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INTRODUCING NOVACOR 2.0
• New generation of RTDS Simulator hardware

• Based on IBM’s POWER9 (multi-core RISC processor, same family as POWER8)

• 3.8 GHz clock frequency

• 20-25% performance increase over NovaCor 1.0



2023 EUROPEAN USER’S GROUP MEETING

INTRODUCING NOVACOR 2.0

• Same form factor and hardware architecture as NovaCor 1.0

• Optional cubicle for housing up to three chassis

• Core licensing allows for scalability

• Same user experience

• 100% code compatible
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COMMERICAL INFORMATION

• 5% higher price compared to NovaCor 1.0 
(with 20-25% increase in capability)

• Core licenses from NovaCor 2.0 and 1.0 are 
not interchangeable (i.e. cannot transfer 
cores between 2.0 and 1.0 chassis)

• Hardware exchange available to customers 
with active hardware warranty
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HARDWARE EXCHANGE PROGRAM
• Similar to NovaCor 1.0, no exchange discount on base unit (must purchase 

chassis, which includes one core license)

• Exchange discount applicable for each additional core license by returning the 
following equipment

Exchange Item Exchange Discount

5 x 3PC 50%

2 x GPC 50%

1 x PB5 50%

1 x GTWIF 50%

1 x NovaCor 1.0 core license 50%

1 x NovaCor 1.0 chassis 50%



2023 EUROPEAN USER’S GROUP MEETING

CAPABILITY COMPARISON

Category NovaCor 1.0 NovaCor 2.0 Percent increase

Load Units 300 360 +20%

Mainstep Nodes 90 108 +20%

1 core  300 360 +20%

2 cores 600 720 +20%

Substep Nodes 60 75 +25%

Superstep Nodes 300 360 +20%

Distribution Mode 1200 1500 +25%

TSA 2000 2000 Unchanged
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NEW FEATURE: STANDBY MODE

• Reduces chassis power draw to only a few watts

• Improved remote reboot capability
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NOVACOR 2.0 COMPATIBILITY

• Connect NovaCor 2.0 units to NovaCor 
1.0 units for multi-chassis simulation

• Not compatible with earlier hardware 
generations (PB5, GPC, etc.)

• Compatible with all existing I/O and 
peripherals

• Supports RSCAD FX (not compatible 
with RSCAD V5 and previous)
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OTHER SPECIFICATIONS
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OTHER SPECIFICATIONS
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The RTDS Simulator has always supported Non-Real-Time

NON-REAL-TIME SIMULATION

• Supported on all generations

• Traditional non-real-time has same 
capacity as real time (i.e. no increase in 
network size when switching from real 
time to non-real time)

• Allows slower and faster than real time 
modeling

• Support for traditional non-real time 
mode will continue
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New feature available on NovaCor 2.0

NEW FEATURE: ENHANCED NON-REAL TIME 
SIMULATION

• Enhanced simulation capacity when using non-real time simulation
• ~10 times real time capacity
• Minimum execution time of 200 microseconds
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LARGE NON-REAL TIME SIMULATION
Compatibility
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Quick transition

LARGE NON-REAL TIME SIMULATION

• Allows quick and easy transition between 
non-real time and real time simulations

• Identical handling in RSCAD FX for real time 
and non-real time simulations with the use of 
subsystems
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Substep Support
LARGE NON-REAL TIME SIMULATION

• All on one core
 Move Substep subnetworks from 

one chassis to one hierarchy box 
for non-real time simulation
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LARGE NON-REAL TIME SIMULATION

• Support for GTSOC black box models
• No other I/O allowed
• Support for co-simulation with PSCAD™
• Inter-connection with NovaCor 1.0 non-real-time simulation allowed

 Standard real time limits will apply for NovaCor 1.0

Compatibility
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THE CASE FOR GTSOC
 Renewable energy growing rapidly (From 

January to September 2022, 77 GW of new 
renewable auction capacity was awarded 
globally)

 Utilities require accurate model
 Manufacturer IP protection

 Controller hardware-in-the-loop simulation
 Controller software-in-the-loop simulation 

(black box controller) 

18
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ALTERNATIVE METHODS

 CBuilder

 Precompile method

 PSCAD-RSCAD Cosimulation (not real time)

 Interval Zero (Webinar with Vestas)

 GTSOC (best solution)

19
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20

 Hardware
 Operating system
 Dynamic or static library 

Real-time required!

20

× Linux OS running dynamic library (.so)
Bare metal guarantees deterministic timing:
 <1us spike.
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The problem is the indeterministic execution 
time spike ~ 200 us, which is hard to eliminate 
without third-party real-time OS support.
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Introduction to GTSOC


ProtCCU

		typedef struct {

		  int32_T plantMeasProtScaled[52];     /* '<Root>/plantMeasProtScaled' */

		  uint32_T subId;                      /* '<Root>/subId' */

		  int32_T plantStatus[48];             /* '<Root>/plantStatus' */

		  fromVbeToProt fromVbeToProt_g;       /* '<Root>/fromVbeToProt' */

		  fromVbeToProt fromDbsVbeToProt;      /* '<Root>/fromDbsVbeToProt' */

		  fromProtDsp3 fromProtDsp3_p;         /* '<Root>/fromProtDsp3' */

		} ExtU_ProtCore1Wrapper_T;



		/* External outputs (root outports fed by signals with default storage) */

		typedef struct {

		  fromProtDsp1 fromProtDsp1_o;         /* '<Root>/fromProtDsp1' */

		  fromProtDsp2 fromProtDsp2_j;         /* '<Root>/fromProtDsp2' */

		  fromProtDsp4 fromProtDsp4_f;         /* '<Root>/fromProtDsp4' */

		} ExtY_ProtCore1Wrapper_T;

		Measurement		System

		plantMeas								toPlant

		Index		Signal		Description				Index		Signal Name		Destination

		1		idcp						1		lockout		-

		2		idcn						2		trip		Plant Trip logic

		3		vdcp						3		notTrip		-

		4		vdcn						4		transferBlock		-

		5		vlw1a						5		transientFaultRecorder		-

		6		vlw1b						6		urgentBlockDbs		-

		7		vlw1c						7		nonUrgentBlockDbs		-

		8		vlw2a						8		protectionHealthy		-

		9		vlw2b						Table 16: toPlant output vector definition

		10		vlw2c

		11		ilw11a

		12		ilw11b

		13		ilw11c

		14		ilw12a

		15		ilw12b

		16		ilw12c

		17		ilw21a

		18		ilw21b

		19		ilw21c

		20		ilw22a

		21		ilw22b

		22		ilw22c

		23		vvwa

		24		vvwb

		25		vvwc

		26		ivw1a

		27		ivw1b

		28		ivw1c

		29		ivw2a

		30		ivw2b

		31		ivw2c

		32		iela

		33		ielb

		34		ielc

		35		isra

		36		isrb

		37		isrc

		38		ivpa

		39		ivna

		40		ivpb

		41		ivnp

		42		ivpc

		43		ivnc

		44		idlp

		45		idlb

		46		vdyp

		47		vdyn

		48		vacBus1a

		49		vacBus1b

		50		vacBus1c

		51		ivpDbs

		52		ivnDbs





PSCAD parameters

		MMC_valves_onshore 								[GE_HVDC_Onshore:VSCConverter 1626106286]						NAME		CAPTION		TYPE		UNIT		MINIMUM		MAXIMUM		DATA		VALUE

		Mode		0						Name		ONSHORE				RSOff		Switch OFF resistance (for each element)		Real		ohm		1.00E-20		+1e+308		1.00E+08		100000000

		EnPhaseLead		1						ACBrk_ClT		0.8 [ms]				Cdc		Cell DC capacitor		Real		uF		0		+1e+308		7000 [uF]		7000

		RSOff		1.00E+08						ACBrk_OpT		50 [ms]				fref		AC system frequency		Real		Hz		0		+1e+308		50		50

		Cdc		7000 [uF]						ACBrkCtrlIn		BRK_T1_Vs				Larm		Arm inductance		Real		H		0		+1e+308		110 [mH]		0.11

		Flt_E		0						ACBrkSt		ACBrkSt				LvlvQ		Valve inductor Q factor		Real				0		+1e+308		200		200

		fref		50						BRK_T1		BRK_T1				RSOn		Switch ON resistance (for each element)						1.00E-20		+1e+308		0.0001 [Ohm]		0.0001

		Larm		110 [mH]						BRK_T425_in		cblw1				cbsrPosOn_in		cbsr Position Status		Integer								cbsrPosOn		cbsrPosOn

		RSOn		0.0001 [Ohm]						BRK_T426_in		BRK_T426_in				ACBrkSt		    Ac Bus Breaker Status		Integer								ACBrkSt		ACBrkSt

		CnvLoc		1						BRK_T426_sec_in		BRK_T426_sec_in				cblw1_statusIn		cblw1 Status In		Integer								cblw1_status		cblw1_status

		ActDampEn		0						Brk_vs		cbvw1				cblw2_statusIn		cblw2 Status In		Integer								cblw2_status		cblw2_status

		Ti_Diff_Alst		0.5						Brk_vs_Ot		44 [ms]				cbvw1_statusIn		cbvw1 Status In		Integer								cbvw1_status		cbvw1_status

		Kp_Diff_Alst		0.2						cblw1		cblw1				cbvw2_statusIn		cbvw2 Status In		Integer								cbvw2_status		cbvw2_status

		KpCollAux		0.2						cblw1_in		cblw1				acBrkCmd		Ac Bus Breaker Command		Integer								acBrk		acBrk

		CollAuxMax		0.2						cblw1_status		cblw1_status				lw1BrkCmd		lw1 Breaker Command		Integer								lw1Brk		lw1Brk

		CollAuxMin		-0.5						cblw2_in		cblw2				lw2BrkCmd		lw2 Breaker Command		Integer								lw2Brk		lw2Brk

		Vref_Cell		1.8						cblw2_status		cblw2_status				vw1BrkCmd		vw1 Breaker Command		Integer								vw1Brk		vw1Brk

		Ti_Col_Alst		0.5						cbsrCmd		cbsrBrk				vw2BrkCmd		vw2 Breaker Command		Integer								vw2Brk		vw2Brk

		Kp_Col_Alst		0.25						cbsrPosOn_out		cbsrPosOn				cbsrCmd		    cbsr Breaker Command		Integer								cbsrBrk		cbsrBrk

		IVlvMax_o		IVlvMax_Onsh						cbvw1_in		cbvw1				eserCmd		eser Breaker Command		Integer								eserBrk		eserBrk

		VVlvMax_o		VVlvMax_Onsh						cbvw1_status		cbvw1_status				dslpCmd		dslp Breaker Command		Integer								dslpBrk		dslpBrk

		VVlvMin_o		VVlvMin_Onsh						cbvw2_in		cbvw2				dslnCmd		dsln Breaker Command		Integer								dslnBrk		dslnBrk

		Ov_prot		0						cbvw2_status		cbvw2_status

		Fault_12		F14						ComEnab		ComEnab

		F14		F14						Dblk		Dblk

		LvlvQ		200						DCFlt_Flag		Discon_1P

		untitled		0						dmode		0																																																																																												F

		cbsrPosOn		cbsrPosOn						Drp		0

		cbsrPosOn_in		cbsrPosOn						DrpAC		0				NAME		CAPTION		TYPE		UNIT		MINIMUM		MAXIMUM		DATA		VALUE

		ACBrkSt		ACBrkSt						DrpF		0				Tmva		Transformer MVA rating (each)		Real		MVA		0		+1e+308		685 [MVA]		685

		untitled_1		0						EnFilt		0				Td_rfc		Time delay to release flux clipping of trfs		Real		s		-1e+308		+1e+308		0.2 [s]		0.2

		untitled_2		0						F2_R		F2_R				TapNo		Tap position number [1 to 21]		Integer								TapNo		TapNo

		untitled_3		0						F2_type		F2type				Name		Converter Name		String								ONSHORE		ONSHORE

		cblw1_statusIn		cblw1_status						F3_type		F3type				dmode		Active power mode (dmode)		Choice								0		0

		cblw2_statusIn		cblw2_status						F4		F4				qmode		Reactive power control mode (1: cascade Q/V ctrl; 2: p.f. control (cascaded Q/V); 3: Q(U) ctrl.; 4: direct Q ctrl; 5: direct pf ctrl)		Integer								0		0

		cbvw1_statusIn		cbvw1_status						F7		F7				freq		Norminal frequency (freq)		Real		Hz		0		+1e+308		50 [Hz]		50

		cbvw2_statusIn		cbvw2_status						Fault_2		Fault_2_onsh				Sbase		Rated Power (Sbase)		Real		MVA		0		+1e+308		958.59 [MVA]		958.59

		untitled_4		0						Fault_3		F7				Vtr_1		Norminal voltage at the grid side (Vtr_1, L-L, RMS)		Real		kV		0		+1e+308		405 [kV]		405

		untitled_5		0						fcut		2400 [Hz]				Vtr_2		Norminal voltage at the VSC side (Vtr_2, L-L, RMS)		Real		kV		0		+1e+308		370.0 [kV]		370

		untitled_6		0						FrefOffshore		FrefOffshore				Xt		Transformer leakage reactance (Xt - each)		Real		pu		0		+1e+308		0.2079 [pu]		0.2079

		untitled_7		0						freq		50 [Hz]				Lvalve		Arm reactor (Lvalve, H)		Real		H		0		+1e+308		110 [mH]		0.11

		untitled_8		0						h3Mag		0.15				VdcBase		Rated DC voltage (VdcBase)		Real		kV		0		+1e+308		640.0 [kV]		640

		acBrkCmd		acBrk						ILimPriority		0				PreRLogic		Use breaker pre-insertion resistance?		Choice								1		1

		lw1BrkCmd		lw1Brk						Imax		1				cblw1_in		Trf 1 line (AC) side breaker		Integer								cblw1		cblw1

		lw2BrkCmd		lw2Brk						Kp_ac		2				cbvw1_in		Trf 1 Valve side AC breaker. This brk activates pre-insertion R		Integer								cbvw1		cbvw1

		vw1BrkCmd		vw1Brk						Kp_dc		8				cblw2_in		Trf 2 line (AC) side breaker		Integer								cblw2		cblw2

		vw2BrkCmd		vw2Brk						Kp_P		0.5				cbvw2_in		Trf 2 Valve side breaker		Integer								cbvw2		cbvw2

		cbsrCmd		cbsrBrk						Kp_Q		0				preRIn		AC disconnector pre-insertion resistance		Real		ohm		1.00E-10		+1e+308		250 [ohm]		250

		eserCmd		eserBrk						Kp_Q2		0				TAuxOpenIn		Time to opening of insertion resistance after reistance bypassing		Real		s		0		+1e+308		0.56 [s]		0.56

		dslpCmd		dslpBrk						Kpd		3				cbsrPosOn_out		cbsr status		Integer								cbsrPosOn		cbsrPosOn

		dslnCmd		dslnBrk						Kpq		3				cblw1_status		cblw1 Status		Integer								cblw1_status		cblw1_status

										KVdcLim		KVdcLim1				cblw2_status		cblw2 Status		Integer								cblw2_status		cblw2_status

										Lf		110 [mH]				cbvw1_status		cbvw1 Status		Integer								cbvw1_status		cbvw1_status

										Lt		0.294 [pu]				cbvw2_status		cbvw2 Status		Integer								cbvw2_status		cbvw2_status

										Lvalve		110 [mH]				lw1BrkCmd		lw1 Breaker Command		Integer								lw1Brk		lw1Brk

										lw1BrkCmd		lw1Brk				lw2BrkCmd		lw2 Breaker Command		Integer								lw2Brk		lw2Brk

										lw2BrkCmd		lw2Brk				vw1BrkCmd		vw1 Breaker Command		Integer								vw1Brk		vw1Brk

										PFDir		PFDir				vw2BrkCmd		vw2 Breaker Command		Integer								vw2Brk		vw2Brk

										PFref		PFref				cbsrCmd		cbsr Breaker Command		Integer								cbsrBrk		cbsrBrk

										Pref		500

										Pref_1		PFref

										PrefRate		1000

										PrefRateFlt		10000

										preRIn		250 [ohm]

										PreRLogic		1

										Q_freeze		Q_freeze

										Q_freeze_1		Q_freeze

										Qf		0.08

										QmaxPU		0.344 [pu]

										QmaxPU_1		0.152 [pu]

										QmaxPU_2		0.345 [pu]

										qmode		0

										Qref		Qref

										Rf		0.001 [ohm]

										S1		S1

										S2		S2

										Sbase		958.59 [MVA]

										Sphase		10 [MVA]

										TapNo		TapNo

										TapP		TapP1

										TAuxOpenIn		0.56 [s]

										Tc_Filt4		0.01

										Tcharging		Tcharging

										Td_rfc		0.2 [s]

										Ti_ac		0.05

										Ti_dc		0.01

										Ti_P		0.02

										Ti_Q		0.5

										Ti_Q2		0.05

										Tid		0.05

										Tiq		0.05

										Tmva		685 [MVA]

										TrampP		500 [ms]

										Treclose		Treclosing

										TVdcLim		TVdcLim1

										Udeadmax		Udeadmax

										Udeadmin		Udeadmin

										untitled		BRK_T425

										untitled_1		0

										untitled_2		BRK_T426

										untitled_3		BRK_T426_sec

										UQ0		UQ0

										UQmax		UQmax

										UQmin		UQmin

										Vac_db		Vac_db

										Vac_db_1		Vac_db

										Vac_max_pu		1.10526315

										Vac_min_pu		0.9473684211

										Vacref		Vacref

										Vd1max		1 [pu]

										Vd1min		-1 [pu]

										VdcBase		640.0 [kV]

										Vdcmax		1.1 [pu]

										Vdcmin		0.85

										Vdcref		VdcRef

										VdcRef		VdcRef

										Vphase		161.66 [kV]

										Vq1max		1 [pu]

										Vq1min		-1 [pu]

										Vtr_1		405 [kV]

										Vtr_2		370.0 [kV]

										vw1BrkCmd		vw1Brk

										vw2BrkCmd		vw2Brk

										Xt		0.2079 [pu]





Trip

		Signal Name		Step change Sequence		GE expected Timing		GTSOC Timing, using 1 Core, non-real time simulation		GTSOC Timing, using 4 Cores, real time simulation

		trip		from 0 to 1		0.014 s		0.01524 s		0.0208 s

				from 1 to 0		0.2 s		0.20144 s		0.2072 s

				from 0 to 1 		1.51 s		1.5144 s		1.515 s
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				Signal Index		Name		Mapping Data 		elements

				1		convVcapAp		fromVbe		statusWordP1

				2		convVcapAn		fromVbe		statusWordN1

				3		convVcapBp		fromVbe		statusWordP2

				4		convVcapBn		fromVbe		statusWordN2

				5		convVcapCp		fromVbe		statusWordP3

				6		convVcapCn		fromVbe		statusWordN3

				7		convDeblock		fromVbe		vbeDeblockedAurora

				8		dbsVcapP		fromVbeDbs 		statusWordP1

				9		dbsVcapN		fromVbeDbs 		statusWordN1

				10		dbsDeblock		fromVbeDbs 		vbeDeblockedAurora





BCU+CtrlCCU

																		plantStatus 

																Index 		Signal 

																1		tapPosition

						acPlantStatusVec										2		tapChangerFaile

						Index 		Signal 		Name Source 						3		externalBlock

						1		cbsrPos		PIR resistor circuit breaker 		cbsrPos		TRUE		4		acCon1SeqStatus

						2		eserPos		Earth switch 		eserPos		TRUE		5		acDis1SeqStatus

						3		acBusBrkPos		 AC bus breaker 		acBusBrkPos		TRUE		6		acCon2SeqStatus

						4		cblw1Pos		Line winding 1 AC breaker 		cblw11Pos		FALSE		7		acDis2SeqStatus

						5		cblw2Pos		Line winding 2 AC breaker 		cblw21Pos		FALSE		8		acErConSeqStatu

						6		cbvw1Pos		Valve winding 1 AC breaker 		cbvw1		FALSE		9		acErDisSeqStatu

						7		cbvw2Pos		Valve winding 2 AC breaker 		cbvw2		FALSE		10		poleConSeqStatu

														TRUE		11		poleDisSeqStatu

						dcPlantStatusVec								TRUE		12		poleEartSwConSe

						Index		Signal 		Name Source 				FALSE		13		poleEartSwDisSe

						1		dslpPos		DC disconnector 		dslpPos		TRUE		14		swgrSeqInProg

						2		dslnPos		DC disconnector 		dslnPos		TRUE		15		cblw11Pos																										/* External inputs (root inport signals with default storage) */

														TRUE		16		cblw12Pos																										typedef struct {

						dcPlantCtrl										17		cblw21Pos																										  int32_T plantMeas[52];               /* '<Root>/plantMeas' */

						Index		Signal		Name Destination 						18		cblw22Pos																										  uint32_T subId;                      /* '<Root>/subId' */

						1		dslpOpenCmd		Positive DC disconnector 						19		cbvw1Pos																										  real32_T IsmValve[6];                /* '<Root>/IsmValve' */

						2		dslpCloseCmd		Positive DC disconnector 						20		cbvw2Pos																										  real32_T IsmDbs[2];                  /* '<Root>/IsmDbs' */

						3		dslnOpenCmd		Negative DC disconnector 						21		cbsrPos																										  uint32_T protWordConv[2];            /* '<Root>/protWordConv' */

						4		dslnCloseCmd		Negative DC disconnector 						22		dsypPos																										  uint32_T protWordDbs[2];             /* '<Root>/protWordDbs' */

																23		dsynPos																										  int32_T plantStatus[48];             /* '<Root>/plantStatus' */

						acPlantCtrl										24		cbsrpPos																										  boolean_T fromOtherSubCtrl;          /* '<Root>/fromOtherSubCtrl' */

						Index		Signal		Name Destination 						25		cbsrnPos																										  real32_T setpointsSa[4];             /* '<Root>/setpointsSa' */

						1		acBrkOpenCmd		AC bus breaker						26		dslpPos																										  boolean_T disableProt;               /* '<Root>/disableProt' */

						2		acBrkCloseCmd		AC bus breaker						27		dslnPos																										} ExtU_CtrlLanePscad_T;

						3		lw1BrkOpenCmd		Line winding 1 AC breaker						28		eserPos

						4		lw1BrkCloseCmd		Line winding 1 AC breaker						29		dsac1Pos																										/* External outputs (root outports fed by signals with default storage) */

						5		lw2BrkOpenCmd		Line winding 2 AC breaker						30		dsac2Pos																										typedef struct {

						6		lw2BrkCloseCmd		Line winding 2 AC breaker						31		dbsActivate																										  real32_T valveVDemand[6];            /* '<Root>/valveVDemand' */

						7		vw1BrkOpenCmd		Valve winding 1 AC breaker 						32		vClngInSrvHlth																										  boolean_T valveDeblock[6];           /* '<Root>/valveDeblock' */

						8		vw1BrkCloseCmd		Valve winding 1 AC breaker 						33		vClngInShut																										  real32_T dbsVDemand[2];              /* '<Root>/dbsVDemand' */

						9		vw2BrkOpenCmd		Valve winding 2 AC breaker 						34		vClngInAuto																										  boolean_T dbsDeblock[2];             /* '<Root>/dbsDeblock' */

						10		vw2BrkCloseCmd		Valve winding 2 AC breaker 						35		vClngInMan																										  boolean_T toOtherSubCtrl;            /* '<Root>/toOtherSubCtrl' */

						11		cbsrOpenCmd		PIR resistor circuit breaker						36		valveCoolingRea																										  uint32_T dbsVbeTripRequest[2];       /* '<Root>/dbsVbeTripRequest' */

						12		cbsrCloseCmd		PIR resistor circuit breaker						37		valveCoolLimit																										  uint32_T convVbeTripRequest[2];      /* '<Root>/convVbeTripRequest' */

						13		eserOpenCmd		Earth switch						38		fireDetSystemHe																										  boolean_T plantCtrlToBcu_bool[63];   /* '<Root>/plantCtrlToBcu_bool' */

						14		eserCloseCmd		Earth switch						39		hvacSystemHealt																										  int32_T plantCtrlToBcu_int[2];       /* '<Root>/plantCtrlToBcu_int' */

																40		trf1SystemHealt																										} ExtY_CtrlLanePscad_T;

						setpointsSa										41		trf2SystemHealt

						Index		Signal		source						42		roomAccessInter

						1		vacTestMode  		Sequencer						43		prtBlkTrpChA

						2		vacTestOffset 		Sequencer						44		prtBlkTrpChB

						3		vdcTestMode  		Sequencer						45		overallAcRfe

						4		vdcTestOffset 		Sequencer						46		esConfigOlt

																47		extMod

																48		vacbus1a

						Signal Index		Name		Mapping Data 		elements

						1		convVcapAp		fromVbe		statusWordP1

						2		convVcapAn		fromVbe		statusWordN1

						3		convVcapBp		fromVbe		statusWordP2

						4		convVcapBn		fromVbe		statusWordN2

						5		convVcapCp		fromVbe		statusWordP3

						6		convVcapCn		fromVbe		statusWordN3

						7		convDeblock		fromVbe		vbeDeblockedAurora						cbsrPos		 Onsh,

						8		dbsVcapP		fromVbeDbs 		statusWordP1						eserPos		 Onsh,

						9		dbsVcapN		fromVbeDbs 		statusWordN1						acBusBrkPos		 O

						10		dbsDeblock		fromVbeDbs 		vbeDeblockedAurora						cblw11Pos		 Ons

																		cblw21Pos		 Ons

																		cbvw1		 Onsh,A,

																		cbvw2		 Onsh,A,

																		dslpPos		 Onsh,

																		dslnPos		 Onsh,





HELP

						plantStatus 												Subsystem		1

				Index 		Signal 												in1_0		idcp		out1_0		valveVDemandAP				in2_0		tapPosition				out2_0		valveDeblockAP				in3_0		IsmAP		out3_0		dbsVDemandP

				1		tapPosition												in1_1		idcn		out1_1		valveVDemandAN				in2_1		tapChangerFaile				out2_1		valveDeblockAN				in3_1		IsmAN		out3_1		dbsVDemandN

				2		tapChangerFaile												in1_2		vdcp		out1_2		valveVDemandBP				in2_2		externalBlock				out2_2		valveDeblockBP				in3_2		IsmBP		out3_2		dbsDeblockP

				3		externalBlock												in1_3		vdcn		out1_3		valveVDemandBN				in2_3		acCon1SeqStatus				out2_3		valveDeblockBN				in3_3		IsmBN		out3_3		dbsDeblockN

				4		acCon1SeqStatus												in1_4		vlw1a		out1_4		valveVDemandCP				in2_4		acDis1SeqStatus				out2_4		valveDeblockCP				in3_4		IsmCP

				5		acDis1SeqStatus												in1_5		vlw1b		out1_5		valveVDemandCN				in2_5		acCon2SeqStatus				out2_5		valveDeblockCN				in3_5		IsmCN

				6		acCon2SeqStatus												in1_6		vlw1c								in2_6		acDis2SeqStatus										in3_6		IsmDbsP

				7		acDis2SeqStatus												in1_7		vlw2a								in2_7		acErConSeqStatu										in3_7		IsmDbsN

				8		acErConSeqStatu												in1_8		vlw2b								in2_8		acErDisSeqStatu

				9		acErDisSeqStatu												in1_9		vlw2c								in2_9		poleConSeqStatu

				10		poleConSeqStatu												in1_10		ilw11a								in2_10		poleDisSeqStatu

				11		poleDisSeqStatu												in1_11		ilw11b								in2_11		poleEartSwConSe

				12		poleEartSwConSe												in1_12		ilw11c								in2_12		poleEartSwDisSe

				13		poleEartSwDisSe												in1_13		ilw12a								in2_13		swgrSeqInProg

				14		swgrSeqInProg												in1_14		ilw12b								in2_14		cblw11Pos

				15		cblw11Pos												in1_15		ilw12c								in2_15		cblw12Pos

				16		cblw12Pos												in1_16		ilw21a								in2_16		cblw21Pos

				17		cblw21Pos												in1_17		ilw21b								in2_17		cblw22Pos

				18		cblw22Pos												in1_18		ilw21c								in2_18		cbvw1Pos

				19		cbvw1Pos												in1_19		ilw22a								in2_19		cbvw2Pos

				20		cbvw2Pos												in1_20		ilw22b								in2_20		cbsrPos

				21		cbsrPos												in1_21		ilw22c								in2_21		dsypPos

				22		dsypPos												in1_22		vvwa								in2_22		dsynPos

				23		dsynPos												in1_23		vvwb								in2_23		cbsrpPos

				24		cbsrpPos												in1_24		vvwc								in2_24		cbsrnPos

				25		cbsrnPos												in1_25		ivw1a								in2_25		dslpPos

				26		dslpPos												in1_26		ivw1b								in2_26		dslnPos

				27		dslnPos												in1_27		ivw1c								in2_27		eserPos

				28		eserPos												in1_28		ivw2a								in2_28		dsac1Pos

				29		dsac1Pos												in1_29		ivw2b								in2_29		dsac2Pos

				30		dsac2Pos												in1_30		ivw2c								in2_30		dbsActivate

				31		dbsActivate												in1_31		iela								in2_31		vClngInSrvHlth

				32		vClngInSrvHlth												in1_32		ielb								in2_32		vClngInShut

				33		vClngInShut												in1_33		ielc								in2_33		vClngInAuto

				34		vClngInAuto												in1_34		isra								in2_34		vClngInMan

				35		vClngInMan												in1_35		isrb								in2_35		valveCoolingRea

				36		valveCoolingRea												in1_36		isrc								in2_36		valveCoolLimit

				37		valveCoolLimit												in1_37		ivpa								in2_37		fireDetSystemHe

				38		fireDetSystemHe												in1_38		ivna								in2_38		hvacSystemHealt

				39		hvacSystemHealt												in1_39		ivpb								in2_39		trf1SystemHealt

				40		trf1SystemHealt												in1_40		ivnb								in2_40		trf2SystemHealt

				41		trf2SystemHealt												in1_41		ivpc								in2_41		roomAccessInter

				42		roomAccessInter												in1_42		ivnc								in2_42		prtBlkTrpChA

				43		prtBlkTrpChA												in1_43		idlp								in2_43		prtBlkTrpChB

				44		prtBlkTrpChB												in1_44		idln								in2_44		overallAcRfe

				45		overallAcRfe												in1_45		vdyp								in2_45		esConfigOlt

				46		esConfigOlt												in1_46		vdyn								in2_46		extMod

				47		extMod												in1_47		vacbus1a								in2_47		vacbus1a_Status

				48		vacbus1a												in1_48		vacbus1b

																		in1_49		vacbus1c

																		in1_50		ivpdbs

																		in1_51		ivndbs





GTSOC CtrlCCU Input

		acPlantStatusVec														subId		2

		Index 		Signal 		Name Source 										Value		Description

		1		cbsrPos		PIR resistor circuit breaker 										1		offshore

		2		eserPos		Earth switch 										2		onshore

		3		acBusBrkPos		 AC bus breaker 

		4		cblw1Pos		Line winding 1 AC breaker 										setpointsSa		all 0

		5		cblw2Pos		Line winding 2 AC breaker 										Index		Signal		source

		6		cbvw1Pos		Valve winding 1 AC breaker 										1		vacTestMode  		Sequencer

		7		cbvw2Pos		Valve winding 2 AC breaker 										2		vacTestOffset 		Sequencer

																3		vdcTestMode  		Sequencer

		dcPlantStatusVec														4		vdcTestOffset 		Sequencer

		Index		Signal 		Name Source 

		1		dslpPos		DC disconnector 										fromOtherSubCtrl		0

		2		dslnPos		DC disconnector 										Dimension		Signal		source

																1		Logical		 Control CCU (Other end) 

																fromVbe

																Signal Index		Name		Mapping Data 

		plantMeas														1		convVcapAp		MMC Cap avg Volt. 

		Index		Signal		PSCAD										2		convVcapAn

		1		idcp		Idcpn		plantMeas1		1		DCCT				3		convVcapBp

		2		idcn		Idc11P/Idc11N		plantMeas1		2						4		convVcapBn

		3		vdcp		Vdcpn		plantMeas1		3		MU640				5		convVcapCp

		4		vdcn		V_DC_Pon/V_DC_NOn		plantMeas1		4						6		convVcapCn

		5		vlw1a		Vlw1		plantMeas1		5						7		convDeblock		MMC deblock given external

		6		vlw1b				plantMeas1		6						fromVbeDbs 

		7		vlw1c				plantMeas1		7						Signal Index		Name		Mapping Data 

		8		vlw2a		Vlw2		plantMeas1		8						8		dbsVcapP		DBS Cap avg Volt.  

		9		vlw2b				plantMeas1		9						9		dbsVcapN

		10		vlw2c				plantMeas1		10						10		dbsDeblock		DBS deblock given external 

		11		ilw11a		Ilw1		plantMeas1		11

		12		ilw11b				plantMeas1		12

		13		ilw11c				plantMeas1		13

		14		ilw12a		Ilw2		plantMeas1		14

		15		ilw12b				plantMeas1		15

		16		ilw12c				plantMeas1		16

		17		ilw21a		Ilw1		plantMeas1		17

		18		ilw21b				plantMeas1		18

		19		ilw21c				plantMeas1		19

		20		ilw22a		Ilw2		plantMeas1		20

		21		ilw22b				plantMeas1		21

		22		ilw22c				plantMeas1		22

		23		vvwa		Vvw		plantMeas1		23

		24		vvwb				plantMeas1		24

		25		vvwc				plantMeas1		25

		26		ivw1a		 Ivw1		plantMeas1		26

		27		ivw1b				plantMeas1		27

		28		ivw1c				plantMeas1		28

		29		ivw2a		 Ivw2		plantMeas1		29

		30		ivw2b				plantMeas1		30

		31		ivw2c				plantMeas1		31

		32		iela		Iel		plantMeas1		32

		33		ielb				plantMeas1		33

		34		ielc				plantMeas1		34

		35		isra		isr		plantMeas2		1

		36		isrb				plantMeas2		2

		37		isrc				plantMeas2		3

		38		ivpa		Iv_tbabc		plantMeas2		4

		39		ivna				plantMeas2		5

		40		ivpb				plantMeas2		6

		41		ivnp				plantMeas2		7

		42		ivpc				plantMeas2		8

		43		ivnc				plantMeas2		9

		44		idlp		Idlpn		plantMeas2		10

		45		idlb		Idc_RP/Idc_RN		plantMeas2		11

		46		vdyp		Vdlpn		plantMeas2		12

		47		vdyn		V_DL_Pon/V_DL_NOn		plantMeas2		13

		48		vacBus1a		vacBus		plantMeas2		14

		49		vacBus1b				plantMeas2		15

		50		vacBus1c				plantMeas2		16

		51		ivpDbs		I_DBS_P		plantMeas2		17

		52		ivnDbs		I_DBS_N		plantMeas2		18





000_Testing

		Injection response time (us)		#1		#2		#3		#4		#5		#6		max

		NoFILTER		200		175		150		225		200		175		225

		0Z		150		225		200		175		150		225		225

		2Z		250		325		300		275		250		325		325				1000000		220

		4Z		400		375		350		425		400		375		425				4545.4545454545

		* Measured from Injection signal (A)  to the time instant that VvalveAp start to have the response (B) 

		* Note if consider power sytem to control, one extra timestep will be added

														0.0025						6.9604965392		6.9604965392

																				6.9603391621		6.9604528233

																				0.000157377		0.0000437158

																						0.0001136612

																																																		1000000		4963

																																																		201.491033649

																																																		XY

								Results		Secenario		Dota file		NovaCor time step		worst lantency tested		test		Recording		PSCAD

										Onshore		0Z case		12.5 us		225 us+25us-25us =225us		Engergization and power ramp				C:\Users\szhang\Downloads\GE_RTDS_Simplified_Scheme\GE_RTDS_Simplified_Scheme\Models\GE_HVDC_Onshore.if15_x86\PSCAD_Onshore.infx

								Overall match good!		Onshore		0Z case		25 us		225 us+25us =250us		Engergization and power ramp		C:\Users\szhang\Documents\RSCAD\RTDS_USER_FX\fileman\Onshore\00ENERGIZATION+POWER RAMP\
0516_0Z_Energization_PowerUP__Onshore AC PCC Measurements .csv
0516_0Z_Energization_PowerUP__Onshore DC PCC Measurements .csv		C:\Users\szhang\Downloads\GE_RTDS_Simplified_Scheme\GE_RTDS_Simplified_Scheme\Models\GE_HVDC_Onshore.if15_x86\PSCAD_Onshore.infx

								Reactive power difference		Onshore		0Z case		50 us		225 us+25us +50 us=300us		Engergization and power ramp		C:\Users\szhang\Documents\RSCAD\RTDS_USER_FX\fileman\Onshore\00ENERGIZATION+POWER RAMP\
0516_0Z_Energization_PowerUP_NovaCor50_Onshore AC PCC Measurements .csv
0516_0Z_Energization_PowerUP_NovaCor50_Onshore DC PCC Measurements .csv





Sheet2



																																		Operating System

																																		Windows		Linux		Bare Metal

																														Hardware		PC		Dynamic: .dll
Static: .lib		Dynamic: .so
Static: .a		X

																																ARM		X		Dynamic: .so
Static: .a		Static: .a





timing_12.5us

												t=0		t=12.5		t=25		t=37.5		t=100		t=125		t=150		t=175		t=200		t=225		t=250		t=275		t=300		t=325		t=350		t=375		t=400		t=425

								Injection1				225 us

										Core4 fail to finish		225 us

										Core1 fail to finish		325 us

								Injection2						200 us

										Core4 fail to finish				300 us

										Core1 fail to finish				300 us

								Injection3								175 us

										Core4 fail to finish						275us

										Core1 fail to finish						275us

								Injection4										250 us

										Core4 fail to finish								250 us

										Core1 fail to finish								350 us

								NovaCor				Step1		Step2		Step3		Step4		Step5		Step6		Step7		Step8		Step9		Step10		Step11		Step12		Step13		Step14		Step15		Step16

								CtrlCore4				Step1								Step2								Step3								Step4

								CtrlCore1				Step1																Step2







timing 

												t=0		t=25		t=50		t=75		t=100		t=125		t=150		t=175		t=200		t=225		t=250		t=275		t=300		t=325		t=350		t=375		t=400		t=425

								Injection1				225 us

										Core4 fail to finish		225 us

										Core1 fail to finish		325 us

								Injection2						200 us

										Core4 fail to finish				300 us

										Core1 fail to finish				300 us

								Injection3								175 us

										Core4 fail to finish						275us

										Core1 fail to finish						275us

								Injection4										250 us

										Core4 fail to finish								250 us

										Core1 fail to finish								350 us

								NovaCor				Step1		Step2		Step3		Step4		Step5		Step6		Step7		Step8		Step9		Step10		Step11		Step12		Step13		Step14		Step15		Step16

								CtrlCore4				Step1				Step2				Step3				Step4				Step5				Step6				Step7				Step8

								CtrlCore1				Step1								Step2								Step3								Step4



												t=0		t=25		t=50		t=75		t=100		t=125		t=150		t=175		t=200		t=225		t=250		t=275		t=300		t=325		t=350		t=375		t=400		t=425		t=450		t=475



										Inject 1 and 5



										Inject 2 and 6



										Inject 3



										Inject 4

								NovaCor
timestep 25us		Power System		Step1		Step2		Step3		Step4		Step5		Step6		Step7		Step8		Step9		Step10		Step11		Step12		Step13		Step14		Step15		Step16		Step17		Step18		Step19		Step20



										Control		Step1		Step2		Step3		Step4		Step5		Step6		Step7		Step8		Step9		Step10		Step11		Step12		Step13		Step14		Step15		Step16		Step17		Step18		Step19		Step20

								CtrlCore4		timestep 50us		Step1				Step2				Step3				Step4(skipped)				Step5				Step6(skipped)				Step7				Step8(skipped)				Step9				Step10(skipped)

								CtrlCore1		timestep 100us		Step1								Step2								Step3								Step4								Step4

												t=0		t=25		t=50		t=75		t=100		t=125		t=150		t=175		t=200		t=225		t=250		t=275		t=300		t=325		t=350		t=375		t=400		t=425		t=450		t=475		t=500		t=525		t=550		t=575



								Injection from control



								Injection from control



								Injection from control



								Injection from control

								NovaCor
timestep 25us		Power System		Step1		Step2		Step3		Step4		Step5		Step6		Step7		Step8		Step9		Step10		Step11		Step12		Step13		Step14		Step15		Step16		Step17		Step18		Step19		Step20		Step21		Step18		Step19		Step20



										Control		Step1		Step2		Step3		Step4		Step5		Step6		Step7		Step8		Step9		Step10		Step11		Step12		Step13		Step14		Step15		Step16		Step17		Step18		Step19		Step20		Step21		Step18		Step19		Step20

								CtrlCore4		timestep 50us		Step1				Step2				Step3				Step4				Step5				Step				Step7				Step8				Step9				Step10				Step11				Step12

								CtrlCore1		timestep 100us		Step1								Step2								Step3								Step4								Step4								Step5





timing_50US

												t=0		t=25		t=50		t=75		t=100		t=125		t=150		t=175		t=200		t=225		t=250		t=275		t=300		t=325		t=350		t=375		t=400		t=425

								Injection1				250 us

										Core4 fail to finish

										Core1 fail to finish		325 us

								Injection2								200 us

										Core4 fail to finish						250 us

										Core1 fail to finish						300 us

												t=0				t=50				t=100				t=150				t=200				t=250				t=300				t=350				t=400

								Injection1				250 us

								Injection2								200 us

																												300us

								NovaCor		timestep=50us		Step1				Step2				Step3				Step4				Step5				Step6				Step7				Step8

								CtrlCore4		timestep=50us		Step1				Step2				Step3				Step4				Step5				Step6				Step7				Step8

								CtrlCore1		timestep=100us		Step1								Step2								Step3								Step4



												t=0				t=50				t=100				t=150				t=200				t=250				t=300				t=350				t=400				t=350



								Injection1, 3,5



								Injection2,4,6

								NovaCor
timestep 50 us		Power System		Step1				Step2				Step3				Step4				Step5				Step6				Step7				Step8				Step9				Step10
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Async_timing

																				NovaCore Sending and GTSOC receiving at the same time

																				Half data new , half data old

								NovaCore		50 us		Step1										Step2										Step3										Step4										Step5

																				BRAM
From NovaCore



																				DMA
From NovaCore

								GTSOC		60 us		Step1								Step2								Step3								Step4								Step5								Step6								Step7





ToNovaCor

										gOut_buffer																												gOut_buffer

										start addr		0		4		8		12		16		20		24		28		32		…...

										Content																		data0





System parameters



												Source

														VsrcR		0.8761		ohm

														VsrcL		0.0348		H		111.020352

														Zbase		239.4525547445		ohm

														L		0.2079		 [pu]

																49.7821861314		ohm

																0.15846162		H				4.553494828





Trf Tap

														delta

												pscad		0.01234								rscad

												TapN		TapP		Secondary VLL		Secondary VPH peak				TapPostion		dt

												1		1.08638		475.6582702703		388.3733513657				0.920488227		0.010575793				0.920488227

												2		1.07404		470.2553513514		383.9618865413				0.93106402		0.0108216351				0.93106402

												3		1.0617		464.8524324324		379.550421717				0.9418856551		0.0110761502				0.9418856551

												4		1.04936		459.4495135135		375.1389568927				0.9529618053		0.0113397511				0.9529618053

												5		1.03702		454.0465945946		370.7274920684				0.9643015564		0.0116128754				0.9643015564

												6		1.02468		448.6436756757		366.316027244				0.9759144318		0.0118959876				0.9759144318

												7		1.01234		443.2407567568		361.9045624197				0.9878104194		0.0121895806				0.9878104194

												8		1		437.8378378378		357.4930975954				1		0.0124941782				1

												9		0.98766		432.4349189189		353.0816327711				1.0124941782		0.0128103373				1.0124941782

												10		0.97532		427.032		348.6701679467				1.0253045154		0.0131386506				1.0253045154

												11		0.96298		421.6290810811		344.2587031224				1.038443166		0.0134797491				1.038443166

												12		0.95064		416.2261621622		339.8472382981				1.0519229151		0.0138343054				1.0519229151

												13		0.9383		410.8232432432		335.4357734737				1.0657572205		0.014203037				1.0657572205

												14		0.92596		405.4203243243		331.0243086494				1.0799602575		0.0145867095				1.0799602575

												15		0.91362		400.0174054054		326.6128438251				1.094546967		0.0149861415				1.094546967

												16		0.90128		394.6144864865		322.2013790008				1.1095331085		0.0154022078				1.1095331085

												17		0.88894		389.2115675676		317.7899141764				1.1249353162		0.0158358451				1.1249353162

												18		0.8766		383.8086486486		313.3784493521				1.1407711613		0.016288057				1.1407711613

												19		0.86426		378.4057297297		308.9669845278				1.1570592183		0.0167599197				1.1570592183

												20		0.85192		373.0028108108		304.5555197035				1.1738191379		0.0172525884				1.1738191379

												21		0.83958		367.5998918919		300.1440548791				1.1910717263						1.1910717263

														0.82724		362.196972973		295.7325900548										1.2083243147

														0.8149		356.7940540541		291.3211252305										1.2255769031

														0.80256		351.3911351351		286.9096604062										1.2428294915

														0.79022		345.9882162162		282.4981955818										1.2600820799

														0.77788		340.5852972973		278.0867307575										1.2773346683

														0.76554		335.1823783784		273.6752659332										1.2945872567

														0.7532		329.7794594595		269.2638011088										1.3118398451

														0.74086		324.3765405405		264.8523362845										1.3290924335

														0.72852		318.9736216216		260.4408714602										1.3463450219





ToPlant

		float_outputArray[0]=(float) CtrlCore4Wrapper_Y.plantCtrl.acCon1SeqStartP1;		float_outputArray[		0		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acCon1SeqStartP1		;

		float_outputArray[1]=(float) CtrlCore4Wrapper_Y.plantCtrl.acCon1SeqStopP1;		float_outputArray[		1		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acCon1SeqStopP1		;

		float_outputArray[2]=(float) CtrlCore4Wrapper_Y.plantCtrl.acCon1SeqResetP1;		float_outputArray[		2		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acCon1SeqResetP1		;

		float_outputArray[3]=(float) CtrlCore4Wrapper_Y.plantCtrl.acDis1SeqStartP1;		float_outputArray[		3		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acDis1SeqStartP1		;

		float_outputArray[4]=(float) CtrlCore4Wrapper_Y.plantCtrl.acDis1SeqStopP1;		float_outputArray[		4		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acDis1SeqStopP1		;

		float_outputArray[5]=(float) CtrlCore4Wrapper_Y.plantCtrl.acDis1SeqResetP1;		float_outputArray[		5		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acDis1SeqResetP1		;

		float_outputArray[6]=(float) CtrlCore4Wrapper_Y.plantCtrl.acCon2SeqStartP1;		float_outputArray[		6		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acCon2SeqStartP1		;

		float_outputArray[7]=(float) CtrlCore4Wrapper_Y.plantCtrl.acCon2SeqStopP1;		float_outputArray[		7		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acCon2SeqStopP1		;

		float_outputArray[8]=(float) CtrlCore4Wrapper_Y.plantCtrl.acCon2SeqResetP1;		float_outputArray[		8		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acCon2SeqResetP1		;

		float_outputArray[9]=(float) CtrlCore4Wrapper_Y.plantCtrl.acDis2SeqStartP1;		float_outputArray[		9		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acDis2SeqStartP1		;

		float_outputArray[10]=(float) CtrlCore4Wrapper_Y.plantCtrl.acDis2SeqStopP1;		float_outputArray[		10		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acDis2SeqStopP1		;

		float_outputArray[11]=(float) CtrlCore4Wrapper_Y.plantCtrl.acDis2SeqResetP1;		float_outputArray[		11		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acDis2SeqResetP1		;

		float_outputArray[12]=(float) CtrlCore4Wrapper_Y.plantCtrl.acErConSeqStartP1;		float_outputArray[		12		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acErConSeqStartP1		;

		float_outputArray[13]=(float) CtrlCore4Wrapper_Y.plantCtrl.acErConSeqStopP1;		float_outputArray[		13		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acErConSeqStopP1		;

		float_outputArray[14]=(float) CtrlCore4Wrapper_Y.plantCtrl.acErConSeqResetP1;		float_outputArray[		14		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acErConSeqResetP1		;

		float_outputArray[15]=(float) CtrlCore4Wrapper_Y.plantCtrl.acErDisSeqStartP1;		float_outputArray[		15		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acErDisSeqStartP1		;

		float_outputArray[16]=(float) CtrlCore4Wrapper_Y.plantCtrl.acErDisSeqStopP1;		float_outputArray[		16		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acErDisSeqStopP1		;

		float_outputArray[17]=(float) CtrlCore4Wrapper_Y.plantCtrl.acErDisSeqResetP1;		float_outputArray[		17		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acErDisSeqResetP1		;

		float_outputArray[18]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleConSeqStartP1;		float_outputArray[		18		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleConSeqStartP1		;

		float_outputArray[19]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleConSeqStopP1;		float_outputArray[		19		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleConSeqStopP1		;

		float_outputArray[20]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleConSeqResetP1;		float_outputArray[		20		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleConSeqResetP1		;

		float_outputArray[21]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleDisSeqStartP1;		float_outputArray[		21		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleDisSeqStartP1		;

		float_outputArray[22]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleDisSeqStopP1;		float_outputArray[		22		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleDisSeqStopP1		;

		float_outputArray[23]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleDisSeqResetP1;		float_outputArray[		23		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleDisSeqResetP1		;

		float_outputArray[24]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleEartSwConSeqStartP1;		float_outputArray[		24		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleEartSwConSeqStartP1		;

		float_outputArray[25]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleEartSwConSeqStopP1;		float_outputArray[		25		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleEartSwConSeqStopP1		;

		float_outputArray[26]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleEartSwConSeqResetP1;		float_outputArray[		26		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleEartSwConSeqResetP1		;

		float_outputArray[27]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleEartSwDisSeqStartP1;		float_outputArray[		27		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleEartSwDisSeqStartP1		;

		float_outputArray[28]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleEartSwDisSeqStopP1;		float_outputArray[		28		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleEartSwDisSeqStopP1		;

		float_outputArray[29]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleEartSwDisSeqResetP1;		float_outputArray[		29		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleEartSwDisSeqResetP1		;

		float_outputArray[30]=(float) CtrlCore4Wrapper_Y.plantCtrl.autoManSwgrCtrlP1;		float_outputArray[		30		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		autoManSwgrCtrlP1		;

		float_outputArray[31]=(float) CtrlCore4Wrapper_Y.plantCtrl.powerTranSeqCompleteP1;		float_outputArray[		31		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		powerTranSeqCompleteP1		;

		float_outputArray[32]=(float) CtrlCore4Wrapper_Y.plantCtrl.statSeqCompleteP1;		float_outputArray[		32		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		statSeqCompleteP1		;

		float_outputArray[33]=(float) CtrlCore4Wrapper_Y.plantCtrl.poleDischSeqCompleteP1;		float_outputArray[		33		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		poleDischSeqCompleteP1		;

		float_outputArray[34]=(float) CtrlCore4Wrapper_Y.plantCtrl.emergDischP1;		float_outputArray[		34		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		emergDischP1		;

		float_outputArray[35]=(float) CtrlCore4Wrapper_Y.plantCtrl.seqInProgOtherSubP1;		float_outputArray[		35		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		seqInProgOtherSubP1		;

		float_outputArray[36]=(float) CtrlCore4Wrapper_Y.plantCtrl.swgrSeqInProgOtherSubP1;		float_outputArray[		36		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		swgrSeqInProgOtherSubP1		;

		float_outputArray[37]=(float) CtrlCore4Wrapper_Y.plantCtrl.valveCoolingGotoServ;		float_outputArray[		37		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		valveCoolingGotoServ		;

		float_outputArray[38]=(float) CtrlCore4Wrapper_Y.plantCtrl.valveCoolingGotoShut;		float_outputArray[		38		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		valveCoolingGotoShut		;

		float_outputArray[39]=(float) CtrlCore4Wrapper_Y.plantCtrl.seqEquipHealthy;		float_outputArray[		39		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		seqEquipHealthy		;

		float_outputArray[40]=(float) CtrlCore4Wrapper_Y.plantCtrl.acRfe;		float_outputArray[		40		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acRfe		;

		float_outputArray[41]=(float) CtrlCore4Wrapper_Y.plantCtrl.acRfde;		float_outputArray[		41		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acRfde		;

		float_outputArray[42]=(float) CtrlCore4Wrapper_Y.plantCtrl.protectionHealthy;		float_outputArray[		42		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		protectionHealthy		;

		float_outputArray[43]=(float) CtrlCore4Wrapper_Y.plantCtrl.inService;		float_outputArray[		43		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		inService		;

		float_outputArray[44]=(float) CtrlCore4Wrapper_Y.plantCtrl.trfEnergTestMode;		float_outputArray[		44		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		trfEnergTestMode		;

		float_outputArray[45]=(float) CtrlCore4Wrapper_Y.plantCtrl.trfEnergTestRfe;		float_outputArray[		45		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		trfEnergTestRfe		;

		float_outputArray[46]=(float) CtrlCore4Wrapper_Y.plantCtrl.oltMode;		float_outputArray[		46		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		oltMode		;

		float_outputArray[47]=(float) CtrlCore4Wrapper_Y.plantCtrl.cctMode;		float_outputArray[		47		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		cctMode		;

		float_outputArray[48]=(float) CtrlCore4Wrapper_Y.plantCtrl.cbsrCloseEnable;		float_outputArray[		48		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		cbsrCloseEnable		;

		float_outputArray[49]=(float) CtrlCore4Wrapper_Y.plantCtrl.opCctCbClosed;		float_outputArray[		49		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		opCctCbClosed		;

		float_outputArray[50]=(float) CtrlCore4Wrapper_Y.plantCtrl.opCctClrHealthy;		float_outputArray[		50		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		opCctClrHealthy		;

		float_outputArray[51]=(float) CtrlCore4Wrapper_Y.plantCtrl.opCctTraGrounded;		float_outputArray[		51		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		opCctTraGrounded		;

		float_outputArray[52]=(float) CtrlCore4Wrapper_Y.plantCtrl.blockedDcDisConfOtherSub;		float_outputArray[		52		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		blockedDcDisConfOtherSub		;

		float_outputArray[53]=(float) CtrlCore4Wrapper_Y.plantCtrl.esConfigOltConfOtherSub;		float_outputArray[		53		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		esConfigOltConfOtherSub		;

		float_outputArray[54]=(float) CtrlCore4Wrapper_Y.plantCtrl.acRfeConfOtherSub;		float_outputArray[		54		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		acRfeConfOtherSub		;

		float_outputArray[55]=(float) CtrlCore4Wrapper_Y.plantCtrl.blockedConfOtherSub;		float_outputArray[		55		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		blockedConfOtherSub		;

		float_outputArray[56]=(float) CtrlCore4Wrapper_Y.plantCtrl.blockedAcDisConfOtherSub;		float_outputArray[		56		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		blockedAcDisConfOtherSub		;

		float_outputArray[57]=(float) CtrlCore4Wrapper_Y.plantCtrl.idcLow;		float_outputArray[		57		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		idcLow		;

		float_outputArray[58]=(float) CtrlCore4Wrapper_Y.plantCtrl.vdcLow;		float_outputArray[		58		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		vdcLow		;																						subId

		float_outputArray[59]=(float) CtrlCore4Wrapper_Y.plantCtrl.valveEnergised;		float_outputArray[		59		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		valveEnergised		;

		float_outputArray[60]=(float) CtrlCore4Wrapper_Y.plantCtrl.convDeblocked;		float_outputArray[		60		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		convDeblocked		;

		float_outputArray[61]=(float) CtrlCore4Wrapper_Y.plantCtrl.dbsConvDeblocked;		float_outputArray[		61		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		dbsConvDeblocked		;

		float_outputArray[62]=(float) CtrlCore4Wrapper_Y.plantCtrl.telecomsAvailable;		float_outputArray[		62		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		telecomsAvailable		;

		float_outputArray[63]=(float) CtrlCore4Wrapper_Y.plantCtrl.selectedLaneNum;		float_outputArray[		63		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		selectedLaneNum		;

		float_outputArray[0]=(float) CtrlCore4Wrapper_Y.plantCtrl.substationId;		float_outputArray[		0		]=(float) CtrlCore4Wrapper_Y.plantCtrl.		substationId		;





image1.png

2431 Inputs

Port # Signal Name Dimension | Datatype Source
1 plantMeas 52 Integer plantMeasCtriScaled
(Measurement System)
1: Offshore
2 subld 1 Integer 2: Onshore
3 plantStatus 48 Integer BCU
4 convVbeTripRequest 2 Integer Control CCU
5 dbsVbeTripRequest 2 Integer Control CCU
6 fromOtherSubProt.transferBlock 1 Logical | Protection CCU (Other end)
7 fromOtherSubProt.subrackHealthy 1 Logical | Protection CCU (Other end)

Table 14: Protection CCU input ports definition
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2432  Outputs
Port # Signal Name Dimension | Datatype Destination
1 protWordConv 2 Integer Control CCU
2 protWordDbs 2 Integer Control CCU
3 toPlant 8 Logical See Table 16
4 toOtherSubProt.transferBlock 1 Logical | Protection CCU (Other end)
5 toOtherSubProt.subrackHealthy 1 Logical | Protection CCU (Other end)
6 anaMonitor - - -
7 digMonitor - - -
8 stateMonitor - -

Table 15: Protection CCU oulput ports definition
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2441 Inputs
Port # Signal Name Dimension | Datatype Source

1 subld 1 integer 1: Offshore
2: Onshore

2 acPlantStatusVec 7 Integer See Table 18

3 dcPlantStatusVec 2 Integer See Table 19

4 plantCtriToBcu_bool 63 Logical Control CCU

5 plantCtriToBeu_int 2 Integer Control CCU

Table 17: BCU input ports definition







image5.png

2442 Outputs

Port # Signal Name Dimension | Datatype Destination
1 plantStatus 48 Integer | Control CCU and Protection CCU
2 acPlantCtrl 21 Integer See Table 21
3 dcPlantCtrl 8 Logical See Table 22

Table 20: BCU output ports definition
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2.4.21 Inputs

Port # Signal Name Dimension Datatype Source
1 plantMeas 52 Integer plantMeasCtriScaled
(Measurement System)

1: Offshore

2 subld 1 Integer 2: Onshore

3 - 6 Real Converter Valve

4 IsmDbs 2 Real DBS Converter Valve

5 protWordConv 2 Integer Protection CCU

6 protWordDbs 2 Integer Protection CCU

7 plantStatus 48 Integer BCU

8 fromOtherSubCirl 1 Logical Control CCU (Other end)

9 setpointsSa 4 Real See Table 12

10 disableProt 1 Logical Constant (0)

Table 11: Control CCU input ports definiti
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Index Signal Name Source

1 vacTestMode Sequencer

2 vacTestOffset Sequencer

3 vdcTestMode Sequencer

4 vdcTestOffset Sequencer

Table 12: operatorSa input vector definition
24.2.2 Outputs
Port # Signal Name Dimension Datatype Destination

1 valveVDemand 6 Real Converter Valve
2 valveDeblock 6 Real Converter Valve
3 dbsVDemand 2 Logical DBS Converter Valve
4 dbsDeblock 2 Logical DBS Converter Valve
5 toOtherSubCtrl 1 Logical -
6 dbsVbeTripRequest 2 Integer Protection CCU
7 convVbeTripRequest 2 Integer Protection CCU
8 plantCtriToBcu_bool 63 Logical BCU
9 plantCtriToBcu_int 2 Integer BCU
10 anaMonitor - - -
1 digMonitor - - -
12 stateMonitor - - -

Table 13: Control CCU output ports definition
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2023 EUROPEAN USER’S GROUP MEETING

 New generation of FPGA platform

 GTSOC - integration of FPGA and 
     Multi-Processor System-on-Chip (MPSoC)

 New applications using processors: e.g. 
Blackbox controller simulation 

INTRODUCTION TO GTSOC

21
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 Xilinx Zynq UltraScale+ XCZU15EG
 Processing System (PS) 

 4 Application cores: ARM Cortex-A53
 Programmable Logic (PL)

 Larger than VC707-based GTFPGA
 Seamless migration for existing 

GTFPGA applications

INTRODUCTION TO GTSOC

22
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Blackbox Controller – Procedure

 From MATLAB Simulink
o Quite straightforward if control is here
o CBuilder a possibility
o Cbulider not ideal for complex controllers

 From source code
o C/C++/Fortran

Simulink Control 
model

 Simulink Embedded Coder
(ert_shrlib.tlc)

C Source Code

Build Application (.elf)

Generate Boot Image File 
(.bin or .mcs)  

 Simulink Embedded Coder
(ert_tlc)

C Source Code

Simulink to RSCAD 
Conversion Tool

CBuilder Model

NovaCor

Cross-compile (.a)

R
SC

A
D

R
TD

S 
G

TS
O

C
 In

te
rf

ac
e 

To
ol

GTSOC

From Matlab 
Simulink

C/C++ Source Code

Build Application (.elf)

Generate Boot Image File 
(.bin or .mcs)  

Cross-compile (.a)
R

TD
S 

G
TS

O
C

 In
te

rf
ac

e 
To

ol

GTSOC

From Manufacturers
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Application: 
wrapper file

dota
header files

Firmware 
(.mcs)  

Core 0 Core0.elf
compile

Application: 
wrapper file

dota
header files

Core 1 Core1.elf
compile

Application: 
wrapper file

dota
header files

Core 2 Core2.elf
compile

Application: 
wrapper file

dota
header files

Core 3 Core3.elf
compile

FSBL.elf

PL bitstream
.bit

R5.elf

Blackbox Controller – GTSOC Blackbox Builder
Establish black box controller simulation on GTSOC automatically and quickly.

 Cross-compile the source 
code to .a file.

 Load wrapper C codes
 link .a files and build .elf 

files.
 Generate the GTSOC boot 

image file (firmware, .mcs 
file).

Xilinx VITIS running 
background

Arm GNU Toolchain
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Blackbox Controller – Hardware
 GTSOC
 NovaCor only (Not PB5)
 Standard fibre connection

 1 fibre per core
 Working on one fibre to all cores

25
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Blackbox Controller – Interface

DOTA component

 Each GTSOC core needs one DOTA component (up to 4 DOTA components per GTSOC board)
 Each DOTA component supports up to 5 DOTA instances (up to 20 DOTA instances per GTSOC board)
 Each DOTA instance supports up to maximum 255 inputs and 255 outputs
 Supports asynchronous and synchronous modes
 Supports parameter file input for each instance (vendors can decide which parameters to access)
 All the DOTA could be the same (multi-instance) or different

DOTA Interface Model Configuration DOTA instance #1 Configuration

26
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GTSOC Applications

27

 Renewables
 SMA – PV and Battery
 Vestas - Wind
 Siemens Gamesa - Wind

 HVDC
 GE eLumina HVDC controller

 Ongoing work with other renewable/HVDC vendors
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Simple controllers

28

ARM
Core0

ARM
Core1

ARM
Core2

ARM
Core3

On-chip memory
GTSOC

Inter-Cores Communication

 Simple controllers: Implement 
controllers for multi-terminals in one 
DOTA component (One ARM core)

 Complex controllers: Implement 
controller for one terminals in multiple 
DOTA components (up to 4 per GTSOC 
board) with inter-core communication

GTSOC APPLICATIONS
Simulink Demo VSC-HVDC System 

Complex controllers
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Case Study– DFIG System

Electrical system :
21 DFIG systems, 2 AC Thevenin networks

Control system:
20 DFIG controls on 4 GTSOC cores (every 5 DFIGs controls on 
one GTSOC core)

Four DOTA components (one per GTSOC core, each has 93 outputs 
and 53 inputs)

Single DFIG Electrical System 21 DFIG Electrical System

29
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GTSOC Released Sample Case: STATCOM

30

– Factory Acceptance Test (FAT) case: STATCOM
 Precompile Box
 CBuilder
 GTSOC
Only one NovaCor core is  needed.
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• Replaces GTSOC v1
• Replaces current GTFPGA

• RTDS-designed board inside
• VC707 dev boards are end of life
• Firmwares (SV, MMC, Tline, GPES) are being ported

GTSOC V2
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• For GTFPGA applications, price will be the same as the existing GTFPGA 
• All firmwares will come licensed as they do now

• Price model for GTSOC applications
• GTSOC v2 will include 1 core licensed at the same price as GTFPGA
• Cores 2-4 will each be licensed for an additional fee

• Selling now and shipping soon

GTSOC V2 PRICING
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• Customers who are doing HIL testing and need an accurate model of a controller that they 
cannot get physical access to:

• HVDC HIL testing has and will continue to be done. Customers want a more accurate 
model of the wind generation so that can be done with GTSOC

• HVDC vendors can get started on their projects and provide (simplified) models to their 
customers earlier without needing to wait to build up control hardware

• Protective relay testing for large installations of renewables must be done and having a 
good model of the vendor controls for the renewables can be critical to ensure correct 
relay operation

NEEDS AND CHALLENGES
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• Consider the study: a GTSOC model will never be as detailed as control hardware
• Existing PSCAD DLL models CANNOT be converted to be used with GTSOC
• We see a future where a GTSOC model is provided with documentation and RSCAD case in 

the same way a DLL model is currently in PSCAD
• RSCAD and an RTDS Simulator are not needed to create the models but are useful for 

benchmarking.

NEEDS AND CHALLENGES
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QUESTIONS?
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