, ohms per unit length.  See also Xmatrix

r0
REAL
Zero-sequence Resistance, ohms per unit length.

x0
REAL
Zero-sequence Reactance, ohms per unit length.

c1
REAL
Positive-sequence capacitance, nf per unit length. See also Cmatrix.

c0
REAL
Zero-sequence capacitance, nf per unit length.

units
REAL
One of (ohms per ...) {mi|km|kft|m|me}.  Default is none; assumes units agree with length units given in Line object

rmatrix
REAL MATRIX
Resistance matrix, lower triangle, ohms per unit length. Order of the matrix is the number of phases. May be used to specify the impedance of any line configuration.  For balanced line models, you may use the standard symmetrical component data definition instead.

xmatrix
REAL MATRIX
Reactance matrix, lower triangle, ohms per unit length. Order of the matrix is the number of phases. May be used to specify the impedance of any line configuration.  For balanced line models, you may use the standard symmetrical component data definition instead.

cmatrix
REAL MATRIX
Nodal Capacitance matrix, lower triangle, nf per unit length.Order of the matrix is the number of phases. May be used to specify the shunt capacitance of any line configuration.  For balanced line models, you may use the standard symmetrical component data definition instead.

baseFreq
REAL
Frequency at which impedances are specified.

normamps
REAL
Normal ampere limit on line.  This is the so-called Planning Limit. It may also be the value above which load will have to be dropped in a contingency.  Usually about 75% - 80% of the emergency (one-hour) rating.

emergamps
REAL
Emergency ampere limit on line (usually one-hour rating).

faultrate
REAL
Number of faults per unit length per year.

pctperm
REAL
Percentage of the faults that become permanent.

repair
REAL
Hours to repair.

LOADSHAPE Object 

A key issue in many emerging types of distribution analysis is the ability to model load as a function of time.  The LoadShape object is used for this purpose.  

A LoadShape object may be used for any number of functions.  It may model hourly load variation, a duty cyle, a load-duration curve, a generator dispatch curve, yearly load shape, and many other data that can be represented as a function of time.

This particular definition allows the load shape to be defined as either a series of points or as a Mean and Standard Deviation.  The latter are useful for Monte Carlo simulations, which are becoming increasingly popular.  (In Electrotek's implementation of this object, the mean and standard deviation are automatically computed when a load shape curve is defined.)

Property
Type
Description

npts
INTEGER
Number of points to expect in subsequent vector.

interval
REAL
Time interval for fixed interval data. (hrs) Default = 1

mult
REAL
Vector of multiplier values.  Generally a per unit multiplier to be applied to the magnitude (kW) of a load.

hour
REAL
Vector of hour values. Only necessary to define for variable interval data. If the data are fixed interval, do not use this property.

mean
REAL
Mean of the multipliers.  Automatically computed when a curve is defined. However, you may set it independently.  Used for Monte Carlo load simulations.

stddev
REAL
Standard deviation of multipliers.  This is automatically computed when a vector or file of multipliers is entered.  However, you may set it to another value indepently.Is overwritten if you subsequently read in a curve. Used for Monte Carlo load simulations.

GROWTHSHAPE Object

A GrowthShape object is intended to describe how individual loads grow by year.  Each load could have its own growth shape or groups of loads could be assigned to have the same shape.  It is also conceivable to use this concept as a global shape for all the loads in the model.

(In Electrotek's implementation, only the years in which the growth rate changes are entered to simplify data entry.)

Property
Type
Description

npts
INTEGER
Number of points to expect in subsequent vector.

year
INTEGER ARRAY
Array of year values corresponding to the multipliers. Enter only those years where the growth changes. May be any integer sequence -- just so it is consistent. 

mult
REAL
ARRAY
Array of growth multiplier values corresponding to the year values. Enter the multiplier by which you would multiply the previous year's load to get the present year's.

LINE Object

General object for representing the impedances of lines or cables.

In this definition, the impedances may be specified either by referring to a line code and length or by defining the properties explicitly. Impedances may be specified either by positive- and zero-sequence values or by impedance matrices.  These definitions assume the impedances were computed previously.  It might be useful for the WG to address how line geometry data should be defined.

Property
Type
Description

bus1
TEXT
Name of bus to which first terminal is connected.

bus2
TEXT
Name of bus to which 2nd terminal is connected.

linecode
TEXT
Name of linecode object describing line impedances. If you use a line code, you do not need to specify the impedances here. The line code must have been PREVIOUSLY defined. The values specified last will prevail over those specified earlier (left-to-right sequence of properties).

length
REAL
Length of line, in units compatible with impedance data.



-- Explicit Definition --

phases
INTEGER
Number of phases, this line.

r1
REAL
Positive-sequence Resistance, ohms per unit length.  See also Rmatrix.

x1
REAL
Positive-sequence Reactance, ohms per unit length.  See also Xmatrix

r0
REAL
Zero-sequence Resistance, ohms per unit length.

x0
REAL
Zero-sequence Reactance, ohms per unit length.

c1
REAL
Positive-sequence capacitance, nf per unit length. See also Cmatrix.

c0
REAL
Zero-sequence capacitance, nf per unit length.

rmatrix
REAL MATRIX
Resistance matrix, lower triangle, ohms per unit length. Order of the matrix is the number of phases. May be used to specify the impedance of any line configuration.  For balanced line models, you may use the standard symmetrical component data definition instead.

xmatrix
REAL MATRIX
Reactance matrix, lower triangle, ohms per unit length. Order of the matrix is the number of phases. May be used to specify the impedance of any line configuration.  For balanced line models, you may use the standard symmetrical component data definition instead.

cmatrix
REAL MATRIX
Nodal Capacitance matrix, lower triangle, nf per unit length.Order of the matrix is the number of phases. May be used to specify the shunt capacitance of any line configuration.  For balanced line models, you may use the standard symmetrical component data definition instead.

normamps
REAL
Normal rated phase current.

emergamps
REAL
Maximum phase current rating.

faultrate
REAL
No. of failures per year.

pctperm
REAL
Percent of failures that become permanent.

repair
REAL
Hours to repair.

basefreq
REAL
Base Frequency for impedances.

VSOURCE Object

Simple one-terminal voltage source object (Thevenin equivalent).

The short circuit impedance is specified in this model by short circuit MVA and X/R ratios.  There are several other means in common usage and the WG should collect these and define them as well.  There are frequently ambiguities that must be dealt with (we can argue about MVASC1, for example ‑ see below).

Property
Type
Description

bus1
TEXT
Name of bus to which source is connected.

Basekv
REAL
Base Source kV, L-L for 3-phase sources.  Else specify L-N voltage.

pu
REAL
Per unit of the base voltage that the source is actually operating at. E.g.,"pu=1.05"

angle
REAL
Phase angle in degrees of first phase: e.g.,Angle=10.3

frequency
REAL
Source frequency.  Defaults to  60 Hz.

Phases
INTEGER
Number of phases.  Defaults to 3.

Mvasc3
REAL
MVA Short circuit, 3-phase fault. BasekV2/Z1 where Z1 = Magnitude of positive-sequence short circuit impedance.

mvasc1
REAL
MVA Short Circuit, 1-phase fault.  Defined as BasekV2/Z1-phase where Z1-phase = 1/3(2Z1 + Z0)

x1r1
REAL
Positive-sequence  X/R ratio.

X0r0
REAL
Zero-sequence X/R ratio.

Basefreq
REAL
Base Frequency for Impedances.

LOAD Object

The concept of a load is an object, connected to one bus in the system, that consumes power.  It is defined here by a base kW value at a rated kV.  For specific simulations, the base load value is modified by daily, yearly, or duty cycle load shape multipliers as well as growth multipliers.

Note that the Load is an object that has a Bus, not the other way around.  Many traditional power flow implementations consider load to be a property of a Bus.  However, that places unnecessary limitations on modeling of disaggregated loads, which is increasingly important.  It is more general to consider the Bus identifier as a property of a Load.  This particular subject dominated about 2 years of PSAD WG meetings and was finally resolved as it is defined below.  I would prefer not to revisit the issue and will admit to being severely prejudiced against the other viewpoint.  So if you bring it up, beware!

Distribution analysis programs use a variety of models of  how loads vary with respect to voltage.  Several types are suggested here, but are certainly open to debate.  It is probably better to define several types, although the actual users may only use one or two types.

Property
Type
Description

phases
INTEGER
Number of Phases, this load.  Load is evenly divided among phases.

bus1
TEXT
Bus to which the load is connected.  May include specific node specification.

kv
REAL
Nominal rated (1.0 per unit) voltage, kV, for load. For 2- and 3-phase loads, specify phase-phase kV. Otherwise, specify actual kV across each branch of the load. If wye (star), specify phase-neutral kV. If delta or phase-phase connected, specify phase-phase kV.

kw
REAL
Total base kW for the load.  Normally, you would enter the maximum kW for the load for the first year and allow it to be adjusted by the load shapes, growth shapes, and global load multiplier.

pf
REAL
Load power factor.  Enter negative for leading powerfactor (when kW and kvar have opposite signs.)

model
INTEGER
Integer code for the model to use for load variation with voltage. Valid values are: 1:Standard constant P+jQ load. 

2:Constant impedance load. 

3:Const P, Quadratic Q (like a motor). 

4:Linear P, Quadratic Q (feeder mix) 

5:Not implemented 

6:Const P, Fixed Q 

7:Const P, Fixed Impedance Q

yearly
TEXT
Load shape to use for yearly simulations.  Must be previously defined as a Loadshape object. If this is not specified, the daily load shape is repeated for the year.

daily
TEXT
Load shape to use for daily simulations.  Must be previously defined as a Loadshape object of 24 hrs, typically.

duty
TEXT
Load shape to use for duty cycle simulations.  Must be previously defined as a Loadshape object.  Typically would have time intervals less than 1 hr. The shape is assumed to repeat if the simulation continues past the time defined in the Loadshape object.

growth
TEXT
Characteristic  to use for growth factors by years.  Must be previously defined as a Growthshape object.

conn
TEXT
={wye|LN|delta|LL}.  Default is wye.

kvar
REAL
Specify the base kvar.  Alternative to specifying the power factor.  Side effect:  the power factor value is altered to agree.

rneut
REAL
Neutral resistance of wye (star)-connected load in actual ohms.If entered as a negative value, the neutral is assumed to be open, or floating.

xneut
REAL
Neutral reactance of wye(star)-connected load in actual ohms.  May be + or -.

status
TEXT
={Fixed|Variable}.  If Fixed, then load multipliers do not apply.  However, growth multipliers do apply.  Default is variable.

class
INTEGER
An arbitrary integer number representing the class of load so that load values may be segregated by class.

basefreq
REAL
Base Frequency for ratings.

TRANSFORMER Object

A General N-Winding Transformer Model

A transformer object always presents some difficulty in coming up with one model that can adapt to any number of windings, winding connection, and method of modeling transformers.  There are N windings, but only N(N-1)/2  short circuit impedance values.  Many properties are associated with windings, but the leakage reactance data are supplied as between windings.  Other efforts have definied separate object types for 2-winding and 3-winding transformers.  Some have no provision for 4 or more windings.  The definition presented below allows for winding data to be supplied for individual windings or as arrays.  When individually, the same property name is used for each winding.  Simply designate which winding the data apply to by first specifying the WDG property:

WDG = 2

KV = 12.47

CONN = WYE

TAP = 1.05

WDG = 1

KV = 115

CONN = DELTA

As arrays, the same data definition would be:

KVS = "115, 12.47"

TAPS = "1.0, 1.05"

CONNS = "DELTA, WYE"

This design places no limitations on the number of windings the transformer might have.  Now to the impedances. Special properties are defined for 2- and 3-winding transformer impedances because they are so common.  For more than 3 windings, an array is provided for defining the short-circuit impedances between windings.  Of course, the sequence of the elements in the array must be defined.  Nearly all transformers can be adequately defined with this approach.

The particular definition has normal and emergency loading ratings (different from nameplate ratings!) for on the first winding.  Do we need these for all windings?  It is not needed for 2-winding transformers and it is ambiguous for more than two windings.  I haven't attempted to define anything and am not sure what makes sense.

Property
Type
Description

phases
INTEGER
Number of phases this transformer. Default is 3.

windings
INTEGER
Number of windings, this transformers. (Also is the number of terminals) Default is 2.







Properties for defining values for individual windings

wdg
INTEGER
Set this = to the number of the winding you wish to define.  Then set the values for this winding.  Repeat for each winding.  Alternatively, use the array collections (buses, kvas, etc.) to define the windings.  Note: impedances are BETWEEN pairs of windings; they are not the property of a single winding.

bus
TEXT
Bus to which this winding is connected.

conn
INTEGER
Connection of this winding."WYE" "Delta", etc

kv
REAL
For 2-or 3-phase, enter phase-phase kV rating.  Otherwise, kV rating of the actual winding

kva
REAL
Base kVA rating of the winding.

tap
REAL
Per unit tap that this winding is on.

%r
REAL
Percent resistance this winding.  (half of total for a 2-winding).

rneut
REAL
Neutral resistance of wye (star)-connected winding in actual ohms.If entered as a negative value, the neutral is assumed to be open, or floating.

xneut
REAL
Neutral reactance of wye(star)-connected winding in actual ohms.  May be + or -.







Properties for defining winding values using arrays

buses
TEXT ARRAY
Use this to specify all the bus connections at once using an array. Example: buses="Hibus, lowbus"

conns
TEXT ARRAY
Use this to specify all the Winding connections at once using an array. Example: conns=(delta, wye)

kvs
REAL ARRAY
Use this to specify the kV ratings of all windings at once using an array. Example: kvs=(115, 12.47)

kvas
REAL ARRAY
Use this to specify the kVA ratings of all windings at once using an array.

taps
REAL ARRAY
Use this to specify the p.u. tap of all windings at once using an array.







Properties for defining reactances

xhl 
X12 (?)
REAL
Use this to specify the percent reactance, H-L (winding 1 to winding 2).  Use for 2- or 3-winding transformers. On the kva base of winding 1.

xht 

X13  (?)
REAL
Use this to specify the percent reactance, H-T (winding 1 to winding 3).  Use for 3-winding transformers only. On the kVA base of winding 1.

xlt

X23  (?)
REAL
Use this to specify the percent reactance, L-T (winding 2 to winding 3).  Use for 3-winding transformers only. On the kVA base of winding 1.

xscarray
REAL ARRAY
Use this to specify the percent reactance between all pairs of windings as an array. All values are on the kVA base of winding 1.  The order of the values is as follows: (x12 13 14... 23 24.. 34 ..) There will be n(n-1)/2 values, where n=number of windings.







Properties for defining other data

thermal
REAL
Thermal time constant of the transformer in hours.  Typically about 2.

n
REAL
n Exponent for thermal properties in IEEE C57.  Typically 0.8.

m
REAL
m Exponent for thermal properties in IEEE C57.  Typically 0.9 - 1.0

flrise
REAL
Temperature rise, deg C, for full load.  Default is 65.

hsrise
REAL
Hot spot temperature rise, deg C.  Default is 15.

loadloss
REAL
LoadLoss at full load, kW.

noloadloss
REAL
No load losses, kW.

normhkva
REAL
Normal maximum kVA rating of H winding (winding 1).  Usually 100% - 110% ofmaximum nameplate rating, depending on load shape.

emerghkva
REAL
Emergency (contingency) maximum kVA rating of H winding (winding 1).  Usually 140% - 150% ofmaximum nameplate rating, depending on load shape.

sub
TEXT
={Yes|No}  Designates whether this transformer is to be considered a substation.Default is No.

faultrate
REAL
No. of failures per year.

pctperm
REAL
Percent of failures that become permanent.

repair
REAL
Hours to repair.

basefreq
REAL
Base Frequency for ratings.

CAPACITOR Object

General Shunt- or Series-Connected Capacitor

This definition is for a two-terminal capacitor bank in which the second terminal defaults to a grounded-wye connection.  (Actually, if the connection is specified as Delta, the second terminal is ignored).  Thus, the same model may be used for both series and shunt capacitors.  The capacitance may be specified in the traditional kvar and kV ratings, or directly in microfarads.  A nodal capacitance matrix may also be specified for defining arbitrary capacitor configurations.  Otherwise, it is assumed there is a single two-terminal capacitor in each phase.

Property
Type
Description

bus1
TEXT
Name of first bus. 

bus2
TEXT
Name of 2nd bus. Defaults to all phases connected to first bus, node 0. (Shunt Wye Connection) Not necessary to specify for delta (LL) connection

phases
INTEGER
Number of phases.

kvar
REAL
Total kvar, all phases.  Evenly divided among phases.

kv
REAL
For 2, 3-phase, kV phase-phase. Otherwise specify actual can rating.

conn
TEXT
={wye | delta |LN |LL}  Default is wye, which is equivalent to LN

cmatrix
REAL MATRIX
Nodal cap. matrix, lower triangle, microfarads, of the following form: cmatrix=(c11 | -c21 c22 | -c31 -c32 c33)

cuf
REAL
Capacitance, each phase, microfarads.

normamps
REAL
Normal rated current.

emergamps
REAL
Maximum current.

faultrate
REAL
No. of failures per year.

pctperm
REAL
Percent of failures that become permanent.

repair
REAL
Hours to repair.

basefreq
REAL
Base Frequency for ratings.

FAULT Object 

A general series or shunt resistance.

It may seem strange to define a fault as a separate object.  However, it is appropriate to do so for state-of-the-art reliability calculations and power quality state estimation analysis.  The model proposed here is simply a general multiphase resistance that defaults to being connected in shunt with the system, but could also be connected between any two buses.  The value of the resistance is either fixed or can be varied statistically.  There are probably other interesting ways to control the resistance.  The resistance can be specified as a conductance matrix, order = number of phases.  Thus, nearly anything can be modeled.

Property
Type
Description

bus1
TEXT
Name of first bus. 

bus2
TEXT
Name of 2nd bus. Defaults to all phases connected to first bus, node 0. (Shunt Wye Connection)

phases
INTEGER
Number of Phases

r
REAL
Resistance, each phase, ohms. Mean value if gaussian random mode.Max value if uniform mode.  A Fault is actually a series resistance that defaults to a wye connection to ground on the second terminal.  You may reconnect the 2nd terminal to achieve whatever connection.  Use the Gmatrix property to specify an arbitrary conductance matrix.

%stddev
REAL
Percent standard deviation in resistance to assume for Monte Carlo fault (MF) solution mode.

Gmatrix
REAL
Use this to specify a nodal conductance (G) matrix to represent some arbitrary resistance network. Specify in lower triangle form.

GENERATOR Object

This generator model is sufficient for power flow studies on distribution systems.  No properties have yet been defined for dynamics studies.  A typical generator interconnected with the distribution system is operated by turning it on at full power and fixed power factor.  They are essentially modeled as the negative of loads for power flow studies.  One main difference is dispatching information related to daily load cycles.  The generator may be dispatched on by a control variable such as when the total load exceeds a certain value or by following a daily load shape similar to a Load object.

One unique feature of Electrotek's generator model is that it has a special, built-in energy meter that keeps track of how many hours the generator runs, how much power it produces, and other quantities.  This is for analysis of Distributed Generation (DG).  Since DG analysis is becoming more prevalent, the WG might consider whether properties for this should be included with the Generator object or not.  Perhaps, a separate meter object class should be defined for this.

Property
Type
Description

phases
INTEGER
Number of Phases, this Generator.  Power is evenly divided among phases.

bus1
TEXT
Bus to which the Generator is connected.  May include specific node specification.

kv
REAL
Nominal rated (1.0 per unit) voltage, kV, for Generator. For 2- and 3-phase Generators, specify phase-phase kV. Otherwise, specify actual kV across each branch of the Generator. If wye (star), specify phase-neutral kV. If delta or phase-phase connected, specify phase-phase kV.

kw
REAL
Total base kW for the Generator.  A positive value denotes power coming OUT of the element, which is the opposite of a load. This value is modified depending on the dispatch mode. Unaffected by the global load multiplier and growth curves. If you want there to be more generation, you must add more generators or change this value.

pf
REAL
Generator power factor.  Enter negative for leading power factor (when kW and kvar have opposite signs.) A positive power factor for a generator signifies that the generator produces vars as is typical for a synchronous generator.  Induction machines would be specified with a negative power factor.

model
INTEGER
Integer code for the model to use for generation variation with voltage. Values are: 

1:Generator injects a constant kW at specified power factor. 

2:Generator is modeled as a constant admittance.

3:Const kW, constant kV.  Somewhat like a conventional transmission power flow P-V generator.

yearly
TEXT
Dispatch shape to use for yearly simulations.  Must be previously defined as a Loadshape object. If this is not specified, the daily dispatch shape is repeated. If the generator is assumed to be ON continuously, specify this value as FIXED, or designate a curve that is 1.0 per unit at all times. Nominally for 8760 simulations.  If there are fewer points in the designated shape than the number of points in the solution, the curve is repeated.

daily
TEXT
Dispatch shape to use for daily simulations.  Must be previously defined as a Loadshape object of 24 hrs, typically.  If generator is assumed to be ON continuously, specify this value as FIXED, or designate a Loadshape objectthat is 1.0 perunit for all hours.

duty
TEXT
Load shape to use for duty cycle dispatch simulations such as for wind generation. Must be previously defined as a Loadshape object. Typically would have time intervals less than 1 hr -- perhaps, in seconds. Designate the number of points to solve using the Set Number=xxxx command. If there are fewer points in the actual shape, the shape is assumed to repeat.

dispvalue
REAL
Dispatch value. If = 0.0 Then Generator follow dispatch curves. If > 0  Then Generator is ON only when the global load multiplier exceeds this value.  Then the generator follows dispatch curves (see also Status).

conn
TEXT
={wye|LN|delta|LL}.  Default is wye.

kvar
REAL
The base kvar.  Alternative to specifying the power factor.  Side effect:  the power factor value is altered to agree.

rneut
REAL
Neutral resistance of wye (star)-connected Generator in actual ohms.If entered as a negative value, the neutral is assumed to be open, or floating.

xneut
REAL
Neutral reactance of wye(star)-connected Generator in actual ohms.  May be + or -.

status
TEXT
={Fixed|Variable}.  If Fixed, then dispatch multipliers do not apply. The generator is alway at full power when it is ON.  Default is Variable  (follows curves).

class
INTEGER
An arbitrary integer number representing the class of Generator so that Generator values may be segregated by class.

basefreq
REAL
Base Frequency for ratings.

ENERGYMETER Object

In this definition, an energy meter is an object that  is placed on the terminals of a circuit element and captures the kWh, kvarh, peak kW, peak kVA, etc for time-simulations. The Energy Meter object integrates and captures peak values while a Monitor object captures exact values at specific times.

Note the definition of "methods" for this object and the Monitor object below.  This has not been something addressed in previous efforts to define analytical data.  However, the concept is supported in all modern computer programming systems.  It is presented here to spark our thinking about the necessity to standardize the functions that can be performed on objects.  This dovetails with efforts to define standard COM/CORBA component interfaces.

As for register definitions:  Is there ever a need to exchange the values of the registers?  These are generally the results of simulations and it is only necessary to know where the meter is located to perform a simulation.  Perhaps, the DSAD WG could define what registers are available in some fashion.

Property
Type
Description

ELEMENT
TEXT
Name (Full Object name) of element to which the monitor is connected.

TERMINAL
INTEGER
Number of the terminal of the circuit element to which the monitor is connected. 1 or 2, typically.

(Register definitions???)



Method



RESET

Clear the Energy Meter registers

TAKESAMPLE

Take a sample at the present solution

SAVE

Save the registers

MONITOR Object 

A Monitor object sits at a location in the circuit (the terminal of a circuit element) and keeps track of voltage, current, and, optionally, power quantities observable at that location.  In this representation, the quantity to be monitored is specified by a bitmask.  As with the EnergyMeter object, there is no definition for the transfer of results data, assuming that will be computed by the analysis program.

Property

Description

element
TEXT
Name (Full Object name) of element to which the monitor is connected.

Terminal
INTEGER
Number of the terminal of the circuit element to which the monitor is connected. 1 or 2, typically.

Mode
INTEGER
Bitmask integer designating the values the monitor is to capture: 

0 = Voltages and currents

1 = Powers

+16 = Sequence quantities

+32 = Magnitude only

+64 = Positive sequence only or avg of all phases



Method



Reset

Reset the monitor memory.

TakeSample

Take a sample at the present time.

Save

Save the monitor's buffers

Regulator

General-purpose, Simple Regulator Control

These definitions were taken from the Cooper Power Systems V-BASE database.  Note that this is a definition of the control, not the transformer part of the regulator itself, which would have kVA ratings, etc.

Property
Type
Description

CONFIG
INTEGER
An integer code designation the connection of the regulator to which this control is connected.|0-WYE|1-Delta Lag|2-Delta Lead|

SYSVOLT
REAL
 System nominal line voltage (kV) across which the regulator is connected.

PTRATIO
REAL
 Nominal PT ratio from SYSVOLT to 120V. 

CTRATING
REAL
 CT Primary ampere rating.  (This is how regulator CT are defined.)

SETVOLT
REAL 
Set voltage (forward) in volts on 120 V base.

BAND
REAL
 Bandwidth in volts on 120V base.

DELAY
REAL 
 Time Delay (Seconds).  Typically in increments of 15 sec.

R
REAL 
 R setting for the Line Drop Compensator, in Volts.

X
REAL 
 X setting for the Line Drop Compensator, in Volts.

HIGHVLIMIT
REAL
High voltage limit for the regulator.  In volts on 120V base.  Regulator control will keep the voltage at the regulator at or below this value even if the line drop compensator is calling for higher voltage.

LOWVLIMIT
REAL
Low voltage limit for the regulator.  In volts on 120V base.  Regulator control will keep the voltage at the regulator at or above this value.

CL4REGULATOR

A specific type of regulator control - Cooper's CL4 -- from Cooper's V-BASE database.

This is an example of the variety of different vendor features for distribution equipment and the difficulties facing distribution analysts who wish to model special operating features.  While the general regulator model may be acceptable for most general analysis, there is increasing need for engineering analysis of conditions requiring more detailed analyses.  It would be expected that vendors would supply definitions in this form for their equipment.

Consult Cooper reference bulletin S225-10-4C for explanation of operating modes and control modes.

Property
Type
Description

OPMODE
INTEGER  
 Code denoting control operating mode:

0-Sequential

1-Time Integrating

2-Voltage Averaging

CONFIG
INTEGER  
Code denoting connection of the regulator to which this control is connected

0-WYE (star)

1-Delta Lag

2-Delta Lead|

SYSVOLT
REAL       
 System nominal line voltage, kV, for the regulator to which this control is connected.  Note, wye connected regulators are rated Line-to-Neutral.

PTRATIO
REAL        
 Nominal PT ratio : Rated voltage:120V.

CTRATING
REAL      
 CT Primary Rating

FWDSETVOLT
REAL    
 Set voltage, forward direction, volts on 120v base.

FWDBAND
REAL         
 Bandwidth, volts on 120V base, forward direction

FWDDELAY
REAL       
 Time delay , sec, forward direction

FWDR
REAL            
LDC R setting, forward direction, volts on 120V base

FWDX
REAL            
LDC X setting, forward direction, volts on 120V base

REVSETVOLT
REAL    
 Set voltage, on 120V base, reverse direction.

REVBAND
REAL         
 Bandwidth, volts , on 120V base, reverse direction.

REVDELAY
REAL       
 Time delay , reverse direction, sec

REVR
REAL            
 LDC R setting, reverse direction, volts on 120V base

REVX
REAL            
 LDC X setting, reverse direction, volts on 120V base

REVMETHOD
INTEGER 
Integer code denoting control's reverse power sensing method for when power reverses:

0-locked forward

1-locked reverse

2-reverse idle

3-bidirectional

4-neutral idle

5-cogeneration|

REVTHRESH
REAL          
 Reverse power threshold value - % of rated current. Typical 2%

REDUCEMODE
INTEGER
Voltage reduction mode.  Three levels of voltage reduction are available.

0 - OFF

1 - Local (Manual)

2 - Remote

3 - Automatic

LOCALREDUCE
REAL
Amount to reduce voltage set point when in local mode. 0 to 10%

REMOTE1
REAL 
Percent voltage reduction level 1 (Typically 2%), Remote mode

REMOTE2
REAL
Percent voltage reduction level 2 (Typically 5%), Remote mode

REMOTE3
REAL
Percent voltage reduction level 3 (Typically 7.5%), Remote mode

AUTO1
REAL
Percent voltage reduction when PCTAUTO1 current level reached, Automatic mode.

AUTO2
REAL
Percent voltage reduction when PCTAUTO2 current level reached, Automatic mode.  Cumulative.

PCTAUTO1
REAL
Percent of rated load current at which to automatically trigger voltage reduction level AUTO1. (Typical: 75%)

PCTAUTO2
REAL
Percent of rated load current at which to automatically trigger voltage reduction level AUTO2. (Typical: 100%)

VLIMITMODE
INTEGER
Voltage limiting mode:

0 - OFF

1 - High limit only

2 - Both high and low limit

HIGHVLIMIT
REAL
High voltage limit, 120 V base.  Typical: 130V.

LOWVLIMIT
REAL
Low voltage limit, 120 V base.  Typical: 105V.
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