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This manual explains the operation of the Automatic Revenue
Metering System Remo~e Prototype , commonly called the “ARM S Remote
or simply~~ Remote .

d The ARMS Remote interfaces existing power
meters to an automated revenue metering system .

The Remote is contained in a single 24-in. (610-mm) rack-
mounted panel. It consists of power supplies , a processor module ,
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input/output (I/O) modules , a timing module, a tape cartridge
recorder , a keypad , a 16-character alphanumeric display , status
display lights , telemetry interface and tone equipment , a series
of sys tem test point s , and I/O connectors to attach the Remote to
the environment that it will monitor. This report discusses normal
operation of the ARMS Remote from the user ’s viewpoint and
describes all the steps required for successful use of the system .

Since no ARMS Master Station exists at this time , all Master
Station functions will be performed locally via Teletype or Remote
keypad . However , for understanding of the complete ARMS Remote!
Master Station concept , Master Station functions are identified
where possible. In fo rma t ion  is included for the use of the local
Teletype and keypad for Master Station actions.
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1. INTRODUCTION

This manual explains the normal operation of the Automatic Revenue
Metering System (ARMS ) Remote from a user ’ s viewpoint. Technical detail
such as theory of operation , installation, routine maintenance, and
trouble- shooting procedures will be found in the ARMS Remote Maintenance
Manual 1 and ARMS Remote Prograimner ’ s Manual . 2

The Remote is contained in a single 24-in. (610—mm) rack—mounted
panel that contains power supplies , a processor module , input/output
(I/O) modules , a timing module , a tape cartridge recorder , a keypad , a
16—character alphanumeric display , status display lights , telemetry
interface and tone equipment , a series of system test points , and I/O
connectors to attach the Remote to the environment that it will monitor .
Figure 1 is a rendition of the front panel of the Remote , and figure 2
shows the back panel.
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Figure 1. Front panel rendition.

1David J. Buscher and Marc A. Ressler t ARMS Remote Maintenance
Manual , Harry Diamond Laboratories SR_ 77_ 3 t

~August 1977) .
2David J. Buscher and Ma rc A. Ressler , ARMS Remote Progra mmer ’s

Manual , Harry Diamond Laboratories SR-77—l ( J u l y  1977) .
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Figure 2 .  Back panel rendi t ion.

2. SYSTEM INITIALIZATION

2.1 Data Entry

System initialization is normally performe d once , when a Remote
is activated for the first time at a specific site. The startup
procedure consists of inserting a tape cartridge in the demand tape
drive , turning the key switch on the upper left of the Remote fron t
panel to the RESET ENABLE position , and then momentarily depressing the
system reset switch and closing the reset switch protective cover. The
keyswitch is then turned to the LOCK ON position and the key is removed.
This removal deactivates the system reset switch so that it will not be
puEhed accidentally, thereby causing the system to initialize, with
possible loss of data.

SYSTE M STARTUP

(a) Tur n keyswitch to RESET ENABLE

(b) Momentarily depress system reset switch and close
protective cover

(c) Turn keyswitch to LOCK ON

(d) Remove key

6
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After the system reset switch is depres~sed , the system will
rewind the tape while displaying the message

**WOpJ(ING**

on the display. If the record switch is not s~ t on the cartzidge, the
syster~ will disp lay the message

TAPE NOT READY

If this message occurs , remove the cartridge and slide the black record
switch in the direction indicated on the switch . Then re-insert the
cartridge and the “TAPE NOT READY” mess~tge should be replaced by another
system directive. If the message does not change , repea t the system
startup procedure or insert a different cartridge.

2.2 System Data Initialization

After the tape has been inserted properly , the system displays
the message

MSTR=l,LCL~2:Ao’?

The user must now type a “1” or “2” on the Remote keypad. As soon as a
key is depressed , the “?“  on the display will be replaced by the number
of the depressed key. The user may change this number simply by
depressing another number key. When satisfied that the correct number
is on the display, he depresses the EXEC key to proceed. If a character
other than “1” is typed , the system assumes a local restart mode.

If a “1” is typed , the initialization is perfor~ned via the
Master Station in a preprogrammed sequence that specifies the Remote ’s
specific configuration and the values for all settable parameters. In
this mode the display shows the message “MASTER SELECTED .” Once all
parameters have been set, the display will request the demand period,
data, time, station identification and method of startup in the same
manner as the local startup procedure (see sect. 2.3).

If the user types a “2” to the initial Master/Local request,
the system queries the user to determine the values of parameters and
other necessary information normally specified by the Master Station.
The display shows the following :

LOCAL SELECTED

7
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This message will remain on the display for approximately 2 s and will
be followed by a reques t for the number of meter inputs (total number of
Form-C relays attached as inputs) the system will have. This and all
subsequent messages requiring a response will display a number of
question marks on the right of the display . The user must type in one
number for each question mark .

2.3 System Data Query

If the user is satisfied that the entry is correct, he
depresses the EXEC key and the Remote continues with the next message.
If the data are not correct, he should enter the correct two—digit
number and depress the EXEC key when the data are correct. The Remote
then continues ir~ the same manner with the following queries (here the
Remote expects an EXEC function after each complete entry,  once it is
entered correctly)

Mr TS=?? Type two digits for the number of metering inputs. A
leading 0 is necessary for numbers less than 10. The
maximum acceptable number is 8 for the prototype .

:th~~~~~ OUTPrJTS=?? Type two digits for the number of outputs. A leading
0 is necessary for numbers less than 10. The maximum
acceptable number is 10 for the prototype.

KW FACTOR=???? Type four digits for the number of kilowatt equal to
each increment of the analog to digital converter .
See section 4.4 for computation of this value .

KVAR (kilovolt-ampere reactive) FACTOR ???? Same as above except for
KVAR meter analog inputs.

Input and Output Parameter Values.--The Remote then queries the
user for parameters for each input and output. The values for only one
input and one output are shown here to conserve space. The input meter
data for this example are for input metering point 4 and the output data
are for output point 2.

1*04 POWE R FLOW Type “1” if input 4 represents power
I N l ,OUT 2 :A?~~ consumed by the customer. Type “2” if input 4

represents power supplied by the customer.

1*04 POWER TYPE Type “1” if the input is from a KWH meter.
K W 1 ,  KVAR 2:A? Type “2” if the input is from a KVARH meter.

S 
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1*04 SCALE ???? Type a four-digit number which equals the number of
KWH or KVARH represented by each Form- C pulse .
Leading D’s are required . Section 4.3 shows how this
value is used.

I~ O4 MAX TIME ?? Type a two-digit number which equals the longest time
in minutes  expected between input pulses for this
meter.  This value is used to determine if a meter is
functioning properly .

I#04 OUTPUTS = ?? Type a string of two—digit numbers , separa ted by
commas , which references which output points are
affected by the particular input. The string is
terminated by typing an “EXEC .” See section 4.3 for
use of this value.

At this point , the Remote continues with input— 5 requests if
there is an input 5. After all inputs have been entered , the outputs
are sequenced . For this example , assume output 1 has already been
entered .

0*02 POWER TYPE Type “1” if the output is a KWH function.
q—1 ,KVAR=2:A=? Type “2” if the output is a KVARH type.

0*02 SCALE=???? Same as for input scale above.

Initialization Procedure.--After all outputs are finished , the
system requests certain general information necessary to initialize the
system. At this point the user will have to enter data if either the
local or master initialization was selected. The initialization
proceeds as follows.

DEMAND PERIOD = ?? Type a two-digit number that represents the number of
minutes in a demand period.

TODAY’S DATE ??? Type a three-digit Julian date. Leading 0’s are
required .

}INS TIME ?????? Type two digits each for hours , minutes, and seconds.
Note that a 24-hr clock is used. Therefore , midnight
occurs at 23:59 :59 plus 1 s. Section 2 .4  explains
how the time is initialized .

STATION ID = ???? Type a four—digit  code which represents the specific
site of the Remote.

9
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All pert inent  information except the starting mode has been
entered at this time . The system now dumps this imformation to ‘ ape
while displaying the messac~e ‘**WORKING** .” Once the tape is written ,
the final stage of initialization begins with the selection of a
starting method .

2.4 Time Initializatio:

Now that all the ta have been entered and checked , the system
is ready to start col1ectir .~ -lata. The display outputs the messages.

SELECT START

S 1  ,G 2  ,T 3  :A?

At this time the system software clock has not started and therefore
contains the time previously entered. If a synchronized start is
selected (S=1) the message

DEMAND GO=??????

will be displayed. When an hour , minute, and second time is entered ,
this time will indicate when data are to be collected. When the EXEC
1~~Y is depressed the software clock starts and the message

AWAITING SYNC

is displayed . When the software clock time matches the demand go time ,
the message

SYSTEM UP

will be displayed and all functions associated with a freeze pulse will
occur. If a go start (G=2) was selected , the system displays the
r~~ssage

SYSTEM_UP

and starts collecting data immediately and starts the software clock .
The next freeze will occur in XX minutes , where XX was the demand pe riod
in minutes entered previously . If a trigger start was selected , the
system displays the message 

- - ~~~~~~~~ - - -
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A time in hours , m inun -s an~ ~;‘:cor, ic is -r . ’-red into the software clock .
The n the  system displavF the  rc ecsaqe

and waits ttr a 1r’: T’rr: — ,t relay clo~-ire or a har~~:a~~ specified ~r~put
line. ~l,en this relay closure occurs, t : - ~ ~;Y stem clock contains the
demand ~o time , data collection cor~ €u.- ’ : ~s, -ar~ the messace

SY~~TE~-: lIT

is displayed.

3. ~. —::~-t ~UEPIES

t ur i ng  system. operation cer ta in  system parameters may need to be
examined or sr-ocif ic  system fu n c t i on s  may need to be started . All
queries are initiated by depressing any keypad key . The system responds
by disnlayinc

TYPE OP-CODE ??

The user now types an operation code , a f te r  which he depresses the EXEC
key. The system then executes the specified operation ~r displays one
of the following messages.

PLEASE TRY AGAIN

**wOp~(ING**

I.

Requested funct ions  fa l l  into two classes. Those functions that are
executed from the op—code immediately are called “ inherent” funct ions .
An example of such a funct ion would be a request for the current  date .
Functions which require further data after the op—code are called
“in teractive ” functions. These functions invoke questions on the
display which the user is requ ired to answe r be fore the function can run
to completion. An example of such a tunction is the request to display
input meter data. The Remote then asks , “ WHICH INPUT?? ” and follows
with the quest ion “WHICH DATA??” Table I defines all legal op—codes and
their func t ions .

11
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TABLE I .  SYSTEM CO MMANDS

Messages for op-codes 08, 09 , 10, and 11 are also displayed on Teletype .

or-coot Funct ion 
System egu es t User  rep l y on keypad Disp lay forma t

00 input meter d a ta request WH ICH INPUT ? ? Type two-di g it input 115,-Ser 05

WHICH DATA 1? 00— Pu l se s in current demand period 1005 PUL— l072
(upda ted p e r i o d i c a l l y)

0l•K1d H or KVA RH in cu rrent demand period #05 KVA OO2 1. l,O

02— P ul ses in last demand period I,C5 PUL~0927 
—

03—K WH or KVA RM In last demand per i od #05 KVA .00lV 54~

OA Tot ai pulses this b i l l i n g  period #05 PUL .090782

05— Total KWH or KVAR H t h i s  b i l l i n g  period #05 KVA .i8i5 6k0

06—Peak pu l se demand for this b i l l i n g
period 1005 PU L—11 2 0

07—Peek KI4H or IcVARH demand for this
b i l l i n g period #05 KVA 0022400

08~.Dropp ing load DROPPING LOAD

09—Resume load RESUME LOAD

iO~’11etcr out of service (Pisplay asks i f
meter function is rep laced by another
metering input. Type a two-digk
Input meter point and follow it w i t h
EXEC. if no re placement appears , REPLACED BY 7?
type ‘00 then EXEC ) . OUT OF SERVICE

l i— M e ter retur n ed to service BACK IN SERVICE

Ci Ou tput data request WHICH OUTPUT 17 Type two-di g it Output numb e r 03

W i’IICH DATA 17 00’.Puises in current demand period
(updated periodicall y) 0003 PUL— 4567

O1 KWH or KVARH itt Current demand period 0003 KWH’.004560

02~Pulsec in last demand peri od 0003 PUL 6289

03—KWH or KVARH is last demand period 0003KWH .’0062890

04—Total pulses thi s b i l l i n g  per i od 0003 PUL—15000 7

05—To tal 10,111 or Cl/ARM this b l u ing
period 0003 K,1)4—i500070

06.Peak pulse demand for this b i l l i n g
p e riod 0003 PUI,.653 0

07—Peak KWH or KVARH de mand for th is
b i l l i n g  period 0003 KWH— 0065300

02 D i s p la ys instantaneous
value of Kid. (This value
w ill be au t oma t i c a l l y
updated on t he di s p l a y
eac h time a new value is
read by the hardware.) KW~ - 104735

12
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TABLE I . SYSTEM COMMANDS (Con t ’d)

OP-COD E Func tion User reply on keypad D i s p l a y  forma t

03 Displays inst amtsm eo us
na lue of KV Ah (upda ted
sure as Kid) — — KVA R~~408834

~l l.st~ rt, pro~r~~ for d...nd
psrfod , day . t1~~ . ID arsd
methad of start. 511 eth.r
ln ti.lIz .tion or •cctasu-
l.tsd dat a r.a ie wsch.ng.d .
This rsq~ lr.. a “Password. P*WdO*0 ???? ~ dI~~It password ni~~~~r DIMIBO PCRIO ~~,?

50 DIsplays the curre nt value
of the 24—hr software clock
I n HR :M i :SE format. (Tre
clock disp lay is updated
every second unles n oth er
system functions hane
priority. ) — — 13 :02:58

51 Displays the current Ju !la n
date . TODAY’S DA TE- i 25

52 Dis plays the time of the next

demand period . — — NEXI FRZ 4CD ~~

60 Notifies the System that the
demand tape is to be removed
from the tape drive. REMOV E TAPE NOW

61 N otif i e s the system that a
new demand tape is to be
loaded into the ta pe drive.
if new tape , then a he ader
will be wri tten on the tap e.
if old tape , t he system w i l l

move the tape to the la st
da ta and stop , It w i l l
not write any header In for— PLEASE LOAD TAPE

nation to the tape. — — NEW - i , 0tD 2 :A.?

70 Indicates to the system the
Jul ian date when the next
b i l l i n g  cycle starts. ike
system w i l l  u ?da te at 00
hours of the day. (First
tick after ni~ n iq ht of the
day preceding the new
b i l l i n g  date.) — — NEXT BILLING—???

80 Clears the display. — — (Blank d i s p lay)

81 Turn off alar m. — TYPE OP-CODE 81

82 Tu rn or alarm for 5 s .  — — TYPE OP-CODE 82

90 Dump RAM locat io n s and
Content to Tele ~ ype . — — TYPE OP -CODE 90

91 Dum p contents of tape
to Te ietype. (i f Few

N tape , simp l y list tape
fror its current po si-
ti ~ n. if old ta pe , re- **W 0RKING**
wind and then li s t  tape.) — — NEW— I , 0LD 2 : A—?

13
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TABLE I . SYSTEM COMMANDS (Cont ’d)

- 
~P- C OTE 

— - - 

fu, ti on ~~~~~~~~~~~~~ Jser rep ly on ke u ç , a  ~i s pi a y  format

23 #,c~ cra ce tape the
spec , r d  n u ”P~~e of
records u r a  print ~‘re
rer ~a r r s  on the Te l e ty p e. - — ~~~~ ‘-t~ llv PACK—??

94 Rew ind t.,pe — —

95 Space ‘ac~ f’ rward oem
e c 0 r 1  T ’ i s  - 1 - ~i

m l i i  - ‘ vu tape t , en d
o~ tape if no r corJs
are for ward c’ t~~e
current cape posit i on.) — — T YPE O~~ CODE 95

26 Rack syace tape one
- I ee~pr d — — TV PE ~P- t 5D[ 96

97 Ye~~~e s t ~ t hat  system
p rint :e input and u~~t
put .- r ft ’ - s  o~ the ~ f s t e r r
a t t ’ e e - P of e,c’ Ce and
p e r i o d .  — TYPE OP - CODE 97

35 ~~~~~~~~~ rFat t~ e func-
tion ~ Ti - -C Or E 97 pm
su spended — — TYPE OP-CODE 98

4. METERING CONFIGURATIONS

Since the metering information data structure is flexible, it allows
for a variety of metering configurations. Figure 3 shows some of the
ways pulse meter inputs can be interconnected to Form—C output relays.
Note that (1) an input point can be connected to no outputs, (2) ar
input point can be connected to one or more outputs with different
output scales, or (3) many inputs can be connected to one or more of the
outputs. It is possible also to assign dummy outputs for totali. aticn.
That i.~ an output has been ass igned in the data base but no physical
output relay or output interface is supplied in the hardware .

To clarif y the Remote metering capabilities , several metering
problems are proposed and their ARMS solutions are shown.

4.1 Metering Problem No.1

Substation No. 1 has three watthour meters (A, B, and C), each
with a power—in and a power—out relay. Separate totals must be ~ pt for
all six relays. Also , the combined totals must be maintained for meters
A , B, and C for both in and out power flow. A Form-C pulse must be
initiated for every 25 KWH of this combined total (ou tput point X for
power in and output Y for power out).

1-)
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L~igure 3. Sample mt~tcring configuration.

The analog KW requirements state tha t  each of whe above !r~~ub

meters has a full-scale 1—mA analog output current which corresponds to
instantaneous power :onsumption of 60,000 KW. Therefore, at any time
the sum of the 1r~:Uts could equal 180,000 KW . To allow a margin of
error , the value 256,000 KW is selected a~ the maximum KW reading .

:nput Meter A

Power—in scale 1 pulse = 10 KWH ~r- i- t~~r t~cint 1)
Power—out scale 1 pulse = 10 KWH (meter point 2)

- :nput  Meter B

~ower—~ n scale 1 pulse = 5 KWH r t ~~ r ~-~ i rit 3)
:ower-~ -~’- scale 1 pulse = 1 KWH (rr ~e t r ’r o~oint 4)
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Input Meter C

Power-in scale 1 pulse 2 KWH (meter point 5)
Power—out $cale 1 pulse = 3 KWH (meter point 6)

Output X (corresponding Form-C relay installed)

Output scale 1 pulse = 25 KWH (outpu t point 1)

Output Y (corresponding Form-C reJay installed)

Output scale 1 pulse = 25 KWH (output point 2)

KW FACTOR = 256000 128 = 2000
KVAR FACTOR = 0000 (unused)

The above input values are defined to be compatible with the installed
KWH meters. The outputs are defined because of specific site
requirements. The input necessary to configure the above system is

Meter Inputs = 6, Meter Outputs 2
KW Factor = 2000, KVAR Factor 0
1*01 Flow = In, Type = KW , Scale = 10, Max Time = 02, Outputs 1
1*02 Flow = Out, Type = KW , Scale = 10, Max Time 02 , Outputs 2
1*03 Flow = In, Type = KW , Scale = 5, Max Time 02, Outputs 1
I~ J4 Flow = Out, Type = KW , Scale = 1, Max Time = 02, Outputs 2
1405 Flow = In, Type = KW , Scale = 2 , Max Time 02 , Outputs 1

— 1*06 Flow = Out, Type = KW , Scale = 3, Max Time = 02, Outputs 2
0~Ol Type = KW , Scale = 25
(.#02 Type = KW, Scale = 25

To display individual data for the six meter inputs or two Form-C
outputs , simply use the appropriate op-codes of section 3.

4.2 Metering Problem No. 2

Substation No. 2 has two watthour meters , each with power-in
and power-out relays. Both power-in relay pulses should be summed , and
both power-out relay pulses should be summed. Also , the in—meter
function for meter A should be connected to an output and cause one
output Form-C pulse for every input Form—C pulse. There is no analog
requirement.

16 

—— -



_  
_ _  - -

Input Meter A

1 pulse = 15 KWH (meter point 1)
1 pu 1s~ = 5 KWH (meter point 2)

Input Meter B

1 pulse = 20 KWH (meter point 3)
1 pulse = 10 KWH (meter point 4)

Output X (no relay attached)

Output scale 1 pulse = 25 KWH (output point 1)

Output Y (corresponding Form-C relay installed)

Output Tcale I pulse = 15 KWH (output point 2)

Output Z (no re~ .y attached)

Output scale 1 pulse = 20 KWH (output point 3)

The inputs necessary to configure the above system are as follows :

Meter Inputs = 4 , Meter Outputs 3
KW Factor = 0 , KVAR Factor = 0
1*01 Flow = In, Type = KW , Scale = 15, Max T~me = 05, Outputs = 1,2
1*02 Flow = Out, Type = KW , Scale = 5, Max Time = 02 , Outputs = 3
1*03 Flow = In, Type = KW, Scale = 20, Max Time = 02 , Outputs = 1
:#04 Flow = Out, Type = KW, Scale = 10, Max Time = 10, Outputs = 3
0*01 Type = KW, Scale = 25
0*02 Type = KW, Scale = 15
0*03 Type = KW , Scale = 20

4.3 Digital Metering Ma thematics

To fully use the variety of totalization modes, one needs to
know something about the arithmetic capabilities of the ARMS Remote and
associated acceptable limits for various system parameters. Further ,
four minimum units are employed in system calculations . They are (1)
the pulse , represented by a change in state of a Form-C relay, (2) the
KWH , which equals 1 KWH , ( 3 )  the KVARH (KVI4R hour), and (4 ) the analog
to digital converter (ADC ) step. The KWH and KVPSR are similar , and
anything said about the KWH applies equally to KVARH ’s. The ADC step is
the minimum digital increment for the ADC. Table II lists system
parameters and their allowable values.

17
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TABLE H . SYSTEM PARAMETR IC UN~ T2

M’ .r~T O f l i C S  D e s c r i p t i o n  Ra nge (N

NPULC No. i n p u t pu lses  i n  c u r r e n t demand p e r i o d 0 N 9 ,999

NPULL No. input pu lses in last demand period 0 < N 9.999

NPULT No . input pu lses since i n i t i a l i z a t i o n  (not inc l udi ng NPUL~~- 0 N < 999,999

INSCL input scale factor in I-KWH uni ts 0 < N  < 65,525

N-3 JTC No. output pu lses in current demand 0 N < 9,995

NOUTL No . output pulses in last demand period 0 N < 9,999

N O J T T  No. output pulses since i n i t i a l i z a t i o n  (not Inc lud in g NOUTC) 0 N < 999,999

CUTSCL Output scale factor i n  I-KWH un its 0 < N  < 65,535

SOUTC Curren t fractional pulse Count i n  I-KW H units 0 < N < 65,535

Dis playable va l ues I —

KWH 0 < N < 9,999,999

KVARH 0 < N < 9,999,999

KW 0 N < 999,999

KVAR 0 < N < 999,999

On input , each pulse for each Form-C relay input is totaled
separately for the current demand period. Historic pulse data also are
maintained for the last demand period, and So is the total usage for the
current billing period for every Form-C input and output. The KWH data
for every input are derived by multiplying the pulse count by the input
scale factor. For example, if the user requested the KWH for the
current demand period for a given meter input point, the Remote would
perform the calculation

CKWH = INSCL x !~PULC

wh~ re
CKWH = the current KWH demand value
INSCL = the input power scale in 1-KWH units
NPULC = the curren,t demand pulse count

and would display the value of CKWH. Similarly, to determine the total
power at an input point, the Remote would perform the calculation

18 
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TKWH = INSCL < NPULT

where
TKWH = the total KWH usage since init ial ization
NPULT = the total number of pulses since

initialization, excluding those pulses
in the current demand period

and would display the value of TKWH.

On the output side, separate pulse totals are maintained for
each output point . These include the total number of pulses in this
demand period, in the last demand period , and the total number of pulses
for the current billing period (excluding those pulses in the current
demand period). A fractional pulse counter and an output scale are also
associated with each point, which is used to determine when it is time
for an output pulse or pseudo—pulse (a pseudo—pulse being when there is
no physical relay connected to an output point). It is important to
note that output points depend completely on the inputs for their data.
If an output point is defined , but never referenced by an input, its
pulse values are always zero.

The chain of events which causes output data to be altered
starts with the recognition of a Form-C pulse on a given input. The
system then examines the data block for the input and updates those
outputs referenced . The exact sequence is as follows :

(a) Form-C recognized on input x
(b) NPULC = NPULC + 1
(c) Input x references output c
Cd ) SOUTC = SOUTC + INSCL
(e) IF (SOUTC ? OUTSCL) THEN (FORM-C OUT, NOUTC=NOUTC+l AND

SOUTC = SOtJT-OUTSCL) ELSE (CONTINUE)
(f ) Input x references output d
(g) Repeat Cd) and (e) for output d values
(h) No more outputs referenced
(i) Wait for next Form-C pulse input

where

NPULC = the current demand period pulse count for input x
SOUTC = the fractional pulse count for output c or d
OUTSCL = the output scale in 1-KWH units for outputs c or d
NOCJTC = the current demand period pulse count for output c

The following numerical example clarifies preceding
paragraphs -
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Initial Conditions

These are three input meters , each having one Form-C relay . Their
initial values and attachments to three output points are :

METE R 1 [&~~PUT 1

= = ~0

OUT 1 NOUTC = 51

METE R 2 1 ~~~ OUTPUT 2
NPULC = 26 / SOU TC = 10
INSLC = 10 OtJTSCL = 25i
OUT 1. NOUTC =

~9J
IMETER 3 OUTPUT 3
NPULC = 7S~ ._— “

~~ I SOUTC = 5
INSCL = 15( — I 0UTSCL = 20

LOUT 3 ~~OUTC = 56

IF METER one generates 3 Form-C pulses then :

METER 1 ~~~[ OUT PUT 1 1
MPULC = 53 —~ SOUTC = 5
INSCL = 5 - I OUTSCL = 101

LNOUTC =~~J

OUTPUT 2
SOUTC = 0
OUTSCL = 25 1
NOCTrC =

IF r.~ TER 2 now generates 2 Form—C pulses then :

METER 2 1 [OUTPUT i

NUPI~ = 28~ = 5

INSCL = 10 ~OUTSCL = 10

OUT 1 [~ç~TC = 54

20
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IF METER 3 generates 1 Form—C pulse , then:

METER 3 j OUTPUT 3

NPUIC = 76~ / SOUTC = 0
INSCL = l 5 (  ,/ OUTSCL = 20

L~U T 3  !1” NOUTC = 57

4.4 Analog Metering Mathematics

Analog metering is concerned wi th monitoring the instantaneous
KW or KVAR readings from the analog output of a power meter. Each
Remote has two separate analog summing input points, one for KW analog
inputs and one for KVAR analog inputs. An ADC is switched be tween the
two summing points to alternate between reading total KW and total KVAR.
The ADC is 8-bits wide on the digital side and therefore has a range of
256 increments over the range of input voltages. Its analog range is
10 V , but it has gain and offset func tions on its front end so that its
effect ive  range is ±12 V.. An example will illustrate the use of the
analog inputs.

Conditions:

Eight analog meter inputs are to be attached to the Remote.
There will be four KWH meters and four KVARH meters. Each meter has an
analog output that is +1 mA full scale. The KWH meters (A, B, C, and D)
are each scaled so that full—scale output = 63000 KW. The KVARH meters
(W , x, Y, and Z) are each scaled so that full—scale output = 24000 KVAR.

Load Resistor Computations:

All these calculations are estimates. They assure that the
analog voltages will not exceed the range of the input amplifiers. Gain
and offset adjustments must be made to tailor a set of inputs to the
Remote analog inputs.

To allow a voltage range of 8 V on the input, each meter output
will be set to +1 V full scale. Therefore, each load resistor R =

(l v) (l mA ) = 1 K .

Scale Factor Calculation s:

KW Inputs: (4 meters) x 63000 KW = 252000 KW total.

To allow some safety margin , the total full-scale KW value is assumed to
be 256000 KW. Therefore, KW Factor = 256000 128 = 2000.
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KVAR Inputs: (4 meters) x 24000 KVAR = 96000

To allow a safety margin the total full—scale KVAR value is assumed to

be 128000 KVAR. Therefore , KVAR Factor = l2~ 000 128 = 1000. NOTE :
The gain and of fse t  values used to condition the analog inputs are
discussed sore fu l ly  in the ARM S Maintenance Manual.1

5. TAPE OPERATIONS

The inserted tape is initialized by rewinding the tape and writing a

header record to the tape. A tape may also be removed or inserted and
initialized by use of the run-time function commands. (See table I.)

The tape can contain 100,000 characters of information on the
average. All data are written onto the tape in packed binary-coded
decimal (BCD) form . That is , two BCD characters are stored as one 8-bit
byte on the tape. All physical records on the tape are separated by
inter—record gaps and each record contains a record type in its first
byte. The header for the tape contains the following records.

Main entries:

Record type = 1 byte
Julian date = 2 bytes
Curren t hr = 1 byte
Curren t m m  = 1 byte
Station ID 2 bytes
No. of inputs = 1 byte
No. of outputs = 1 byte
KW scale factor = 2 bytes
KVAR scale factor = 2 bytes

Entries for each input:

Variable length list of attached outputs = N bytes terminated
by a $EE byte

Maximum time between pulses = 1 byte

Type of input and direction = 1 byte

S~~~1e of input = 2 bytes

(The above data are repeated for each input.)

1 David J .  Bushcher and Marc A.  Ressler , ARMS Remote Maintenance
Manual , Harry Diamond Laboratories SR-77-3 (August 1977).
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E:~tries for each output:

Power type = 1 byte
Scale of output 2 bytes

(The above data are repeate’~ for each output .)

The record is terminated by $FF byte as the last byte in the physical
record.

The header is followed by demand data for all inputs and outputs at the
end of every demand period ; each demand—period data record contains the
following information.

Main entr ies :

Record type = .L byte
Julian date = 2 bytes
Current hr = 1 byte
Current mm = 1 byte

Entries for each input:

Pulse count for period just ended = 2 bytes
Total pulse count = 3 bytes
Maximum demand = 2 bytes
Time of last pulse in minutes = 1 byte

(The above data are repeated for each input.)

Entries for each output:

Pulse count for period just ended = 2 bytes
Total pulse count = 3 bytes
Maximum demand = 2 bytes

(The above data are repeated for each output.)

The record is terminated , after all outputs , by a $FF byte in the last
position of the physical record .

If the tape ends , the cartridge is automatically rewound and a new
header record is written . At this point the operator may remove the
tape and replace it by another , or leave the tape in the drive to be
ove rwritten by new data.
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6. OPERATION OF PSEUDO MASTER STATION

The pseudo Master Station is to be used during the prototype testing
phase to simulate certain Master Station functions. The pseudo Master
Station consists of a Teletype for data input and output and certain
Remote software and keypad functions (which are unique to the prototype
and would not be in a f inal  version of the ARMS Remote) .

The Teletype keyboard can be used in the same manner as the keypad
to query the system and to invoke system funct ions .  The only d i f ference
is that the EXEC key of the keypad is replaced by the RETURN key on the
Teletype. Therefore,  to request the time of day from the Teletype the
operator would type 50 followed by a RETURN .

The Teletype printer is used to display data that would normally be
transmitted via telemetry link to the Master Station . These data
consist of

(a)  System status reports
(b) Random access memory ( RAM ) dumps
(c) Power usage reports
(d ) Tape dump s

The Remote prototype software contains routines to handle pseudo
Master Station functions such as Teletype input/output , freeze-time
initiation, system-parameter initialization, and alarm functions. These
functions are not all—inclusive in representing Master Station
functions, but they are representative of those functions necessary to
perform an evaluation of the Remote prototype.

The keypad , like the Teletype keyboard , allows certain system
functions to be activated as if the request were from the Master
Station . A list of all commands appears in table I. No attempt has
been made to distinguish between Master Station functions and Remote
functions because distinctions such as these will have to be made af ter
the prototype evaluation period .
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