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flru~m~ru:::bu'W1::: (Specification) ' . 

"l!l'lbfl~ei..:ii'.ieia1'l/ifo~ei~'IJ~u~1111:1.1ml?leiflvlw1ri1'lllfom'Uu'U~1ri.w1 'IJ-a:::neiu~hu 

i. "ll\9leieimbuu1:::uumufl:um1vhn'W°llei~:uml?leiflri.W1riTvifou1'Wu'Wl911vlw1 :S1'1..!1'U 1 "ll\91 
'i 'i . 'i 

1.1 11u~:::bBU\91~11'1J 

b ll'U'll ~ bA~ei.:i:Wei~1vi1u 1-Ueiein bb um~uu mum.1 ~1vi1ut..h~m n ~1 .U.:i1'U~1vi1uei ei n bb um~uu ff.J'UA:l-l 
'I 'I 'I 'I 

~1.:J '1 Vl1.:J#i'1'UA1'UA:l.Jvi'UtJ'U~ 1~'U'UA'J'UA:l-l:l.lm~ei1 brn~Bb~n'Vl1eJUf1~tl1~.:J 1~'U'UA1'UA:l.l1m11tJ'U~ 'a~'U'U I 'I 'I 'I. 'I 

muA:l.l1 m~uuw~.:i.:i1'U'Vll.:Jb~ein b6ll'W t1.:i.tf'UG"l:1.J~1vi1ui;.J~~ 1vh~1vi'1ei1-Ueieimb 'U'UbA~ei.:i:Wmb 'W'Vl~ bll'U~'U zj.:i ' . 

1.2 flfl!~:IJU~'Vl1~~1'U Hardware 
' 

- ilvit11ti'\J1~m'G"li;.JG"lbb'U'U 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 vi'1ei~n-:l1 

- ?11:1.JTrn~~~m~w:h.:i Hardware bb'G"l~AeJ:l.l~1b~eiflm~tJ~1'U'Vl1.:J Freescale QorlQ P1011 

800MHz 

- ilvit11tim1:1.J:6'16lltnl'l 1 GB DRAM , 128 MB flash memory Vl1eimnn11 

- H'nm1'Wf111 Booting Application '\J-a~mru 5 itni'l 

- ?11m1mzjei:1.J~eJ ~TU Gigabit Ethernet host interface, bb'G"I~ real-time interface ~l'U'\111.:J low-

latency Gigabit Ethernet 1/0 interface 1#1 

- -aei.:i1'U USS 2.01'Uf111 btl'U'lJeJd.,!G"l~l'U'\111.:J USB mass storage 1#1 

1ei.:i1'U~\9l~ei~ei?f1111'lti1.U CAN 

- ii serial interface 2 port bb'U'U UART (RS232/422/485) interface V11eimnn11 

- -aei.:i1u Xilinx® Kiritex®-7FoPGA1'Wl'i'1uei11'l 

- ii Analog Input 8 channels.14-bit, 10 Msps, differential bb'G"I~ 24 channels 16-bit 

channels, 1 Msps, differential -aei.:i1'Ubb1.:Jt'1'U -10 i:1.:i 10 V vi'1ei~n-:l1 

- ii Analog Output 16 channels 16-bit, 1 Msps -aei.:i1'Ubb1.:Jt'1'U -10 i:1.:i 10 V bb'G"I~ m~bb?f ± 8 

mA vi1ei~ffJ1 

- ii 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 vi1ei~ffJ1 

- -aei.:i1u u~ 1/0, f111?111.:i PWM f111?t11.:i~G"l~bb'G"l~f111l\91 (A11:1.JG"l~bBtJ\91 10 ns), 4 x SPI Master 
. ., 

- -aei.:i1'U 6 channel encoder interface(11'lti~.:iri1~1'U RTI Blockset) vi1eimnn11 

- 1ei.:i1'u 2 x Hall sensor input Cll'lti~.:iri1~1'U RTI Blockset) vi1eimnn11 

~A/ ~,(/ 

~ 
/-lu 



... 
1e:i.:i-ru 2 x resolver interface Cl1?1t.1~.:il"i1~1'l.! RTI Blockset) V11e:imnn11 

- 1e:J.:J~'U 2 x SS! interface (b1?1t.1~.:il"i1~1'l.! RT! Blockset) V11m.nnn11 

- 1e:i.:ifo 2 x EnDat interface (b\?"lt.1~.:il"i1~1'l.! RT! Blockset) V11e:imnn11 

- 1e:i.:i-ru Multi-channel P\fl[M Cl1?1t.1~.:il"i1~1'l.! RTI Blockset) 

- 1e:i.:i1'u Block commutational PWM (b1?1t.1~.:il"i1~1'l.! RT! Blockset) 

- mm1mU'l.!LLV1ci.:1~1t.11vJ1~n'U sensor H11 channel 'IJ'l.111?1 12 V, max. 3 W/250 mA (fixed) 

Vl1e:J:IJ1flfll1 

- ?11m1mll'LILLV1ci.:1~1t.11vJ1~n'U ~ensor 1~ 1 channel 2 (i.:i 20 V, max. 1 W/200 mA (variable) 

:IJ1flfll1 

- mm1mL?l1?1.:J?lmmrni1v11.:11'l.!~1'l.!Vl1.:J Programmable buzzer Llfl~ Programmable status 

LEDs 1~ 

- i11~uui'.Je:i.:inufl11'1J bllm~'U'U Kensington® lock V11ei~n11 

- i11~um~'U1t.IA11ll1eiu1'LIM1LL'U'U Active cooling (temperature-controlled fan) Vl1eJ~fll1 

- mm1mzje:illl'le:inu~tlmru~1'l.!V11.:J Connector LL'U'UM1.:J~~.:id1~ 2 x Sub-D 50 I/Connectors, 

48 x BNC 1/0 connectors, 4 x Sub-D 9 110 connectors , 3 x RJ45 for Ethernet (host and 

1/0), USB Type A (for data logging), 2 x 2 banana connectors for sensor supply Vl1e:J:l.J1flfll1 

1.3 Arui;1:1.1-U'~'Vl1.:J~1'l.I Software . . 
- iJ Real-Time lnte~ace (RTI) L~e:i1.ff.:11u11lln'UhhLLmll MATLAB LLG'l~ Simulink 

- ffitl1LLmll~1'\ll-rue:ie:imL'Um~'U'UA1'UAll llm~e:i{ ( RTI Electric Motor Control Blockset) 
' 

- ffitl1LLmll~1Vl-r'U~\?1Me:J~1'l.!Vl1.:J Ethernet 1~ (RT! Ethernet Blockset) 

- ffitl1LLmll~1Vl1''U?l11.:if111Lzje:Jll~e:J~1'l.!Vl1.:i Can Bus RT! CAN Blockset 

- ffitl1LLmll~1V1-ru?111.:if111Lzje:Jl!Me:J~1'l.!Vl1.:J CAN MultiMessage Blockset 

ffitl1LLmll~1Vl1'rniluoiJe:i~6'1LL'U'U Real-Time ~1'l.!Vl1.:i USB Data Logger 1~ (RTI USB Flight 

Recorder Blockset) 

- ffitl1LLmll~1Vl-r'U?l11.:11tl1LLmll'U'l.! FPGA (RT! FPGA Programming Blockset) 

- ill"iile:ifl111 .U.:i1um'ei-11 vit.1V11e:im~1-5.:inri~ 1 ·1m 
~ ·1 ' 

- 'U~~Vl~'IJ1t.l~e:J.:JiJ Le:Jfl?l11LLM.:J~.:JfliiL U'UM1 LL Vl'l.!~1'\llU1t.I b\?"lt.1~1.:llillfl'U~~Vl~~~~ L ~e:J?l~\?11flLLrifl11 
~ ~ 

u1~ne:iu 1 u~1m1ci6'1~ L~t.11?11l.lue:it.1 n11~.:id 
- i!V1tl1t.1tl1~m6'1~6'lfl6'11.:J (CPU) 6/JU\?1 4 LLfl'WVl~fl (4 core) V11e:i~n11 ilm.ht.1m1mh Cache 1l.l 

U'e:it.1n11 s MB 11?1t.1i!A111JL~1?lunu1rum~fl1~u~1'W1l.lue:icin11 i.o GHz 
v v "" 

fl~ J,91; / 
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eitlrrHuci'11ei\l-Uei:1.rn (Hard disk) '1.ltJ\91 SATA '1l'U1\9lm1:1.r'ilhh:fm.1n-J1 1 TB vlfl11m111ffu 5,400 
'l 'U • 'l 

1ffU~eitnVi 'Vl1eieitlmruG111ei\l-llei&.i~'1.liJ\9! Solid state ~m1m11:iJifmm11 250 GB 'Vl1ei~n11 
' " ' 

- il'llei\lb~eJ&.J~m~'ll'UJA1ei'1l1ti (Network interface) bb'U'U 10/100/1000 Base-T 'Vl1ei~n11 "il'1tn'U 

ei~1\lueiti 1 'llei\I 
d I di! .::::I I 

- mm1m'1.lt1&.J\9ieJ1~'ll'U WIFI 2.4 GHz, IEEE 802.11 b/g/n 'Vl1eJ\91fl11 
' ,, 

- iJ1~uun11b~eJ&.i~eiei~1\lueitil?1\ltl USB port, HDMI port 

- 'Vlif1lilmb?l\9!\I~~ il'llm\911:iJifeitin11 14 -6'1 'Vl~ei~n11 

- ilb~1vlbbuuH?J1ti 

- 1~uutl~'\J~m1 Window 10 Professional m1m11 64 bits 'Vl1ei~n11 il~'ll~h1t~n~ei\lbb~~1:iJ 

"il'1n\9lb1m1.ff\11'U 

- ilm11'utl1~n'Ui.'1'Ufi'1i\J'U";j~mw.i~11Jifeitin11 1 u 

3.1 ii1.:i~1mF1n1a.:i '1.h~neiu~11:.1 

3.1.1 il~\91 Insulated Gate Bipolar Transistor (IGBT) Module "i\'1m'U 31911 

3.1.2 IGBT bbM~~\>)1iJYln\9lbb 1\ll?1'U Vee 1~?1\l?l\91 1200 V Yln\91m~bb?l Collector current 
" ' 

1~:iJifeitifll1 50 A 'Vl1ei~n11 
,, . ' 

3.1.3 IGBT ~\91\91\l'U'Wfl~'ll1~'U1tJA11&.i1'ei'Uei~~:Dir:i.J'l"l1ei:i.J~\91~m~u1 C.Jellflll"! 
" 

1A1'\"J11'\9! Yln\9lbb1.:1!?1'U1:iJifmm11 400 v 'Vl1ei~n11 

3.1.5 il\911~1'WVl1'U'1J'U1\911:iJifeitin11 47 nfa1mfo 'Vl1eJ~fll1 Mfl'll'Ul'Wn'Ul'11bfl'UU1~1il DC Link bbM 

3.1.6 Laminated bus bar vl11il1flVleJ\lbb\91.:Jbb~'W'Vl'U11:iJifeitin11 0.5 &.J.:i.J. 'Vl~ei~n11 

3.1.7 utn'U Bus bar bll'U1?1~ Epoxy FR-4 'Vl1ei~n11 

3.2. ii1.:i~1irnni;i 

' 

3.2.11.ff.:11'U':i1&.inrnb1.:1~'U~'W'\'11Vl'llm\9!1:iJifeitin11 5 v, 12 v, 15 v 'Vl1ei 24 v 'Vl~ei~n11 
' 

3.2.3 bb1.:11?1rnei1vl'l"lviii'llm\9lhlifeiC.Jn11 -9V bb~~ 15V V1~ei~n11 
' 

3.2.4 iim1bwnm11\9l (Galvanic isolation) 1~V111.:imA~'U'l"IVln'llmflbeJ1vl'l"IVl 
' ' 

3.2.5 iJri1 Propagation delay time 1:iJbn'U 110 ns 'Vl1ei~n11 

3.2.6 iJ1~uuuei.:in'Wm~bb?lbn'W1'W IGBT 1.ffm1m11i11'\9lbb1.:1!?1'U Vee V11ei~n11 

3.2.7 r!rq,iq,i1rubb~.:Jb~fl'U Fault. bllrntuu Open drain ?11m1mei.:i1'um~bb?l~.:1~\9! 5 mA Vi~ei~n11 
. . . ,, 

3.2.8 il'll1i1ruru1ru6'11Vl1'u Reset b'Vl·~m1ru Fault V1bn\91~'U 
v v • 'l 



3.3 b6lt'Ub6lte:if!~m:rnmb61:::bb'.a-:i~'W1v.Jvh 

3.2.3.1 b'1f'Ub'1fei4~1'ru1\9lm:::bb?f 1~vh1'l.J'l1\9lffW1'11eJ\l:J.Jm\91ei1b\9lti1 -U'V16lnm1 Hall effect -;;l1m'l.J 3 '11\91 

3.2.3.3 b'1f'Ub'1fei1~1'rui'\9lbb1\lf?1'1.J1~vh DC link voltage b\9lti1-U'Vl6i'nm'J Hall effect -;;l1m'l.J 1 'll\91 

4. a.im~e:i·fl:wvhbb'U'U PMSM 2.2 kW 

11t1i;i:::b€iti\9ltt11 tJ 

- ~1'1.Jbb1\lf?1'1.J1~vhhh!eiti11 

- m:::bb?f1 ~~1hh'.f eitin11 

~ d 0 

5. l.lflb~B'HVl'l.1£11'1.11 1.5 kW 

li\'1'1.11'1.1 1 ~1 

2.2 kW 

48 v 

SA 

1,500 RPM 

' "" 0 : :l.JeJb(91eJ';ib Vl'UtJ1'W1 

: 1.5 kW 

: 380 Vac, 50/60Hz, 4 Poles, 1450 rpm 

6. a.im~e:ifl.v.JV11lfa'IJ':i-:ith'W (Brushless DC Motor) 2.2 kW 

2.2 kW 

- ~1'1.Jbmf?1u1~~11:iJt'.feitJ11 48 v 

- m:::bb?f1~~11:Ut'.feitJn11 15 A 

1,500 RPM 

6.96 N.m 

7. bVl61~1v.Jvh 50 Nm. 'W~Bl.lbsU'Ub6l1B11~'VIB1fl 

11E.rn:::bBti\9ltt11 tJ 

- '11'Ll1\9l bb 1\lu\91 

- 1"111m111eiu1'1.Jfl11Vl:J.J'l.J 
' 

- Output sensitivity 

- Excitation voltage 

"' d 8. ':i11:161:::be:Jl:l~B'IJ 61 

: mnn11V11mvi1nu so N-m, 

: mnn11V11mvi1nu 4,ooo rpm 

: 0.1 % V11ei~n11 

: 1.0-1.5 mV V11ei~n11 

: 12 voe V11ei~n11 

- i1ril'.leim·1~n 1 'Vlti'Vl1eim'lj1eJ\lf1f1'1j -;;l'1mu 1 '11\91 
" ·1 ' 

' 



- iJ n l'Hl U':i~ fl1'.iloU'I1'tJ1:iJifeJ ti ffJ 1 1 A~ 'I 

- f11V1'W!ilci.:imiumt11 'W 1so i''W ~~ei~mfi191rn11 oif-:11'W ru m'l.l1i'll1b viri fo faoo1'Wt1'Wl'lr:1ilt11 mJ 

Aru~A'.ir:llr:ll'l{eJ\9l6'11V!fl1'.i~ ~VlllVltll~tlbVlA b 'W bt;l~'.il'llmAt;lfl'.i'\'11~~ 
' ' ' 

, 


