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Spindle variable speed system design and analysis for
CNC lathe experiment system

ZHENG Yan-qin, TANG Xue-zhe
(School of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Mainly for the demand of designing high-accuracy, fast-response CNC lathe spindle variable speed system, a speed control propos-
al of fitting frequency motor and transducer together was raised via analyzing the basic principles and frequency of the variable frequency
speed control. According to the CNC lathe experimental system operating conditions, the lathe cutting force and spindle motor power were
calculated, evidence for choosing spindle adjustable frequency motor of experiment system was provided. In the light of the selected motor
character, the basic principle of choosing transducer was proposed, then a transducer was selected which matched the frequency motor in the
rated capacity and rated current. It is a high-performance and general-purpose voltage transducer using vector control. Finally, briefly the de-
sign ideas for CNC lathe experimental platform were described. The frequency motor and transducer are reasonable, and its adjustable per-
formance and starting torque can meet the requirements of the experimental system.

Key words: variable frequency speed control; adjustable frequency motor; transducer; CNC lathe

0 5l 5 1 AR ] i ) AR i B

Wt AT B A B e Jig , 728 B0 8] 3k B AR AE B SN L SAL AL 3 -

T e ARz R Y AR RS R G ny=n(l-s) =60f(1-s)/p (1)
o, FRIERRS BEDE T R RS R AR b TR IR s 2R AR p— I R
TR HILR ) e e, BAT 80O L S L | R B A (L) R, SO W PR A AR f, i S LG 1 e ik
(O A, T R 2 R PR A A ) L N B A B Y R AR R AR AR R P A
B R G SR PERERR AR A, AT IERR BB AL RS ORER ORI TR, n] UK T PR A O 5 —
TS  ORAF AL g A e A &, 2 A DR L UR, S I el S AL G 20 i 3 T 4 L T
PR RGBT G B SIS B BB P

AT T E A B RS0 28 48 1Y) 2 2 A0
HARGR BT .

5 B #7:2010 — 11 -09
E&E

7R T g S AR ) T 2K T A A -2 T AR A
A - ELIL -3 A AR A0 (L 432 e o 98 o) A2 Al % 1 5 ol

I S (1980 - ), o, WIVTHF LA, BN SRHAEALAR Jr T B 204 FFE T A% E-mail: zhengyanqinl2@ 163. com


http://www.a-pdf.com/?product-split-demo

56 1

PRISTER S IS E BN SORUE R S T L B N W e a <713 -

AR o S-S AL AL it ) 0 4 ) A
AR/ NFIVE A AR, SIS TE- 28 I ) R S R 8 £
JERE o Mt A A Sl P B, AN IS S TS i
PR VAP 5 JSEL U FL TR, PR P o o)A 80114 3087 i
R i ABAOR L R R ] R R SRR IE AR
(9 K ST 2 ( SPWM 957 ) , S BLAC I - B U - 52 U AR W
s AR AL LA s

2 B TR SEE AR G0 Rl R R
L ML

M T UTHI B A & 2k, 2w DT E g i D R R
Z A BRS8N Fy Fy L F, 1Y
LV /N WS L €4 PRSI BN N i VAL /AW A e
BYIHI 1. AWz ] & R YIHI 3R 3 A
FEPREAE N AT AR R ZR , A5 i PR 28 0 R 1E R 5K
B, AT LG Fy Fy F, 3 AN 2R AR

FZ =CFZ . a;Fz .f»Fz . Van

Fy=Cp - a - f7 v (2)

FX :CFX . a;in .fny . Van
A F, I 75 Fy—A2 10 015 Fy—3E 45 075 V—11Hil
W,V =mnd/ (1000 x60) ;n— T {8 d— T
& —it i,

LHIE L, F, L F, Fy RS2, MH Fy, Fy Jiia L
()iz Bl o B AR/, R, Fy, Fy BT T AE 09 D) 32 AR /)N
(K 1% ~2% ) BT ZW AT 38 T 22 R D1
TR AT

F,=9.81C,, - a}f (3)

FRYEE S R R G B 17 440, 8L €, =40,
n =2 500 mm/min,d =30 mm, WYIH|PE P, =F, -
Vx1077 =704.13 x3.93 x 10> =2.765 kW, AHf5¢
BHLR G ENRER ,, =0. 75, W ALR 3= 4h i HLEh
P, =P,/n, =3.687 kW,

AU T 1 S LB T T A R A TR AR
ARAL T B HLB AT 2 8 AR R R 4 L
PR 2 TT DU B4 X (il 5 20 s HLAE MR Bk
Kok, LA, 850 42 RS2 06 22 G0 A8 A R AL IR 36 5%, 1
I 7% FE - DHL AL 42 PR S T R e DT (] R 5 (7% 45
FL AL 3 30 E ATLATL AR 5 IS A [R) 5 Bk 77 Y1) il A T
FERH AR 01, s WL R BA —E Bk 5 .

LRSI R G T & TR R AL S A PR A Rl Y
YVP 251 4 G AL, e V)% R 5.5 kW, 4 i
FE30 N« m, i HLIR N 12 A, A5 [R] 248 47 2 i e
£, m v GE R, HD R R 2R R ST At
SEXTNFEPRS Y BRI FA ML e, 5 RS
BREORMAT . FEBARIER A H A : —4H 380 V/50 Hz;

ASIEHEE [ S Hz ~ 100 Hz JCZ 3 . R 3 I 4%
SF3T, JCNCAT PG s e i 28 K A F e 4 T, PRIIE
HLBIALAE S Hz I gy 350 57 0 0 A8 00l FELPIL I 4 4
MiBEERE o

3 AHaR AL Y R

FEEIR RS0 Z e v, 3 Tl o) sk A2 0 2% 1) 32 A2
o R s (DAR ST g A S B R 42 A S A i s ol s @78
A 0 B Bk R 2k B A 5 1 Y DG T ) 8, A
AT R A FEL | P I I R A A L L T A
T, THER B BN F5 S H L RES AL, Dlack
P, YL s AL AT PR Y R 2R ), AR AR R AR B A
R A 2 i S 7 Y A R DG i 5 (D2 i 3] v U D 2
S 3 R, AR AR IK S F AL R FR BTN
o R FEL AL, LA o I S R T 5 FE LA 3 T s LR
HI AL M G F 28 AP, s R FL TR O, A8 i
(25 1t N Y 4 5 5 @R F PWM 55 il 96 48 2%, B g
ANRTPE AT , T 238 PR BSCRE O AR D38 i 75 2% ™
H OISR 0 AR R PR R B 6 B
IS 1o R SR FH PWM. sl (0L PWM Ag i

TERRE GRS R Ge T, e AR, A2 A 2 1Y)
HE L — D O . X TR 4 DL B L BhpLEk
F 2 W BIHLIFICET , 20T LA S L YA 8 o AR A3 A A5
EHCA RN, BORPUKIE TiEZiis i | St ia i
JIT 5 P 7R T i 0 2 VRS A FEL I G 2 R X

Pmaﬂ(km)

ncos ¢

Poy=kx3U,I, x10 7 (kVA)

IC;‘VBkI;W(A)
Ao P, — BT R A L Zh AL il 1 D0 s m—Ha
LRI (29 0. 85) 5 cos p—HL B ML Y Ty A< 1A
BGEF2)0.75) U, — LR, Vi [,—Hsiilg
i, A k—HUR I BB IE R EC(PWM Jy A H 1. 05 ~
1. 0) 9P(‘1\7§}/{:ﬁ%§5@%ﬁ%§%9 kVA;[c;viﬁ}/FJﬁ%E/‘]
HE FLL , A

AT A5 S A0 W S AL A AN [R] 7 8 R e, AR
LT sl hg = N7 (0 N [ P R S ) i A R T
H LG B EIALE L SR T I O, —F RS ik
PEAL W o 25 B I [ A2 3 A

R IR R G, R R g AR g 2 e
WA A L S AL A5 e 1), FRL S AL 300 FL IR 1, A
12 A BUEHLE 380 V BUE TR 5.5 kW, B PR i) A8 4
i RV FL TN it R 2

kP, 1.05x5.5
ncos ¢ 0.85x0.75
Py =k x3U,I, x10 " =8.3(kVA)
Ioy=kl, =1.05%x12=12.6(A)

(4)

Pey= =9.0(kVA)

(5)



. 714 - L G

™ % %28 &

X Bl AP BB SR A R B B IRSE I R 4, SR ok
ZRHBERES T HET, &G BAR NS O %
AR, X T EESR R R PR I 8 8 R I S AR
Bt , R FH R s s il v v i 250 ) A8 A0 2% 2 — PR AR 4 i
JrgetM T EL R /NA A A A L TR SRS AR S
I SEI6 2R 4030 F =22 FR-A740-3. 7K-CHT R 5284745
HIARSHCHEHEI N 12.6 A, BERE I kVA, #&
VPRI KD R 5.5 kW, &l e i 0 i 150%
B L A 3 A0 380 V ~480 VL SR B
+5% Tl AR

MR BERE AR AL S AR M A Bl E A B, O
VR EE PR RE RIS ShEL IR B R EK

4 WP FIRLERE

B S B R T/ NS LR, T AR
AN B o T R ) S e B R AR N 1 B
/R, TA TB TC ¥ 7 HA MR P LG, PA (PB 35~ FI oK
il 2l ,SVC .0V 35 ¥ FH >k et A8 B3 %, COM , SCW , SCCW
S5 P FL S HLAY IE S B, QF == ST ok, A Fa s
LR BT i LA L O S SR R PR

B F IR G B ENE 2 s,

JATARA

HUBT- 42
Akl

K2 o4 R G on B

O B PR 1A S 6 28 G0 e P S 6 A o T A ke T4
ARE TP e A b RE R B A B A AR B

PR R RE AR T A AR ok, A R G S I 0L, T
BB IR BRI AE 18 LS B HEBR S5 T A~ .
A R G v R R R G — R
PR TERE ARSI R Geh, A R F AR AR L AL
AR RS I 6T FH %) A R T, A L O R AL A
SO HEAE T, BACR R T RERCR 3 5 A
T, JEE), BELE S Hz ~ 100 Hz i [H N G R ; &2l
LR/ , AN BT IS Sl s o, AROITES Sl 7 % G 28
g/ BV R TR Y RPN,
T AR ARSI R G A

5 ZERiE

AR R A N FH Y R 92, 7 50 Hz LLR ]
VEIESE5E 4T, 76 50 Hz D b Al fEfE I 3RIB 4T, S —F
BN OB e T W o2 B o € oA DY N o BB i
G AR R, L DR R B v e A R L kT A LR e
FEL K R R e T8 S A A i A5 232 i R, OF:
A WU EL IR o 5 It A8 A R A A5 F AL B 1 AR
ATRE R G, B 4R S50 R G0, A TG
DU LA DA R e bR o 45y ThT 92 ), B AR s i sE
WriH.

2% 3Lk ( References) :

(1] T, AT e, A s AR R R P R I [T ]
BB AR T.2:,2005(5) :13-15.
(2] F o, J S B 2R R B AR s SBR[ T ] ALK
55,2007 ,35(1) :60-62.
(3] RAED, SR A, A5 Bea UK 32 b2 ot e i 47 1
RGEFHL L LT ] BT AL, 2009,30(9) :194-196.
(4] BRFIRL 78 50 2 i B2 A D5 i [T ], T A 34k, 2010
(2):122-125.
[5] LAI Ji-sheng, PENG Fang-zheng. Multilevel converters-a
new breed of power converters[ J]. IEEE Transactions on
Industry Applications,1996,32(3) :509-517.
(6] WSS, XIGRIT. HLBRH RS T AR M. KB KK
A, 1999.
(7] HRETMS , BT, AR AT EO6 — A f g AL s [ ]
B HL AL, 2000(3) :6-9.
[8] HONSINGER V B. Sizing equations for electrical machinery
[J]. IEEE Transactions on Energy Conversion, 1987,
EC-2(1).116-121.
(91 9,0 NG, JEREHT. AR AR e 20 ML A AL BTt
FHAEREDFE LY ] W R 2w 4l H AR, 1999, 39
(3):125-128.
[10] MATSUI Kei-ju, TSUBOI Kazuo, MUTO Saburo. Power
regenerative controls by utilizing thyristor rectifier of voltage
[J]. IEEE Transactions on Industry Applications,
1992,28(4) .816-823.

[11] MARIAN P, KAZMIER K, WALDEMAR S. A novel vec-
tor control scheme for transistor PWM inverter-fed induction
motor drive[ J]. IEEE Transactions on Industrial Elec-

tronics, 1991 ,38 (1) :41-47. [4mER.5k  #9]



