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Fast Accelerating Method with Changing Primary-Side Wiring and Inverter
in Weaving Machine Drive Systems
Masakazu Kato™, Student Member, Jun-ichi Itoh™, Member, Noboru Saitoh™®*, Non-member
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This paper demonstrates a control method that can reduce the start-up time of a weaving machine based on vector control.
Traditionally, the induction motor used for a weaving machine was driven by a direct power grid connection, that can achieve a quick
start-up time for the weaving machine. However, it is inefficient in steady-state operation. An inverter is utilized in the induction motor to
obtain a higher efficiency than that of the induction motor directly connected to the power grid. However, the driving of the inverter slows
down the start-up time of the weaving machine. This paper proposes a fast accelerating method for the weaving machine drive system, in
which an open winding of an induction motor is connected in series to an inverter and delta-star switching unit. From the results, the
start-up time of the proposed system is shown to be the same as that of the direct power grid connection. In addition, the inrush current of
the proposed system is decreased by 37.7% compared to that of the direct power grid connection.

F—T— R b, UIEER, N7 BV, REEE o L AN, R AR

Keywords : weaving machine, switching unit, vector control, speed sensorless control, driving efficiency

THEMEEETE, fHETHD, LL, WBEIRCE
MLVI E/DEVIBENDEZD L, X MBS
PN TH D, FoX7 MUVHENEEREZ AW D 729
SMNELSAE U C b BEVEEE 2 — BICHIET 5 2 & AN ATRE
HD, 61T, AM M7 DG U TSR Z T 2 mehE
Wl ZwEA L, EREHIET 52 LT, @RS
rRE & 7 % W@

N7 N AEIENTERE N L2 2B LD, SELORE
BENTT 5720, B ML ICRAND D, FIZEA
NIEHR & LD e, BABRIIMZ DN DN, BEHELAE)
2> D BRI AN E M E B IZET D & T ORI (MABIF ) A3 HF
FEL 2D, S HICHBIRHZ&mELTHITE, Lv£<
DOERZ BEIEIIRTVLERDH D, LL, HREIFCHTE

1. [FC®IC

WESICER S A BREMMERE L LT, @AE hL s L Es
ERDHIT DND, WBEBIFFICHR ZRI 7 DIC TSR Ly
FHATERWEEEERESDODNOBLNELD, Mo
mEDIERTEH<, £z, MBBITEERFFRARNZ &b,
TGV T aRNETIFA20, ERIENEETH D,
DD ~%:,%%i%§%%ﬁﬂﬂ@%’;nﬁﬁ
REhL, Fﬁ/ﬁ%?ﬁkét WCHES72 M7 2L Tn5,
£, AU NR=FIC m%‘?%%%%[%ﬁb, %ﬁf i U ChRb
Eﬁ%?ﬁ%?ﬁ%ﬁ%fﬁ%d\k& ST S Z & T, mEhE
fbZERBETE 5, Rl LA%W)@—E., EES ’T@J A/
BENELS D L, FEEMNBRE 0D, £, B

BRI ERE v K0 Dlnize, b it 4%
5 &T, EICHBEERTE 5,

A L N=Z OB EEOREN L HIBGE L LT,
VIE A, 27 B S D, VIFHIEITEE e L

a) Correspondence to: Jun-ichi Itoh. E-mail: itoh@vos.nagaokaut.ac.jp
R B AR
T940-2188 ik IR [l 7 L& [WHT 1603-1
Nagaoka University of Technology,
1603-1, Kamitomioka, Nagaoka Niigata 940-2188
e T
T940-1163 HriRE KM 1T H 137 &t
HOKUETSU DENKEN Co.Ltd,
1-137, Hirasima, Nagaoka Niigata 940-1163

© 200@ The Institute of Electrical Engineers of Japan.

Z)E@{;m WA o N— X OEFRETE L BEEOA L E—F R

ChoThkESLTYD, LV EOERERTICIE, A
~&®&ﬁ BELZEMS TR TUTRB R,

A RN —=ZOHNEEEZMESE S HEE LT, B
VIEICHAET a y N\ R EORIERIK AR T D2 HFIEREH D
O, ZoHEF, EREEEZFIETHZ L TEMIMEICLY S
S OEWEWR L, WEREO ML ZfERTHZENTE S,
L2rL, FERLEZROITREIRFOATH Y, EHIEERF
17 & A FERIBEZEESETNTH, PEERAL v TFO
HIEHRIC LV ENRBGEODRNET D, FIZHERE
WZHEF T 2 P8R A A o FIIRAEBEE > AT LD 2 R M



MERBREN > X 7 Lo mdahBhis OIggFn, )

me&7esd,

ESICEEBE A EBT 5720120, BB EBIKIC
RKERBWREMTVLERNDH D120, AV X—FDAL vF
VIHFRLICREBRBRBTND, o T, TNFE TrHA
e FERFATIZODAL U N—=FZ DAL v F o T HEFDEHK
EBIRITABRCIEN S BROEKREIC LV IRESH, &F
BREN L 72\ A L= FIZEE, a2 RSB L Tz,

AT, ek 2 BEEh 3 2 BESIC — R AR AN BR Ak
ENTNDA =T EROFEHODL@EHAL, SoHIcA v
=B LT a A S —(A-Y) R A RN B L 7o Rk
ERENH 2 o LAY RABIES AT D ERET D, AV
AT LTI, BEREELFET DO TR, WBEIRFIAR
McTpZLicky, EBHEMOETEELZSE T 5.
Z LTI, THOEIE LB Y BRI 2 5,
REETIIAY OUYV BRI I~ I XTI a v Z I X
(MC)TAT 5 728, EWEIEFREOBKITIFIEE RICTE B,
A Y MC ZBINT2720THY, ZHICEHTE S,
2E, PERODBARUVEE Z XA BITRIE OB S, hhE)
BRIC YRR E L, EWIFICARBRE T D,

FP, S AT AORHK L mEAE) - R A KB
DL AR MGIENEE BT S, £, BB
T vV va SRE ERATICOWTEWNT 21TV, midih
B O GRS E O 2B 6 0MET 5D, ZOREE, A-Y )
AR N AIVIEES & $R 22 C O AEEh IRE [ Ok i s
PR AE R L, PRERIE CILE AR B D 4GB R CBR
B9 52 LN TE, HISOIEERINFEN 3.6%%E I, 1B
VAT AP HERTH D Z L BHER LD THRET 5,

2. WA TL

<. I>HHES AT LD

X 112 A = IEERICBT D OERIX 2T, 5
LRI ) B L, V UL MR L CHEEE)
b>OE) R AMEET D, HER T AT £
THENTWEIY, BEMOBEIZL, 7—U L MK
DT RO EEATEEE o g BT A — RNy 752 L1278
b, BT OEE, AW MLy BRWVEMTEBT 57
W, WAL MR RoIRAEIC 2 Y, RIERY e R
T, B AROB TERIITHENRR D,
ZORER, ARTEEEZTAVNTRZ PASIEEI T TY, i
RO PEAE Y & EERE OB TN T, TR OHER
PEREDE SRV, LN - T, fRE2 2 N fIEEs
T o556, BEMOREYBEERIT 52, BrdLax
7 MVHIEZ BT A 0ERD B,

X 2 (AR SCTHY 9 Mg (OW-832C) DAV & 9,
— U HelE, PR k=81 186 DIHLRITAR - TS,
AL TV D EEOERHEEIL 1415 /min TH Y, 7— U b
EFEREDOEMEED D, RO EREE L 653 r/min & 72
Do

<2.2>{FH 0 BEHFE

B 3 (kA B L - Rr O ARTREE R R, R E

Ve VEeIt
] — \Weaving
- |INV M > Machine
pulley
Ty | iy iy
@r_ae | Speed
sensor

Fig. 1. System configuration of the weaving machine
using the inverter.

Fig. 2 Photograph of the weaving machine (JW-832C).
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Fig. 3. Load characteristic of a weaving machine.
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Fig. 4. Switching of stator winding of an induction motor
using a switching unit.

Table 1. Comparison of Y—A switching method with A-Y switching method:

Vi a In_a @and Ty, are rated voltage, rated current and rated torque at steady operation of Y-A switching method, respectively,

Vo v, In_vand T, v are rated voltage, rated current and rated torque at steady operation of A-Y switching method, respectively.

Voltage
of primary wiring
in start-up mode

Change Rush

of wiring connection

Starting

current | torque

Purpose

Application of using this method

Y-A switching Change Vn A |

method
(General method)

n A | Large capacity

fromYtoA ﬁ T

Suppression of the rush current
= linduction motors[in order to prevent burnout of
3 the induction motor.

A-Y switching
method
(Using this paper

Change
fromAtoY

'\/§Vn_Y

3 I n_Y 3Tn_Y

Increase of the rush current and
starting torque in order to prevent
any deficiencies due to lower
acceleration of start up mode.

(Note that, there is little possibility of
burnout of the induction motor in start
up mode of weaving machine. Because
the time of current flowing is shorter
than another applications due to the
start-up time is several one hundred
millisecond.)

Weaving
machines
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Fig. 5. The proposed system configuration.
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Fig. 6. Control block diagram of the sensor less vector control.
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Fig. 7. Vector diagram of the sensor less vector control.
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Fig. 8. Simulation system configuration.
Table 2. Motor parameters.

Parameter Value
Poles 4
Rated power 2.2 kW
Rated voltage 380 V
Rated current 54 A
Rated frequency 50 Hz
Rated speed 1500 r/min
Primary resistance R; 2.74Q
Secondary resistance R, 298 Q
Primary leakage inductance I, 6.1 mH
Secondary leakage inductance |, 54 mH
Mutual inductance M 190 mH
Excitation current I, 35A
Inertia moment J, 0.0163 kgm?
Rated acceleration time 173 ms
Motor speed [p.u.]
1.0
RO)T* //((Ddet
0 . Primary Current of motor [A]
160 /\'U/-\iv i\l\l
0 &2\
\/ ~
-160

L0 Voltage command [p.u.]
e b IR X K OX X
XX

-1.0

0 10 20 30 40 50
Time [ms]

Fig. 9.Simulation result of primary current of a motor.
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Fig. 11. Simulation of delta-star switching

12 (R 2 B Eh OB S L - o B E R R, & 3
WR LTz 6 FSEO HiLE CHAEREZ e L7, K12 K E
AFGEEZDOA-Y THENE, BEWELGEN) O BB & S
(23T 2 F CORR (BRI 2K 80 ms Th D, ZiUTFE
HREOERINER O 046 5 TH B, —F, Y MEROEBEA
PSSR TIIAAENRF R 2540 140 ms, A v/ X—X Z T L7-FE
DOIEEIFEREIE, HEEICE BT 1285 ms &72o7, ZDZ
EMD, A U= HEBERTIE, HIENEIC X D ERERE O K
ERTATR SN2V RS, Thicx L TIRERE
D IAEREE L EAAER & RO 80ms &g o7z, A N
— & BLRCELAFUEERE 2 O A ENIRE ] 2345 S AL 72 O RIR &

IEEJ Trans. ©@,V0.0@®, N0.O®, 000



MERBREN > X 7 Lo mdahBhis OIggFn, )

Table 3. Comparison of each driving method in experiment.
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app.Table .1 Calculation of motor parameters by no-load test
and lock-test.

Star Delta
Parameter connection | connection
Secondary resistance R; 244 Q 0.822 Q
Leakage inductance I;+ 1| 15.8mH | 5.14 mH
Mutual inductance M 214 mH 76.3 mH

(o,
(b) T-type steady state equivalent circuit of A connection

app.Fig.1. T-type steady state equivalent circuit.
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