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otsiv	res	edop	ossI	more	fuel	to	boiler	boiler	Unlimited	water	supply).	This	is	controlled	by	two	separate	temperature	controllers.	Incidence	graph	is	particularly	useful	for	determining	which	"signal	changes"	in	one	component	should	result	in	a	"signal"	in	another	component.	Components	A,	B	and	C,	which	are	gases	at	this	temperature,	accumulate
and	flow	out	of	the	top	of	the	distillation	column	through	the	total	condenser.	An	additional	control	section	can	be	added	to	allow	the	boiler	wall	to	communicate	with	the	fuel	inlet.	Penguins	are	very	cute.	This	control	system	is	used	to	adjust	the	amount	of	steam	used	to	heat	a	fluid	flow	in	a	heat	exchanger.	The	temperature	controller	signal	in	the
shirt	sound	controls	the	flow	of	the	cooling	fluid.	Alternatively,	if	the	cascaded	system	fails	and	does	not	have	embedded	redundancy,	there	are	some	ways	to	keep	the	cascaded	system	running	while	the	controller	is	being	repaired.	In	other	words,	the	controller	is	demanding	more	steam	from	the	boiler	than	it	can	provide.	This	"tool"	can	be	any
physical	property	of	the	system:	temperature,	pressure,	superstructure,	flow	regime,	flow	rate,	etc.	Solution	The	first	equation	is	the	slave	and	the	second	is	the	master.	A	control	valve	is	installed	in	the	product	stream	to	ensure	that	the	required	purity	is	achieved.	Mahoney,	D.P.,	Svrcek,	W.Y.,	and	Young,	B.R.	(2006)	A	Real-Time	Approach	to	Process
Control,	2nd	Edition.	The	liquid	mixture	is	collected	in	a	distillate	container.	b)	More	efficient	control	of	the	primary	variable.	Thus,	the	vapor	flow	is	required	to	maintain	the	process	temperature.	The	figure	below	shows	the	performance	of	the	cascade	control	vs.	6	-	An	incident	chart.	Write	the	µ	equations	needed	to	connect	LC1	to	FC1	to	adjust	the
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GNIVAEL	DIULF	EHT	FO	of	a	cascading	control	system,	after	primary	and	secondary	controllers	are	rotated	and	put	into	auto	mode,	the	primary	controller	gain	should	be	increased	to	reduce	system	µ.	The	total	condenser	cools	the	current	at	150	oC,	causing	A,	B	and	C	to	liquefy.	"Advanced	PID	Control"	The	Society	of	Instrumentation,	Systems	and
Autonomy.	Referrals	Astrom,	Karl	J.	A	possible	example	of	such	µ	relations:	In	Figure	3,	there	are	two	separate	loops.	Open	Loop	and	Closed	Loop	Although	cascading	usually	incorporates	information	µ	multiple	secondary	loops,	the	overall	system	does	not	automatically	become	a	closed	loop	or	an	open	loop	process.	Based	on	your	µ	selections,
calculate	your	score	on	this	test.	Also	determine	what	the	Âtool	ÂÂÂÂÂoI	will	allow	you	to	make	the	desired	change	in	a	more	direct	and	physical	way.	The	cascade	control	systems	can	be	adjusted	using	conventional	mÃ	©all.	In	this	combustion	furnace,	the	main	controller	controls	the	temperature	in	the	furnace,	changing	the	setting	point	for	the	flux
of	fuels	A	and	B.	A	side	effect	of	this	control	situation	would	be	that	the	part	I	of	a	PID	controller	would	also	be	folded,	preventing	the	system	from	responding.	ÂÂexternalÂ						ÂoÂoÂoÂoÂoÂoÂoÂoÂoÂoÂoÂoÂoÂoÂoÂoÂoÂÂoÂoÂoÂoÂoÂoÂoÂoVaporÂoÂoÂoÂoÂÂovvovVooo	Solution	Before:	Cascade	TC	with	FC1,	which	controls	V2.	The	simplest
cascade	control	scheme	involves	two	control	circuits	that	use	two	measurement	signals	to	control	a	primitive	variable.	And	these	are	both	tank-based.	To	identify	primary	and	secondary	loops,	you	must	identify	the	control	variable	and	the	variable.	The	cascade	control	is	designed	to	allow	the	main	controller	to	respond	to	slow	changes	in	the	system,
while	the	slave	controller	controls	the	distRbios	that	happen	quickly.	However,	the	above	control	system	works	on	the	assumption	that	a	constant	flow	of	vapor	is	available	and	that	the	vapor	to	the	heat	exchanger	depends	only	on	the	opening	of	the	valve	to	different	degrees.	C-	Increasing	the	quantity	of	equipment	and	instruments	can	increase	the
cost	of	the	process.	0-12	points:	You	may	not	want	to	reread	this	article	and	try	againÂ¦	-10	points:	Choose	a	new	major.	In	this	case,	the	only	way	to	physically	accomplish	this	is	to	change	the	vapor	flow	through	the	heat	exchanger	(this	vacuum	is	read	by	the	FC1	sensor).	The	reference	variable	is	involved	in	the	secondary	solution.	True	or	False:
Primitive	lace	is	usually	a	secondary	lace	fun.	Which	of	the	following	is	not	an	advantage	of	cascading?	This	is	shown	by	equation	1,	where	if	FC1set	decreases	while	FC1	is	the	same,	V1	will	decrease	relative	to		your	previous	position.	The	cascade	control	loop	used	to	control	the	reactor	temperature	can	be	generalized	with	the	scheme	below.	This	is
shown	in	Figure	6	below.	4.	John	Wiley	&	Sons,	Ltd.	Therefore,	a	conversion	above	99.95%	has	to	be	maintained	to	ensure	the	safety	of	the	process's	health.	Figure	4.	For	example,	we	assume	that	we	will	generally	like	to	resist	any	change	in	TC1	(that	is,	we	do	not	want	an	increase	in	TC1	to	further	increase	the	value	of	TC1,	that	would	be	bad!).	The
sole	purpose	of	implementing	a	cascade	control	system	is	to	make	the	system	more	responsive,	not	more	robust.	There	must	be	a	clear	relationship	between	the	various	measures	of	primary	and	secondary	sanctions.	If	set	in	reverse	order,	there	will	be	a	large	spread	of	errors.	Therefore,	µ	in	the	denominator	should	be	interpreted	as	on	on	sosrevni	In
order	to	have	a	smooth	flow	of	information	µes	throughout	the	control	system,	an	information	hierarchy	must	µ	be	maintained.	The	input	of	the	compositing	controller	measures	the	compositing	of	the	product	flow	and	sends	a	signal	to	the	temperature	controller	at	the	top	of	the	column.	Solution	For	internal	cycle:	ÃÂµ1	=	Z1	+	GM2Y2	Z2	=	Z1GC2
Ã¢	Y2GC2GM2	X2	=	U2	+	Z2	=	U2	+	Z1GC2	Ã¢	Y2GC2GM2	Y2	=	GP2X2	=	U2GP2	+	Z1GP1GC2	Ã	¢	Y2GC2GM2GP2GP2	For	the	external	cycle:	Z1	=	R1GC1	Ã¢	Y1GM1GC1	Y1	=	U1GP1	+	Y2GP1	Combining	Z1	of	the	external	cycle	with	Y2	of	the	internal	cycle:	Combining	Y2	above	with	Y1	from	outer	cycle:	Reordering	and	resolving	explicitly	to	Y1:
Answer	the	five	questions	below	with	the	most	appropriate	solution.	In	a	double	loop	cascade	system,	the	secondary	loop	in	the	process	must	be	faster	than	the	primary	loop.	A	decrease	(one	Angle¢	of	-)	in	V1	should	result	in	a	decrease	in	flow	(one	Angle¢	of	-).	The	other	bond	(the	internal	bond,	or	slave	bond,	or	secondary	bond)	consists	of	FC1
reading	the	flow	of	steam,	comparing	it	to	FC1set	(which	is	controlled	by	the	external	link	as	explained	above),	and	changing	the	opening	of	the	valve	as	necessary.	Normally,	internal	functions	control	a	flow	controller,	which	will	reduce	the	effect	of	changes	µ	as	fluctuations	in	the	vapor	pressure	µ.	The	use	of	cascading	controls	can	allow	a	system	to
be	more	responsive	to	distRbios.	Then	an	alternative	cascade	control	system	will	be	developed	for	the	same	process	and	compared	to	the	single	loop	control.	Your	company	makes	a	special	medicine	to	cure	an	epidemic	in	the	penguin	population	in	Antwerp.	An	example	of	redaction	could	be	to	have	multiple	controllers	to	be	the	primary	controller	and
then	use	selectors	to	choose	which	read	to	use.	A	compositing	controller	can	be	installed	to	control	the	composition	of	the	product	flow.	There	is	a	correct	answer	to	©Ã	©Ã	elortnoc	ed	lev¡Ãirav	amU	)c	.B	,etteuqeB	.atnugrep	influence	the	primary	and	secondary	measurement	variables.	Since	the	vapor	flow	measured	by	FC1	changes	at	a	higher
frequency,	we	chose	this	to	be	the	inner	loop.	The	secondary	loop	must	have	influence	on	the	primary	loop.	Cascade	with	feedforward	and	feedback	controls	Cascade	controllers	have	a	distinct	advantage	over	other	controller	types	due	to	their	ability	to	combine	feedforward	and	feedback	controls.	Cascade	controls,	on	the	other	hand,	use	several
control	loops	involving	multiple	signals	for	one	manipulated	variable.	4	Ã¢â'¬Â	Determine	which	valve	or	sensor	Ã¢â'¬Â	The	inner	loop	should	be	set	before	the	outer	loop.	The	figure	below	is	an	example	of	a	mixed	cascade	control:	Figure	6.	If	the	flow	rate	of	the	steam	supply	changes	(i.e.	pipe	leak,	blockage,	drop	in	boiler	power),	the	controller	will
not	be	aware	of	this.	This	will	isolate	the	primary	controller	so	that	it	can	be	adjusted.	In	this	case,	the	control	variable	is	the	temperature	and	the	reference	variable	is	the	steam	flow.	Figure	2	shows	the	flow	of	information	to	and	from	the	temperature	controller.	This	hierarchy	of	information	can	be	preserved	by	applying	the	following	conditions
when	configuring	cascading	controls.	The	output	of	the	secondary	controller	adjusts	the	control	variable.	The	temperature	controller	is	then	adjusted	by	setting	the	output	to	the	valve.	2.	Note	that	this	is	only	one	possible	solution	to	the	example	question.	Accessed	at	.	This	signal	is	then	compared	to	a	setpoint	of	the	control	variable	(output)	before
being	sent	to	an	actuator	(i.e.	pump	or	valve)	which	adjusts	accordingly	to	satisfy	the	setpoint.	An	increase	(a)	or	(b)	will	cause	the	primary	controller	parameters	to	be	inaccurate,	which	will	cause	a	high	effort	from	the	Detarepo	Eb	NO	ROFFORTNON	EB,	ELPMAXE	ROF	.OOT	LIME	ERITNE	ERITNE	ERITNE,	SLIF	RELLODNON	RETSAM	EHT,	Mets
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temporarily	send	a	constant	signal	to	the	system.	We	have	to	use	FC1SET	to	determine	what	V1	should	be	set	to.	The	main	loop	response	period	should	be	at	least	4	times	higher	than	the	secondary	loop	response	period.	At	12/12/2008	Collaborators	and	attributions	of	attributions:	Irene	Brockman,	Robert	Chockley,	Scott	Dombrowski,	Chloe	Sweet
This	page	is	licensed	under	a	licensing	CC	and	was	authorized,	remixed	and	/	or	cured	by	Peter	Woolf	et	al.	When	the	refrigeration	jacket	is	first	linked,	the	tank	content	is	initially	at	70	C.	The	"tool"	need	to	be	something	read	by	a	sensor,	although	it	may	be	(as	©	In	this	example,	the	temperature	of	the	heated	fluid	leaving	the	heat	exchanger	is	read
by	the	TC1	sensor).	Figure	7:	Manual	mode	for	secondary	controller	(Automatic	mode	for	primary	controller)	below	is	a	step-by-step	method,	through	which	the	basic	structure	of	a	cascade	algorithm	can	be	developed.	Information	flow	when	single	loop	feedback	is	used	for	a	heat	exchanger	initially,	this	process	seems	sufficient.	An	~	â	€	‡	‡	Inner-
loop	Of	the	jacket	temperature.	Unique	loop	control	for	a	heat	exchanger	in	the	process	above,	the	fluid	should	be	heated	to	a	certain	temperature	by	the	steam.	Finally,	the	liquid	flow	comes	out	of	the	receiver	and	is	collected	as	a	product	or	sent	back	to	the	column.	This	is	due	to	the	fact	that	the	system	is	receiving	some	kind	of	feedback,	does	not
matter	how	little	I	~	Temperature	produces	a	set	point	for	the	flow	controller,	as	well	as	it	would	be	in	regular	cascade	mode.	Secondary	loops	can	independent	of	each	other,	or	dependent	on	each	other,	in	which	case	each	secondary	the	adjustment	point	of	the	other	secondary	loop.	A	solution	can	increase	the	boiler's	steam	flow	by	adding	more	fuel
(controlled	by	FC2	and	V4).	SISO	involves	a	single	loop	control	that	uses	only	one	measured	(input)	signal.	The	reactor	was	equipped	with	a	cooling	water	jacket	with	the	water	flow	rate	being	controlled	by	the	Cold	Water	Liquid.	In	the	diagram,	draw	the	controllers	and	valves	needed	to	implement	a	cascade	control	for	the	flow	of	the	salt.	Solution
The	system	can	be	effectively	controlled	with	a	cascade	scheme.	A	PID	waterfall	control	scheme	used	to	maintain	this	temperature.	Information	Flow	µWhen	the	control	of	Cascade	is	used	for	a	heat	exchanger	to	accomplish	this,	relationships	between	primary	and	secondary	loops	(see	definition	µ	below)	must	be	defined.	Example	\	(\	PAMAIndex	{1}
\)	The	diagram	below	shows	the	top	of	a	distillation	column	used	to	separate	the	components	of	the	input	liquid	mixture.	Thus,	the	main	loop	(loop	1)	involves	the	control	variable	and	the	secondary	loop	(loop	2)	involves	the	reference	variable.	Example	\	(\	PraBEINTEX	{2}	\)	You	have	not	just	graduated	from	the	University	of	Michigan	and	escaped
Ann	Arbor's	cold	winter	by	a	sweet	full-time	position	in	Orange	County.	The	general	µ	µ	equations	derived	below	can	be	used	to	model	any	kind	of	process	(first,	second,	third	order	differential	equations,	etc.)	and	use	any	kind	of	control	mechanism	(proportional	only,	PI,	PD	or	PID	control).	The	main	controller	usually	uses	internal	model	control
(IMC),	which	allows	for	improved	performance	by	incorporating	the	process	model	into	the	controller	configuration.	Solution	A	configuration	for	this	system	is	given	in	the	following	Excel	file:	Mother:	Cascade.xls	under	the	feedback	control	scheme,	the	coolant	flow	rate	is	adjusted	Base	in	temperature	within	the	retention	tank.	For	this	reason,	we
want	an	increase	in	TC1	to	reduce	FC1,	which	TC1	(negative	feedback).	Unfortunately,	with	several	internal	loops,	tuning	the	PID	becomes	even	more	challenging,	making	this	type	of	cascade	less	common.	(1)	(2)	A	cascading	system	should	not	be	confused	with	a	fault	system.	Thus,	FC1	can	control	fluctuations	in	flow	by	opening	and	closing	the
valve,	and	TC1	can	control	fluctuations	in	temperature	by	increasing	or	decreasing	FC1set.	A	basic	cascade	control	uses	two	control	loops;	In	the	case	presented	below	(see	Figure	3),	one	loop	(the	outer	loop	or	the	main	loop	or	the	main	loop)	consists	of	TC1	reading	the	fluid	outlet	temperature,	comparing	it	to	TC1Set	(which	will	not	change	in	this
example)	and	changing	Fc1set	accordingly.	The	flow	controller	(secondary)	is	then	tuned	by	adjusting	the	setpoint	of	the	flow	controller.	Therefore,	it	is	important	to	maintain	the	hierarchy	of	information.	Correct	answers	are	awarded	4	points,	while	a	loss	of	2	points	occurs	for	incorrect	answers.	The	main	loop,	or	outer	loop,	involves	which	of	the
following	variables?	This	is	shown	in	Figure	7	below.	In	this	situation,	the	controller	exceeds	the	saturation	limit	of	the	actuator	(V2).	TIP:	Start	by	writing	the	inner	loop	and	outer	loop	equations	separately.	Another	way	to	adjust	the	master	controller	is	to	use	trial	and	error.	A	likely	cause	of	this	is	a	disruption	in	the	boiler	steam	supply	due	to
increased	steam	demand	from	other	processes.	The	temperature	controller	is	the	main	loop,	while	the	proportion	controller	is	the	secondary	loop.	This	causes	the	FC1Set	to	decrease	from	its	previous	point.	This	ensures	that	changes	made	by	the	primary	output	are	quickly	reflected	in	the	process	and	observed	when	the	primary	control	variable	is
next	measured.	A	and	B	are	toxic	in	still	dilute	concentrations.	Which	of	the	following	is	never	true	in	a	process	by	a	waterfall	control	scheme?	False-	The	controller	gain	(KC)	should	be	reduced	reduce	system	oscillations	4.	The	"manipulated	variables"	and	"measured	variables"	refer	to	the	output	signals	sent	to	the	actuator.	Cascade	control	for	a	heat
exchanger	The	main	reason	for	using	cascade	control	in	this	system	is	that	the	temperature	has	to	be	kept	at	a	specific	value.	Also,	describe	the	implemented	cascade	control.	Good	luck!	1.	Thus,	cascade	control	uses	two	inputs	to	control	the	valve	and	allows	the	system	to	adjust	to	both	variable	fluid	flow	and	steam	flow	rates.	Example	\
(\PageIndex{4})	We	have	a	P&ID	as	shown	below.	The	inner	loop	is	chosen	to	be	the	inner	loop	because	it	is	prone	to	greater	frequency	variation.	True-The	output	of	the	primary	controller	is	the	set	point	for	the	secondary	controller.	The	logic	behind	this	example	is	that	the	flowing	steam	may	fluctuate,	and	if	it	does,	the	flow	measured	by	FC1	will
change	faster	than	the	temperature	measured	by	TC1,	since	it	will	take	a	finite	amount	of	time	for	the	heat	transfer	to	occur	through	the	heat	exchanger.	Return	the	secondary	controller	to	the	remote	set-up	point	and/or	put	the	primary	controller	into	automatic	mode.	The	output	of	the	secondary	controller	is	fed	to	the	master	controller	and	used	to
adjust	the	cold	water	valve	accordingly.	Figure	2.	The	secondary	controller	must	be	set	tightly	(no	oscillations	when	the	disturbance	is	added),	otherwise	the	primary	controller	will	be	responding	to	oscillations	due	to	the	secondary	controller,	as	well	as	disturbances	to	the	system.	Include	changes	to	U1	and	U2.	To	illustrate	how	cascade	control	works
and	why	it	is	used,	a	typical	control	system	will	be	analyzed.	The	flow	of	information	for	a	two-loop	cascade	control	system	will	typically	be	as	shown	in	Figure	5.	Then	the	parameters	(depending	on	the	system,	it	can	be	P,	PI	or	need	to	be	adjusted	by	introducing	µ	in	the	system	and	changing	the	pairs	accordingly.	The	flow	of	NEES	EB	NAC	SA
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