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ndustrial and commercial facili- I ties managers are turning to soft- 
the program on the basis of infor- 
mation the user has entered about Fa c il i ties ma n age rs " 

ware  too ls  t o  ass i s t  with t h e  the load. If a user's choice is in con- 
design and maintenance of build- flict with the program's, the user is can quickly and - - I  

ing power distribution networks. create, moue, or alter warned. The program determines 
In principle, these tools are ideal 
for tracking variable load configu- 
rations and analyzing their opera- 

the data that its choices by referencing tables 
derived from the National Electrical 
Code. These tables are  stored in a building description 

tion. However, few inexpensive 
tools combine the following capa- 
bilities with a simple user inter- 
face tha t  enables  fas t ,  flexible 

stored in the program 'S 

database 
American Standard Code for 
Information Interchange (ASCII) 
files and may be  modified by a 
knowledgeable user to  reflect re le  

updates to the database describ- 
ing a building's power network: 

Understanding of national and proprietary electri- 
cal codes 
Electric load simulation 
Basic checks for criteria such as steady state power 
balance, overloading, and short circuit analysis. 

This article features the  Radial Panel Installation 
Designer (RAPID), a PC software program developed at 
MIT's Laboratory for Electromagnetic and Electronic 
Systems. The minimum hardware platform for running 
the  program is a PC-AT class computer with an EGA 
monitor. A mouse is helpful, but not required. 

The program enables a user to  quickly and easily cre- 
ate, move, or alter the data that constitutes a building 
description stored in the  program's database. Like a 
spreadsheet, the program can be used to conduct what- 
if studies on a network. Automatic recalculation permits 
the creation and modification of power distribution net- 
works far more easily than pencil and paper allow. The 
program remembers the relationships between the vari- 
ous network elements, e.g., the  location and type of 
transformers, upstream breakers, service entry capacity, 
etc., and will compute relevant network parameters. 

At each stage of the specification process, while loads 
are being added or altered in the network, the user may 
enter a specific choice of components such as wire, con- 
duit, and breaker size, or select choices determined by 
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vant l o c i  standards. 
The  program is capable  of 

answering questions about the  dynamic operation of 
parts of the network. Two different types of simulators 
are available in separate program versions. 

4 Version 1 uses piece-wise linear waveform repre- 
sentations to model the power profife of a load. 

*i Version 2 uses state space or algebraic models to  
represent load dynamics. 

The first type of simulation is particularly valuable for 
approximate studies of cold load pick-up transients. In 
this simulation, a piece-wise linear waveform specified 
by the  user represents the  level of apparent  power 
drawn by each load from turn-on to steady-state opera- 
tion. A simulation is conducted by aggregating these 
waveforms for all of the loads in a section of interest in 
the building. Parameters such as peak power drawn on 
start-up and peak power with respect to average load in 
steady-state may be determined. This type of simulation 
is particularly useful for examining the impact of differ- 
ent operation schedules on the power demand for the 
building. 

The second type of simulation is more sophisticated. A 
detailed software routine describes the electrical behav- 
ior of each load. This software description may be a set of 
algebraic equations, a s ta te  space  description, o r  a 
prepackaged model built into the program for certain 
loads, such as induction motors. The program incorpo- 
rates a recursive descent parser for interpreting the code 
and uses advanced numerical integration schemes to  
solve the differential equation systems. Phase currents for 
each load are  computed for every electric line cycle. 
Current waveforms for each load are aggregated to find 
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the composite waveforms for any section of the network. 
This simulation is considerably more numerically com- 
plex than the piecewise linear simulation. However, this 
type of simulation is capable of yielding extremely sophis- 
ticated and accurate results given accurate load models. 
The user may save data from a simulation for later exami- 
nation in other analysis programs. These results may be 
especially useful, for example, for analyzing the harmonic 
content of current waveforms in the network. To maxi- 

queries the user for some basic boiler-plate information 
about the device to be added. The program recognizes 
eight different device classes: 

Load represents most general electrical loads. 
Motor includes induction, dc, and synchronous 
electric machines, or loads whose primary electric 
component is a rotating electric machine. 
Receptacle represents an electric outlet, recog- 
nized only on 120/208 volt panels in the current 

mize simulation efficiency, common loads a re  repre- I version. 
sented by prepackaged, opti- 
mized models built into the 
program. 

Raising a Building 
The  program models  t h e  
electric distribution system 
in a building as a radiallydis- 
tributed network of panels. A 
panel may represent an actu- 
al circuit breaker panel in a 
building, or  a busbar, or  a 
transformer. The root-panel 
in a building model typically 
represents an actual circuit 
b reaker  panel  fed by t h e  
main three-phase utility ser- 
vice entry into the building. 
Each switch on a panel r e p  
resents a circuit breaker or 
bus connector that initiates a 
connect ion t o  a load o r  a 
subpanel, busbar, or  trans- 
former. 

T o  c rea t e  a building 
model, the user first answers 
questions that define the util- 
ity service entry (details like 
the line-to-line voltage, entry 
fusing, en t ry  t ransformer  

Figure I .  Main interface window 

Figure 2. Transient profiles 

type, and so on). Once the program has the basic details 
of the service entry, a main panel file is created in a 
building database. This main panel is the root-panel for 
what will eventually be a network of panels, distributed 
radially from the main panel, which describe all or part 
of the building's electric wiring. 

Describing the Wiring 
Initially, the main panel contains no switches. The user 
specifies the details of each switch or breaker on the 
panel, one switch at a time. Figure 1 shows the main 
panel screen for a building named TEST. Several of the 
switches on this panel have already been specified. 

To add a new switch to  the panel, the  computer's 
mouse is clicked in the window labeled Switch in Figure 
1. A blank switch is created in the window. The program 

Spare and space r e p  
resent  unused  por-  
tions of the panel. 
Panel, Transformer, 
and Bus represent  
the  classes that  can 
b e  panels. The pro- 
gram under s t ands  
t h e  differences be- 
tween  t h e  var ious  
transformer winding 
types,  such  a s  wye- 
delta, wye-wye, and 
delta-delta transform- 
ers .  Phase currents  
are transformed cor- 
rect ly  a c r o s s  t h e  
t ransformer  types  
selected by the user. 

Based o n  t h e  device 
name input by the  user ,  
the  program attempts to  
interpret the device class. 
The  user  is offered a 
default class for the device 
o r  may select  any  o ther  
choice from the remaining 
seven  c lasses .  The  pro-  
gram a lso  asks  for t h e  
nominal load power ,  

power factor, and number of phases used by the load. 
The remaining questions about the load are cross-ref- 

erenced against the program's knowledge of the electri- 
cal code and the user-specified load characteristics. The 
user is asked, for example, to specify the breaker or fuse 
type, wire size for the hook-up, associated conduit, turn- 
on  and turn-off times, e tc .  Some questions may b e  
device class specific. For each question, the  user is 
allowed t o  en ter  a specific choice o r  select a pro- 
grammed default. If the user's choice conflicts with the 
program's in an unsafe manner, e.g., the wire size is too 
small, the user is warned. 

During this device creation process, the user is also 
asked to  specify the transient electrical characteristics 
of the load. Depending on the version of the program, 
this specification may involve the creation or selection 
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of a previously saved piece-wise 
linear waveform, or it may involve 
the  creation of a code-fragment 
that specifies the device's electri- 
cal characteristics. As an example 
of the first type of transient specifi- 
cation, Figure 2 shows the selec- 
t ion window for s o m e  typical  
t ransient  waveform profiles a s  
they a re  presented to  the  user. 
Figure 3 shows the edit window for 
the  second version, with a code 
fragment describing an induction 
motor  using one  of t he  built-in 
rotating machine models. 

The program's 
analysis tools provide 

speedy safety checks and 
answers to hypothetical 

load scheduling questions 
with a high degree 

o f  certainty 
and flexibility 

Thecircuit window (shown in Figure 1) displays perti- 
nent information about a specific device under consider- 
ation. For example, when a new device is fully specified, 
the circuit window will be updated to display the steady- 
state power and hook-up specification for the new load. 
The information for any load on  the  panel may be  
viewed in this window by first selecting the load in the 
switch window. 

If the new load is a panel, busbar, or transformer, a 
new database file will be created for the load, and the 
Network window will be updated. This window shows the 
local structure of the building power network. The top of 
the tree in this window (shown as Main-Panel in Figure 1) 
is the panel currently under examination. To the left of the 
current panel is the parent panel for the current panel. (In 
Figure 1, the root panel in the network is under examina- 
tion, so the parent panel is listed as <rootpanel>). The 
new child panel, busbar, or transformer which has just 
been added will appear as 
a leaf below the  current  
panel. The user may move 
up and down the network 
by selecting a parent  o r  
child panel with the mouse. 
When a new panel is select- 
ed ,  t he  en t i re  sc reen  
shown in Figure 1 will be 
updated .  The  program 
updates  t h e  t o p  of t h e  
screen in Figure 1 to dis- 
play the status information 
for the new panel, e.g., line 
to-line vol tage,  feeder  
breaker  s ize ,  e tc .  The  
switch and circuit informa- 
tion for the new panel will 
be displayed, and the net- 
work window will be updat- 
ed  t o  show the  cur ren t  
location in the network. 

Any previously speci- 
Figure 3. Induction motor 
electrical specification 

fied switch may be deleted. The 
specifications for any load that is 
not  a pane l ,  busba r ,  o r  t rans-  
former may be altered or copied. 
The ease with which data may be 
entered and altered makes the  
program ideal for tracking and 
analyzing changing load configura- 
tions. 

Tailoring the Program 
The user may adjust some of the 
parameters  governing the  pro- 
gram's operation by selecting the 
GLOBAL command in the  Menu 

window of the main interface screen (Figure 1). This com- 
mand activates the tailoring window, shown in Figure 4. 
By selecting one of the options, the user may set the 
selected parameter. Examples include the smallest wire 
size allowed in the network, the number of switches per- 
mitted on a single panel, and the maximum overcurrent 
to be used in computing fuse or breaker sizes. 

The user may engage in more sophisticated tailoring 
of the program by altering the ASCII files in which the 
program stores its knowledge of basic wiring require- 
ments. These tables cross-reference wire ampacity and 
gage with breaker and conduit size and type. Default 
power factor information for a variety of common loads 
is also saved in these tables. These tables are initially set 
t o  reflect requi rements  specif ied in t h e  National 
Electrical Code. Altering the entries in these tables will 
tailor the program for a wide variety of local or propri- 
etary standards. 

Analyzing a Network 
Many of the commands in the Menu window provide 
information about the operating characteristics of the 
network. The BALANCE and POWER commands may be 
used to find the relative steady-state phase loading and 
total steady-state power per phase, respectively, for the 
current panel under examination. The program automat- 
ically aggregates the total power used on all subpanels. 
Any changes to the loading of subpanels are reflected in 
the total steady-state power and balance calculations for 
the current panel. 

The PRINT command produces a summary sheet of 
the loads on the current panel by switch number; this 
summary is suitable for updating the legends frequently 
incorporated in circuit breaker panels. 

The program is also capable of providing a rudimen- 
tary short circuit current analysis (SCCA) through the 
SCCA command. The user may place a hypothetical fault 
on a one-line diagram of the network, as shown in Figure 
5. The program will compute the available short circuit 
current at the fault and also at the service entry based 
on the calculated im-pedances of the connecting wires 
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different operating -sched- 
ules on  t h e  peak power 

Figure 4. Program tailoring appl icable  models  for a 
variety of load simulations. 

schedules. For example, the 
program c a n  give rough 
estimates of the cold load 

Figure 5. One-line-network diagram three-phase induction mo- 
tor, and a single-phase resis- 
t ive hea te r .  This t ype  of 

results from the piece-wise induction motor state space 

been approximated and  Figure 7. Simulatedpowerprofile dynamics.  T h e  level of 
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The level of detail presented by the 
state space simulation is particu- 
larly suited for harmonic content 

sient studies. Point-by-point data 
from the simulations may be down- 
loaded to an ASCII file for analysis 
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describes a building's 
electrical network 

This program provides the indus- 
trial or commercial facilities man- 
ager many important design and maintenance tools that 
are not available in many standard CAD and database 
packages.  T h e  abil i ty to p ro to type  and  a l te r  t h e  
database that describes a building's electrical network 
facilitates good documentation habits. More significant, 
the program's analysis tools can provide speedy safety 
checks and answers to  hypothetical load scheduling 
questions with a greater degree of certainty and flexibili- 
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