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‘ON-OFF’ Current Control Method with Frequency Limiter and
Operating Characteristics of Brushless DC Motors Using Resolver

BB gkt HE TR MRYF - FE ) AT
(Sung-Soo Hong - Bong-Hwan Kwon - Myung-Joong Y oon)

Abstract

Although the structure of the brushless DC motor is similar to the one of the permanent ma-

gent synchronous motor, its operating characteristics are the same as those of the permanent

magnet DC motor. This is the reason that the commutators and brushes in the permanent mag-

net DC motor can be replaced by the power semiconductor devices and rotor position sensors

for the brushless DC motor.

In this paper, a current control method is presented to make a sinusoidal current waveform

for constant torque generation and the operating characteristics of the brushless DC motor us-

ing the resolver as the rotor position sensor is also presented and experimented.
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Fig. 1. Brushless DC motor using resolver.
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Fig. 2. Three phase cquivalent block diagram of brushless DC motor including current controller,
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sin{et+ 6 — fesin = ioc

cos (wt 1207)

—e s {8+ 1207) = fuc

cos {wt 12407

L {8200 = o

a8l6. AAF 71EE Ee] e HEY

Fig. 6. Modulation part for phase current command,

shapd et e g 2e 4 AUt
cos (@) X sin (@t + 6) =L {sin (2wt+ 6) +sinf)
(5-a)
cos (@t-+120°) X sin (@t +6) =+ {sin(2at+ 6+
120°) +sin (6+120° )} (5-b)

cos (wt+ 2407) X sin(wt+9)=—%-{sin 2ar+8+240°)

+sin (6+240°)} (5-¢)

Be) Ao) F3}4 faat, ¥ ERolH AEH 2o

PE AF AE719 AA4 £=7F 1200(rpm],

o 4

23 ohes} Ro Falach

AB)ollA we Fob4 1(KHz) 9 Z&soln

oJmz 7] AE/Y 45 deplE Al

1200(rpm)

A6)2.2 BE fae,=40(Hz)o|22 Ao F3 %
B & Al&3tog sinf sin (64120°),sin (6+240°)
£ AE3ld oo AF 8 NFAEY} ot

2

_ 120 -fmax

4.2 #HO|g AT UMD
7+ A A B, Coll 52 AFE Adxdor A
ojat7] g whie o5 Frt

2R 76 AR Ao wEZE Aoy $£49
7ig S AdHsds A AF sy
o wo E:WMAAE Q, Q, Q;7} ‘ON’ ®= Q,,
Qs, Q. ‘OFF Hoz 7+ Aolle ko AF7
2w 7 A AR GE A F5Y doe did
. Q Qa Qs7]' OFF 5]-1— Q4 Qo Qzﬂ’ ‘ON' _;J
ozM 7zt Aol g9 AF7F B2A Heh 2w
o, AAZ 272 Ay £49 71 Ay
AR Aol olze HFY ol 4
2 HA g ¥y AR/ A Adez <

C

Gl

ol
g S
N

ot Jo mo (L

=

—

AF2E7)

EEETORS

&l Q A Q [a

a8 7. Gating 49 712 A4
Fig.7. Fundamental concept of gating seguence,

(399)



e 284

el T % abg gk moosl gle AEdErlel SdEA Fulg A/l b4l ON-OFF Afr4de] 44
HF 1. VLBS 075-1209 A4
Tablel. Specification of VLBS 075-120.
Aelgy | 4Axa Adas | ARG | 4A4ARE | 2244 | dHAAinerda | A F |adHul~
750 (W) | 3.18[N-m] | 1200(rpm]| 200(V) 6 (A) |1L13(N'm/A)| 17.7 (kg —em®) 1.1589 | 20(mH]

4N

o go) Af ofEdalel) FAH s FRpebA Xt E 2. TS 540N33E109] Al
A ®ch ol s k] ¢shed oAl A Al A Table2. Specification of TS 540N33E10.
£ Alojlel e Amel wash sHW 2 A A Faba | 2o 912 Agk [H 9 )
o sheg Hadow Ao 4 A ek A 4.5(KHz) | mm 0.5
B oAlg Aojr] & 2kel Alelw Ale A dR
= ozelg i ok o7 fpat EAI2E 2 A 9= 2jZule 24 Wzxd Hoew A 9
o) 294 FolsE oepde Rl 2 7lE 2 walo] wE AuE JepHa gt o9k 22
o 7b Awjrp FojspAl st = ;
4
-
po - mﬁ = wo
i ¥
A I
. s
L b -

a8, AF AMoirlzt syl Alel® Al w4
3|5
Fig. 8. Gating signal circuit including current

controller

5. Alsl Hnp U HE a0, AF gt
Fig.10. Reference wave of phase current.
2 ome slobel Abes weld gt AF A
Lolep elEve Agle #1, F2sp go ¥

321 AE wel Alsel Sxb AL 9y

71219, Resolver 2841zt wzsl Alz (2] &0 (2.8A "l 1A/¥E)
oled 2l % o] FEyli= P .
N Al %e] Fabg = 1K Hz) Fig. 11. Command signal of phase current
Fig. 9. Output signal of resolver and modulated and response of outpul current
signal (input frequency of resolver=1KHz). (2.8A command, 1A/div.)

{400)



SR R LI HI5E O W 198679 1]

age #AE
(10A =35,
Fig.12. Command signal of phase current

uél ag Al & 9} L
5A/Fw)

and response of output current.
(10A command, 5A/div.)
W 12004 glabo] Holsjol 2lgd ¥ 4 9
2113 2312 & =3
A Fabgrl AIBEH CON-OFF 3 4%
e ol A% e
_?_-5—}0.“ oLuL
_,}azlo] g Aﬁ ,z} I =
24= derir gEd A vt 55
LoAskel Algkslol #HF uhde] slaE FHey
oA AR BEAS g 54e o
el Higkel Wb feoh WAl AF
w3 =2 sl
Aqre] wate] w2

[S IR ) i e)
o '—’v‘a——l

4 ;
’r(\“‘ 5

| "

; A
[ETR
o

o

13 <

. . . oo
i i 36 il RO 40 T Ly Lt Ay,
21 ol 4w Sl B 51
g3, #Hgt-45 Suf By Ay

Fig. 13. Graph of speed response relating motor
mput voltage,

,29,

E 3 Aglel] ofE £x2nhiByagag)
Table3. Relation of motor input voltage
and speed response (no load condition) .

At V) 4% (rpm)
125 600
100 500
80 400
57 300
38 200
20 100
Hakel walol dlsbe] Sxsh Ay ow Wl
Aee ¢ 4 9ok
6. & £
€+ =delAde B4 gle 4% HEve =

Aol Sxvb Hatol wlastn o o4 qlsbapi

Fob £2a9) Ayl el 57} e sk of
7 A AR AE s "ELE.% 73 8hgd ot

olsb ol E7| e 2 3abe]l M E} 4
"o Aol zjojoput 5}%&] 2 %o} AlgE|o]
A el - HEY AR Molsv slareA s &
AE oldshe Afalel 7z AR wEAo] 4

o

=3

22 FEebA AA s ofvigol w9
] 2

ZgW 1S AA

ghA 2 =Fofl A= A g A9a Aabe] 494
S4ubg it sk Fabs 48714 b ek ON-
OFF' Ao} whale] it alo] 7] AHubetow 4 4
$4E Folw skl 4AY + grg v

oA dho gl A ARl2) o Z(Band Width)
ol Wolxlil 53 44 ofdol 4 E (60rpm) o] %
ezl Wiol vehiba obi luwl 4

(o]
oF 1tz Al

oA

Hepdeh wd 2 =oais 2 AHEL A
Hog Alejgrozy Mo *l 7Rl B S |
el Eoz Alesh shgaAl ehgl e o]k Ful
Hole A HAabg Al 4] ebglch
32 0 82 3
1) Electric-Craft Corp,“DC Motors Speed  Con-
trols Servo Systems”,3rd Edition.
2) S.Muvugesan,“An Overview of Electric Mo-

tors for Space Applications” IEEE, Vol IECI-28,
No.4,pp.260-265,Nov.,1981.
3) T.Kenjo & S.Nagamori,“Permanent Magnet
and Brushless DC Motors”,Sogo Electronics

Publishing Company, Tokyo.



A ZuE AbRa o4 flb ARAEsl $HELH Fakd AsE A CON-OFF dfAel W

4)

=45, “12-Step A4 clwiolgz TE5E
w4 g AF AFs), dFAsed 44
&9 =5, 1985.

Il Hong Suh, Seung Ho Hwang, and

Zeungnam Bien, “A Design and  Experi-

ment of Speed Controller with PI-Plus Bang-
Bang Action for a DC Servo Motor with
Transistorized PWM Drives”,IEEE, VolL.IE-31,
No,4,pp.338 ~345 Nov.,1984.

6) RASAPPA,PALANIAPPAN,“A Control Stra
tegy for Reference Wave Adaptive Current
Generation”,JEEE,Vol,IECI-27,No.2,pp.92 ~96,
May,1980.

7) ToEi Co,“Brushless DC Motor”,Manual,1981.

8) SSOGASAWARA & M.NISHIMURA & H. A
KAGI ? ANABAE,“A High Performance AC
Servo System with Permanent Magnet Syn-
chronous Motor”,pp.1111-1116,IECON ’84.

(402)



