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Power system simulation tools

Short circuit calculation : Load-flow calculation :
CYME 5.0 (CYMFAULT), ETAP CYME 5.0 (CYMFLOW), ETAP, PSLF, ...

Calculations based on sequence data Calculation on 3-phase networks
Suitable for high scale networks | Mainly on balanced networks
Frequency range : 50/60 Hz Frequency range : 50/60 Hz

pc! 50/60 Hz kHz, MHz
< » |EMTP type programs :
Eurostag, PSS/E, DigSilent Not suitable for high scale networks
Suitable for high scale networks Detailed modeling of equipments
Simplified modeling of HVDC and Frequency range : 0.1 Hz — MHz |
[ s compenie ecomearicl e oon S TR con ]
Frequency range : 0.1Hz — 1kHz e el gnetics time ¢ Siich an I‘
significantly smaller (faster transients). I "
VAL AR < ¥ ;an..e:ﬁ...li:.’..'.’.’.‘

dpp U aibrBxh aCaiEXd b PKPWEWETF
78 | O e AGHP ECAE BWAU & WA %Y

CWME{ E A acy¢wA CVME{ laée
, 42 - SKM Systems Analysis, Inc SKM ,
, 421 Siemens PSSIE | -
, 43 - EDF & RTE &Hydro-Québec | EMTP-RV
, 430 Dr. Martin Schmieg DIgSILENT] /
, 431 .Operation Technology, Inc ETAP | O
, 431 CYME International CYME | 1
, 431 Manitoba HVDC Research Center| PSCAD | 2
, 433 NEPLAN AG NEPLAN | 3
, 44+ RINA Consulting Ltd ERACS | 4
, 44+ Innovation Energi®eveloppement NAP ,
-+ +/ SINT Ingegneria XGSLab | ,

b WCFpF pT3F wkatp xmiplppoiFg @ bko &5 8 i DR datOud) FOBFNR o Fp G
2 . pl pkFwmMx¥MCEDF Ewipx TmbigRPF CIEpP Xp@Ed wmFmibl
. OBkFF BR® 0 p piBorpKd /BB i ba T b Tdp W FXTPHRICEHF Blb e Top p

AFmbh €5_

VokFp
F



DOI:10.30503/nripress.2020.09 0 »%CLaodwd A L { E ajwinlh B joDh edwAL

MF bwmt b b F bT Ac
cV TBFXRXTPBI 9CF B
FpMdYdOp gk D BF b
MXTn? pFMb €3_
FKpBFI TS bT4dch
AMA> pbBBRFE
4OF ¢ aATB3 b
OFXTBAF dT1HA9F U ¢
FKpCcFM ditBgFpKipEd 2 CT P
mpxt Fp_ aFvembh WNIF xB
Cpmbp3t d4Fr@TBITh € 39F T
cCV TXMBPFK/AFmMb €3
q0fF Yc dFf/JJHOF AB
bFpmB bTtdAcbhb M _opFpTF.
c/TiAf B @ TR B

M OVDBp FpMA TLUFM eV T pBhkslOF i @RDE F cripitd @v AQFFFERIOMT o F |
v AN TRHEF Bt -MHE C HoTFX CHBEA B IMLF M p e J1 LpFoF SHKGETm K p
Jedfrve C PBIF Pp ip  d X ip DECBPNEIRF.CF o KK pepTLkFRe FAXFaflF Bk Fp ¢
AF be Fc BiKKE Kk, Bwiipkbb2 W PR EV /MOr H T mRr tHebpCR KT BF K F
aFav@pi®m 31 mBF axFp.ThX® ¢V Tphv IOF 20d pxF v 31 M 9F
EEP BYmwIE ¢ TUFM WY 31 oFp3) WFrxpA>3 ATFpl d9cbhb ™M c
AFBK F?3 _WUXFTFp p3 exb3B bpelrBCym@pdp giBKIESFbeY T
pb nFBEB A¢ERK/IB hibPB C YK P Ho @F BECH p BIRUPPP cdllllEmm dYKFf B
AOFY BF F32 e/IUFM OFTXp n3aFB@CR HHmLTF B pkBDAF c ALLA
LILILIL] PP Fp coepteMD mmlpw @Mk ABIKFM, pF

¢V Tpbv IOF od A% BRI Vpe@pwblp P e Bemb BF __ i1 pmMApP g€
FT _pbxmlinEmpRCAbIF TOMEFbpPpBL. pbpFP pPTERBHpHBEKATN €
cV TpbY FBF ol B Fpap B mEPBAET casT F T. ppm Ib D4 X@EB Xp T F °
nv INTREF BT AF UL it ctope F?2 ellUFm dFCTntbhbuiABF 3bpF
.bmk akFpT _ pl wupFpii0FIY Mg wboPiCoR® T Fp mFits Fa el Fe
c/IUFmM oppxBD ©OPb bDPEDPBMIIWETN @BHEHOBF PFK UAMGTKN T b
DCRF T_ c@F albdgepadiufbppxtFp dppl affpPBHE TOF Ha Qprive  E£[52
_Y9FpXF _ ppY ABKOofmbxVimpERBECHF O HPPDRAF Mo E €eXITLFM O F T

1 ReatTime Digital Simulator (RTDS)
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cB AK dwf Yk Fg mek hfothTilF cof@pikm®| unmp  pFt M YdphFi n el J

[] 9BF wnbp'aF e ICbiamxIECRfphvpN SFTxFQ F&TpH 9pF! . bpY ABK nm
1161

il a1 hp kg B K BIK-AGTBIGMAMBAGETTD 1 Wt ¢ b B O leF/TAAFREEY F diNgn Yo ¢
. mF@@ NUFM dilfF D oy sHOibEpMF@ B F D F-X [ B8 F @ . FFomHF
MFBK W IPHFcB op/1D ¢ XF BIUCT RF  CHi ZaF4 b IDK® @CORS [l MR L
CXKFBC AT AICHRFRGFOBIIARBCEGFPDF DUYppxtlpb Bl CEB8BOFMBD ap .
c MTUF ™M [MrpoavEBhexBpiei ¢t Bptrd b k-EME @MWIKBAVEIFHM b pv ABK _ pwml
L]l P xFpdERMPI F K

Idle time
Te(n-1) Te(n) Te(n+1)
Execution time T, "'ﬁ"""@'"l"""“‘:ﬁ“"’ t
Real-time clock : : | >t
tha tn tha thi2
(a)
Overrun
T(n-1) :1 Ti(n)
Execution time T, ---f(- --------- T‘ ----------- ﬁi---iﬁ.--, t
Real-time clock ] | | >t

tn_1 tn tn+1 tn+2

(b)
[] ¢ AolkevcO ( MpfFm Ce (MBFH ) WdFTTh Ye

o Hlfpwis C MOTFXICFOTF p 2 ¢ AMF-a¢ BIAT B Hpiny W F e aiil B WMAOF
L] GrFF BKd TM aBFIRBHTpbmb/

dKr hafF 2BgpmPRp 3 aCbv E€CFppphbFPKp BF BTOARC WS W AFphF £ B
. bml npfFYbHEF B pHebRBEFMB SFRKFPp6 F nbxCFpp_ 4

pTF®eMipND, pAx gipF WHKBET & poF B bGABF €L BuBAR TF o
. pXxpFXKKp ER BM bpbxt q17 ARFAHC RFRCT B a

Ctntbhb " 1T c¥gF €€ ToThxRlI Bpafv TepBIE FOMYM T : 20 OF PxVrpBND b F K
ATOF) aBIiFvI3l W3 brptbbF pinFm@ TEPrHYiEe cg FripThy HaFHoig P |

1 Institute of Electrical and Electronics Engineers (IEEE)
2 |IEEE PES Task Force on Redime Simulation of Power and Energy Systems
3 HostComputer



DOI:10.30503/nripress.2020.09 0 »%CLaodwd A L { E ajwinlh B joDh edwAL

AFY BF n b abbbk' cAaPkpb WY 31 clltiBim BHFLCH ngm/RE
XHF KF! 0 FoorFBp®@ P RFFA FPN LM i bl BT M be p1or Y BIOP FKF |
Pl F®D e¢e/TUFM M e9%xfFtT dFCTntb F3 AfF3bpF 0

Mh 20 GEfB BB XICrebF 9o ARp EBEPewmBig Yl 21 02CF B
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JMH>y FPhRIig®MIOF . b | FOF BiGHhT Gphdprm cilltL Faip B Un Bd mp BF
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pml b CF Ovpfrr 3l THFBrA@ 6B cpTpkp 2 I M FBEBF [CFil P IpEFMPF E€Pp F C
mepUye

=<
gscm

b
)
b ™

by m W THmb ATXvu BK M abhtTh OpFPpT-EEBCEFBIfOp ABT b YFEG T
CFUTEX IFTKF BCB WMmMx A TF ¢ hp ppd HTFHEZP ovppr pFdk i TaFr kKpF TYpBT cealg
“<(CHID #W4YdbplokRd mPSHET # U Aa o i) piFCAEF> MpapmMEBFAMY BK € B

-AFB@FOAKFBCBE 3aAbAOTHI) b 0t AGTCh BBDHPFHHIC WY Ac Hp HAp bl |
. pexml UmbBce ¢ 1LF

9fFc,WY®b? pb . bFc ATID ViR TKTFY pipalP FDRTED) MitbefettF Dep  (
. 9BF wnpl A)p BpuiChpgaeM F YB eBMAYB M ¢ At OFBIl ™M pl

' 4 od pxF mCm@T@NEHEMKFBCE FD A3bps

ac 4
Bt wé Ai °Ewzeg oCAEAN G
Y CAv 1 T AT AvEBy A&

LA A AR B RA A HIL @
UCv¥%zwpz y CULAHLAZE &

) 1 B CYES € BB o Y4l

1 Hardwarein-the-Loop (HIL)
2 Softwarein-the-Loop (SIL)

3 Controller Hardwaren-the-Loop (CHIL
4 Power Hardwarén-the-Loop (PHIL)

5ICT Hardwarén-the-Loop(ICTHIL)
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1 Network-Simulationin-the-Loop
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1 Electromagnetic Transients (EMT)

2 Advanced Metering Infrastructure (AMI)
3 Remote Terminal unit (RTU)
4 Network Time Protocol (NTP)
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1 Operatorin-the-Loop

2 Controller Hardwardn-the-Loop (CHIL)
3 Power Hardwarédn-the-Loop

4 Hardware under Test (HuT)

5 Power Amplifiers
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1 Information and Communication Technology Hardwir¢he-Loop
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1Electromagnetic Transients (EMT)
2Electromechanical Transients
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1 Phaso#type simulations
2 RMSvalue simulations
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1 Phasor Measurement Unit (PMU)

2 Intelligent Electronic Device (IED)
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8Physical Power System (PPS)
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1 Remote Terminal Units
2 Smart Meters

3 Phasor Measurement Units
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1 Wide-Area Measurement Systems

2 Phasor Data Concentrator
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1 Wide Area Monitoring Protection and Control (WAMPAC)
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1 Compact system
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1 Rapid Control Prototyping (RCP)
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Number of
Single-phase nodes

30,000 Compatible with ePHASORSIM software

20,000 ePHASORSIM
Real-time transient

10,000

2,000

1,000

500 p

100 p eMEGASIM

Power system & power electronics simulation
based on Matlab/Simulink & SimPowerSystem eFPGASIM

10 p 10 ps to 100 ps time step
AN A F S AN s, r
1Hz 100 Hz 20 KHz 100 KHz 1 MHz 10 MHz 100 MHz
{15) (10 ms) (50 ps) (10 ps) (1 us) (100 ns) {10 ns)

Frequency and period of transient phenomena simulated

OPAIRT 941 m Hbc BeMBGASI® AF B b.p F
. pEF /dAPpdnTbMmbece agTF p_ Tp 9

eMEGASIM AWA EC & av é

SRV N T RHE

N T XEXANED
JFX3E M CXF @& EMT u 2 CR 1

D dp prik v

N T XF XpMp Vv irT
. o 2@ BI P ™MOX T | 2@ BIAT
W FTH T U ¢ AoLkl Simscape Power Syst PF
F TN B P pp nv 3l
Python, C, Java, LabVI ¢ TITBM RKDF] -4 FBTCO ot
(€EHT 1”ﬁ C |

bpbxt | pbMIpFPEB ¢ coA Tt 2 bairx@® b bp bxW bT @Y PRI CTp bBFI
bxBl MK na®Qp xmw @w@F F BMbF uf Merg BAVARPACIVLA P B Y Hp hbk HOF
.bkxh pFYbBAT apwmf X SdaByul D61 | M/ (SESAAHLF m

:eFPGASIMbMHbCc B (6

pb bwmbc B caer Fu [hrgYoipipie FAgtHBELo @ r B 1 i @FREASIM b m Hbec B
Oftkp C B M [ KAPTMZMEBERBO P MbHF 0 d o X F  dIERHDkED K KD F R DOV M |
.MBpbmd FB bpAOABHMKUD ppkk bTpPp3b bphxt _eclUp? eblt (

-

1Smart Energy Simulation and Automation Laboratory
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NT XF ]
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1Energy Management Systems (EMS and/or DMS)
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1 Automatic Generation Control
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1
University ofManitoba HVDC Research Cent

ZHighVoltage Direct Current
3HighVoltage Alternating Current (HVAC)
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1 Chassis
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. User’'s workstation
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Multicore
processor

Built-in analogue
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¢ vowi  OAvy 3 Work Station Interface Caf@4] 0

6waC-¢6t C«Vy %- Digital Input and Output Card (DOPTO| 1
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Analogue/digital ~ Analogue/digital
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- Device(s) under test

!
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User’'s workstation

RTDS Simulator

Ethernet link Fibre link

Ethernet switch

IEC 61850
DNP3
IEC 60870-5-104
MODBUS
IEEE C37.118

I TCP/UDP
PLAYBACK Network interface

card

,|’:
:|‘:
—
.’.
:l:
o

[ TRTDS 4t p -4 BIGF b HIIT THF £F Pbp F

PkbMpuphtTE> kpxREDBEF pl-1EBl@F@F HDABMb it be AMPpbpF po
: CRpp R®RK

/PLAYBACHKEC 61850/ DNP3 /IEC 60&*004 /MODBUS /IEEE C37.118 /TCP/UDP

mpEAHEF b{HE™ A e ) afrkd b HRC 3G p&H p FC Fo p P pFLppiiZn BbFipoF p Bp
M ppt bibs chFPBEpXKEMBY AMPDTNE pORHLRDBFPF O BED CpF!
2Fp?3 it pxbhkdx® MPFPHFK Mp O PPN F CEBIMEIOF 16 CF
pxbhk op ., Tp cIDNPYUPFMMTSOPARG ¥F wFP F C TAFT XU B K . Hopiop FTpH b p -
AGTEYNCHY p Rt . poxp Fpp Mppon3 pGiBk maibpkFOm Fp Do mm @m L F%p BifOR X B ¢
Ntpe ATF WFGPOS pxIXKFBpEI pFRKk RRPBCcMREBE aaF prTBHIFp G pr
0 2B cokBF2bh DPR Hp pix_ . b T F Bk Fperkt TIFD scEREDETAFPBFbD b &k KMp T D
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[AL] bTrrex akFpT F g "crAip Bhpwhug B ga kK F B P KF
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1 StarPoint Communication

2SeriatBased Communications
3Local Area Network (LAN)
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1 FourQuarter Amplifier
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RTDS Simulator
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¥ POTT 2-1

Digital to analogue converters

Digital 110
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POTT 1-2

- -
|§; Status |§, Status

POTT 1-2 & . ’
i VSN 7 Power

Trip NS .'\"’f Amplifiers NS NS Trip

Reclose/
- 7 F hd
_:m

Devices Under Test

c AoLkFBMC  biF h3 It TAT PP @ BBF YC O F K
[ JRTDS

vveA 8 A 66o¢ I BEpuER

M BE K FORTE TOGMWTA R TFeHb homvipARAbT GAFF TBHE Kt Bk M pob@ R 0 A9 € X b
M 4dBF upl ccFpdf' vdish ¢PFRIME RcoKFIB C oxkkp afFl Xx Fp p
pb . bxx' bbs c/IUFWI ame Bpphl WOF b HBSECERF bOPFHBPAPH
MPCE MUThpb AYEFFEBI FihY DB kS bbb B o v B HIVEETHEEDDIS A ApTHAg
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R Substep network
RTDS Simulator ~1-3 ps :

. AC network
i ~25-50 ps

GTFPGA Unit 1/0 Devices

Optional (for sub-microsecond Analogue & Digital /O
converter simulation) IEC 61850

DNP3, IEC 60850-104
MODBUS

Firing pulse control

sign
rre
Q Control hardware

Devices Under Test

RTDS ¢ AgkFBMG  biF b3 It TAHILOFETD® | /
[ ]

RTDS Simulator Sinilated

power system
~25-50 ps 1/0 Devices

Analogue 170 or
direct digital link

Physical power device
DER and inverters, motors,
Sensor generators, loads

iy Devices Under Test

RTDS ¢ AgLkFBMG  bif b3 It TRHILOFETRD D .
[ ]

atl %o Ef gAGECWHY)CewE ¢ v
OEWF_ Y9Tp . raFHpKkld i bfFrvBT pB 6 ¢ Lpl b FiiBTI FoMpbh  uptpT FPKp

F ASxbwe_ o Tki#MUI A VoMM @ [RTPp KFT 0 i Bp SIF MBEE e kBTF DP ¢
9AmYdpfr Ax OoFp3 pYFc HWAMPAGD wipmb T mmdER xHAFDD ®ip Fw

IWide-Area Mesausrement, Protection and Control (WAMPAC)
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M cBMIb F TRV £ LUdARFFFMWHA WOFEXF XM HOFp#e 6 PoDF@dd HBQF ppirp T

r'T nbF pF bMEQF@@Ikﬂl@Mvﬂm FT dkpiF' PMFOERr BBpwGRFXF
o fxF p B . PREDBO Fo owGiF AT BUD lEBGHTESNRIR8 p F pxF b HF b bmp_ MK
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awe _ nppybHbhT bt b O LHiBERKpIPp PE FAB Ko fABb p32 nmMbiK pF
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- Utility Grid

Simulated Network 25150 s

RTDS Simulator Subsystems
of Interest

1/0 Devices

.. Relays/Controllers

Analogue/Digital
IEC 61850

QPHDA, MODBUS
IEEE C37.118
Synchrophasor Data

N

Analoque Signals
V&I

Total Vector Error,
Freq. Error,
Rate of Freq. Error

PDC HMI

6PS Clock ~wu  Devices Under Test

brF bn¥It pATCEEh phpbabhbpBHHIPEH HCF X OF K
[ TRTDS ¢ AgLkFevC

dSPACEYt p 1 .

1Disturbance
2Applications
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DS1007PPCp . | CFpp_ pp"

p FeCphHe P T Hom b

1 Bus Interface
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Aapih CF ¢V TAR D@ T GICH QBH@OKHRYF iBwivb F TyphGoR ¢ xF b hIp b dt p
HIL o F K p F CHIL .d95F AHLCHED @ po MR Tyx T B C pp 9t plds Ige FM 2 F K
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Typhoon HIL Microgrid Testbed
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Modeling Tech ¢ xT4 9! pl
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PP . Y9BF cHAHWF Y 31 W3 WY I Ctp WbhIOF W PRWD H'TIHR b
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Tsinghua fF | KEFPAKCFE pbkiF cBF O HPp2dt pkxiaTF dbmMHbcecB CF
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abPEP bl .949BF upl uppYbBF aTUu OpIB bPrhskt Yo pif
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1 University of South Carolina

ZRWTH Aachen University
30penSource

4Virtual TestBed- RealtTime (VTB-RT)
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[ JVIB-RT AWA B &wWEwWA Cv bz A 0 V13w A

¢l wWADp BaGH &-° Cop®i C~ 06 ¢é\ i VACA- 1
Intel PBOOMHz Intel P200MHz CPU
10 Gigabytes 2 Gigabytes Hard drive
128M 64M RAM
1#6éve3s$ 1 Free PCI Slots
Yes Yes I/0 DAQ Cards
[ JBoost bp2B ' T HYTakp x RFip P FETEp o F C
¢ Yo AL B &8 £2  Yav=A¥ayv ¢ o A&V a%up £ %veA 8
Mandrake 9.0 Linux release Intel PIIl 800MHz CPU
2.4.20 Linux kernel 10 Gigabytes Hard drive
24.1.10 RTAI 128M SDRAM RAM
0.7.66 Comedi 10 Mbps Ethernet Network
0.7.19 Comedilib Advantech PCI1 710 I/O DAQ
3.2 gcc version Advantech PCI1 720 Devices

[ JH-Bridge o pbpmMXTF

bp 9Ba px 4 HEHFETIHDPZT a

¢ Yo AL \a €49 I 2 Yo v+AYAYV ¢ b ARv a%up £{ VveA iy
Mandrake 9.0 Linux release Intel PIIl 1.26 GHz CPU
2.4.19 Linux kernel 15 Gigabytes Hard drive
24.1.10 RTAI 128M SDRAM RAM
0.7.66 Comedi 100 Mbps ether net Network
0.7.19 Comed|l_|b NI PCIG070E 110 I?AQ
3.2 gcc version Devices
F2 W' Fx/iB ATF W2iGCHeFpbbiibp ol B Ew@H HBFHHEEHH 97 473
WipC F i - PATBKFMp IMpETHD CE Td3eT FDPFF ETHYH__
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1Digital Signal Processors (DSP)
ZField Programmable Gate Arrays (FPGA)
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Analog Device TigerSHARC TS201 DSP 600 Ml-ﬁoa.'xd
Up to 4 instructions or 6 floatirgoint operations per cyc|
24 Mibit internal memor Processor

64 bit data bus to SDRAM and Fl

Two link ports to the FP(

Xilinx Spartan6 44

> 43000 Logic ce FPGA
Gbit transceivel
32 Mibyte SDRA RAM
8 Mibyte FLASH

8 digital /0 (connected vi&Qd to the DS

8 digital 1/0 (connected to the FP(

4 LVDS digital I/O (connected to the FH Extension I/O

16 bit address/data by

Two Gbit transceive
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[ ] bFHbBF pbp3 dFH

Xilinx Spartan6 2

> 24000 Logic ce FPGA
8 Mibit FLASH
32 kibi EEPROM
16 signals, 0 V24 V, configurable as input or outy Digital 1/0
8 channels, simultaneous samp
14 bit resolutiof .
Analog input

Up to 50 MHz sampling rate, nine stage pipe
%10 V input rang

8 channels, simultaneous upd

14 bit resolutiof

Up to 2.5 MHz update ra

+10 V output rang

P2 ppdBiBL E&FFXHFP I c¢BMBK pF b3t I M FodTHox s fVlly lid plett ¥
MprFYbBF prb3fF® AoTF pp pHKNPEmiEIREF BRFBF ¥ BEHEFD DI
M poxokt M BaFF R B KB P Prpghh o PM P FER F 2p F tATHPF flp . MFTVFB D 34 1
gtb, X BC&pip__ @a’p tpokp PprOpB xa P WCFE KRB B pA TR ©MH unp
p F T TBackplane BFED 4T p xU  BFUbbiFx HiBackblagefipkpiid pw/Fomb g4 |
[ Jpbmis ak FgMeppUpF PoFkp | C

ctTpfr8St pFKkCF 9FCTtnth pTp3. c3A3TpUbh dB-
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BE p%p nitbKTFgh p BaxrFpMethF Wi 2 Filkt Mb  Fé3b ¢ [HEpK e Flir &3 * wa O hsF

®dT1TpA CF e¢bc _ powp D wpom i H GSSpuptbeimm 3 BGHF @3 p P Kl KF Y-
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Analog output

OPALRRT dbmMHtcB dBT L dY4/BTHK M *x MKF bFft

b x®t i GRp5R07 @P 5600QP 4510QP 4200 o F K €BIH Ef BF p OMERT 96 M3l Y b Ml
S phxml WYpK AFTpbl @p 359! [pokXdamtthii FPFH Do BF Foly
RTLAB OP4200b M HC B/

Fp -per/BLEHiIW BIF PP Ab3 8 P F b i SAFD pavxr CBNDENMPVD Tigr FrbIC iR TAEF -
O@pRBX bmHtkcB aTFAdT ABF L CEFFRKR &oxT sR@iVid@ne s oBvIKLLp p T HOm b

F 2cB p&pMEHTHF RFPAB pla@ Kb BBt p p F e TuvppRp/ ’ﬂbTvlﬂFﬁNDtb@H;)ﬂKt
CF npfrYb®E a GFPOAIFT TN @kICH pBIf REXSG p k BT Tifp B XCF  mnpF
AV B BA rer1IQAHFOME IF RBAAD &L X F C F MATLABYSHnBliRk pr& | kM- A Bhm bl i HIHH, 0
Mibpkbokt A YLM amMb3 W TEBY A IkBF 200 o bIFFD TR TppMsMimeh
Mb¥F pt M bmbecB ATF OFKppIpF! (

1 Rapid Control Prototyping (RCP)
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Di mensi ons: 11.2 66(W) x 8.7 066(D) x 9,75606 (H)
OP4200 pk F O O B X

OP 4200 9 pYF3CH FM a p X F @ F F Hém Hbd

ARM® Cortex® A9 CPU- 2 cores 1 GHz, Xilinx Zyng® FPG/
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