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1. "ll\9lelelnbb'U'U'a~'U'UR'J'UR1lfl1'avl1~1'W"llel.:i11m91e>TI'WW1lil1'Vlfot:.11'1..!t:.1'1..!9!1'Ww1 lii'1'W'J'W 1 "ll\91 
'l 'l . q 

i.1 'a11:.1a~bBt:.1\91~11tJ 

b U'U'll\91bA~ei~liBG'i'1vt1u1-ifo ein bb uurnuu A1'UAJ.J G'l1vt1rnh~tin ~1 off ~1'UG'i'1vt1ueiei n bb um~uumu All 
'I 'I 'I 'I 

l'i1~ 61 'V11~~1'UA1u Allvl'Uti'U~ 1~uumuAJ.JJ.Jm~ei1 bb'1~~:h~ n'Vl1ei'W n-~r\'1~~ 1~uuA1uAJ.J 1 'W1titi'U~ 1~uu I 'I ci 'I. 'I 

muAJ.J 1 m~uLJ'V'l~~~1'U'Vl1~ b~ein b 'li'U fi'~Vf'U'1J.JG'i'1vt1ue...1~~ 1'WVl1vt~ei1 off eiein bb uu bA~ei~liei bb 'V'l'Vl t1 b U'U ~'U zj~ 
9 • 

:' 

1.2 Rrua11u~'V11.:i~1'l..! Hardware • 
- ilvttl1t.1'lh~mm..rnbb'LJ'LJ Freescale QorlQ P5020, dual-core, 2 GHz , 32 KB L1 data cache 

per core, 32 KB L1 instruction cache per core, 512 KB L2 cache per core, 2 MB L3 cache 

total vt~ei~n11 

- mm1tiM\9ll'im~vt11~ Hardware bb'1~AeiJ.J'V11b~ei11~\9ltJ~1'U'Vl1~ Freescale QorlQ P1011 

BOOM Hz 

- ilvtti1t.1A11J.J"il161J'U1\91 1 GB DRAM , 128 MB flash memory vt'1eimnni1 

- 16ilnm1'Ufl11 Booting Application 'lh~mru 5 1mVi 

- ?11m1mzjeiJ.Jl'iei ~l'U Gigabit Ethernet host interface, bb'1~ real-time interface ~l'U'\111~ low-

latency Gigabit Ethernet 1/0 interface 1~ 

- 1ei~1u USB 2.01mn1 brlLJoLJeJ~'1~1'U'Vl1~ USB mass storage 1~ 

- 1ei~1uM\9ll'iei~eim1b\9lti16il CAN 

- il serial interface 2 port bb'ULJ UART (RS232/422/485) interface vt~eimnn11 

- 1a~1u Xilinx® Kintex®-7 F.PGA 1 'Ul'i'1uei{191 

- il Analog Input 8 channels 14-bit, 10 Msps, differential bb'1~ 24 channels 16-bit 

channels, 1 Msps, differential 1ei~1rnm\?l'U -10 fi~ 10 V vt~ei~n11 

- il Analog Output 16 channels 16-bit, 1 Msps 1ei~1'Ubb1~\?l'U -10 fi~ 10 V bb'1~ m~bb?l ± 8 

mA vt~ei~ni1 

- il Digital 1/0 48 bidirectional channels, 2.5/3.3/5 V (single-ended) , 12 bidirectional 

channels (RS422/485 type) to connect sensors with differential interfaces vt~ei~ni1 

- 1ei~-ru u~ 1/0, fl11?11'1~ PWM fl11?11'1~'W'f!~bb'1~fl11')\91 (A11llf!~b~tl\91 10 ns), 4 x SPI Master 
• #~ 

- 1ei~1LJ 6 channel encoder interface(b\9ltJ~~ri1~1'U RTI Blockset) vt~eimnn11 

- 1ei~1u 2 x Hall sensor input Cb\9ltJ~~ri1~1'U RTI Blockset) vt~eimnni1 
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... 
- 1B.:I1'1J 2 x resolver interface <1\?lt.1~.:ir\1e..l1'U RTI Blockset) V11mnmri1 

- 1B.:I1'1J 2 x SSI interface (b\?lt.1~.:ir11~1'U RTI Blockset) Vl1Bmnn11 

- 1B.:I1'U 2 x EnDat interface (b\?lt.1~.:iri1~1'U RT! Blockset) Vl1Bmnn11 

- 1B.:I1'U Multi-channel P\fl[M <1\?lt.1~.:iri1e..l1'U RTI Blockset) 

- 1B.:I1'U Block commutational PWM (b\?lt.J~.:IA1~1'U RTI Blockset) 

- ?f1m1mll'UbbV1'1.:1~1t.11vJ1Vfn'U sensor 1~ 1 channel '1l'U1\?l 12 V, max. 3 W/250 mA (fixed) 

V11Bmnn11 

- mm1mU'UbbV1'1.:1~1t.11vJ1Vfn'U ~ensor 1~ 1 channel 2 ~.:i 20 V, max. 1 W/200 mA (variable) 

:i.nnni1 

- ?t1m1mb?f\?l.:I?ft:n'U~fliTv11.:11'UeJ1'U'Vl1.:I Programmable buzzer bbfl~ Progra~mable status 

LEDs 1~ 

- i11~'U'IJUB.:Itl'Ufl11'1l 1iim~'U'U Kensington® lock Vl1B~n11 

- i11~'U'U1~'U1t.Jfl11il1'B'LI1 'U1'11bb'IJ'U Active cooling (temperature-controlled fan) Vl1B~n11 

- ?f1m1mzjBiJMBtl'IJ~tlmrueJ1'U'Vl1.:I Connector bb'U'UM1.:11~.:id1iii' 2 x Sub-D 50 I/Connectors, 

48 x BNC 1/0 connectors, 4 x Sub-D 9 1/0 connectors , 3 x RJ45 for Ethernet (host and 

1/0), USB Type A (for data Logging), 2 x 2 banana connectors for sensor supply Vl1Bmnn11 

1.3 F1ruaa.i'IJ'~'V11·:11hw Software . . 
- iJ Real-Time lnte~ace (RTI) b~B1oU.:I1'U~1Wl'UhhbbmiJ MATLAB bbft~ Simubnk 

' 

- ffitl1bbmiirl1V11'UBBflbb'U'U1~'1J'Ufl1'Uflil i!Bb\?lB{ ( RTI Electric Motor Contr~l Blockset) 
' : 

ffitl1bbmiirl1V11'U~\?IMB~1'UVrn Ethernet 1iil (RTI Ethernet Blockset) 

- ffitl1bbmiii.'11V11'U?t11.:im1bzj'Eli!MB~1'U'Vl1.:I Can Bus RTI CAN Blockset 

- ilbtl1bbmi1611V11'U?f11.:im1bzjBiJMBeJ1'U'Vl1.:I CAN MultiMessage Blockset 

iJ1tl1bbmiii.'11V11''Ubfl'UoLJB~flbb'U'U Real-Time ~1'U'Vl1.:I USB Data Logger 1iiJ (RTI USB Flight 

Recorder Blockset) 

- ilbtl1bbmi1611V11'1J?t11.:11tl1bbfl1il'U'U FPGA (RTI FPGA Programming Blockset) 

- ilriliBm11.U.:i1'U.rrn~11'Vlt.1V11Bmt;-1eY.:innt;- 1 '1l\?l 
~ 01 ' 

- 'IJ~,;-'Vl~'1l1t.1M'mi1 bBnm1bbM.:1~.:in'lib ll'U\911 bb 'Vlwil1V1tl1t.11\?lt.1\9l1.:1liJ1n'U~,;-'Vl~~~® b ~B?t~\?11mbnm1 
'U~fl11Vl!;).:I'1l1t.J 

tl1~nB'U 1 tliii'1m1t.1ft~ b~t.J\?l hJifot.1ni1~.:id 
- i1V1tl1t.1tl1~mfl~flflm.:1 (CPU) '1ltl\?l 4 bbfl'UVl!;)n (4 core) Vl1B~n11 i1V1tl1t.1m1mh Cache hl 

UBt.1ni1 8 MB b\?lt.1ilm1iib~1~ruru1ru'U1Wm~wn'LihluBt.1ni1 1.0 GHz 
v v .. 

- iJV1U1t.Jfl11iJ"il16111B.:I (RAM) '1ltl\?l DDR3 ~iJ'1l'U1\?lhluBt.Jfll1 8 GB Vl1B~fll1 



- eitlmru61'1';ieN'1lei:w~ (Hard disk) 'lJU\91 SATA 'l.l'W1\91A11:W"llhli!m.m11 1 TB ~l°l11:1.Jb~1';ielU 5,400 
'j 'lJ I <j 

';ieJU~eimVI VJ1eieitlmru6'\'1';iei.:i'1Jei:w~'lJiJl'l Solid state ~ri11:w"ll 1~i!m.m11 250 GB VJ1eiMn11 
' " ' 

-=.:! I d I dj I d ~ I 0 

- :W'llei-:Jb'llel:W\9lm~UUbA';iel'l.11tl (Network interface) bbUU 10/100/1000 Base-T Vl';iel\9lfl11 "111'W1'W 

ei~1.:ii!eit1 1 61lei.:i 
d I dj ..:::I I 

- ?l1m';im'llel:W\9lm~uu WIFI 2.4 GHz, IEEE 802.11 b/g/n Vl';iell'lfl11 
q d I i 2J o...1df 

- m~UUf11';ib'llel:W\91€lel~1'1'Weltll'l'l'W USB port, HDMI port 

- VJi!1"1lmbG'll'l.:it:-J~ n'l.lml'l1lJi!eit1n11 14 -6'1 VJ1eiMn11 

- nb~1vlbbUU lfo1t1 

- ';i~Uutlij'IJ'~m';i Window 10 Professional A11:1.Jb~1 64 bits Vl1€l~fll1 n~'l.l~h1i~n~el'lbbE;1~1lJ 

"i11nl'lb 1~11.Unw 

- nrn';i~Utl';i~tl'W~'WA1i\Jm~t1~h1~1hii!mm11 1 tJ 

3.1 ii1·:Pil';imfln1a.:i tJ1~nau~1f.I 

. 3.1.1 n~\91 Insulated Gate Bipolar Transistor (IGBT) Module "i11m'W 3 ~r . , 
3.1.2 IGBT bb~~~~1n~nl'lbb';i'l~'W Vee 1t116'1.:i6'11'1 1200 v ~nl'lm~bbG'I Collect©r current 

" ' :I •I 

·' 
1rulJi!eit1n11 50 A VJ1ei~n11 1 

3.1.3 IGBT ~l'l~'IU'WA~U;rn.U1tJA11:W~el'WeJ~~iltY:w'V'l~el:W~l'l~m~u1tJel1f111"1 11

1

1 

• " I 
! . 

3.1.4 ~1btlUU';i~~ DC ·.Link U';i~neiu~1~1bnUtl';i~~Bb~f1 l\9l';i1E;1!il'l.l'W1\9l';i1:W1lJ]: eit1n11 3,000 1:w 

lri';ivil1~\91 ~n\9lbb';i'l~tJ1lJi!eit1n11 400 v VJ1eiMn11 

3.1.5 n~1#i'TWV11'W'l.l'W11'11lJifeit1n11 47 nfa lm.1:w Vl1eiMn11 ~el'l.l'W1'WtlU~1btliUU';i~"i'l DC Link bb~ 

3.1.6 Laminated bus bar vl1"1!1f1Vlel.:Jbbl'l'lbb~'WVl'W11lJi!eit1n11 0.5 :w.:w. VJ1ei~n11 

3.1.7 omu Bus bar bU'U16'1~ Epoxy FR-4 Vl1BMn11 

3.2. ii1.:i1i1-aoilrnnl'I 

' 

3.2.1 H.:i1u~1:wnrnb';i'l~'WB'W'V'lVJ'l.l'W1l'l 1lJi!eit1n11 5 v, 12 v, 15 v VJ1ei 24 VI VJ1eiMn11 
' 

3.2.4 nrn';ibbt1flm111?i" (Galvanic isolation) ';i~Vll1'1.f11AB'W'V'lVltlU.f11Abel1vl'V'lVl 
' 

3.2.5 nfi1 Propagation delay time 1lJbn'W 110 ns Vl1eJMfll1 

3.2.6 n';i~Uuuei.:inum~bbG'lbfl'Wb'W IGBT 1.fff11';i\9l';i1"111'1'lbb';i'l~'W Vee VJ1eiMn11 

3.2. 7 ~qjqj1illbb~'lb~el'W Fault. bU'Wbtuu Open drain 6'11lJ1';ifl';ieJ.:J~um~bb6'16j->l~l'l 5 mA VJ1ei~n11 
. ' 

' v 

3.2.8 n'l.l1~urn.11ru6'\'1VJfo Reset bVl
0

\?if11';itU Fault Vlbfll'l~'W 
QJ QJ ' 'I 

, •. 
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3.3 b61f'l..!b61fe:Ji1~m~bbmba~bb':i.:i~'l..!1w.Yh 'I , i 

3.2.3.1 '"u'"oi'11fal'om•CLa 1TIYl1l1""°"" "'" mooTio" 1 il~ilnm> Hat elf ict '11rnu 3 '" 

::·:: ::::::::::~:::::::~::~~:~;:~:::::~::~:~;~;,:a~~~~l' ;::J'I ~::~ ~· •• 
I , ' 

. I I 
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4. :JJ€1bi;te:JflwV11bb'U'U PMSM 2.2 kW 'iij1'1.J1' 1 i~1 

':i1t.1f;l~b€lt.1\9lvi'1 hJ 

- n1~.:i'Vl1.:i~1'Wbml91V'li;t hh!eit.1ffJ1 
' ,. 

- 81'Ubb':i.:J~'W1°v'l~')hh!eit.111 

m~bb6'11 °v'l~1 hliieit.1n11 

~ d 0 

5. :J.Jmi;te:J':ib'Vi'l..!81'1..11 1.5 kW 

2.2 kW 

48VDC 

SA 

1,SOO RPM 

: 1.S kW 

I I 
I ' 

' ' ' ! 

: l 

1! 

i 
i ' 
' I 

'iij1'1.J1 1i~1 
! I 
I I 

: ?80 Vac, S0/60Hz, 4 Poles, 14SO r' m 

6. :JJ€Jbi;te:JflwV11Hbb't.h.:i~1'1.J (Brushless DC Motor) 2.2 kW 

- 81'Ubb':i.:J~'Ll1°v'l~11lli!€lt.Jl1 

- m~bb6'11°v'l~11lliieit.1n11 

- fl11:!.H ~1':i€li.J 1lliieit.Jfll1 

- bb ':i.:iui;t 1lli1€lt.1fl11 

2'.2 kW 

48VDC 

lS A 

· ·1,soo RPM 

·. 6.96 N.m 

7. t'Via~1wV11 50 Nm. f'l~e:J:J.JbeH'l.Jb61fe:Ji1~vmifl 

':i1t.1f;l~b€lt.1\9lvi'1 h.J 

- A1fl11:1.Jfln~ei.:i 
" 

- Output sensitivity 

- Excitation voltage 

"' d 8. ':i18a~rn8~€1'1..! 61 

: mnn11'Vl1mvi1ni.J so N-m, 

: ll1flfll1'Vl1mvi1ni.J 4,000 rpm 

: 0.1 % 'Vl1€l~fll1 

: 1.0-1.S mV 'Vl1€l~fll1 

: 12 voe 'Vl1eJ~n11 

- ilAileim'el11 'Vlt.1'Vl1eim'el15.:inn'ef li\'1m·~ 1 'tl\91 
" "I ' 

- ilm':i-ri.J'l.h~n'Ll~'Llfi'1btlm~t.1~nmmh.:i.iieit.1 1 tJ ii'LJ1i11n1'Ll~i;t':i11i1-ri.J:i.Jeirnb~1· 6'f~lil 

~lr~ b(/ 



- ilm1eim~m11-il'l1'WhJU'min11 1 l"l~'l 

- n1VJ'W1?161'l~eiumt.11'W 1so 1'W 'l"l~eim116~m11-if'l1'W ru m'll11'1l1bvil"l 1'Wfa~t.11'W 'WMG'l~t.11 Vlii 

1"1W~l"l16'116'1~4€l~6'11Vlf1~1~ ~VlllVltll~tlbVlfl 1 'W fa~11'1Jml"lG'lf11~1~'1"l 
' ' ' 

... 
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