APPLICATION AND FIELD EXPERIENCE
OF A DIGITAL SUBS5TATION SWITCH
AT SAVANNAH ELECTRIC AND POWER COMPANY

Rithard Spain

Savannah Elecinc and Pewier Company
mak

| 4
A O = ~

AR

Kenneth Fodero
Gary Hoffman

Presented At The
1993 Geargia Tach
Protective Aelaying Conference

& 7
R [



APPLICATION AND FIELD EXPERIENCE
OF A DIGITAL SUBSTATION SWITCH
AT SAVANNAH ELECTRIC AND POWER CONMPANY
By
Richard Spain
Sawarnah Eleciric ang Power Company, Savannan Ga

and

Kenneth Fodero
Gary Hoffman

AFL Electronics Inc., Boonton k)

INTRODUCTION

Thiere has been an increase = the use of solid-siate, mooroprocessor-based relays, fault recorders, meters,
and prograrnmable coatrollers in tramsmsson and distribution substatons. Thesa devices can 02 remately
interrogated or prograrmmed, and can send reporis back o a host computer through ther R5-232
commUrecations poris. These devoss use 8 wids vanety of comrmunicanons softwane and protoooks. Because
these devices can be bocated in the supstation yard, -~duced surges and woltages can be present on the
cormmunication bres Ths can imgar the aadity 1o commumcate over R5-233 lnes, and even rCause
eguipment darnage. In addition, the distance from the contel house 10 the suostaton yard €@ himd the use
of standard RS-232 protocal.

For greater systemn economy, several dewices must use the same fommunicatians chanmel. Ths requires a
reans of refably conmecting several devices 1o the mcomg and oulgoing commumcatans orcuts. Ths
paper descrices a digital substation  wwetch {D55) that wet desgned for tns applcavan, amd s imibal
nstallation and field experience a1 Savannah Elecing. The DS connecls vanous meress, ransmsscn relays,
and distribution reles to PO In remote locations througn & wode-prade 1eleahong Qrout. In tha
application, the D55 uses a fiber koo 10 cormmunicaie with the gevices o e LLBstation gard

DESIGN CONSIDERATIONS

Thgri are several aporcaches that can be taken 10 Communicate with several RE-232 dence pors, The frst s
runnifg indreidual communication CiFcUIts 1o @acn device, Anough s & the easiedt method, o © alis the
most axpansneg, The value of the inforraton that can be retrieved does nos st '::,' il |E‘E|5-"|'§] cost of the

telephone cirgwits required for thes method, (See Figure 1.}
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Figure 1. Running individusl communlcation geouits 1o sach devioe

The next logical approach 1o this problerm 10 adapt current telephony practice. In telephany, a private
automatic business exchange (PABX) connects many telepnones 1o 2 few renk lmes, The PABX (as wsed in
this application) & an analpg diwce that switches e 1 and fing connections from a trunk crcuit 1o one of
many estensions. N alio supports the reguired koop currents and ringing functions. (Sae Figure 2.) While 1his
method successtully connacts many dewces 1o a single telephone crowt, i requres & dalup modemn at each
cornectad device. it 3o usually requres the user 1o terrindle The modem connection to switch between
devices,

To reduce the nusmber of modems reguired. 17 switching device can be moved between the madem and
the R5-232 device connections. (See Figure 3.0 Ths el nates the néed for the switch to suppert the loop
currgnts and ringing funcbons between the ndwdual moders. In addition, once 3 user establishes a
connection with a remote PC, the modem output 5 data. This allows the user to switch connectons from

one dence (o angther by issuing ASCH commands irstead of DTMF tore signals
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Figure 2. Connecting the devices with a PABX
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One limitation of traditicnal RS-232 wwitches is that different end-davice protocols (and seemetimes different
baud rates) are not supporied between the device output ports. This limited their application to devices sath
idertical protoocds,

DESIRED FEATURES

The performance goals identified by the Savarmah/RFL feam were 1o provide & device that on 4 singke
madarn connection could re-configure itsalf by port selection. This would alow desices with a wide range ol
communications protocols to be accormmodated without having to re-establish the initial mocem
connection.

At the PC initiating the call, an aff-thi-shelf software solution was desired. This program had 1o be able to
to provide ASCI commands to the switch, and a simple means of switching between DOS-based application
programs without disturbing an established modem connectian, Microsoft Windows Version 3.1, which s
supplied with most new PC's, was found to support our requirgments. One thing most people agreed 10
wias that no one was interested in another propristary software package.

Although many of these features are available individually in different products, a singhe proguct soluton
with all the following features wis not avialabli

= & single product with an integral modam and CPL). (See Figune 4.}

* Modular construction to allow for future AS-232 port espansion.

" Pratocdl irardpanncy,

. Remate callout,

- Remote disconnect featuna

- Sacurity,

- Substation hardaning.

l The ability to convert the electrical R3-232 data for use with a fiber optic loop, (See Figure 4.)
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Figure 4. Digital Substation Switch (D55) with integral modern and CPU
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im the lab, successhul connection 1o & few simgle devices was encouraging, but than real-wand reality sTrudi,
With each new device connected 1o the system, another comcination of data formats wal régquired. The

variables in asynchronous data communicatens are as follows:

Data: Haxadecimal, octal, binary, and ASCI
Baud Rates: 300 bps 10 19.2 Kbgs

Data Bits: Saven or eight

Stop Bits: One of two

Parity: Oidl, even, oF none

Flow Control: KOMNMOFF, ATSATS, DSROTA, or none

The systern baud rate 5 establshed when a modem connection is rmade, The data farmat and flow control is
usually established by the device interrogation software. To be able to communicate with multiple devices
using any possible cornbination of the variables listed above, the data at each port is programmed. This
means that regardless of connection speed o format, the data & always presented 1o the port in a fed
farmat. Changes that were required included the additon of 8 modem string to re-configure the modem
output selection,

The following describes the application of this device and its parformance in the substation environment.

GRANGE ROAD SUBSTATION

Sawannan Electric installed the RFL Digital Substation Swatch n its Grange Road Substation during a station
vporade, The station was converied from a radial feed to a Ioop $lation with the addition of three rew
46k tranarmission lines, General Electric DLP and GEC Optimho relays are uted for protection on each of

thase lines.

Each of the station's five feaders was retrofitted with a General Electric DDP relay. Theme ralays ware
mounted in the feeder breaker cabinets located in the switchyard. All of these relays are capable of remote
interrogation and reconfiguration through an RS-232 communications port. The D33 is mounted in the
staticn’s communication rack, along with the fiber optic T1 system, (See Figures 6 and 7.)
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Figure & The digital substation veeitch, as installed at Grange Road Substation
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Figure 7. Block diagram, Grange Raad Substation

Relay Communications

Data i transferred between the DS5 and the eight bne relays usng the relay's RS-232 interfaces. The pm
configuration for the R3-232 cables is specfed by the relay manuiacturers. The DLP and Optimha relays use

thie same cable configuratian, a5 shown i Figure &

Data is transferred between 1he DOP relays in the breaker cabingts ard the DSS by a 850-nm multimode
fiber cotic loop. The DSS has & fiber oplic master, containing & transmitter and a receiver. A fiber optic
rernote is installed at each feedar breaker, for transmitting and receiving data Derween the relay and the
D55, Serial data is passed around the loog, with each fiber oplic remate acting a5  repeater, The fiber ooic

remotes are connested directly to the relay, and are configured thegwgh the D35, (Ses Figure 81




Figure B. Cabde configuration, DSS to Optimia/DLP Ralay
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Port Configuration

Each relay is assigned a port on the D35, The D65 can accommodate 8, 16, 24, or 32 devices, depending on
the numbser of port WO modutes installed. Figure 1005 a port infermatan deplay obtained from the D55 that
showes how the relays a1 Grange Road Substation are asegned. Other information on the dsplay shows the
type of flow control (Maded, actwe status of the OTR and RT3 lings (when used), and whether device Callout
is gnabled. This display is generated by the D65 in an ASCH format, 5o it can be vigwed with a dumb

terminal.

The device ports on the DSS are set to match the protece! requirements of the line relay or feeder relay
attached to it. DOP relays require flow control, eight data ki, one $109 bit, and no parity. Flow control an
the Optimho relays & selectable on the relay itelf, for simplicity, the same configuration a3 the GE relays
was selected. Figures 11 and 12 show the porl configuration setnngs wsed for the DOP and Optimho relays.

The only significant difference between the twa rélay port configurations is the use of @ modem sting. The
data transferred between the DOF relay and the D-Link program reguires that tha D55%s internal mogem
ignore an XOFF command that is sent by the relay deing some data transmcssions. Because this s a
conction that is anly required by some desces, the port madem stnng 15 used to implement i, When a port
is selected that comtars & modem stnng, the intermal modem will be re-configured, when the pon s
de-selected, the modem returns 1o its original cenfiguraton

In the port configurations shown in Figuras 17 and 12, the part nurmoer 15 folowed by a “port [ebel.” When
accessing the port from a remole Terrmingl, einer the port number or the label can be entered 10 seted] 2
dewice port.

Commanications with Optimbo relays 1akes place using a termimal program o GEC's Opticom software
When accessing the Optimhbo relay, Oplicom sends the oennfer lsted in the software. When usng
Opticom, the D& appears transparent. Opticom dias the station. sends the wdentifier, retneves the desired
information, and then logs out of the relay without hanging up 1he phone. This aliows a user 10 access

saveral Dptimbo relays at a ungle s1ation with aniy ene phone call.

-0 -




¥eloome to Gracge Road
¥ TEPE SABEL HOOE i fa- ®T3 Cal lBack
1 A5232 Cherokes DLF -] L L H [
7 EERI]  EH-0FT & i a H i
3 BE23I1 massignel OLP o L i H |
4 B223F mO-OFT L] L [ H |
o B5232 Eraft 1 BLF o ] L H i
L3 RE2317 ER1=QPT o i i H |
T REZIZ Eraft 2 DLP o i k H :
[] EE213 ER2-0PT @ i q H |
28 riber Taadar & DoP -} -] a H |
29 Tibar Taadaz § DOP =] & [ H :
38 Fikar Faedar 1 0oP [ -] iJ H |
31 Fibar Taeday 1 DOP [ =] 1 H |
32 Fibar Faedaz | DOF a ] iJ N |
Figure 10, Port information display

Fort# 1 (Cheroxes OLP} |
Istarfaca = RE313 call Gat = Off |
Baud Rata = 309 Call Reguest = Hoee I
BEka Blts - & call Priorsty =10 [
Paplty - Hans call Eiring - |
Stap Dits = 1 Rerota Sering - |
Fort Flew Ctrl = Hone Fort Brring - |
Losal Port OTR = Off Modem ELring = st RTVEDVED OWHY, :
Ees=al Flew Ckzl - Qff Poart Paseword - |

Figure 11.

Port paramater sattings lar DLP reliy

Port# ¥ (CH=OBT)

Intarface

Baad Faie
bata Bits
Farity

Stap Blia

Far: TFlow Cipl
Lasal Mar: DTR

Lacal Flew cerl

R511Z
Zaen
L
Hore

1

Horm
on

&

Call Qur
Call Reguese
Call Prioricy
Call Srrimg
Ranmoze Srring
Pore Serimg
Hodam Brring
Fort Fazsword

arg
Hona

Figure 11, Port paramicter settings for Optimho ralay

=11-



Software

The terminal emulator program in Micresaft Wingows Verson 3.1 has proven 10 De the maost versatile
software for cormmunicating with the D55 This progrern transmits and receives ASCH test, for
communicating with the D35 and any relay that uses an ASCH format. WWincows has a multi-tasking
capabiliyyg this allows users 1o switch to & non-Windows application after the proper port is selected on the
DS5. The proceduse descriped in the relay communications manual used at Savannah Eleciric for
cormMmunication with GE relays is a3 follows:

To Enter:
1. Dial D55 in Windows,
2. Select dasired switch 2o,
3, Switch 1o O-Link.
4, Select relay.
5 Give Passward and Lrt 10
To Exit:
1. Log aut and then exit D-ink.
2. Deselect pon.
3. Switch 1o another device, or hang up and a1 terminal

At Savannah Electric, & program group in Windows has been ¢reated for each D55 user, There is an icon for
gach substation 1hat runs the Terminal program with the phone number and SeTlings neeced for that
substation. In the same group, there i an icon for D-Link ang Oplicom that runs these programs The
eombination of a mouse and program icons makes switching between device programs fast and easy.
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CONCLUSION

At the start of this venture, RFL Electronics Inc. and Savannah Electric had some very aggressive goals:

1,

& transparent integrated device,

User-selectable passaond protiectian,

Positive verbose feedback for the user.

Cormpatible with off-the-shelf software (Microsaft Windewest Versian 3.9,

Pregramemigbile for all combinations of cata parameters.

it was wndiear whather 3 single device could meet all the reguirernents, ana satisfy @ the variatles that can

%iur during R3-232 communications. The Diginal Subsistion Switch {D55) represents another examgle of an

application made economically feasible by the micraprocessor

"DDF" "OLF." ard "D-Link® arg regidtened trademarks of 1he Caneral Bkt Company.
"Ogticam” and "Dptimhc gee registered trademarks of GEC Aktham, TAD ne
“Windows " B a regatered tracemerk of Micicsoft Ing

Tne abowve trademaric information k. oo the st of dur Encwdedge, sccurate erd cormplene
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