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ABSTRACT:
Real-TimeComputer(RTC)Systemconsisting of
Fault-Tolerant dual redundant VME bus-
basedsystems (VME-1 and VME-2) with Switch
over Logic Circuit (SOLC) and its associated
IFMs,
SCMs,PS,etc.EachVMEsystemconsistsofanED20-
CPUcardanditsassociatedinput/outputcards. Thel/O
status shall be indicated by LEDs. VME system
receives the inputs through SCMs / IFMs fromField
Signal Simulator (FSS). Outputs generated from
VME systems are connected to the FSS
throughSOLS. Simulation Software completely
tests the systems by simulating field inputs to all
the channelsof each card present in VME bins. The
software also checks the healthiness of each card at
every
scanintervalandsendstheinformationtoDisplayStatio
The control and Instrumentation(C & 1)
Systemin a typical Power Planthas three layers.

Thelowerlayeristhesensorsand final
ControlElements,themiddlelayeristheControlEquip
mentlayer

&theuppermostlayersaretheDataAcquisition&Super
visionControlComputerSystems,ControlPanels,and
OperatorConsoles.

The C&I subsystems of the Nuclear Power
Plant(NPP) are categorized as Safety Critical,
Safety-Related, and Non-SafetySystems. Safety-
ThereisaSwitchOverLogic System (SOLS) which
allows the outputsofVMEsystem-1lorVMEsystem-
2todrive FinalControlElements.

Each VMEsystem consists of an ED20-
CPUcardwhichisbasedonanMC68020processor and
a variety ofl/O cards for Analoglnputs (Al), Digital
Inputs (DI), Analog Outputs(AO), and Relay
basedDigital Outputs (ROP)cards, etc. The status
of each 1/0O is indicated byan LED provided on the
front fascia panel of thecard.

nusing TCP/IPprotocolwith10/100Mbps.

RTC systems are used for control & process
systems and simulation techniques are used to
achieveautomation by testing these RTC systems. It
also includes RTC hardware and the software used
forcontrol applications.RTC Systems are deployed
to  checkPlant  Systems  conditions  and
generateauthorizationoutputswhenalltheconditionsa
resatisfied.

KEYWORDS:

Real-
TimeComputers,DynamicSimulation,FieldSignalSi
mulator(FSS),Fault-TolerantSystems,C&ISystems.

I.  INTRODUCTION

RelatedSystemsoftheControlEquipmentlayerconstit
uteamajorportionoftheSignalProcessingElectronicS
ystemsinaplant.
BecauseoftheSafetyassociatedwithSafety-
RelatedSystems,theseSignalProcessingElectronicSy
stemsareconfiguredasFault-Tolerant Dual
Redundant Real-Time
Computers(RTC)systems.RTCsystemsareVMEbus-
based systems (calledVMEsub-system-
landVMEsub-system-2).

Simulator,testingisatediousprocess. Tosimulate
these heterogeneous systems we need aField Signal
Simulator to feed different types ofinputs are like
0.5V to 9.5V DC, 4-20mA, PotentialFree Contact,
etc., and to generate outputs
formonitoringonDisplayStationandProcessCompute
r.
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1.2 ExistingMethodologyofTesting:
Theexistingsimulatorisusedasapassivesimu

latorwithSwitchesbeingprovidedforsimulating

Digital Inputs, Potentiometers forAnalog Inputs,

and

forgeneratingDigitalOutputL EDwereprovided,and

1.3 ProposedMethodologyofTesting:

Subsysten-]

—X

51~ Healthy &
ot Online

DPMsforAnalogOutputs.Usingapassivetestjig,itwas
a very tedious process to test the RTC systems for
all input conditions and time-consuming. A
dynamic simulation technique was therefore
proposed and a facility was established for this
purpose. The proposed system is described below.

[ SOLS )

S1 - Healthy & Online

NC ¢ [ Outpus from
| VME
Subsystem-]
NO to Field

FIGURE1:SOLSSystem

TheSwitch OverLogic Systemreceivestheoutputs of
VME system-1 and VME system-2
on'NO'&'NC'pinsofchangeovercontactsoflatching
relays. Depending upon whether system-1 is active
or system-2 is active the outputs arepassed on to
the system output thru the commonPin 'C' of the
latching relays. The SOLS
systemhasalogicCardthatkeepstrackofthehealthines
s of VME system-1 and VME system-2and also
decides  which  system is  active. It
drivesthelatchingrelaysonSOLSRelaycards.Accordi
ngly, the contacts of Ilatching relays
areusedtoprovideoutputtothefield.

11 ProblemDefinition:

The Signal Processing Electronic System consistsof
an ED20 CPU card and a combination of
I/Ocardstomeetthesystemfunctionalityandtoanalyze
theperformance. Toverifythefunctionality and
performance of the system
weneedtotestthesystemthoroughly. Withoutthe
This paper introduces Simulation Techniques
tosimulate VME RTC Systems with Field
SignalSimulator (FSS). FSS can simulate any type
ofInputsignallike0.5Vt09.5VDC,4-

20mA PotentialFreeContact. InputscanfeedonSimul

atortoVMEI/Ocardsandgeneratereliableoutputstom
onitoronDisplayStation(DS).It also  implements
Simulation software
forautomatingtheTestingProcess. TheVMEsystem
software has to scan all analog and digitalinput
signals, receive the soft inputs/commandsfrom the
Process computer. RTC System statussignals are to
be sent to Process Computer andDisplay Station.
Each VME subsystem has a dualEthernet link,
which communicates with DS andFSS using
TCP/IP protocol with
10/100Mbps.Figure.2showstheconnectionsbetween
FSSandRTCsystems.
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FIGURE 2:FSS forVME- RTCsystem testing

Thesystemshallsatisfythefollowingrequirements:
e Scanalltheinputsignals including softsignals
e CheckdiagnosticsofVMEsystem

e Systemoperationcycle(scantime)islsec

[ ]

Softwareshallrunindependentlywithoutanyoper
atingsystem
e Latchestheoutputs

VME system receives the inputs through
SCMs,IFMs from FSS. Outputs generated from
VMEsystems are connected to the FSS through
SOLS.SimulationSoftwarethoroughlytestsbysimula
ting field inputs to all the channels of
eachcardpresentinVMEbins.VVMEapplicationprogra
ms are fused fed into the EPROM of theED20-CPU
card.Thesoftwarealsosendstheinformation on the
healthiness of each card to theDisplayStation.

. FAULT-
TOLERANTARCHITECTURE:

RTC  system is  built-in  fault-tolerant
architecture.There is a provision to duplicate each
of the inputsignals using Signal Conditioning
Modules. TheSCM’s also provide Field Signal
isolation as  wellasisolationbetween  output-
1tooutput-
2.TheduplicatedsignalisconnectedtothetwoVMEsys
tems.

Both the subsystems do the processingas per the
required logic and route the outputs torouting logic.
When the hardware and
softwarefunctionproperlythenthehealthinessofthatp
articular
subsystemisfedtoSOLCwhichinturndirectstheroutin
glogictoroutethesubsystem’soutputs.Duringinitialp
ower ‘ON’,when both the subsystems are healthy
then VME-subsystem-
loutputshallberoutedtothesimulator. When VME-
subsystem-1 fails,VME-subsystem-
2shallberouted.WhenVME-subsystem-
1becomeshealthythenalsoVME-subsystem-2
outputs shall be routed, there shallnot be any
change over from one subsystem
toanothersubsystemunlessthesubsystemfails.Whenb
oththesubsystemsfail,thefail-
safeoutputshallberoutedtotheSimulator.

The healthiness of ED20-CPU and 1/O boards
arechecked in a 1-sec scan interval and updated
theoutputsandsentthedatatotheGU Idisplaystationthr
oughEthernet.Whenthecardsarehealthythenthesyste
mshallgeneratetwopotential-
freecontactoutputsassystemshealthinessthat
gotoSOLC.
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FIGURES:Fault-TolerantArchitecture

I,  VME SYSTEM CONFIGURATION
VME (Versa Modular Euro) systems are

locatedinthisElectronicCabinet. TheycanhandleSafet
y-Critical as well as Safety Related signals.In the
case of Safety-Critical, it is triplicated
&SafetyRelatedisduplicated.Hencedualredundant
VME  systems with SOLS are used
forprocessingthesesignals. Toconnectthefieldinput
signals to both the VME systems, all digitalinput
signals are multiplied using relays with two
change-
overcontactsprovidedonlFMs.ForconnectingAnalog
signalstoboththeVMEsystems 1:2 Analog signals
conditioning modulesare used. Then SCMs have
one input and
twoisolatedoutputs.OutputsfromboththeV MEsyste
ms are connected to OR-ing logic cards ofSOLS,
which routes the healthy system’s
outputstothefield.

TheCabinetconsistsofVME-subsystem-
landitsredundantsystemVME-subsystem-
2alongwith their associated power supply units.
SOLSsystemisalsolocatedalongwithitspowersupply
unit. The ED20 and combination of 1/Oboards are
not hot-pluggable. In case of failure ofany board,
power is to be switched off for therespective
system, the board is to be replaced andthen power
is to be restored for that system. RTCsystem can
house any combination of 1/0
boardsbasedonthesystemrequirements.

Components oftheVMESystems are like:

VMEBuUs
P1-Backplane(VME-Motherboard)
P2-Backplane(l1/0O-Motherboard)

ED20-CPUCard
AnaloglnputCard
DigitallnputCard
DigitalOutputCard
AnalogOutputCard
Synchro-DigitalConversionCard
OpticalEncoderInputCardete...

e 6 6 o o o o O O o

ComponentsofSOLSSystemare like:

SwitchOverLogicCard
ORing LogicCard
P1-Backplane
P2-Backplane

ThefollowingstepsaretobecarriedoutforVMEsystem

configuration.

I.  PlacetheproperprogrammedEPROMsin  the
respective places of the ED20-CPUcard.

ii.  SystemintegrationTestProcedureprovides the
details about the number ofl/O cards required
for a particular system.The maximum number
of channels thateach
cardcansupportisgiveninTable-1.

iii. Setthel/Ocardaddressesintherespectivel/Ocard
throughjumperselection.
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1/0 Card No. ofChannels percard
Analoglnput 30

Digitallnput 30

RelayOutput 15

/AnalogOutput 4

SDCcard 3

Opticalencodercard 3

TABLEL:1/OCardsCapacity

In a single VME system, only one CPU card and
nineteen 1/O cards can be populated. Similarly, in
the SOLS system, only one SOLC and nine OLC
cardscanbepopulatedaccordingly.

V. FIELD SIGNAL SIMULATOR
TheComputer-
basedControlSystemacquiresvarioustypesofphysica
Iparameters,suchastemperature,  pressure,  flow,
strain, position,
andspeedusingelectronicequipment/modules/boards

The collected data is sent to a computerfor
analysisanddisplay.The control
systemsalsotakeaction(control)basedonthedatarecei
ved. TurningON/OFFlamps,motors,valves, heaters,a
ndfansarecommonfunctionsof control.Sending out
voltage, current, digitalwords, pulses, and
waveforms are also
functionsoftheControlsystems.Embeddedsoftwarer
unning in the computer coordinates and
executesthesefunctions.

ECIL is equipped with state of art Field
SignalSimulator(FSS)toperformthefunctionalandac
ceptancetestsbeforesendingthesetypesofequipmentt
ovarioussites.

FIELD SIGNAL SIMULATOR
tosimulate thefieldparameters are like:

1. Thermocouples(K-type)Output
2. AnalogOutput(0-10V,0-10mV,0-24Vor
4-20mA)

Analoglnput(4-20mA)
DigitalOutput

Relaylnput
OpenCollectorinput
LeakDetectionOutput
RTDOutput

9. SynchroOutput

10. EncoderOutput

is designed

cO~N AW

4.1 SystemArchitecture

The FSSis housed in standard racks with
197card frames. The systemoperates on a single-
phase230V,50Hz,
ACpowersupply.Theinstrumentation is PXI and
VME based, with
anIndustrialcomputerforsimulationoffieldsignals. A
high-speed Ethernet link connects thelndustrial
computer and the CPU module on thePXI bus.
The system is designed to work up to55 degrees
Celsius.Battery back-up is providedfor conducting
the burn-in tests. Video graphicdisplay, keyboard,
mouse, and color printer areconnectedtothePXIbus-
basedINTELCPUboard.

4.2 DataAcquisition andControl:

The MS Window operating system runs
on
thelntelPentiumCPU,onwhichtheapplicationsoftwar
eisdevelopedusingNationallnstrument’sLABVIEW.
Theapplicationsoftware generates the field data for
the signalconditioning boards using the hardware
modules.The response parameters of the unit under
test areread by the CPU.The FSS generates the
testreports based on the Accepted Test Procedure
oftheUnitUnderTest(UUT).

4.3 1/OConnections:
FSSinputsandoutputsareterminatedonterminalblock
sinternally.Allthecablesarecolor-coded
andlabeledforeasyidentification.A separate rack is
provided for storing the cablebunches, whenever
the system is not in use.Allinputs and outputs are
available
simultaneously;nomultiplexingofthesignalsisdone.

ThemaximumnumberofsignalsthatFSSsupportsisgi
veninTable-2.
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FIGURE 4:BlockdiagramoftheunitundertestwithField signalsimulator

4.4 FSS Software:

Switch on the PXI
Controller

~

Run the F55 Server Software
in the PXI Controller

~~

Switch on the IPC
(F55 Client)

~~

Run the F55 Client
Software in the IPC

~~

Login Screen of the F55
is displayed

~~

Enter the correct Username and

Password and click on the Login Button to

start using the system

~~

FIGURES:SwitchonProcedure forFSS Server&Client

FSSsoftwareisgenericsoftwaretosimulateth

at field signals for a

Computer-based

The FSS software is built following a

controlandinstrumentationsystem.FSSsoftwarework
sinconjunctionwithPX1,VME,andCRIObasedhardw
aretosimulatethefieldsignalsfortheComputersbasedc
ontrolandinstrumentationpanel.ltsgeneral-
purposenatureeasilyextendsitscapabilitiestobuildan
dperformspecificUUTtestroutines.

“Client-Server” model. The FSS system consists of
a PXlcontroller and twolPCs. PXI controller
servesprimarily as the Server and IPCs as Clients.
OneofthelPCwillbedesignated as the “Development
Station”. Either the PXI-
controllerortheIPCscanbeusedas‘DevelopmentStati
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on”. It is recommended that

Controllershouldnotbeusedasadevelopmentstationw

PXI-

Likewise,IPCssoftwareshouldnotbeusedasadevelop
ment station when it’s running the clientsoftware.

hile it’s running the server software.

Thermocouple, % J

5.+/-12V DC milli volt DC and i
POWER SUPPLY 0to 10 VDC Cable bunches U
P w; i » VMEBUS N
3 C
b PXI to Digital T

: ,.
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I t t A 0
- >
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DISPLAY 0

MOUSE, d
KEYBOARD il X

FIGURES®:BlockdiagramFieldsignalsimulator

The server software in the PXI-controller
runs inthe background when it is launched. It
should belaunched before any client software is
launched. ThePXI-Controller canalsoactasa
clientinaddition to being the server. Thus, we can
run theclient software on the PXI-controller itself
whichputs the usage of two IPCs as additional
clients,onlyonaneedbasis.

ThefollowingarethemajormodulesoftheClientsoftw
are:

i) CreateUUTinfo:CreateUUTinfoutilityallows
the user to create a file that stores
theinformation about a Unit under Test like
tags,FSSLogicalchannelsused,IPAddresses,Ch
annelMapping,etc. ThisutilityreadstheUUT

Tag configurationfromthe UUT terminalinfo
file. This is an excel file with a definedformat.
The user will have to enter the Tagsand their
terminal information in this file. Thisutility
also reads the UUT Soft Input Info file.This is
also an excel file where a user
entersthedetailsofthesoft input.

i) 1/O Explorer: 1/O Explorer allows the user
toconfigure, read and write values for each
typeofchannel.Userscandirectlyupdatevalueson
different channels interfaced with the
VMERTC system under the testing and
observe
theUUTbehaviorandresponsetotheFieldSimulat
edSignal fromFSSSystem.
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FIGURET7:I/OEXPLORER-HomeScreen

I/0 Explorer also helps the user of the system
toestablishtheintegrityinsignalconnectivitybetween
the FSS system and the UUT. Throughthe 1/O
Explorer user can set a value on a
channelandmeasurethevalueusinganexternalmeasuri
ngdevicebeforeconnectingittotheappropriate
channel or the terminal of the UUT.This ensures
that the right channel of the
FSSsystemisconnectedtotheUUT.

ThefollowingarethemajormodulesoftheServersoftw
are:

) DAQCore:Thismodule istheheartof
theFSSsoftware.DAQCoreimplementshardware-
levelinteractionwiththePX1,VME,and
CRIOwhichconstitutestheFSSsystems. Itcalls the
APIs built for the FSSsystems and executes the
commands sent
bytheClients.DAQCoreisasinglemodulethrough
which all interaction with all differenttypes of
hardware used in  the FSS  system
ispossible.DAQCoreimplementsacommonl/O
read/write errors handling mechanism andit also
returns the value that is set through thecommands.

FIGURES:Server—SystemStatus
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i) CommandRouter:Theserverhoststhecomman
droutermodule.CommandRoutermodule is
used for identification of the origin

ofcommandfortheDAQCoretoexecute. Afterthe
command is executed by the DAQCore
theresponse is again routed through the
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CommandRoutertothesource. Thecommandrout
ermodule also sorts the commands from
varioussources and segregates them based on
the signaltype for the DAQCore to execute.
The source ofthecommandcouldbeanywhere.

4.5 FSS Server:

The first FSS server software is launched

on thePXI-
controller. Theservershouldbelaunchedbefore
launching the client software of the IPCsor on the
PXI-Controller. The client displays anerror
message if the sequence is not followed.FSS
Software runs on the background with itsicon
minimized to the windows taskbar icon tray.The
Server application also displays the
healthparametersoftheFSSsystemsaswellastheclient
sthatareconnected.
The Server module interacts with the hardware
ofthefieldsignalsimulationsystem.Theservermodule
is responsible  for reading and  writing
toallhardwarel/Os.

Server Software: The Server Software is
mainlydividedintothefollowingmodule:

1. DAQCore: Service hardware
commandsfrommultiplemodulesofthemainsoft
ware.

2. DAQ Engine: Provides abstraction
fromhardwaretoothermodulesof the
mainsoftware.

3. Settings: Provides settings to the user
toconnectusingMXIlorTCP/IP.

4, cCalibration: Provides channel
calibrationtotheuser

4.6 FSSClient:

After the launch of the FSS server on the PXI-
controller, FSS client software is launched
eitheronthePXI-controlleroronthelPCs.

Clientsoftwarehasanaccessprivilegesetup.First,theu
serhastolog
intotheclientsoftwarewiththeappropriateloginiDand
password.AccordingtotheprivilegessetforlogicID,fe
aturesoftheclientsoftware

willbeavailableorunavailabletotheuser.
Basedonthesuccessfullogintheclientapplicationenter
sthehomescreen.

Userscaninitiatethesystemconfigurationasfollows.

1. CreatetheUUTInformationfile

2. FSStoUUTconnectivityfile(LogicChannelMap
ping)

3. Launchl/OExplorer

4. TestFSSandUUTconnectivity

5. GenerateTestReport

ClientSoftware: TheServerSoftwareismainlydivide
dintothefollowingmodule:

1. CreateUUTInfo

2. 1/OExplore

V. TESTING

For System Integration Test, two different
typesof software are to be developed. One is
system softwarethat runs on VME based RTC
systems and the second  software s
GUIlwhichrunsonPC/DisplayStation. ThisGUIsoftw
areisuser-friendly,easily configurable, enabling the
tester to use thesame software for different 1/0
configurations ofthe VME-RTC system without
much change inthesoftware.

Two sets of programmed EPROMs named
(S10dd, S1 Even & S2 Odd, S2 Even) are
providedtotesttheVME-
RTCsystemswithdualredundantarchitecture.One set
of EPROMs  aretobeusedforVMEsubsystem-
1(S1)andanother set of EPROMSs are to be used for
VME subsystem-2 (S2). GUI software is to be
installedonthePC.

In GUI software, provision is available to
selectthenumberofl/Ocards(Al,DI,RO&AO,etc.)asp
ersystemrequirements,andthesameis communicated
to the VME ED20 CPU cardthrough TCP/IP
protocol. Based on the selection,VME Application
software scans the inputs andlatchestheoutputs.

TwoEthernetportsareavailable in  each
system and the scanneddata
aresenttobothportssimultaneously. Thedatareceived
from both ports can be viewed in theGU Isoftware.
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FIGURE9:VMERTC-1/OSimulationGUlinLabVIEW

FIGURE10:VMERTCsystemwithl/Osimulationthru FSS

ThelntegrationandSystemTestingprocessfo
cusesonthefunctionalexternals,testingtouncovererro
rsandtoensurethatthedefined input will produce
actual results that agree withrequiredresults.

SystemIntegrationandtestingprocesscanbe
carried out as per Detailed Test cases mentionedin
the Test Procedure.Test Procedure should
bedefined for each hardware and software to
checkthe functional and performance requirements
tobe met. It should also be defined (hardware
&softwareintegrationandtestprocedure)forassemble
d hardware and integrated software ofeach sub-

system to check the integrity of bothhardware and
software. Test Reportsshould
begeneratedaccordingly. TheTestresultsandobservat
ions shall be recorded in a document
forreview/auditduringVerification ~ andValidation
(V&V).

Requirement for the design of online
diagnosticsfor VME hardware/software should be
specifiedto  detect various faults in the
hardware/software,data, or code corruption and to
take
appropriateactions. Thisshouldincludeidentification
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ofsystem resources to be checked, diagnostics

onsystem start-up, and during
detectionoffaults.Inaddition,the

run-time on

designmustprovidebuilt-in features for online fault

detection,
safeoutputs.

faultindication,anddrivingfail-

AllthecardsdesignedontheVV MEbusincorpo
rate extensive online diagnostics featuresfor fault

watchdog  timer.  The  watchdog  timer
formstheheartbeatoftheentirecomputersystem.Since
plantoutputsarecontrolledthroughtheactuation ~ of
relays, watchdog features were
alsointegratedintotheMono-shotRelayOutputboard.
This ensures that, in case of either systempower
failures or the failures of the ED20 CPUsoftware,
the  plant outputs terminate to  fail-
safemode,thuspreventingthecatastropheontheoperat

detection and health monitoring throughthe ingplant.
Sl.No SignalType SignalRange Signal Characteristics Number of
Channels
E- . ] R
TvpeTharmocou 0.5"Crasolution 300
pla
Anslog T4-bits @IZmV
0-10mVDC FSR{=quivalentto ] 53V Step) 16
Crutputs(SienalGenarat
on) 0-10VDC 14-bitrasolution 600
U-Z4W NS 14-bitresolution ]
4-20mA 14-bitrasolution 75
DigitalOutputs
1 Dirveontact 24VDC elactro-machanical 650
{SignalExcitation)
3 Ansloglnputmonitoring 4-20mA 14-bitrasolution 10
4 RalayInput Monitoring Dirveontact 24V zlactro-machanical 350
3 Opan-collactormonitoring Opan-collactor (WCEISAT<L. 3V 50
g B 200°Cto850°C At 30
- 100) sensorsivmlat = pa (equivalsntto 0.355t=p) -
ion
LealkDetactorf L KD sienalsimulst | Easistance _ _
. . . 0524708 5708, Opan 350
iom armSimulation
i FEncodsr Angles in degreas 0 to 360 15

TABLE2:Maximum number ofSignalssupportsFSSsystem

VI. VERIFICATION&VALIDATION

(V&V)

Thecomputer-
basedcontrolsystemshavetomeet not only the
functional performance but

inadditiontheyhavetomeettheregulatoryrequirement
slikeenhancedreliabilityandavailability.Redundancy
andfaulttolerancefeatures are to be provided and the
overall systemdesign should have a high mean time
betweenfailures and low mean time to repair to

achievebetterreliability.

Thebelow Figure-11showsthe designofreal-time
computers of both hardware and softwaresub-
systems which are subjected to the system
Verificationand
Validationprocess.Atthebeginningofthesystemdevel
opment,verificationplansandproceduresshallbeprod
ucedwhichshallcoverhardwareverification,software
verification,and system validation.
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FIGURELL:SystemVerification&ValidationProcess

VIlI. CONCLUSION

Morethan100Real TimeComputerbasedcon
trolsystemsforPowerPlantControl&Processapplicati
onshavebeendevelopedandtestedwithFieldSignalSi
mulator.Dynamictesting has ensured timing cycles

Microprocessor,Microcontroller,andcomputer-
basedsystem.

VIII. FUTUREENHANCEMENT
and speeded The process of inter-connectingthe FSS
upthetestingtimedrastically. Thismethodoftesting tothesystemundertestis tedious and
can be adopted for any cumbersomesinceitinvolvestheconnectionofdiscrete
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wires. Thistypeofwiringgivesalotofcontactproblems.
Tracingtheproblem and rectifyingisatime-
consumingprocess.
Toreducetheinter-connectiontime,itisproposed  to
make suitable arrangements at
FSSandthesystemundertestsothatFlatcablescanbeus
edtoquicklyinterconnectthesystems. Thisrequiresmo
dification ofinterface terminal blocks at the micro-
computersystem under test by providing one more
IDCheaderonlFM. AttheFSSendscrewedterminalsar
etobeinterconnectedtoanadditionalIFMwithanIDCc
onnector.Thus,thelDCconnectorismadeavailableath
othendsacrosswhichaFlatcablecanbeconnected. This
willensure a
drasticreductioninoveralltestingtimeandbettertimeut
ilizationoftheFSS.
Currently,thetestprogramsarewrittensothatthesyste
mgivestheoutputdetailsforthespecifiedinputs. Thequ
alitycontrolengineersareexpectedtocomparethetestr
esultswiththeexpectedvaluesanddecidewhetherthes
ystemhaspassedorfailed.
Inthenextphaseofimprovement,itisproposed to
modify the test programs such thatthe FSS by itself
compares the test results withthe expected values
and declares to the
qualitycontrolengineerswhetherthesystemshavepass
edorfailed. Thiswillensureareductionintestingtimean
dhumanerrors.
Currently,alimitedtypeofsignalsnamelyCurrent,Volt
age, Thermocouple,RTD,LKD,Synchro, and
Encodertypeofinputscanbetested. Itisproposedtoenh
ancethiscapabilityforothertypesofinputslikeflow,pre
ssure,etc.

Complex C & | system with a large number
ofl/Os.Thel/Ocapacityofeachsignalisexpectedtobee
nhancedbytheadditionofboards of various types.
This will be useful fortesting.
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