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Abstract
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Modelling and simulation of multiple single - phase induction motor

in parallel connection
Songklanakarin J. Sci. Technol., 2006, 28(6) : 1335-1350

A mathematical model for parallel connected n-multiple single-phase induction motors in general-

ized state-space form is proposed in this paper. The motor group draws electric power from one inverter.

The model is developed by the dq-frame theory and was tested against four loading scenarios in which

satisfactory results  were obtained.
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·°π q §◊Õ·°π¢Õß¢¥≈«¥À≈—°∑’Ë¡’§à“·√ß¥—π‡ªìπ Vqs ¡’
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Figure 1.  Winding composition

Figure 2.  Orientation of the stator and the rotor windings.
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Õ¬Ÿà∫π ‡µ‡µÕ√å „π∑”πÕß‡¥’¬«°—π§à“∑’Ë¡’µ—«¬° r · ¥ß∂÷ß
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·≈–§à“∑’Ë¡’µ—«¬°  "  '  " À¡“¬∂÷ß§à“∑’Ë¬â“¬¡“Õ¬Ÿà∫π·°πÕâ“ßÕ‘ß q ¢Õß ‡µ‡µÕ√å
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 “¡“√∂‡ª≈’Ë¬π§à“§«“¡‡Àπ’Ë¬«π”√–À«à“ß¢¥≈«¥·µà≈–™ÿ¥‡ªìπ§à“§«“¡‡Àπ’Ë¬«π”·¡à‡À≈Á° (magnetic inductance) ¥â«¬
§«“¡ —¡æ—π∏å¥—ßµàÕ‰ªπ’È (Ong, 1998)

Lqsqs = Llqs + Nqs
2 Pg , Ldsds = Llds + Nds

2 Pg

Lqsqr = NqsNqrPg , Lqsdr = NqsNdrPg

Ldsqr = NdsNqrPg , Ldsdr = NdsNdrPg

Lqrqr = Llqr + Nqr
2 Pg , Ldrdr = Llqr + Ndr

2 Pg

·∑π§à“µà“ßÊ ≈ß„π ¡°“√ (21) ‚¥¬æ‘®“√≥“„Àâ®”π«π√Õ∫¢Õß¢¥≈«¥‡∑à“°—π  ®–‰¥â«à“
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(22)

·≈– “¡“√∂®—¥„ÀâÕ¬Ÿà„π√Ÿª ¡°“√ ‡µµ‰¥â¥—ßπ’È

d
dt [i] = [A][i]+ [B][ν] (23)
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‡¡◊ËÕæ‘®“√≥“°“√‡§≈◊ËÕπ∑’Ë¢Õß‚√‡µÕ√å ‚¥¬„™â°Æ°“√‡§≈◊ËÕπ∑’Ë¢Õßπ‘«µ—π (Krishnan, 2001)  ¡°“√‡™‘ß°≈Õ“®‡¢’¬π· ¥ß
‰¥â¥—ßπ’È

dωr

dt =
P

2Jm
Te(t) −

P
2Jm
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Lmqsiqs (−iqs sinθr − ′idr cosθr ) + Lmqs ′ids ( ′iqr cosθr − ′idr sinθr )

·≈–
dθr

dt = ωr

®—¥„ÀâÕ¬Ÿà„π√Ÿª ¡°“√ ‡µµ

dωr

dt
dθr

dt
















= −

Bm

Jm
0

1 0













ωr

θr







 +

P
2Jm

0













Te − TL[ ] (24)

‡¡◊ËÕ√«¡·∫∫®”≈Õßª√‘¿Ÿ¡‘ ‡µµ ∂“π–¢Õß∑—Èß∑“ß‰øøÑ“·≈–∑“ß°≈‡¢â“¥â«¬°—π®–‰¥â·∫∫®”≈Õßª√‘¿Ÿ¡‘ ‡µµ ∂“π–¢Õß
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‚¥¬∑’Ë

[i]4×1 = iqs ′ids ′iqr ′idr[ ]T
[ℜ]4×4 = [A] = [D]−1[C]

[ℵ]4×4 = [B] = [D]−1

2. ·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ”À√—∫°“√µàÕ¢π“π¡Õ‡µÕ√å n µ—«

µ“¡∑’Ë‰¥âπ”‡ πÕ°“√æ—≤π“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß¡Õ‡µÕ√å‡Àπ’Ë¬«π”Àπ÷Ëß‡ø ‚¥¬„™â«‘∏’°“√·ª≈ß·°π  „π
°“√«‘®—¬π’È‰¥âπ”¡“æ—≤π“‡æ◊ËÕ„Àâ‰¥â·∫∫®”≈Õß ”À√—∫°“√¢π“π¡Õ‡µÕ√åÀ≈“¬Ê µ—«∑’Ë„™âÕÿª°√≥å¢—∫‡§≈◊ËÕπ‡æ’¬ß™ÿ¥‡¥’¬«
°“√æ—≤π“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß°“√µàÕ¢π“π¡Õ‡µÕ√åÀ≈“¬Ê µ—«π’È ®–Õ“»—¬À≈—°°“√∂à“¬‚Õπ·°π‡À¡◊Õπ°“√
æ—≤π“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ”À√—∫¡Õ‡µÕ√åµ—«‡¥’¬«  ‚¥¬®–æ‘®“√≥“√–∫∫∑’Ëª√–°Õ∫‰ª¥â«¬ ¡Õ‡µÕ√å‡Àπ’Ë¬«π”∑’Ë
¡’¢¥≈«¥ 3 ™ÿ¥ §◊Õ ¢¥≈«¥À≈—° ¢¥≈«¥™à«¬ ·≈–¢¥≈«¥∑’Ë‚√‡µÕ√å  π”¡“µàÕ¢π“π°—πÀ≈“¬Ê µ—«√—∫æ≈—ßß“π®“°·À≈àß
®à“¬‡æ’¬ß™ÿ¥‡¥’¬«¥—ß· ¥ß„π Figure 3 ®“° ¡°“√ (26) ®–‰¥â ¡°“√∑’Ë‡ªìπ·∫∫®”≈Õß∑“ßæ≈«—µ¢Õß¡Õ‡µÕ√å‡Àπ’Ë¬«π”
Àπ÷Ëß‡ø ´÷Ëß “¡“√∂π”¡“«‘‡§√“–Àå·≈–æ—≤π“„Àâ‡ªìπ·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß°“√¢π“π¡Õ‡µÕ√å‡Àπ’Ë¬«π”Àπ÷Ëß
‡ø À≈“¬µ—«  ¡°“√∑’Ë‰¥â®–Õ¬Ÿà„π√Ÿª ¡°“√ª√‘¿Ÿ¡‘ ‡µµ ¥—ß ¡°“√ (27) ´÷Ëß· ¥ßµ—«Õ¬à“ß°“√¢π“π¡Õ‡µÕ√å 2 µ—« „π
 ¡°“√®–‡ÀÁπ‰¥â«à“‡¡µ√‘°´å [V] ¡’¢π“¥ 4 ·∂« 1 À≈—° ∑’ËÕ¬Ÿà∑“ß¥â“π¢«“ ÿ¥¢Õß ¡°“√ª√‘¿Ÿ¡‘ ‡µµ„π¡Õ‡µÕ√åµ—«∑’Ë 1

·≈–µ—«∑’Ë 2 π—Èπ®–‡ªìπ™ÿ¥‡¡µ√‘°´å™ÿ¥‡¥’¬«°—π ®“°«‘∏’π’È “¡“√∂π”¡“æ—≤π“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß°“√¢π“π
¡Õ‡µÕ√å‡Àπ’Ë¬«π”À≈“¬Ê µ—«À√◊Õ n µ—«∑’Ë¡’·À≈àß®à“¬·√ß¥—π·À≈àß‡¥’¬«°—π‰¥â¥—ß· ¥ß„π ¡°“√ (28) ‚¥¬∑’Ë
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Figure 3.  Schematic diagram for a group of n parallel motors
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°“√®”≈Õßº≈

°“√®”≈Õßº≈¥”‡π‘π°“√¥â«¬‚ª√·°√¡æ—≤π“¢÷Èπ¥â«¬ MATLAB ‚¥¬‡√‘Ë¡®“°°“√√—∫§à“æ“√“¡‘‡µÕ√å¢Õß¡Õ‡µÕ√å
·µà≈–µ—« ·≈–°”Àπ¥§à“‡√‘Ë¡µâπµà“ßÊ ¢Õß¡Õ‡µÕ√å À≈—ß®“°π—Èπ°Á®–‡ªìπ°√–∫«π°“√§”π«≥‡™‘ßµ—«‡≈¢ ‡æ◊ËÕÀ“§à“µ—«·ª√
µà“ßÊ ¢Õß ¡°“√ ®“°π—Èππ”¡“À“§à“·√ß∫‘¥·≈–§«“¡‡¢â¡ π“¡·¡à‡À≈Á°‡™◊ËÕ¡‚¬ßµ“¡≈”¥—∫ „π°“√∑¥ Õ∫®”≈Õßº≈
°“√¢π“π¡Õ‡µÕ√å 3 µ—« ·∫àß°“√®”≈Õßº≈ÕÕ°‡ªìπ 4  ¿“«–¥â«¬°—π ‰¥â·°à

 ¿“«– 1 °”Àπ¥„Àâæ“√“¡‘‡µÕ√å·≈–¿“√–¢Õß¡Õ‡µÕ√å·µà≈–µ—«‡∑à“°—π  ‚¥¬¡Õ‡µÕ√å∑ÿ°µ—«¡’æ“√“¡‘‡µÕ√å‡∑à“°—∫
µ—«∑’Ë 1
¡Õ‡µÕ√å 1: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 1, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 1
¡Õ‡µÕ√å 2: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 1, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 1
¡Õ‡µÕ√å 3: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 1, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 1

 ¿“«– 2 °”Àπ¥„Àâæ“√“¡‘‡µÕ√å¢Õß¡Õ‡µÕ√å‡∑à“°—π∑ÿ°µ—«·µà¿“√–·µ°µà“ß°—π ‚¥¬¡Õ‡µÕ√å∑ÿ°µ—«¡’æ“√“¡‘‡µÕ√å
‡∑à“°—∫µ—«∑’Ë 1
¡Õ‡µÕ√å 1: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 1, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 1
¡Õ‡µÕ√å 2: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 1, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 2
¡Õ‡µÕ√å 3: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 1, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 3

 ¿“«– 3 °”Àπ¥„Àâæ“√“¡‘‡µÕ√å·µ°µà“ß°—π·≈–¿“√–¢Õß¡Õ‡µÕ√å·µà≈–µ—«‡∑à“°—π
¡Õ‡µÕ√å 1: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 1, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 1
¡Õ‡µÕ√å 2: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 2, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 1
¡Õ‡µÕ√å 3: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 3, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 1

 ¿“«– 4 °”Àπ¥„Àâæ“√“¡‘‡µÕ√å·≈–¿“√–¢Õß¡Õ‡µÕ√å·µà≈–µ—«·µ°µà“ß°—π
¡Õ‡µÕ√å 1: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 1, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 1
¡Õ‡µÕ√å 2: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 2, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 2
¡Õ‡µÕ√å 3: æ“√“¡‘‡µÕ√å™ÿ¥∑’Ë 3, ·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 3
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¢π“¥·√ß∫‘¥¢Õß‚À≈¥∑’Ë‡ªìπªíö¡ÀÕ¬‚¢àß 3 µ—«  ´÷Ëß
¡’ ¡°“√¢Õß§«“¡ —¡æ—π∏å√–À«à“ß·√ß∫‘¥°—∫§«“¡‡√Á«‡ªìπ
¥—ßπ’È T = kω2

·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 1: 1.8×10-4 ω
r
2 N.m

·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 2: 9.5×10-5 ω
r
2 N.m

·√ß∫‘¥¢Õß‚À≈¥µ—«∑’Ë 3: 7.5×10-5 ω
r
2 N.m

°“√®”≈Õßº≈®–„™â§à“æ“√“¡‘‡µÕ√å ”À√—∫¡Õ‡µÕ√å
·µà≈–µ—«¥—ß· ¥ß„π  Table  1  π’È  (Mademlis,  2005;

Rahim, 2002) ‚¥¬·À≈àß®à“¬æ≈—ß“π∑’Ë„Àâ·°à¡Õ‡µÕ√å®–
§«∫§ÿ¡·√ß¥—π„Àâ¡’¢π“¥ 220V ·≈–§«“¡∂’Ë 50Hz §ß∑’Ë
Õ¬Ÿàµ≈Õ¥‡«≈“¥â«¬Õ‘π‡«Õ√å‡µÕ√å‡æ’¬ß™ÿ¥‡¥’¬« (Kono et

al., 2000)  „π°“√®”≈Õßº≈ ¿“«–µà“ßÊ 4  ¿“«–π—Èπ
¿“√–∑’Ë„™â‡ªìπªíö¡ÀÕ¬‚¢àß 8 µ—«∑’Ë¡’¢π“¥‡∑à“°—π·≈–·µ°
µà“ß°—πµ“¡ ¿“«–°“√∑¥≈Õß º≈∑’Ë‰¥â· ¥ßµ—«Õ¬à“ß ¿“«–
∑’Ë 4 ‡ªìπ¥—ß„π Figure 4-9 π’È

Õ¿‘ª√“¬º≈

®“°°“√®”≈Õßº≈·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å∑’Ë‰¥â
æ—≤π“¢÷Èπ ”À√—∫°“√¢π“π¡Õ‡µÕ√å‡Àπ’Ë¬«π”™π‘¥Àπ÷Ëß‡ø 
À≈“¬Ê µ—« ‚¥¬√—∫æ≈—ßß“π®“°·À≈àß®à“¬∑’Ë§«∫§ÿ¡¥â«¬
Õ‘π‡«Õ√å‡µÕ√å‡æ’¬ß™ÿ¥‡¥’¬«  º≈∑’Ë‰¥â· ¥ß„π Figure 4-9

‡ªìπµ—«Õ¬à“ßº≈°“√∑¥ Õ∫„π ¿“«–∑’Ë 4 ®–‡ÀÁπ‰¥â«à“‡¡◊ËÕ
¡Õ‡µÕ√å‡√‘Ë¡¢—∫‚À≈¥®–¡’°“√¥÷ß°√–· „π™à«ß·√°Ê °àÕπ
®–‡¢â“ Ÿà ¿“«–§ßµ—«  Õ¥§≈âÕß°—∫§«“¡‡√Á«¢Õß¡Õ‡µÕ√å
‚¥¬ —ß‡°µ‰¥â®“°‡«≈“∑’Ë°√–· ·≈–§«“¡‡√Á«¢Õß¡Õ‡µÕ√å
‡¢â“ Ÿà ¿“«–§ßµ—«¡’§à“‡∑à“°—π  ‰¡à«à“°“√∑¥ Õ∫®–¡’°“√
‡ª≈’Ë¬π·ª≈ß‚À≈¥∑’Ë·µ°µà“ß°—π∑—Èß 4  ¿“«– (Correa et

al., 1999) º≈∑’Ë‰¥â¬—ß§ß¡’§«“¡ Õ¥§≈âÕß°—π  ®“°°“√
∑¥ Õ∫·∫∫®”≈Õß„π ¿“«–µà“ßÊ ∑’Ë‰¥â°≈à“«¡“·≈â«π—Èπ
· ¥ß„Àâ‡ÀÁπ«à“ ·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß¡Õ‡µÕ√å
‡Àπ’Ë¬«π”™π‘¥Àπ÷Ëß‡ø µàÕ¢π“π°—π n µ—«∑’Ë‰¥âæ—≤π“¢÷Èπ
 “¡“√∂π”¡“ª√–¬ÿ°µå„™â„πß“πµà“ßÊ ‰¥âÕ¬à“ß‡À¡“– ¡

 √ÿª·≈–¢âÕ‡ πÕ·π–

·∫∫®”≈Õß∑“ß§≥‘»“ µ√å¢Õß¡Õ‡µÕ√å‡Àπ’Ë¬«π”
™π‘¥Àπ÷Ëß‡ø µàÕ¢π“π°—π n µ—«∑’Ë‰¥âπ”‡ πÕ„π∫∑§«“¡π’È
‡ªìπ·∫∫®”≈Õß∑’ËÕ¬Ÿà„π√Ÿª¢Õß ¡°“√ª√‘¿Ÿ¡‘ ‡µµ∑’Ëßà“¬·°à
°“√π”‰ªª√–¬ÿ°µå„™âª√–‚¬™πå„πß“π∑’Ë¡’¡Õ‡µÕ√å‡Àπ’Ë¬«π”
™π‘¥Àπ÷Ëß‡ø ∑—Èß·∫∫µ—«‡¥’¬« ·≈– n µ—«  ´÷Ëßº≈∑’Ë‰¥â®“°
°“√®”≈Õßº≈¥â«¬‚ª√·°√¡§Õ¡æ‘«‡µÕ√å„π ¿“«–µà“ßÊ ¡’
§«“¡ Õ¥§≈âÕß°—π‡ªìπÕ¬à“ß¥’

Table 1. Motor parameters (11)-(13)

Parameter poles r
qs

 (ΩΩΩΩΩ) r′′′′′
ds

 (ΩΩΩΩΩ) r′′′′′
r
 (ΩΩΩΩΩ) L

mqs
 (ΩΩΩΩΩ) L

lr
 (ΩΩΩΩΩ) L

lqs
 (ΩΩΩΩΩ) L

lds
 (ΩΩΩΩΩ) J (kg.m2) B

m

set (N·m/rad/sec)

1 4 4.3 2.6 2.01 105 1.8 1.01 1.8 0.0546 0.0002
2 4 1.3 2.6 2.01 105 2.8 2.01 2.8 0.0546 0.0002
3 4 3.2 7.2 2.00 54.97 3.2 3.61 2.09 0.0546 0.0002

Table 2. Steady-state performance of each test case

Case 1 Case 2 Case 3 Case 4

M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3

Supply Current (A
rms

) 25.44 17.48 32.42 22.07
Motor Current (A

rms
) 8.48 8.48 8.48 8.48 4.85 4.15 8.48 10.09 13.85 8.48 5.91 7.68

Motor Speed (rpm) 1402 1402 1402 1402 1450 1461 1402 1408 1370 1402 1452 1455
Load Torque (N.m) 14.27 14.27 14.27 14.27 7.78 6.14 14.27 14.46 17.74 14.27 9.33 8.62
Motor Slip 0.065 0.065 0.065 0.065 0.033 0.026 0.065 0.061 0.086 0.065 0.032 0.030
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Figure 4.  Stator currents (A) of  case 4 Figure 5.  Rotor currents (A) of case 3

Figure 6.  Motor speeds (rpm) of case 4 Figure 7.  Rotor currents (A) of case 4

Figure 8. Currents (A) of the motor group of

case 4

Figure 9.  Motor torques (N.m) of case 4
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Notation List

B
m

viscous friction coefficient (Nïm/rad/sec)
i

qs
, i

ds
, i

qr
, i

dr
   the q- axis  and the d- axis current components of stator and rotor (A)

J
m

moment of inertia (Kg -m2 )
N

qs
, N

ds
, N

qr
, N

dr
   winding turns on the q-axis and the d-axis of stator and rotor

L
lqs

leakage inductance of the stator main winding (H)
L

lds
leakage inductance of the stator auxiliary winding (H)

L
lr

leakage inductance on the rotor winding (H)
L

mq
, L

md
   mutual inductances on the d- and the q-axes (H)

L
qsqs

self inductance on the stator q-axis (H)
L

qsds
cross inductance between the stator q- and d-axes (H)

L
qsqr

cross inductance between the stator q-axis and the rotor q-axis (H)
L

qsdr
cross inductance between the stator q-axis and the rotor d-axis (H)

L
dsds

self inductance on the stator d-axis (H)
L

dsqr
cross inductance between the stator d-axis and the rotor q-axis (H)

L
dsdr

cross inductance between the stator d-axis and the rotor d-axis (H)

p
d
dt

P number of poles (pole)
P

g
permeance  of  airgap

r
qs
, r

ds
, r

qr
, r

dr
   the q-axis and the d-axis resistance components of stator and rotor ()

T
e

electromagnetic torque (Nm)
T

L
load torque (Nm)

V
qs
, V

ds
, V

qr
, V

dr
    the q-exes and d-exes voltage components on stator and rotor(V)

ω
r

speed (rad/s)
θ

r
phase difference between the and axes (rad)

superscript  S denotes stator-side quantities
superscript  r denotes rotor-side quantities
superscript  ' denotes transformed quantities to the reference q- axis of the stator


