
This  paper  describes  a  method  used  to  estimate  the  electrical 
power  required  for  a  computer  system  and  the  heat  generated 
b y  it.  The  method  is  a  program  that  serves  as  an  installation 
planning  tool  accessed  principally  by  Installation  Planning  Rep- 
resentatives  through  communication  terminals. 

The  Power  Profile - An installation  management  tool 
by J. A. Laird 

As part of setting up  a  computer  installation,  the physical re- 
quirements  for  the  operation of the  computer  equipment must be 
determined.  Among such items  are  the  amounts of electrical 
power  and air-conditioning needed.  In  this  paper, a tool, called 
the  Power Profile, is described  that  enables a more accurate esti- 
mate of these  requirements  to be obtained. 

The Power Profile is a program' used to  estimate  electrical 
power  and  heat  data  characterized by particular  computer  sys- 
tems. The present program can be used by any 1BM personnel 
concerned with the facility engineering aspects of computer in- 
stallations. In particular,  however,  the majority of the  users  are 
currently IBM Installation Planning Representatives (IPRs) , who 
are working with customer technical representatives or consul- 
tants  on  site  preparation  for new or expanded  systems. It can be 
used to provide data to customers who are planning to buy an 
uninterruptible  power supply (UPS) to buffer the  computer  sys- 
tem from power line transients or short-term  outages. The usual 
static  inverter UPS can maintain power from five minutes  to  one 
hour following a utility failure, depending upon the  storage  bat- 
teries supplied. 

The  data from the profile is also of value in non-ups installations 
where sizing of transformers,  circuit  breaker  capacities,  or 
power  requirements are being studied. 

The profile can be accessed using a communication terminal and 
data communication  system. The IPRS commonly use the IBM 
Field Support  System  telephone  network as  the  communication 
media. Access  can also be made using commercial telephone. 
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APL was  chosen as  the programming language for this use be- 
cause of its terminal-oriented characteristic.  This  feature allows 
the program to be used at  a large number of locations  (presently 
anywhere in the  United  States  and Canada). In addition,  the 
time-shared operation used at  the APL center allows the results~ 
to be printed out  at any particular terminal in a relatively short 
time. Composition of the usual profile takes from 15 to 30 min- 
utes  depending upon the  system list and  the  parameters  that  the 
user  wishes  to  calculate. 

Measurement 

Before development of the profile, a  conventional  method of es- 
timating computer  system electrical parameters  was  to make a 
simple addition of unit electrical  apparent  power  (kilovolt am- 
peres, kVA) and  heat  parameters (kilo-BTUs per hour), both 
given in Installation Planning Manuals.  This  method of estimat- 
ing has  certain  drawbacks  because  heat is a scalar  quantity  and 
thus  can be directly added,  whereas  electrical  apparent  power 
(kVA)  is a vector  quantity. A direct addition of the unit apparent 
power results in a  total value larger than  the  vector magnitude. 

An improved estimate of electrical parameters using a  vector 
approach  can be made with the summation of the real power 
(kilowatts)  and  the summation of the  reactive  power  (kilovars 
kVAR) ,  together with the rule of vector  resolution  for right-angle 
components  to provide apparent  power (kVA j . This  type of esti- 
mate assumes,  however,  that  the  electrical load being estimated 
uses sinusoidal voltage and  current. Many loads for IBM equip- 
ment draw nonsinusoidal currents with varying waveforms  for 
different units of equipment. 

Because of the  above  problems,  an  analysis  was made to  deter- 
mine how the  system  estimate could be improved. An objective 
of the  analysis was to  increase  the  estimate  accuracy by includ- 
ing the effects of: 

The variation in phase between voltage and  current of the 
various  system units. This variation directly  relates  to  the 
real power (kilowatts, k w j ,  and reactive  power (kVAR) be- 
ing drawn by each unit. 
The nonsinusoidal current being drawn by various  units from 
the  power  source. Here a knowledge of the voltage and  cur- 
rent waveforms of each  unit,  together with a  Fourier  series 
analysis, is implied. 

The magnitude of the  analysis effort for each unit, together with 
the  system  calculation, required the  use of computer programs. 
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I Figure 1 Typical  profile  input 

DO YOU WANT T H F  S H O R T   Q U E S T I O N  L I S T ?  E N T E R   ' Y '  OH ',Yo. S T A R T  

I SPECIFY  THE  POWER  FREQUENCY O F  T H E  S Y S T E M :   E N T E R  ' 5 0 '  OR 3 6 0 s ,  
0: 

6" 

I EACH CO.%rPO?IENT ENTRY I S  TO BE I N  TIIE FORI.jAT: 

QQ T T T T  M M V  

S P E C I F Y   L I S T  O F  C O M P O i l E R T S   I N   T H E   S Y S T E M :  

Li 3 3 6 0  3 
1 3 1 5 5  K 

2 2 3 1 r i  1 
1 2 2 5 0  1 

I E N D  

I D O  YOU # I S H  TO ADD A XVA  VALUE  FOP AN OEiY U B I ?  ?RAT I S  NOT 
ON T d 3  A B O V E   S Y S T E M   L I S T ?   E N T E R  ' Y '  O R  , N * ,  
N 
DO YOU WANT TI IE  TRUNCATED  OR  FULL L I S T I l Y G ?  E N T E R ' ? '  OR ' F '  

I P L E A S E   R O L L   T H E   P A P E R  U P  U N T I L  Y O U  A R E  A? T f l E  TOP O F  
THE  NEXT  PAGE.  WHEN YOU  ARE DONB.EN?ER ! D ' ,  

In 1970, a mathematical model based upon the  Fourier  series 
was derived taking these  factors  into  account  (see  Reference 2) .  
The model was programmed in FORTRAN. Measurement, wave- 
form data  analysis,  and  storage in a  data bank were  undertaken 
for a sample of IBM system  units.  Several  tests were made of the 
computed  system  power using the  mathematical model versus 
the  system  electrical input measurement.  Correlation  between 
the  two  methods was good. In 1972, the FORTRAN profile pro- 
gram was translated  into APL to provide the capability for use in 
the field. 

Voltage and  current analog waveforms have  since been mea- 
sured  on  a  number of individual units using commercially avail- 
able  test  equipment. The line-to-neutral voltage and  phase  cur- 
rent are measured using a  true RMS (root-mean-square)  meter. 
A  picture is then  taken of the  two  waveforms  presented on a 
two-channel oscilloscope. The picture is enlarged and used as a 
pattern while the waveforms are digitized into  punched  cards. 
These  cards  provide  an  input  to  a FORTRAN program that calcu- 
lates  Fourier coefficients through the  sixtieth  harmonic. A set of 
Fourier coefficients for voltage and  current  together with an 
identification format define the single electrical  phase param- 
eters for a unique type/ model. This  data is stored  on a disk at IBM 
facilities in Kingston, N.Y. At discrete  intervals,  selected  data is 
transferred via magnetic tape  to  the APL data bank. 
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The  data stored in the  data bank is in the form of records.  Each 
record defines one  electrical  phase  for  a  particular  type/model. 
A single record  contains: 

Identification data defining the  type/model, electrical phase, 
peak value of the  inrush  current,  and its duration. 
Four  60-element  vectors. (“Vector”  as shown  here is in the 
APL usage,  that is, a one-dimensional array of numbers.)  Two 
of the  vectors define the  A  and B Fourier coefficients for  the 
voltage waveforms, while the  other  two define them for  the 
current waveform. The use of the  A  and B coefficients speci- 
fies the electrical phase  relationship between voltage and 
current. 

The measurement  process  is  a continuing program. Data is 
provided on new units by power  systems or product  assurance 
groups  at  the  various  development  laboratories.  Where  mea- 
sured  data is not available, the  Installation Planning Manual 
data is used and the  waveforms are sine-wave simulated for  stor- 
age in the  data bank until measured  data is available. 

Profile input-output 

The profile program is designed for  user-program  interaction. 
The  user of the program must: 

1. Have a system list showing the  quantity and type/model of 

2. Determine  the  power  frequency  (i.e.,  50 or  60 Hz) .  
3 .  Determine  whether  the  system is for  a UPS or not. 

The user can request calculation of the peak value of the  current 
waveform and  a  printout of the 10 highest inrush currents of the 
system  units. These options are usually required  for  a UPS sys- 
tem:-’ but may not be required on  non-ups systems. 

The program uses prompting-type inputs  where  the  user  must 
select  one of two  options on each  question or  enter  data  (see 

I Figure 1 ). At  the conclusion of the input selection  sequence,  the 
~ profile program prints the results of the  system  calculation. 

each unit. 

A typical profile printout is shown in Figure 2. The list in this j printout  shows  the  system used for  calculation. The user is ex- 
~ pected  to  compare  the  printout with his original list to  check  for 

entry  mistakes. 

The “System Data” portion of the  printout  relates  to  the  steady 
state  electrical  conditions  after  power is completely sequenced 





Figure 3 Typical  power line current showing unit sequencing and steady state condi- 
tions 
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state load current.  The sequencing of individual system units to 
a power-on condition is a choice of the  operational  personnel. 

The profile program is not able  to  predict  the  system  sequenc- 
ing. Consequently,  the inrush table  provides  the 10 worst-case 
peak values of inrush current  for individual system  units,  assum- 
ing single loads. It can be noted from Figure 3 that  the  sequenc- 
ing  of system  units  does  not  occur simultaneously. The inrush 

1 peaks  consequently  occur  one at a time. 

The two  current values shown under  “System Data” in the pro- 
~ file provide information on  the steady  state condition of the  sys- 

tem. The average RMS current per line is the  current  estimated 
as  the  arithmetic  average of the  current in each of the  three 

~ power lines. 

The  current waveform in a  computer  system is often nonsinu- 
soidal, since many units are nonlinear loads. The program must 
consequently  calculate  the peak value of the  current  waveform, 
if it is desired.  This optional value is provided as the peak cur- 
rent  per line. 

The system calculation 

The calculation for  system  power is based upon the  system list 
entered by the  user in conjunction with the  stored  Fourier coef- 
ficients in the  data  base. An example of a  typical  entry could be 
1 3 165 I (indicating one unit of Type 3 165, Model I ) .  The APL 
program uses  an  encoded value for  the alphameric type/model 
as a comparison in searching  the  data bank for  an identical 
type/model. If the  search is successful,  the  inrush  current  data 
along with the  four 60-element vectors  (i.e., A\., Bv, A,, and B,) 
is transferred  to  the user’s workspace. If the  search is not  suc- 
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cessful, an  error message is typed  out at the terminal notifying 
the  user  that he can stop  or  that  the  last  entry will be ignored if 
he wishes to continue. 

Following data  transfer,  the program multiplies the  current  coef- 
ficients by the unit quantity (individual units  are parallel electri- 
cal loads).  The four  resultant  60-element  vectors  are  then indi- 
vidually added  to  the existing four  vectors in the  workspace. 
Upon completion of unit entries,  the  two voltage vectors  are di- 
vided by the  number of entries in order  to arrive at an  average 
voltage for  the  system. 

The program calculates  the  root mean square voltage and  cur- 
rent values for  the  system using the  four summed vectors pre- 
viously described. The  current  that is derived from this calcula- 
tion is the total current.  Since practically all computer  systems 
use  a  three-phase power source,  this  assumption is made in the 
program. The average  current  per  phase is then  one third of 
the total  current.  Total  apparent  power in kilovolt amperes is the 
product of the RMS voltage and  current divided by 1000. The real 
power in kilowatts is derived from the summation of the prod- 
ucts of voltage and  current coefficients that  represent  the same 
phase  and  the  same harmonic value, and  the total value is 
divided by 1000. The reactive  power in kilovars is derived from 
the  vector relationship between  the  apparent  power  and real 
power.  Power  factor is calculated as the  ratio of the real power 
to  apparent  power.  The  heat  generated by the  system  bears  a 
direct  relationship to the real power. The calculation is a con- 
stant multiplying the real power value. 

Several options are available on  the  calculations. If the peak 
value of the  current waveform is required,  the program uses  the 
current coefficients to  assemble  the  current waveform and make 
120 slices through it. This  action  locates  the peak value. The 
inrush data was previously stored in a table upon each unit en- 
try.  The program sorts  the  table  and  prints  the values to be listed 
in descending order. 

The usage of the  Power Profile is monitored through  a program 
counter.  Separate  counts  for UPS and total usage are  stored in a 
data  space at  the APL center.  The monitor  data  space  also  cap- 
tures  summary  data on electrical  power  for UPS profiles. 

Some uses of the profile 

One of the primary uses of the profile has been to provide an 
electrical power  estimate of a  computer  system  for  a  proposed 
UPS installation. The electrical requirements  are only one ele- 
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