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Development of High Power BLDC Servo System for Control of Large Scale
Mechanical System
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ABSTRACT

The development of a high power BLDC servo system for a control of the large scale mechanical system is presented. Using
DSP TMS320C30, a control unit which is suitable for motor drive system, is developed. Also, based on the developed control
unit, BLDC drive system for the speed control is constructed. The algorithms of the vector control, current control, and speed
control is implemented using TMS320C30 Software Development Tool. The developed high power BLDC motor drive system
is applied to the large scale mechanical system and its feasibility is verified through the-experimental resuits.
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2.1 DSP TMS320C30

2 AFAME T A B F &4 DSP TMS320C302 A4
SHETH. TMS320C302 32¥}EQ 2% 453 Aibo] 60ns? 3
Instruction Cycle®l] 7F53slE22 132 Ao} ¢unal&L AAo
2 FEE 5 Avk. TMS320C302 CPU, Internal Memory 2
Timer 308 T4 Ho] glon 7} BEo 223 72 9 7%
& o3 Zoi{4].

(1) CPU
.Floating point/integer multiplier
.ALU for floating point, integer, and logical operation
.32 bit barrel shifter
Internal buses
.8 x 40/32 bit extended precision register
(2) Memory Oragnization
.One 4K x 32 bit on chip ROM
Two 1K x 32 bit on chip RAM
(3) Peripherals
Timer
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%Y 2 DSPTMS320C308& AH43F Aol Board
.Serial Ports
{4) Buses

Internal buses
.External buses

2.0 DSP HOf AlAH

% 29 DSP TMS320C30% ol &3l /ds e Board?)
MFHQ Aa= ® 17 g,

X1 DSP o] Board9] Specifications

Item Specifications
CPU TMS320C30 GBL 33Mhz
MEMORY 2Kx32 On Chip RAM

4Kx32 On Chip ROM
32Kx32 SRAM 15ns Access
32Kx32 EPROM
A/D Ports : 16 Ch
2 x AD678 with 1x4 MUX, 5us Conversion
1 x AD678 with 1x8 MUX, 5us Conversion
D/A Ports : 4 Ch, 1 x AD664
Digital Input Ports
1x16 Digital Input Port
1x8 Isolated Input Port
PWM Port Ix Symmetrical 3 Phase PWM Port

Communication | RS-232C Serial Port
Ports XDS500 Emulator Interface Port

1/0 Ports

=3, AFE Mg 29 2€ Memoryd FRE A :
A%, TMS320C302 Internal ROM-2 A}£38}=  Micro-computer
Mcde®t 915 ROME AM&3lE Micro-processor ModeE  Al-&8h
T oy B AFAE Micro-processor ModeZ AMg5h ),
DSP A 2819 748 9% Ao 2AEL BufferE A9dtn =
F One Chip®] EPLD (Erasable Programmable Logic Device)E A}
ahed A a ot
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2 0SP Alo] Board?l Memory TX%
000000h-007ffth (32K) EPROM

008000h-00FTth (32K) SRAM
010000h-803ffh Unused
§04000h-8051fth (8K)
806000h-8071tTh (8K)
808000h-80971th (6K)
809800h-809bf (1K)
309c00h-8091Tih (1K)
80a000N-rTfiTh

Expansion Bus

Reserved

Peripherals

RAM Block 0 (Internal)
RAM Block 1 (Internal)
Reserved

000000h-007fffh 9} 32K-wordi= EPROM HH 22 Reset ¥ CT}ET
Interrupt Vector 12} il Bootable Program 528 FA o] g},
Reset2 2|5 A]28l9] Reset®} G715 0] QArh. Reset 29 F
ZkAl 915-9] 1O Porte] #]lA 2B &L EF Reset 5| EF 5]
o}, Interrupt™ INTOol A INT37}A] 47He] =9} Interrupte}:
Timer 5-2] Peripheralol A A8 % = Interrupt & 31719} AZEY
o Interrupt2 FAE] Utk A" A2 A = 4749 =
slo] Interrupt A M EE EPLDAA FAsIAo H 3olM B
vk 22 BEE AMEEUTE. INTOE Al2E2] Faultg
st 7] $8) ©1% ol Photo Coupleri Isolation® WAHE 7}A]a1
dom INTIS A/D ¥ 88 g8 A5 H=& A
AFE-E AT, E, INT2E Digital PWM Port2he] 718 #3l A}
5 At

H3 =4 JHYESY £= 9 9H

Interrupt £ = Vector Address
INTO System Fault Detection 000001h
INT1 End of A/D Conversion 000002h
INT2 Synchronism with PWM Port | 000003h
INT3 Reserved 000004h

008000h-00ffifh= €15 RAM ol 15ns9] 114 SRAMOE
FA E ol 804000h-805ffthi= Expansion Bus @ %o}n| Dual
Port RAM %9, Digital I/O Port, A/D Port @ D/A Port& T4 & 0]
2T, F 4% Expansion Bus®] Memory Map& VHERHT)H

4 Expansion Bus2] Memory Map
804000h-805¢ffh DPRAM

805f00h-805f0th Digital Input Port

805f00h : Chl (16bit)

805f01h : Ch2 (Isolated 8bit)

Digital Output Port

805f10h : Chl (7 Segment Display)

805f11h : Ch2 (16bit)

805f1fh : A/D Conversion Start

A/D Channel Select (MUX)

A/D Read

805f20h-805f2fh : Ch1-Chlé

D/A Conversion Output

805f30h-805£33h : Ch1-Ch4

Digital PWM

805f70h : High Data

805f7th : Low Data

805f72h : Frequency Select Register
(Switching Frequency)

Resolver Interface

805f84h : Inhibit

805f85h : RDC Read

805f86h : RCK Read

805f10h-805f1fh

805f20h-805f2fh

805f30h-805f3fh

805f70h-805f7fh

805f80h-80518th




804000h-805effh+= Dual Port RAM 9 22 Host PCS AT Bus9}
AY BAlo] 753EE AAHo] vk, mEkA, DSPY AH
% Host PC29] On Line £40] 7He3tch. 16bit 8K-word9
Memory g%o] PC2 Memory B9 7 FHso] ¢ Wkl o
o]E} 9] Read/Write?t 75 31th. 805f00h-805f0fhi= Digital /O 2
Digital Input Port2 16bit Port®} Photo CouplerZ Isolation® 8bit
Port® TFAIsojqlth. Isolation Ports AE 2ol A& AA
Qe Holxv} 7h53l g ejE FHolth, AD Port= 2709 x4
MUXE A143} 8 Channel® 17}9] 1x8 MUXE A}£3 8 Channel
2 FAH gler 34 29 4ol FPIEE 3 Channeld
EA BEYF 5 A}, D/A Port= 4 channelZ T4 Ho] Qo
o] ztzbo]l EYAel AA2EHE 71T k. D/A Porte TR
g BLDC ME A2"e £% Aojo] AY AMLEHAE gout
DSP W R9] A4 W48 ZYEH 87 Hste A5 ot

2.3 Digital PWM

349 BLDC AF7IY T35 AsdHT AGd AWy
PWM (Pulse Width Modulation) 71®e°] Al €th. £ dATFdAE
3 HE (Space Vector) PWM 718 €& AZE o)} Single Chip
EPLDE TF#3lct. DSPUolA AT Egoig A4td UAWE 9]
On/Off Time Duration® EPLDE TF# ¥ Gate Firing Logicel Load
Foz4 AWEHY 293 AEE 4& £ AAEG. =3,
HE 9 Am ShortE %X 37 93t Dead Timed 293 Fa¢
A AZEOlR mlE HdAT & UA=F TAEHAT. 29 3
& Space Vector PWM 7] 712 sAda 2+ Avjeie 2934
238 vehin o

010 011

sector 2

sector 3 sector 1

110 001

sector 4
sector 6

100 101

% 3 Space Vector PWM
Space Vector PWM 7] 2] 718 dae &3 2. £ 2 A
T Ael7ldA Ade 71F AQ 98y 7k 2AHE V€ Y
HEo] AR TR 244 Aol o g =§s o T A
EY 733 ¢ H7AHA v E AFI AUEE Aol o
o, g HEF A B AL 349 293 Al Time
Duration> 33 o] AAAH(3].
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f J-3-II o)
V, =|v|cosa - 0.5V, @
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t,==—=2T
4 3V, * ©
2V,
t,==—LT
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A7, V,. € DCLink Agoln T, = AEH A 7to|T}.
AolA AdE AHEY 293 AL EPLDE FEE Gate
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Firing Logico] Load¥o] A8 293 a9 Gate NEE AT
t}. Digital PWME& Fd&}7] 98] EPLD W 9 Logic 7+&&
gA2H, HEE ¥ tA Hari o]Folxd 9lonl EPLDY
Load® Ho|E]E UP/DOWN 7+SE ¢t ulmale] 6709 Gate Al
3E A48 "oh. £3 Dead Time2 FE37] 34 Adwid
o} Upper A5 %} Lower A5 WA AOffset& Fol I zo]E ol
285t

2.4 Communication Port

Host PC9e] £EZEgjo} A € diojg AFE Hsld
Emulation Port®} RS-232C Serial PortE 4 2135191 t}. Emulation Port
= Texas Instrumento] A A F 5= XDS500 Emulatorst F&£H =%
o WeA4E 95t RS-232C Port® A X3+ t).

25 M AXE

BLDC A%E7]9 F&& fsA: Az 2 9% H&E
o] Hasith B AFoA AHEHE AFrle AEWE AMEs
22 dEWE o143 AN A& A2RE HA AFEact Al
~do FAHLE o= 2, AEY g Hgy], AdF dE
32, DSP Aol7igkel A& 2R FAHHY Qv HEH o
A 3 2% ICL8038 ¥ Push-pull AmpE FAI o] Ao}k, =AZEW
Oxg §37] S 12bite] Resolution &2 H7AF ol glon Ao
2AE 9A EPLDE FAHO A, TF Al2=PL 638:1 ¢
4 2 JoHE JMA 3 JoEE olF e HAAF FAE
328 EPLDY FAlol FAsRen 16bit RHFS FHAFE
UP/DOWN Count®@ & Ath. AFE $A 3E A2 DSP
Ae1718l A% Buset FAH AEE F UAEF EAFHA A
BLDC A%E719] AF A& A AF/ AE A= F AA
£ Abgsle FASAT. & AAME 20A/VE 445 o] AD Port
of A&Eo Urt. wakr, £5Ve A/D Porte] 4 A WY
2 ) 100A ¥l AFE A& + Ao

2.6 dHCH

BLDC AE7 7ES A% A2 34 AHF7. Capacitor
Bank 2 34 AuWlEl, AllE TF IHEE FAHH U} 34
A5 71E International RectifierAte] 130MT160KE A48} 00
YE§ Capacitory 4800uf450WVe &% & A&t 34
BB 1200V/150AF IGBTQ! SEMIKRONALS] SKMISOGBE A}
43 AT, IGBTE 7%37] AT Aol FHI=EE=
ToshibaAle] dtolB 2= ICTFI2058 74 &Ht}.

3. &% Aolg 3 2xEgoj A4

3.1 TMS320C30 2= E9jof Ny 2y

BIDC A%7|e £k Aol &1neF FAE A% TIACIA
A FsE TMS320C30 Software Development Tool-S Ab§&+% T}
TMS320C30 Software Development Tool XDS500 Emulator,
Assembler, Linker, 2 Debugger2 TFAEo] b, EF
Development System2 C-Languageo] it 7@ @A x AFdxz
Aot B AT E AssemblerS Al g3t AT EgoiE A
3t th. TMS320C30 Software Development Tool& A}&-3 £ZE
#lole) MEE ¢, WA TMS320C30 Assembler LanguageE A}
3t Ao} ¥ne)E YAl TE W (Source Code)S =433
T AssemblerZ o] &3l E3 T (Object Code)Z z}A33Hch.
a3 98 4 B3 3= dF o=y A2 HAT F Excutable
Z23%E 43t EmulatorE F3te] thE 2=38to] £3%ct,



ojw, Emulator®] 2z} 7]%5EE& ol4389 Debuggingd & HF
Aol Object Code Format Converter(ROM30.EXE)E o] &3}
ROMS} At}

3.2 BLDC ME7| Mo £ZESjo]
£ 4794 743 BLDC AF7] Aol§ LZESE &
54 2ol 1712] Main Program, 3702] Header File, 2712} Interrupt

Service Routine, 2 Interrupt Vector=2 T4 5o} U},

X5 Aol AZTE0] T4

File(or Sector) Name | 1} £ File(sector) 4]
bl_thi.asm Ao} & Main Program | -text
varl.h Aol ¥ .bss

' jomem.h /0 o=@ .data
sine4096.h Sine Table .data
intsvri(sector) A/D Conevrsion .sect

| intsvr2(sector) PWM .sect

fot

) EY S 95 PWM 3R BUHES gHojglon 4 X
2qol2 BEY FE& MR £ U, 9% PWM a2
Sp 7H9] F7lv o|F QJEYE 9AE olfsiv oW Y

Az FdoA A¥E 2HAY dFde FAFE
WM B2 2= =g FAHY Y. dEvY AF
ER2E HEFA A" go WEse AD ¥E7] 94
o 5 JHYE GAE o)L W A dig FRE DSP
e LS Hoiglth, B dFAA AR PWM HZ2: 670
¢ PWM data§ 8bit =128, 1712] Up/Down 7}-2E, 6709
Bhit AT nlwr] B BEH AIEE AAEY] H3 EF =2
g FAHAUC. & 62 PWM 29 dA2E % o=gAE
v-EldiT)

o}

w9 gm

E6PWM 32 #HA28 ¥ 45
HAAAH | olzga L =
dpwmhd 805f70h Digital PWM High Data
dpwmld 805f71h Digital PWM Low Data
dpwmfs 805f72h PWM Frequency Setting

PWVM A ZE TSt 432 A Pulse £ DSPAIA AZE
g2 AL F dpwmhd 2 dpwmid A 2Ed] LIz =sE
§ Foolth. ol MEH FIE dpwmfs HA2EE AL
LA ZF AR AEE 24bito]ln] ZF AHo] pwWM AE 9 A
5= 8bit2 Ho Aok, EF, 29A 49 RIE 9T d=
El Y2 dpwmhdo} dpwmid Abe]9] @ T Aelols] &4A shHg
T At WM, gAg pWwMY SAEE Carrier Frequency9)
1,25601 55 Wl=etd2 2 (6)x Zo] vEhd F gt}
Resolution x (dpwmhd ~ dpwmld) (8)
I% 45 B 6o vEbd Z dRX2E 9 bit TAHE eI,

Obit 78 15 16 23
dpwmhd 805f70h’ U_high | V_high | W_high ]

dpwmid 805f71hL U_low | V_low J W_low 1

dpwmfs 805f72h , Carrier Freq. , , l

3% 4 PWM 329 gALEH F4

-985-

33 10 829 #4 S Programming

X 4o] Yebd upe} Zo] Ad® DSP Al2ddE & 16
Channel®] A/D PortE& 7FA I At}h. Analog Deviced] 12bit A/D
Converter AD678 37) 2 2709] 1:4 MUX, 1719) 1:8 MUXE Al&
8t 16702] Channel& TA3tn th. A/D Porte 3708 MUX
9] Channel® o] &3t MEE 4 3}, A/D Converter: Start
Conversion A3 & o] 43le HEE A&3in], A/D Converterd
End of Conversion 41%.9] ZA & EOC @AE ol&3y. B a4F
ol & EPLDOIA 3719 AEE A8l AHYE NZE 2N
8o, BLDC AE7] AE A8 2709 AF € 1719 &= A
3E A/D Converter® Al43te] A&Foh. BLDC AF7 T+F
Al=glo A HEWL] oldRa AEE AYE ¥ 37 )
Ae dE-dAg ¥HE7](Resolver-to-Digital Converter : RDC)7}
»ols B dFoME 2S80AKDE ALE31%th. RDCojA W3
" gAY A5 E DSPY Interfaced}7] YA ® 73 gL AF
ES A14310] EPLDE AMS3ld Zh A3 A3IEE &),

#7 RDCPortd] Ao
Port Address | ) £}

Inhib 805f84h | Inhibit Data Transfer
rd_res 805f85h | Read Resolver Position

rd_rck 805f86h | Read Ripple Clock
(Count Number of Rotation)

Inhib Port= RDCS] dlo]ElE ¢l < RDCY ¥ dlo|EHE
RDC &% #x AF& FAANE 9&& . wapd, b
olE W&Ad= DSP7F RDCY 913 HolHE YALEE e
AEE k. rd_rest Resolverd $1A HolHE A nYE
Porte] ™ rd_rcke 7] A2 AL g wolel& 7}
A e}

3.4 Wait State

DSP A 2F Al QA mser & Fad A F9
s AR dAHE 9/88 9 o2y 2499 golgg
AAsA Agse Aotk ARNA 979 /&Y 4z 2
]2 2) 9] Bus Access Time2 DSPQ] AojAl & ul&] g7 w
Foll diolel7}l A EA /&Y =7 Yl E Wait State7} 3
830 B dFAE EPLDE Agde]l ol TS
TMS320C30°1 A& Bus®] Wait StateE Aol 8}7] YaiA o8 7
A R= Wait State® AFECE oA HFF % Wait 9
of WiHez waitg Aolg + Yonu o= Bus Control
Registerol osiA 24},

4. 2% Ao 4y A

£ A7 e DSP Ao} Al2®E 7.5 KWF BLDC
AF7lol Lt £EA0 4Eg FPsArt. &= Aolr) e
[F A71Z pI A7) R 57 71E2FAA Pl A7 7t A
SErH4]. 49 A2de FAL oY 1o] JeERIYD. FES
o AFFE E 8ol vEbdth. 39 55 B AFoA Awg AlA
L A4 Digital PWMel 4F wglolck, a9 5(a): AAT
o 71 A%, 29 5(b)= WzE AAY, 283 3Y 5(c):
HE7lel 225 FAFE vehit, 28 62 Aty xojre
AR FEAY 49 AFdoltk. 29 6(a)E 1000 pme] A7)
BRE dF $goln 9 WYL &x Lol o nHy
€ FARE YEbAT. 29 6(b)E -1000rpmol A 1000rpm LB
SEE UINZALS B £ S5 BN Q AAFES Yk



X8 AE719 AL

ki 3 &t

44 249 7.5 [KW]

A7 &5 4000 [RPM]
Ad EQ= 17.9 [Nml

A4 A% 141 [V]

44 A¥ 65 [Al

E9n AF 0.27 [Nm/A]
My A% 0.04 [Ohm]
H4 mRE 0.089 [ kgems’ |

(a) Ads} 71&AdS

Tk Running: 5.00kS/s

() HAF
2% 5 Digital PWM2| 28 w18

5. 482

g% 71A FERg9 AE AF tEF BLDC AE7)9
£% Aloj7t FPHAT. AR E Agoln Aol &
Single Unit DSP Controller® A1-8-8%ich. 71'2® DSP A7+
Texas InstrumentA} 2] DSP TMS320C30& CPUE A4 & ng

(p) &= w8 (-1000 - 1000 rpm)
o] 49 Ay

o Aoy ¢uEHE A Aoz FEE 5 AN, =
BLDC A% 75 Az=¥d& AYFLE g RE RES
AT EOIE :ll}do].oq MBI e }\]AE-“O FAE QA
1%13} A€ DSP 14101 71& BLDC %719 Aloje & o
& 2F/A% Q%719 7E L Ao, nF Ao} olgd dF
d?é EHoz A4 £ YES YE4Ye 2ES 4As

Remz §F oz AN $8 Lepel Ago] AN 3
ii Az DSp Aol71E AHEe 10vHy F2 BLDC W&V
TE Megs oy 7A TR HAgdd oHA AdE

Balel 3 458 gelags 9F AAAx 0 AedlEel
2ol wet oleie UgFel A7 FEE PEL AF AU

75 wAe d% 4838 + 2% Aol
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