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i.1 -a1ali'1~bBa\9l~11'1J 

b ll'W'IJ\9l bfl~e:i.:iijeicl'1V11'U 16if e:i e:in 1,1, 'U'U1~'U'U fl1'Uflii cl'1V11'U'lh~t1n1?116if .:i1'Uci'1V11'Ue:ie:in 1,1, 'Um~'U'Um'U A ii 
'I 'I 'I <t 

Mi.:i 1 vi1.:il'i'1'Uf11'U~ii~'Wt1'Wl'i 1~'U'Ufl1'U~iiiim1?1e:i1 1,1,~~~ 1,~nvi1e:itin6'in1~.:i 1~'U'Uf11'U~i11 mt1t1'Wl'i 1~'U'U 

fl1'Uflil 1m~'U'U'\l'l~.:i.:i1'Uvn.:i1,~e:in 1, 'll'W n-~i'W~iicl'1V11'U~~l?l 1'V'li11V11e:i1.Ue:ie:im1, 'U'Ubfl~e:i.;iijmb'vm ti 1, U'W~'W zj.;i ' . 

1.2 flWftaJU~'Vl1-!l!?'l1'U Hardware • 
- :i:JV1'l11t1tl1~m~~~bb'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 V11e:i~n11 

- mm1t1~\91~€1'a~V111.:i Hardware bb~~fl€1il~1b1?1€1Um\9lt.J~1'W'Vl1.:i Freescale QorlQ P1011 

800MHz 

- :i:JV1't11t1fl11i!"il1'1l'U1\9l 1 GB DRAM , 128 MB flash memory V1~€1mnn11 

- 1.Unm1'Wfl11 Booting Application tl1~mru 5 1m'ill 

- ?11m1mzj€1i!M€1 ~1'W Gigabit Ethernet host interface, bb~~ real-time interface ~1'WV11.;J low-

latency Gigabit Ethernet 1/0 interface 11'1 

- 1e:i.:i1'll USB 2.01'Wfl11 1,n'UoiJe:i~~~1'L!vi1.:i USB mass storage 11'1 

1e:i.:i1'll~\91M€1~€1?111b\9lt11-li CAN 

- :t1 serial interface 2 port bb'U'U UART (RS232/422/485) interface V11e:imnn11 

- 1e:i.:i1'll Xilinx® Kiritex®-7 F.PGA 1 'W~1'U€1{\9l 

- :t1 Analog Input 8 channels 14-bit, 10 Msps, differential bb~~ 24 channels 16-bit 

channels, 1 Msps, differential 1e:i.:i1rn1,1.:il'i''U -10 fi.:i 10 V V11e:i~n11 

- :W Analog Output 16 channels 16-bit, 1 Msps ·rn.:i1'llbb1.:il'i''U -10 fi.:i 10 V 1,rn~ m~bb?l ± 8 

mA V11e:i~n11 

- :t1 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 V11e:i~n11 

- 1e:i.:i1'll Ul?l 1/0, m1?1-r1.:i PWM m1?1-r1.:i~~G'ibb~~m11'\9l (fl11il~~b~tl\9l 10 ns), 4 x SPI Master 
. ·~ 

- 1e:i.:i1'll 6 channel encoder interface(b\9lt1~.:i~1~1'U RTI Blockset) V11e:imnn11 

- 1e:i.:i1'll 2 x Hall sensor input cb\9lt1~.:i~1~1'L! RTI Blockset) V11e:imnn11 

. ·: :.· .. 
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... 
- 1m1'U 2 x resolver interface Cl\11CJ~-:!A1~1'W RTI Blockset) Vl1€1mnn11 

- 1€1-:!1'\.J 2 x SSI interface Cl\11CJ~-:!A1~1'W RTI Blockset) Vl1€1mnn11 

- 1€1-:!1'\.J 2 x EnDat interface Cl\11CJ~-:ir11~1'W RTI Blockset) Vl~m.nnn-11 

- 1€1-:!1'\.J Multi-channel P\A[M (1\11CJ~-:!A1~1'W RTI Blockset) 

- 1€1-:!1'\.J Block commutational PW.M (1\11CJ~-:!A1~1'W RTI Blockset) 

- ?11m1mlJ'WbbV1i;i-:izj1v1vl1Vfn'U sensor 1~ 1 channel '1J'W1\11 12 V, max. 3 W/250 mA (fixed) 

Vl1€1:J.J1f1f1l1 

- ?11m1mll'WbbV1i;i-:izj1v1'V'l1Vfn'U ~ensor 1~ 1 channel 2 ~-:i 20 V, max. 1 W/200 mA (variable) 

:J.J1f1f1l1 

- mm1mb?l\11-:!?ltn'W~fl'i1v11-:i1'U~1'Wvrn Programmable buzzer bb~~ Programmable status 

LEDs 1~ 

- i11~'U'UUe.Mn'Wm1'1J 1iim~'U'U Kensington® lock Vl1€1~n11 

- i11~'U'U1~'U1CJl'l11ll~€1'W1 'W\~l1bb'U'U Active cooling (temperature-controlled fan) Vl1€1~f1l1 

- ?11m1mzj€lll~€ln'U~tlmru~1'W'V11-:i Connector bb'U'U~1-:i1~-:iti'1~ 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 Vl1€1mnn11 

1.3 F1rum.1u9im.:1~1'1J Software • 
- i1 Real-Time lnte~ace (RTI) b~€11.ff.:i1'U~1iin'U1tl1bbmii MATLAB bb~~ Simulink 

- ffitl1bbmii611V11'U€1€1f1bb'U'U1~'\.J'Ufl1'\.Jflll ll€1b\9leJ{ ( RTI Electric Motor Control Blockset) 
' 

- ffitl1bbmii611V11'U~\11~€1~1'W'V11.:J Ethernet 1~ (RTI Ethernet Blockset) 

- ffitl1bbmiJG11V11'U?l~1.:Jf111bzj€lll~€1~1'W'V11-:! Can Bus RTI CAN Blockset 

- ffitl1bbmii611V11'U?l~1.:Jf111bzj€lll~€1~1'W'V11-'.l CAN MultiMessage Blockset 

ffitl1bbmii611V11''Ubrl'Uoif€1&Jmb'U'U Real-Time ~1'W'V11.:J USB Data Logger 1~ (RTI USB Flight 

Recorder Blockset) 

- ffitl1bbmii611V11'U?1~1-:i1tl1bbfl1ll'U'W FPGA (RTI FPGA Programming Blockset) 

- i1riileim11-ii'-:i1'Wm~11'V1CJVl1€1m~1e1.:inn~ 1 'll\11 
~ "I ' 

- 'U1~'V1~'1J1CJ~eJ-:!iJ b€lf16'l11bb~-:!~-:!f1lfbll'W\911 bb 'V1Wil1VIU1CJ 1\11CJ\911-!llil1f1'U1~'Vl~t:-.i~\9l b ~€16'1~\111 f1 bbri f111 
~ ~ 

tl1~f1€1'\.J 1 tl~1m1v~~ b~CJ\11 hJifovn-11~.:i-d' 
- i1V1tl1vtl1~m~t:-.1~n~1.:i (CPU) 'llU\11 4 bbf1'WVl6"n (4 core) V11ei~n11 iJV1tl1vm1iilil1 Cache hJ 

ii'€1vn11 s MB 1\11viil'l11m~1~uHu1rum~mvr'W~1'Whlii'eivn'i1 i.o GHz 
v v '"' 

- iiV1u1vri11ii:il16111€1-:i (RAM) 'llU\11 DDR3 ~i1'1J'W1\11hlii'€1t!f1l1 8 GB V11€l~f1l1 



eitlmrui.4'1'HNoLJeJ:WG'l (Hard disk) '1Ji'.l\91 SATA 61J'U1\9lfl11:W-;uhlilm1rd1 1 TB ~l"l11:Wb~1':iffU 5,400 
'l 'U • 'l 

- i1'tiei.;ib~ei:w~m~'U'Ubl°l1ei'il1t1 (Network interface) bb'U'U 10/100/1000 Base-T V11ei~n11 ~1tn'U 

ei~1.;ii!eit1 1 'tiei.;i 

- 1;'11m1m61Jei:w~m~'U'U WIFI 2.4 GHz, IEEE 802.11 b/g/n V11ei~n11 
' ,, 

- i11~'U'Uf111b61Jei:w~eiei~1.;iifei1:1~.;i'iJ USB port, HDMI port 

- V!'u1-;umbl;'l\91.;Jt:-iG'l i161J'U1\91 Lili!ei1:1ni1 14 i'11 V11ei~n11 

- iJb~TVlbb'U'UHmti 

- 1~'U'Utll)li'~f111 Window 10 Professional m1m~1 64 bits V11ei~n11 mh~'Vlt~n~ei.;ibbG'l~Lil 

~1n\9lnm Hfo1t.1 

- i1m11''Utl1~nt.1~t.1ri'1i:t\Jir~~t1:-!rJ~1 hli!eit1n11 1 tJ 

0 d 
:U1'U'J'U 2 bfl':ieN 

3.1 ah:i:U':i.fl1flfl1~.:J th::mei'U~'JtJ 

3.1.1 il-q\91 Insulated Gate Bipolar Transistor (IGBT) Module ~1'Ud'U 3 \911 

3.1.2 IGBT bb~G'l~l'i'1i1Vln~m1.;i~t.1Vee1~1;'1.;il;'l\91 1200 V Vln\9lm~bbl;'I Collector current 
'lJ ' 

1~ilifeit1ni1 50 A V11ei~n11 
,, . ' 

3.1.3 IGBT ~19l!ii'.;i'Ut.il"l1m~'U1t11"l11:w~eit.1ei~G'liiu:w'l"l~'El:W~\91G'l:w1~'U1t1mml"I 
'lJ 

1mvh1'19l Vln\9lbb1.;i~t.11ili!ei1:1ni1 400 v V11ei~n11 

3.1.5 il!i11~TU'Vl1'U61J'U1\91 Lililei1:1ni1 4 7 nbG'l beJ~:W V11ei~n11 ~eJ61J'U1tJn'U!ii'1bn'Utl':i~-;u DC link bb~ 

3.1.6 Laminated bus bar vh-;u1f1'VleJ.;Jbb\91.;Jbb~'UVl'U1Lili!eit1ni1 0.5 :w.:w. V11ei~n11 

3.1.7 ~tn'U Bus bar bU'Ull;'l\9,) Epoxy FR-4 V11ei~n11 
. ·!, 

' 

3.2.11't'.;i1'U~1:wn'Ubb1.;J~tJ€i'U'l"l'Vl61J'U1\91Lilileitin11 5 V, 12 V, 15 v Vl1ei 24 v Vl1eJ~f1l1 
' 

3.2.3 bb1.;i~t.1b'El1vl'l"l'Vli1'1l'U1\91Lili!eit1ni1 -9V bbG'l~ 15V V11ei~n11 
' 

3.2.4 i1m1bbt1nm11~ (Galvanic isolation) 1~V1i1.;iml"l€itJ'l"l'Vln'Uml"lbeJ1vl'l"l'Vl 
' ' 

3.2.5 ilrh Propagation delay time 1ilbntJ 110 ns V11ei~n11 

3.2.6 i11~'U'UUmnt.1m~bbmntJ1t.1 IGBT 1oifm1m1-;ul'l9lbb1.;i~t.1 Vee V11ei~n11 

3.2.7 ~qiqi1rubb-.().;ib~'El'U Fault. bU'Ubt'U'U Open drain mm1mei.;i1''Um~bbl;'l~.;i~\91 5 mA V11ei~n11 
. . 

' ,, 
3.2.8 i161J1~umnrui.4'1V11''U Reset bVl·~m1ru Fault V1bn\9l'lit.i 

Q.I v • q 

.· 



3.3 b"lf'Wb"lfai-Jftn-a:mmblil~bb -a~~'l.!1 vJw1 

3.2.3.1 b'll'Ub'll€11ihru11?1m~bbr:t1vih~11tJ'1l1?1m1?1'1l€1..:i:wm1>1e:rfl1?1ti1-tiV1~11m1 Hall effect "i\'1mtJ 3 'tl!?l 

3.2.3.3 b'll'lJb'll€11i.'l11'ui'1?1bb1..:J~tJ1vil~1 DC link voltage b!?lti1oUVl~tln11 Hall effect "i\'1mtJ 1 'tl!?l 
' 

4. a.imi;ieifl.vJw1bb'U'U PMSM 2.2 kW 

11tlrt~b~tJ!?lvf11 ti 

tl1'lJbb 1..:J~'LJ 1 'Vil~1 hltJ€Jtll1 

- m~bbr:t1vil~1bJi!€Jti1111 

rf d 0 

5. a.Jelb\91el'ab'\ll'IJCl1'W1 1.5 kW 

- '1J'Ll!?l:W€Jbl'l€11 

- t11~..:i1 'Yil~1b€11ii'l"l1>1 bilif€JtJtll1 
' 

lil'1'lJ1'lJ 1 ~1 

2.2 kW 

48VDC 

SA 

1,500 RPM 

:· i.5 kW 

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

6. a.imi;ieifl.vJw1Hbb'lh~u;hu (Brushless DC Motor) 2.2 kW 

- tJ1'Wbb 1..:i~'LJ 1 vilvh tili!€Jti11 

- m~bbr:t1vil~11ilif€1tin11 

2.2 kW 

48 v 

15 A 

1,500 RPM 

6.96 N.m 

1. 1'Vllilfl1'V'lvh so Nm. "W~am~'Wb611ei~1111'Vla~F1 

11tlrt~b~tJ!?lvf'd 1 ti 

: mnn11V11mvhnu 50 N-m, 

: mnn11V11€JbvJ1tl'U 4,000 rpm 

: 0.1 % V11ei~n11 

- Output sensitivity : 1.0-1.5 mV Vl1€1~tll1 

- Excitation voltage : 12 voe V11€J~n11 
... d 

8. 'a1tJ~~beltJ\1lel'W 61 

- iii'irl€1m'lo}11'Vlti'Vl1€Jm'lo}1~..:inf)'lo} "il'TW'd'LJ 1 'tl!?l 
~ ·1 ' 

lil'1'W1'W 1 ~1 

- iim11'ut11~ntJ~tJA1bllm~t1~b1meitJ1..:iifm1 1 tJ 'W'tJ1u111i'tJ~1>111"il1'u:w€J'Ubbii'1br:t~"il 

' 



- rl1Vl'Lll?l?i~lJ€1Ufl1tJ1'Ll 180 l'Ll 'l"l1€Jll?l1519lfl111-ifo1'U ru ?1161.11l'll1bVIA fo1rnm1'LltJ'Ll!?i"?tiim VllJ 

Aru~A1?11?11914€1191?11Vln'J1lJ lJVl1lVltl1~mVIA 1'Ll1Gi~11'1lll~AG1n1o\11~'1"l 
' ' ' 

., 


