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stator	and	the	rotor.	Each	of	these	two	converters	is	
powered	by	its	own	rectifier	through	an	LC	filter.	To	
improve	 the	 performance	 of	 the	 inverter,	 use	 the	
pulse	 width	 modulation	 (PWM).	This	 control	
technique	 allows	 defining	 the	 instants	 of	 the	
switches	 (Ottersten,	 2000).	 Its	 principle	 consists	 in	
regulating	the	amplitude	and	fundamental	frequency	
signal	 and	 the	 rejection	 of	 harmonics	 whose	
amplitude	 is	 important,	 of	MLI	 techniques,	 the	 best	
known	are:	
 PWM	 control	 strategy	 with	 current	 or	 hysteresis	
current	modulation.	

 PWM	with	carrier‐modulation	or	natural.	
 Vector	PWM.	
 PWM	with	harmonic‐criteria.	

In	 our	 study,	 we	 focus	 on	 the	 modulation	
hysteresis	 current.	 This	 control	 strategy	 is	 simple	
and	 effective	 because	 it	 allows	 us	 to	 both	maintain	
the	current	close	to	their	references	in	a	band	known	
as	hysteresis	tolerance	band	whose	role	is	to	impose	
the	real	ripple	currents,	and	control	 the	switches	of	
the	 inverter	 and	 control	 the	 currents	 in	 the	 stator	
phases	of	the	machine.	

4.	Vector	control	

It	is	important	to	remember	that	the	difficulty	of	
controlling	a	DFIM	 is	prompted	by	 the	 fact	 that	 the	
electromagnetic	 torque	 from	 the	 interaction	
between	charged	currents	in	the	stator	windings	and	
currents	 induced	 in	 those	 rotor	 (Monroy	 and	
Alvarez‐Icaza,	 2006).	 The	 application	 of	 vector	
control	 introduced	 by	 Blaschke	 in	 1972	 was	 a	
breakthrough	 in	 controlling	 the	 induction	machine.	
It	leads	us	to	decouple	the	rotor	and	the	stator	frame	
(Ledesma	and	Usaola,	2004).	The	principle	of	vector	
control	 is	 then	 in	 fact	 brings	 the	 behavior	 of	 the	
DFIM	to	the	MCC	with	a	decoupling	between	flux	and	
torque,	is	existed	in	nature.		

The	 vector	 control	 can	 be	 classified	 into	 two	
types	 according	 to	 the	 method	 of	 flow	 direction	
(direct	or	indirect):	
 Vector	control	directly.	
 Vector	control	indirectly.	

The	 indirect	 method	 can	 be	 considered	 as	 the	
easiest	 to	 implement	 and	 widely	 used	 (Pena	 et	 al.,	
2002).	 In	this	work,	use	this	method,	given	 its	huge	
advantage	 in	 the	 fact	 that	 the	 amplitude	 does	 not	
flow,	but	only	its	position.	Specifically,	we	will	 focus	
on	 the	 orientation	 of	 stator	 flux.	 Stator	 flux	
orientation	along	the	axis	line	is	used	to	write:	

	
Φ௦ௗ ൌ Φ௦		et					Φ௦௤ ൌ 0																																																			(6)	

	
We	 get	 to	 write	 the	 electromagnetic	 torque	 as	

given	by	Eq.	7.	
	

C௘௠ ൌ ௣ெ

௅ೞ
Φ௦ܫ௥௤																																																																			(7)	

	
It	should	be	noted	that	in	the	expression,	already	

established,	 the	 two	 components	 of	 rotor	 current	

and	intercede	with	the	first	controls	the	flow	and	the	
other	controls	the	torque.	

This	 means	 that	 there	 are	 two	 action	 variables	
(Poller,	2003)	and	the	couple	DFIM	becomes	similar	
to	that	of	MCC.	The	voltage	equation	of	stator	phase	
is	given	by:	

	
௦ݒ ൌ ܴ௦݅௦ ൅

ௗ஍ೞ

ௗ௧
																																																																			(8)		

	
For	 a	 machine	 of	 high	 or	 medium	 power,	 and	

stator	flux	oriented,	we	get:	
	

௦ܸௗ ൌ 0																																																																																		(9)	
௦ܸ௤ ൌ ௦ݒ ൌ ߱௦Φ௦																																																														(10)	
	
Taking	 into	 account	 equations	 (9)	 and	 (10),	 the	

active	 power	 and	 reactive	 that	 is	 given	 by	 the	 two	
relations	(11)	and	(12).	

	
௦ܲ ൌ ௦ܸ௤ܫ௦௤																																																																										(11)	
ܳ௦ ൌ ௦ܸ௤ܫ௦ௗ																																																																									(12)	

	
By	 choosing	 to	work	with	 a	 stator	 power	 factor	

very	 close	 to	 unity,	 it	 will	 be	mandatory	 to	 have	 a	
zero	 reactive	 power	 to	 the	 stator.	 This	 amounts	 to	
imposing	a	stator	reference	current	Isd	zero.	

	
௦ௗ௥௘௙ܫ ൌ 0																																																																											(13)	

	
We	 arrive	 at	 the	 instruction	 set	 of	 the	

electromagnetic	torque.	
	

௘௠௥௘௙ܥ ൌ 	(14)																																																௦௤௥௘௙ܫ௥ௗ௥௘௙ܫܯ݌
	
from	where:	
	

௦௤௥௘௙ܫ ൌ
஼೐೘	ೝ೐೑

௣ெூೝ೏	ೝ೐೑
																																																														(15)	

with	

௦ௗ௥௘௙ܫ ൌ
஍ೞ	ೝ೐೑

ெ
																																																																				(16)	

	
As	for	the	current	Irq	reference,	 it	can	be	written	

in	this	form:	
	

௥௘௙	௥௤ܫ ൌ െ ୐ೞ	
ெ
	(17)																																																									௦௤௥௘௙ܫ

	
From	relations	(13),	(15),	(16)	and	(17),	we	then	

come	to	find	references	to	different	currents	needed	
to	 control	 hysteresis	 inverters.	 The	 speed	 control	
will	 be	 provided	 by	 a	 PI	 controller	 responsible	 for	
providing	 the	 electromagnetic	 torque	 reference.	
Fig.3.	 implements	 the	 block	 diagram	 of	 the	 speed	
control	 of	 the	DFIM	 stator	 flux	 oriented	 controlled.	
This	 command	 is	 mainly	 based	 on	 the	 loop	 speed	
control.	The	 latter	gives	us,	at	 its	output,	 the	torque	
(EMC	ref)	to	calculate	the	reference	current	(Isq	ref).	

As	 to	 current	 guidelines,	 they	 allow	 the	 current	
control	 of	 two	 inverters	 (side	 stator	 and	 rotor).	 By	
accessing	 the	 inverse	 Park	 transformation,	 one	
arrives	 at	 the	 reference	 currents	 in	 the	 natural	
landmark	that	represent	the	instructions	provided	to	
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the	PWM	stage.	This	stage	PWM	hysteresis	role	is	to	
provide	controls	the	switches	of	each	inverter.	

With	 regard	 to	 the	 speed	control	used,	 it	 should	
determine	 the	 electromagnetic	 torque	 reference	 in	
order	 to	 maintain	 speed	 to	 its	 reference	 (Ledesma	
and	 Usaola,	 2004).	 To	 do	 this,	 it	 takes	 as	 input	 the	
speed	reference	and	the	measured	one.	In	our	work,	
we	 used	 a	 PI	 controller	 due	 to	 its	 simplicity	 and	
speed	of	handling	it	offers.	

The	transfer	function	of	such	a	controller	is	given	
by	the	following	equation:	

	
ሻ݌ሺܪ ൌ ݇௣ ൅

௄಺
௉
																																																																	(18)	

5.	Application	of	 the	vector	control	conducted	a	
pi	controller	for	DFIM	

When	simulating	the	behavior	of	the	DFIM	stator	
flux	oriented	and	using	a	PI	controller	for	speed,	we	
obtained	the	results	shown	in	nest	figures	(Figs.	1	to	
6).	

	

	
Fig.	1:	Mechanical	speed	and	its	reference	

	

	
Fig.	2:	Electro‐magnetic	torque	

	

	
Fig.	3:	The	stator	flux	

	
The	 analysis	 of	 these	 results	 shows	 that	 the	

response	speed	of	0.196	is	delayed	about	every	time	

we	vary	the	set	point	during	start	unloading.	During	
the	phase	of	insertion	torque,	the	actual	speed	of	the	
machine	 moves	 away	 from	 its	 reference	 of	
considerable	 value;	 in	 addition	 to	 changes	 in	 set	
point	speed	cause	large	peaks	(coming	up	to	200Nm)	
for	the	electromagnetic	torque.	

	

	
Fig.	4:	The	rotor	flux	

	

	
Fig.	5:	The	stator	current	

	

	
Fig.	6:	The	rotor	currents	

	
Let's	 notice,	 by	 examining	 the	 curves	

representing	 the	 variation	 of	 the	 quadrature	
component	 of	 stator	 current	 and	 the	 rotor	 current,	
these	 two	 quantities	 undergo	 unwanted	 peaks	
during	the	transition	phases	of	 the	reference	speed.	
For	 the	 behavior	 of	 the	machine	magnetic	 point	 of	
view,	we	 find	 the	 response	 of	 the	 rotor	 flux	 on	 the	
axis	"q"	peaks	seen	on	the	quadrature	component	of	
the	current	frame.	As	for	the	stator	flux	on	the	same	
axis,	 he	 says	 the	 direction	 vector	 applied	 to	 the	
DFIM,	 however,	 he	 sustained	 peak	 varies	 very	 fast	
when	 the	 reference	 speed.	 Thus,	 there	 is	 also	 the	
impact	 of	 torque	 on	 the	 magnetic	 state	 of	 the	
machine.	 This	 can	 be	 judged	 from	 the	 evolution	
curve	of	Φ௥௤.	 In	conclusion,	 the	curves	representing	
the	evolution	of	electrical,	magnetic	and	mechanical	
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ones,	 we	 can	 conclude	 the	 lack	 of	 the	 use	 of	 PI	
(especially	point	of	view	dynamic	performances).	

6.	Conclusion	

Within	 this	article,	we	performed	a	study	on	the	
vector	control	by	stator	flux	orientation	of	the	DFIM	
with	emphasis	on	the	improvement	made	by	a	fuzzy	
controller,	 capable	 of	 handling	 the	 imprecise,	 the	
uncertain,	 the	wave	 and	 the	non‐linear	models,	 the	
performance	 of	 this	 machine	 compared	 to	 a	
conventional	 PI	 controller	 which	 can	 lose	 its	
strength	vis‐à‐vis	an	external	perturbation.	Finally,	it	
should	 be	 noted	 that	 the	work	 done	 on	 controlling	
the	DFIM	leads	us	to	propose,	as	work	opportunities	
that	can	be	achieved	in	future	studies,	the	control	of	
the	 DFIM	 through	 other	 strategies	 (DTP,	 sliding	
mode	 ...),	 the	 practical	 implementation	 of	 the	
strategy	 studied	 using	 unconventional	 methods	
(neural	 networks,	 genetic	 algorithms	 ...)	 as	 well	 as	
controlling	the	DFIM	using	the	DSP	interface.	
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