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A Study on a Current Controller using TMS320F240 Microprocessor
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Abstract - The DC motor has the strong characteristics in the speed response, the system parameter variations and the
external influence and is used as the speed controller with its good starting torque in the distributing industry. However
development of the Microprocessor which is for high speed switching program can make better control system. This paper
introduce to design of the high-effective DC motor controller that is using Software Bang-Bang Program of Fuzzy algorithm

and to verify a PI controller and a Fuzzy controller.

Key Words : Self-Tuning, PI Control, PWM Control, TMS320F240 Microprocessor

LA B

ARDEE 1 A 948 5 £3 SO A &
T AOIBOR AAN Qe ABHT o WE SHSY
3 A4 sE WED 9 Sol 2980l AR mHO T
SA2H0 Q7T Yon MOMHORA HEl-EE E= )
#-HE-nErololtt, MEHMOAZHIN PIIOIZIY 0]
s QFst Aojslol olSo] H¥s MEE Feols £
Moi58S A & YA AR 2H HMojold slehEgl @
Wal TR Walo) MME S48 TSt oS0 9%
RERPIORE 1850 AOSHS Ytk o,

ol Ze BAEE sk el B =RoldE ASAAR
ol ABEI Y= AT AN WEO| BRAHOIE PI HMOjAL}
HIT 20 188 Aot HES M58 AR S,

2.2 B

21 JF7 AMoP7|E ZFT HERZ JET Rk

ZHO tist S8 @F84Ae F7IAF AXF SlZ0] Kirchhoff

=
AR dgtitAAlE HEgsto] VA REde wHY 25
g HEgdord 7 2sddAs de & ACH, Fig 1

* Dept. of Electrical Engineering, Pukyong National University,
Korea
E-mail : jibae@pknu.ac.kr
Received : February 3, 2015; Accepted : August 29, 2015

HELT AAHOE [eksly] floto] AR HAAE HE320
Hdatal, A9 28 ZE9 ZIgdF HlElst a-factord]
olal EFHTE 1glal, ®F(AL(s))Q HIwSHo] Error voltage
(Ae)E SPIAIZICH

ESAT0IA FAFHSol 7]1Q18t Closed loop step response
(Ao(s)E ToFH A (DI 2T (A7, =0 W)

LT,48)

!
How 2K, 1 LI S Y
Ea” B3I [kt

ATals
[C SERIES MOTOR

Current Controller
A
e

41308

Alc

1 A (3
 »
B+3]

Ale (8) M7 4108

Fig. 2 Simple equivalence block diagram

Aw(s) Ne)K2K 1, i
AL(s) (R, +sL, )(B+sJ)+ Kw,(B+sJ)+ sk,

‘m

FEA geloll QA A = FEr

1380 Copyright © The Korean Institute of Electrical Engineers
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



. Aw(s)  Me)K2K], @
MYAT )T R B+EwB
o7IM, K& Axd 4 = 24011 Be 4 niEA S0l
W Je $EsE.

HESEoA £ #Mek= Al (3)F ZTh

Aw(s) (B, +sL,)+ KNe)at Kw,

AT (s)  (B+s)(R, +sL,)+ KN (€)at K +2K

®
FEA gelol QsliA A W= BA=ETH
Aw (s) B, + K, N(e) at Kw,

lim: 5 @
SUAT,G) BR, + K, N(e) at+Kw) +2K

2.2 TMS320F240 0|83t MFA|017)

2.2.1 st=go] 34
Alg RE9 ABE Aojsly] gt A4~ SlEdo] 8%

= Fig. 31 Zth A st=dlols Aol7], PWM module, RE
TS 32, AF AHA, AF EHZ O]—E."—Oiﬁ O‘E}[él 5]. Fig. 4
= o|¥st AIAEE FE6ly] Qs JA SuElEg HojFe S
SLoltt6, 7]. Fig. 5= olmf wsk= 250[#5] 95@5 gy
Aol A2l guElgs Ve T Fig. 5014 H50] 1[ms]
ot AR Aojsle B2 IoZ9] B7|17F a1, 5[ms]AtCH
AT HEXE vFE R O8og o] 7|71 ok

320r240
L a
1 1
L i Current P | Drive DC Series | I

155 Controler Module [y Circuit Mator
1 1

1 1

1 1

1 1

| X, . [l

1 1

\ 250 ps h L]

O e T T T -

Fig. 3 Total hardware diagram for a current control of real
system

Fig. 62 &2 =F0lAl AFE3Sl= PWM module®] utgg LIE

Wil Fig. 72 250[ps]¥ Wl Software interrupt® I}Eo|M
Fig. 82 Interrupt time chartO]Ck

2.2.2 Open loopoAQ] PWM A0

Control BoardolA]l U=
g LERTH

Fig. 9= Open loop PWM A159)

o - 4

TMS320F240 00|22 Z2MA S 0|8 MFHO{7| HF

Trans. KIEE. Vol. 64, No. 9, SEP, 2015

START

Interruj

Masking

pt

il

Initalize();

Il

Interruj

Unmasking

pt

il

Enabl

GPT3 Interrupt
(250psec)

e

Il

NumOfGP

T3=0;

v

Fig. 4 Flow chart of main program

No

|

GPT3 Period
Interrup

Yes :

*EVIVRB==0x002f

Read ADC for
Current Sensor 1

NumOfGPT3%20=0

5

CurrentControl();

UpdateReference();

]

NumOfGH

PT3++

il

*EVFRB=

Oxffif;

| IR

Interrupt
Unmasking

o

Fig. 5 Flow chart of 250us Interrupt sub program

Maskable InterruptE
Mask3tCh.

XJ\; 0l 228 Registers,
=, /0 PortS S
XJ\;Q}D

Maskable Interrupt
UnmaskatCt.

JIE Clock0l &= GPT32

Period InterruptS EnablestCt.

250 psec Interrupt 245
Aot 28 54%
EV-ErY

250 psec Interruptt 24
NB Zg2igg Agsit

Interrupt Vectors

Z 5104 250 psec
Interrupto! 2 2 AHSICE
Current Sensor12 &
5)o ¥R
BN

—{1Tmsoict @R HOIE BCH

otedt

1381



HM7|1&s =g X 64 9% 20154 9¥

4999 [-=-==7

L
+*T1CMPR

PWwM

Fig. 6 PWM module

2499

GPT3

250 ps
Interrupt

Fig. 7 Software interrupt(250us)

250 psec
Interrupt

Serial Communication

C4KHz) 7 l l

o 1

Tmsec
(1KHz)

LT

250 psec 1% 0 NumOfGPT3

CurrentControl():

]

Smsec
( 200Hz )

UpdateReference() :

Fig. 8 Interrupt time chart

HMA DSP HEoOA 2 Fale HEZ CPUZF We PWMO
2 ZZ5|Z9 PWM &Y ntdg Hlws] HEUTE Fig 102 &
o CoolH YEMSE F7] Qd 5[VIE 12[VIZ SEsh=
3 =

|25 LERAL 9l

Tt Fig. 1l(@e 5% 320 s & - &
=1

PWMO| duty HIE UERND QUCL 01711 1FuRe] PWME &
S22 ZadE ¥o] 2%/ HIEE AXA 100k] BE9
PWMOIAE HEOA] 20[%] duty HIQ PWME WolL &1 ¢

1382

CH1 2.00V MZ250 ps

(a) ZIth(98%) PWM 1t+ed

1-....|....1_ I

Cin_ 200V M 250 ns
(b) F422%) PWM 1+

Fig. 9 Max/Min of PWM waveforms when open-loop

R84

2K Ri183

08 1w
U
TESTROTHD
f o
Usacc 2509407 2504407
o R8O 2 12 W

TRAVEL_DSP_Pum 3 s 2 TRAVEL_PUM
R1GI

aHC14 2K R1g2

Utdced

o s 2 GND
R

Fig. 10 Circuit diagram of differential amplifier

gooAs PWM oFo] A9 0[%] dutygle & 4= Q). Fig.
11hE HH ZlZ2Ripple)d2 Al S718ICHE 2 & 4=
Ch Fig. 110 HWH JF0A4E 90[%] 0419l duty HIOIA]
E HAgdo] UEhe A8 & 4= rh

3. PL AOj7]& ol&%t "R F|of7]

3.1 AA719 4

PI Ao7I1E olgdto] WF AOE dl7] Qefikl= Fig. 300
A= FR LALZAA PI MOI7IE Current controller® AMFRS}
H ECh 07|04l PI MloY7l= TS Al Zo] LR & o
H HEEQl PI AOJ7]E Ol4FEQl AlAH] FE3at7] Qs =R
& HEg o83

u:kPXeJrk]X/edt (6))

:k‘P><e+/£]><E e - At



Diuny Input vs Output
100

a0 100

20 &0
Ideal Duty (4

() 2 ZFuked 94 ol &3 DutyH]

0.2 = S
4 &
Py Crequency (<Hz)

(b) 7 Fukd 212 gy

Diuly Inpul v Oulpuld 10 FKHz)

(©) 10Kk Y=ol ther 8 tf &8 DutyH]

Fig. 11 Input-output waveforms of differential amplifier

Scaling U
Factor

Fig. 12 Block diagram of a PI controller

=

T4 . T

O A

CH1 1.00V

Fig. 13 Response of a PI current controller

Fig. 12&= o]gfgt PI Aoj7]oll thst Block diagramS HOIF
1, Fig. 132 PI A0)7]19] SHE LERNL, Fig. 14& PI Ao
718 olg¢t AFRA0l9] &uElES UE L AT

3.2 PI AO7IE ol&% AFA0]

7] ++& gQlol HHE AV 7tsAld HHE Maximum
Overshoot7} FA BHYSITH= Z1€ & 4= QAo FAF EHyAl
TMS320F240 olo|Z 2 =2 M A S 0|85 MEHMO7| HAF

Trans. KIEE. Vol. 64, No. 9, SEP, 2015

7} 60[AJOTH FEAIRES 1[sec] ©JA0]aL, 150[AJOIH HZEA|
re Tlsec] ol&o] Tof MEE T A5 E 4 QIR

TS 7] PWM dutyH]7F 9 W Maximum Overshoot”}
E0FS ¢ + AYoH HEO|S5g WAL &9 W0
= & WHa7F Ial BAAES 1[sec] olUjo] E=ESHACE

CurrentControl();

tipr="T1PRI T PWMSIIXIE
oSt

error with limit
,Aerrorand £ error

[exi9 @12l

Controller(); HEE2 01205t01 PI

HoIE S

M LIEEEEES i
[Horz015ls PWM

Dutyt| 2| 2|4, &4

Limit control_input —Hgs &0 #le

| 40 2%, 2t
|98%01CH

=

[0 o
1o i X ron
o 0l mo
=y
Jx o rir
20 t0
AL b b

no £

@
=

[Pedal0] ONSI T/ %091

— 230l g N2 B

HOIE atxl &=t

“TICMPR = "T1PR ENESEL
t1prcontrol_input i @ ;E O Duty HIE

Fig. 14 Flowchart of current control (1ms) program

control_input=0;
sum_error=0;

Pedal ON?

428 E

AgojA HH AdE oz FZFARFS 100[ms] OlotEA &#
A7 EX gt 23§ og Max1mum Overshoot®} o=
o2 I Asg Vg 4 Ut} Maximum Overshoot 15[A],
Z1Z 15[A], ASAl AE AIRE 50[ms] 2 FHolW Ass LE

g ¥ %k

Table 1 Performance comparison of each controller

Aol7
o o] A7 o7 PI 07
Maximum 15A 15A
Overshoot
e 15A 20A

1383



HM7|1&s =g X 64 9% 20154 9¥

Table 1014 HWM Maximum Overshoot:= PI A0]7]9} &
Heg E3joitts 28 & 4+ on, g1& Hokes Hold 4

5 Uede ¢ & 3o

0] =2 FEustn AeFostad-l(20149)0] 9
K=}
I

References

[1] B. Kosko, Neural Networks and Fuzzy Systems,
Prentice Hall, 2014

[2] Y. F. Li and C. C. Lau, "Development of fuzzy
algorithm for servo systems", IEEE Control System
Magazine, pp. 65-71, April. 1989

[3] TMS320C2x/C2xx/C5x  Optimizing C Compiler-User's
Guide, Texas Instrument, 2012

[4] Rainer Palm, Dimiter Driankov, Hans Hellendoorn,
"Model Based Fuzzy Control", Spriger, 1997

[5] Dimiter Driankov, Hans Hellendoorn, Michael Reinfrank,
An Introduction to Fuzzy Control, Springer, 2011

[6] G. C. D. Sousa and B. K. Bose, “A fuzzy set theory
based control of a phase controlled converter DC
machine drive,” Conf. Rec, IEEE IAS Ann. Meeting, pp.
854-861, October, 1991

[7] TMS320C5x C Source Debugger-User's Guide, Texas
Instrument, 2012

[8] TMS320C1x/C2x/C2xx/ChHx
Tools-User's Guide, Texas Instrument, 2005

[9] David B. fogel, Evolutionary Computation, IEEE PRESS,
2013

Assembly Language,

1384

Hl £ 9 (Jong-11 Bae)
19548 3¢ 1194

19798 ST A7)t £

1981 YU 715kt ER(AAD
1989 dudth D7ISsht S EAD
1986 ~ oI R ™71gskt

P
=

E-mail : jibaee@pknu.ac.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


