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Types	of	tube	bending

Wiper	die	bending	also	has	different	benefits	to	mandrel	bending,	mainly	that	it	prevents	deformations	in	the	final	product.	Some	of	these	drawbacks	include	slowness	compared	to	other	techniques,	requirements	for	a	trial	and	error	process	and	risks	of	damage	to	small	or	thin	tubes.	The	pyramid	style	roll	benders	have	one	moving	roll,	usually	the	top
roll.	An	induction	coil	is	placed	around	a	small	section	of	the	pipe	at	the	bend	point.	Our	solutions	can	help	you	save	time	while	boosting	profit.	Like	all	other	methods,	there	are	some	drawbacks	to	consider.	Nevertheless,	3D-shaping	is	possible.	You	can	contact	us	today	to	learn	more	about	our	manufacturing	solutions	or	request	a	quote	to	start	as
soon	as	possible.	Tube	bending	is	the	process	of	bending	metal	pipes	or	tubing	to	a	specific	shape	for	various	fabrication	applications.	Plug	mandrel:	a	solid	rod	used	on	normal	bends	Form	mandrel:	a	solid	rod	with	curved	end	used	on	bend	when	more	support	is	needed	Ball	mandrel	without	cable:	unlinked	steel	ball	bearings	inserted	into	tube,	used
on	critical	and	precise	bends	Ball	mandrel	with	cable:	linked	ball	bearings	inserted	into	tube,	used	on	critical	bend	and	precise	bends	Sand:	sand	packed	into	tube	In	production	of	a	product	where	the	bend	is	not	critical	a	plug	mandrel	can	be	used.	Your	exact	needs	will	help	you	determine	what	tube	bending	method	is	best.	Tube	bending	as	a	process
starts	with	loading	a	tube	into	a	tube	or	pipe	bender	and	clamping	it	into	place	between	two	dies,	the	clamping	block	and	the	forming	die.	The	pressure	die	and	the	wiping	die	are	formed	from	aluminum	or	bronze	to	maintain	the	shape	and	surface	of	the	work	piece	as	it	slides	by.	One	side	effect	of	bending	the	workpiece	is	the	wall	thickness	changes;
the	wall	along	the	inner	radius	of	the	tube	becomes	thicker	and	the	outer	wall	becomes	thinner.	The	complete	tooling	is	required	only	for	high-precision	bending	of	difficult-to-bend	tubes	with	relatively	large	OD/t	(diameter/thickness)	ratio	and	relatively	small	ratio	between	the	mean	bending	radius	Rm	and	OD.[3]	The	use	of	axial	boosting	either	on
the	tube	free	end	or	on	the	pressure	die	is	useful	to	prevent	excessive	thinning	and	collapse	of	the	extrados	of	the	tube.	The	profile	is	guided	between	bending-roll	and	supporting-roll(s),	while	being	pushed	through	the	tools.	The	added	support	helps	prevent	tubing	or	piping	from	collapsing	or	being	crushed	as	it’s	bending.	"Improved	design	of	a	three
roll	tube	bending	process	under	geometrical	uncertainties".	Roll	bending	is	ideal	when	you	need	circular	metal	tubing	or	several	bends	in	a	single	tube	or	pipe.	A	form	type	tapers	the	end	of	the	mandrel	to	provide	more	support	in	the	bend	of	the	tube.	3.	For	relatively	easy	bending	processes	(that	is,	as	the	difficulty	factor	BF	decreases),	the	tooling
can	be	progressively	simplified,	eliminating	the	need	for	the	axial	assist,	the	mandrel,	and	the	wiper	die	(which	mostly	prevents	wrinkling).	The	mandrel	also	makes	it	easier	to	achieve	the	ideal	shape	during	the	bending	process.	6.	pp.	1353.	The	process	of	tube	bending	involves	using	mechanical	force	to	push	stock	material	pipe	or	tubing	against	a
die,	forcing	the	pipe	or	tube	to	conform	to	the	shape	of	the	die.	Rotary	draw	benders	create	aesthetically	pleasing	bends	when	the	right	tooling	is	matched	to	the	application.	The	tube	is	held	in	tension	by	a	wiper	die	to	prevent	any	creasing	during	stress.	^	Pipe	Bending	Guide,	retrieved	2018-07-24.	A	length	of	flexible	wire	can	be	attached	to	the	end
of	the	spring	to	facilitate	its	removal.	When	precise	bending	is	needed	a	ball	mandrel	(or	ball	mandrel	with	steel	cable)	should	be	used.	The	different	types	of	mandrels	are	as	follows.	However,	square	and	rectangular	tubes	and	pipes	may	also	be	bent	to	meet	job	specifications.	Other	factors	involved	in	the	bending	process	are	the	wall	thickness,
tooling	and	lubricants	needed	by	the	pipe	and	tube	bender	to	best	shape	the	material,	and	the	different	ways	the	tube	may	be	used	(tube,	pipe	wires).	doi:10.1063/1.3589488.	As	the	name	implies,	this	method	uses	a	rotary	draw	machine,	which	allows	the	metal	to	bend	through	various	dies.	Bending	springs	for	smaller	diameter	pipes	(10 mm	copper
pipe)	slide	over	the	pipe	instead	of	inside.	Common	simple	bends	consist	of	forming	elbows,	which	are	90°	bends,	and	U-bends,	which	are	180°	bends.	The	position	of	the	forming-roll	defines	the	bending	radius.	"Rotary	draw	bending	of	small	diameter	copper	tubes:	predicting	the	quality	of	the	cross-section".	2.	The	tube	is	also	loosely	held	by	two
other	dies,	the	wiper	die	and	the	pressure	die.	These	allow	for	a	somewhat	constant	diameter	while	providing	an	inexpensive	alternative	to	the	aforementioned	styles.	Most	metals	can	work	in	the	tube	bending	process,	making	the	process	useful	for	various	metal	fabrication	needs.	Whether	you	need	tube	bending,	laser	cutting,	finishing	or	customized
metal	fabrication,	our	team	can	help.	To	change	the	bending	plane,	the	pusher	rotates	the	tube	around	its	longitudinal	axis.	7.	It	is	then	induction	heated	to	between	800	and	2,200	degrees	Fahrenheit	(430	and	1,200	C).	This	process	is	also	used	in	power	distribution	and	construction.	However,	it’s	essential	to	note	that	this	method	has	a	higher	setup
cost	than	other	techniques	and	will	require	different	tooling	to	achieve	multiple	shapes.	Big	advantages	of	induction	bending	are:	no	need	for	mandrels	bend	radii	and	angles	(1°-180°)	can	be	freely	selected	highly	accurate	bend	radii	and	angles	accurate	pipe	spools	can	easily	be	produced	significant	savings	can	be	obtained	on	field	welds	wide	range
of	pipe	sizes	can	be	accommodated	in	one	machine	(1”	OD	thru	80”OD)	excellent	wall	thinning	and	ovality	values	The	pipe	is	filled	with	a	water	solution,	frozen,	and	bent	while	cold.	While	the	pipe	is	hot,	pressure	is	placed	on	the	pipe	to	bend	it.	Rotary	draw	benders	are	the	most	popular	machines	for	use	in	bending	tube,	pipe	and	solids	for
applications	like:	handrails,	frames,	motor	vehicle	roll	cages,	handles,	lines	and	much	more.	Depending	on	the	bend	angle,	wall	thickness,	and	bending	process	the	inside	of	the	wall	may	wrinkle.	Bending	(mechanics)	Bending	machine	(manufacturing)	Brake	(sheet	metal	bending)	Spring	Back	Compensation	^	Todd,	Robert	H.;	Allen,	Dell	K.;	Alting,
Leo	(1994),	Manufacturing	Processes	Reference	Guide	(1st	ed.),	Industrial	Press	Inc.,	ISBN	978-0-8311-3049-7.	Press	bending	is	probably	the	first	bending	process	used	on	cold	pipes	and	tubing.[clarification	needed]	In	this	process	a	die	in	the	shape	of	the	bend	is	pressed	against	the	pipe	forcing	the	pipe	to	fit	the	shape	of	the	bend.	These	processes
can	be	used	to	form	complex	shapes	out	of	different	types	of	ductile	metal	tubing.[1]	Freeform-bending	processes,	like	three-roll-pushbending,	shape	the	workpiece	kinematically,	thus	the	bending	contour	is	not	dependent	on	the	tool	geometry.	Press	Bending	Press	bending	is	the	most	common	type	of	tube	bending	and	involves	using	two	dies	pressed
against	metal	to	reach	the	desired	shape.	1.	For	example,	press	bending	can	crush	metal	piping	more	easily	and	has	less	accuracy	than	other	methods.	Rotary	draw	benders	can	be	programmable	to	store	multiple	bend	jobs	with	varying	degrees	of	bending.	Induction	bending	is	used	to	produce	bends	for	a	wide	range	of	applications,	such	as	(thin
walled)	pipe	lines	for	both	the	upstream	and	down	stream	and	on-	and	off	shore	segments	of	the	petrochemical	industry,	large	radius	structural	parts	for	the	construction	industry,	thick	walled,	short	radius	bends	for	the	power	generating	industry	and	city	heating	systems.	The	metal	is	pushed	through	the	rollers	to	reach	the	required	shape.	Below,
you’ll	learn	about	the	different	methods,	their	benefits	and	how	they	can	be	used.	The	metal	is	either	cooled	naturally	or	cooled	using	water.	Springs	are	less	cumbersome	than	rotary	benders,	but	are	not	suitable	for	bending	short	lengths	of	piping	when	it	is	difficult	to	get	the	required	leverage	on	the	pipe	ends.	The	filled	pipe	is	heated	in	a	furnace	to
1,600	°F	(870	°C)	or	higher.	To	reduce	this	the	tube	may	be	supported	internally	and	or	externally	to	preserve	the	cross	section.	They	have	diameters	only	slightly	less	than	the	internal	diameter	of	the	pipe	to	be	bent.	^	Strano,	Matteo;	B.M.	Colosimo;	E.	Full	tooling	for	rotary	draw	bending	Rotary	draw	bending	(RDB)	is	a	precise	technology,	since	it
bends	using	tooling	or	"die	sets"	which	have	a	constant	center	line	radius	(CLR),	alternatively	indicated	as	mean	bending	radius	(Rm).	Heat	Induction	Bending	Heat	induction	bending	uses	heat	to	bend	metal	piping	and	tubing	since	metal	is	easier	to	bend	when	heated.	Wiper	die	bending	has	a	higher	cost	and	a	longer	set-up	time	than	other	methods.
Some	notable	benefits	of	this	method	include:	Fewer	force	requirements	Bending	capabilities	for	high	wall	thickness	Quick	bends	While	this	process	has	notable	benefits	and	many	applications,	head	induction	bending	can	damage	the	structural	integrity	of	the	tubes	and	pipes.	A	two	plane	bend	or	compound	bend	is	defined	as	a	compound	bend	that
has	a	bend	in	the	plan	view	and	a	bend	in	the	elevation.	Rotary	Draw	Bending	Rotary	draw	bending	is	one	of	the	most	popular	methods	since	the	process	is	easier	to	control,	affordable	and	more	accurate	than	other	methods.	The	14th	International	ESAFORM	Conference	on	Material	Forming:	ESAFORM	2011.	However,	when	there	is	a	concern	of
scratching	or	gouging	the	work	piece,	a	softer	material	such	as	aluminum	or	bronze	is	utilized.	For	example,	compression	bending	can	cause	metal	tubing	to	break	or	become	damaged.	Mandrel	Bending	Mandrel	bending	is	more	of	an	aid	or	a	modification	to	other	tube	bending	methods.	The	heat	induction	method	is	often	used	across	various
industries	but	is	commonly	used	to	manufacture	pipelines.	The	mandrel,	with	or	without	ball	with	spherical	links,	is	mostly	used	to	prevent	wrinkles	and	ovalization.	This	technique	is	used	to	make	trombones.[6]	A	similar	techniques	using	pitch	was	formerly	used,	but	discontinued	because	the	pitch	was	hard	to	clean	out	without	excessive	heat.[6]	In
the	sand	packing	process	the	pipe	is	filled	with	fine	sand	and	the	ends	are	capped.	The	rotary	draw	method	has	many	benefits	for	a	wide	number	of	benefits,	including:	High	accuracy	and	precision	High	speeds	Repeatability	Applications	that	need	precise	bends	at	a	fast	turnaround	would	benefit	from	rotary	draw	bending.	This	process	can	also	create
stains	and	create	variations	in	the	pipe	once	it	reaches	a	cooler	temperature.	Straight	tube	stock	can	be	formed	using	a	bending	machine	to	create	a	variety	of	single	or	multiple	bends	and	to	shape	the	piece	into	the	desired	form.	This	process	uses	heated	coils	to	help	heat	the	metal.	Some	of	the	advantages	of	this	method	include:	No	need	to	change
tools	when	changing	sizes	The	option	to	create	multiple	bends	The	ability	to	bend	on	different	planes	This	process	is	best	for	creating	circular	shapes	or	multiple	bends,	but	this	method	has	some	drawbacks.	Other	forms	of	processing	including	pushing	stock	through	rollers	that	bend	it	into	a	simple	curve.[2]	For	some	tube	bending	processing,	a
mandrel	is	placed	inside	the	tube	to	prevent	collapsing.	Metal	forming	process	Bent	tubing	A	trombone	with	some	U-bends	Tube	bending	is	any	metal	forming	processes	used	to	permanently	form	pipes	or	tubing.	Roll	Bending	Roll	bending	uses	three	rollers	rather	than	dies.	Bibcode:2011AIPC.1353...35S.	Pipe	bending	machines	are	typically	human
powered,	pneumatic	powered,	hydraulic	assisted,	hydraulic	driven,	or	electric	servomotor.	This	method	of	bending	causes	very	little	deformation	in	the	cross	section	of	the	pipe.	Other	styles	include	using	sand,	cerrobend,	or	frozen	water.	Wiper	Die	Bending	Wiper	die	bending	is	an	excellent	method	when	a	tight	bend	is	needed	in	a	thin	pipe	or	tube.
We	offer	a	comprehensive	selection	of	tube	bending	services,	allowing	you	to	choose	the	best	method	with	your	industry	standards	and	needs.	Double	pinch	type	roll	benders	have	two	adjustable	rolls,	usually	the	bottom	rolls,	and	a	fixed	top	roll.	Compression	Bending	Compression	bending	works	by	using	a	compression	die	and	clamps	at	the	end	of
the	tubing,	allowing	pressure	to	be	applied	to	the	correct	point	for	the	bend.	Generally,	round	stock	is	used	in	tube	bending.	When	choosing	a	tube	bending	method,	you’ll	want	to	consider	your	budget,	the	workable	size	and	bend	angle	each	method	is	capable	of,	and	the	precision	you	require	for	your	applications.	^	a	b	"Brass	instrument
manufacturing:	How	metal	makes	music".	Often	a	positioning	index	table	(IDX)	is	attached	to	the	bender	allowing	the	operator	to	reproduce	complex	bends	which	can	have	multiple	bends	and	differing	planes.	Generally,	a	TRPB	tool	kit	can	be	applied	on	a	conventional	rotary	draw	bending	machine.	Furthermore,	in	some	particular	cases,	the	standard
tooling	must	be	modified	in	order	to	meet	specific	requirements	of	the	products.	Numerous	industries	benefit	from	this	process,	from	the	construction	and	automotive	sectors	to	aerospace	and	consumer	goods	components.	AIP	Conference	Proceedings.	doi:10.1177/0954405411416306.	That	said,	this	method	is	useful	for	manufacturers	who	work	with
thin	or	delicate	metals	but	need	accurate	bends	to	achieve	their	goals.	The	solute	(soap	can	be	used)	makes	the	ice	flexible.	What	Is	Tube	Bending?	Types	of	Tube	Bending	Each	tube	bending	method	has	unique	benefits	and	is	suited	to	different	industries.	For	example,	the	clamping	block,	rotating	form	block	and	pressure	die	are	often	formed	from
hardened	steel	because	the	tubing	is	not	moving	past	these	parts	of	the	machine.	Main	article:	Roll	bending	During	the	roll	bending	process	the	pipe,	extrusion,	or	solid	is	passed	through	a	series	of	rollers	(typically	three)	that	apply	pressure	to	the	pipe	gradually	changing	the	bend	radius	in	the	pipe.	A	mandrel	is	a	steel	rod	or	linked	ball	inserted	into
the	tube	while	it	is	being	bent	to	give	the	tube	extra	support	to	reduce	wrinkling	and	breaking	the	tube	during	this	process.	The	pipe	is	generally	held	against	the	flexed	knee,	and	the	ends	of	the	pipe	are	pulled	up	to	create	the	bend.	Retrieved	from	"	Metal	manufacturing	processes	rely	on	tube	bending	to	achieve	a	quality	final	product.	4.	When
calculating	a	two	plane	bend,	one	must	know	the	bend	angle	and	rotation	(dihedral	angle).	This	method	is	mostly	used	in	construction	to	create	electrical	conduits.	This	process	is	often	used	for	more	specific	applications	and	helps	bend	components	such	as	handles,	roll	cages	and	handrails.	35–40.	They	are	only	suitable	for	bending	15-and-22	mm
(0.6-and-0.9	in)	soft	copper	pipe	(typically	used	in	household	plumbing)	or	PVC	pipe.	There	are	several	methods	to	help	manufacturers	achieve	their	desired	shape,	each	with	different	benefits	and	suited	to	various	metals.	This	process	is	used	where	a	consistent	cross	section	of	the	pipe	is	not	required.	The	conjoined	ball-like	disks	are	inserted	into	the
tubing	to	allow	for	bending	while	maintaining	the	same	diameter	throughout.	The	bending	point	is	the	tangent-point	between	tube	and	bending-roll.	Form	bound	bending	procedures	like	“press	bending”	or	“rotary	draw	bending”	are	used	to	form	the	work	piece	into	the	shape	of	a	die.	226	(2):	267–278.	While	this	method	isn’t	used	as	often	with	the
introduction	of	new	tube	bending	methods,	it	has	some	benefits:	Simplified	setup	Quick	turnaround	Accuracy	There	are	some	reasons	this	method	has	become	less	popular	over	time.	Much	of	the	tooling	is	made	of	hardened	steel	or	tool	steel	to	maintain	and	prolong	the	tool's	life.	More	complex	geometries	include	multiple	two-dimensional	(2D)	bends
and	three-dimensional	(3D)	bends.	This	method	can	help	when	mandrel	bending	won’t	work	but	has	similar	applications.	This	process	is	suited	to	producing	coils	of	pipe	as	well	as	long	gentle	bends	like	those	used	in	truss	systems.	Partner	With	PBZ	Manufacturing	for	Your	Tube	Bending	Needs	PBZ	Manufacturing	is	a	leader	in	manufacturing
solutions	for	various	clients	and	industries.	Three-roll	push	bending	process	Three-roll	push	bending	(TRPB)	is	the	most	commonly	used	freeform-bending	process	to	manufacture	bending	geometries	consisting	of	several	plane	bending	curves.	Because	the	pipe	is	not	supported	internally	there	is	some	deformation	of	the	shape	of	the	pipe,	resulting	in
an	oval	cross	section.	The	press	bending	method	has	some	distinct	benefits,	including:	Affordability	Quick	turnaround	Versatility	Despite	these	advantages,	there	are	some	drawbacks	to	consider.	Then	it	is	placed	on	a	slab	with	pins	set	in	it,	and	bent	around	the	pins	using	a	winch,	crane,	or	some	other	mechanical	force.	CNC	rotary	draw	bending
machines	can	be	very	complex	and	use	sophisticated	tooling	to	produce	severe	bends	with	high	quality	requirements.	Often,	stock	tubing	is	held	firmly	in	place	while	the	end	is	rotated	and	rolled	around	the	die.	A	2D	tube	has	the	openings	on	the	same	plane;	a	3D	has	openings	on	different	planes.	To	make	it	easier	to	retrieve	the	spring	from	the	pipe,
it	is	a	good	idea	to	bend	the	pipe	slightly	more	than	required,	and	then	slacken	it	off	a	little.	5.	Performance	automotive	or	motorcycle	exhaust	pipe	is	a	common	application	for	a	mandrel.	(10	October	2011).	This	process	involves	placing	a	support	or	a	mandrel	into	the	tube	or	pipe	while	it’s	being	bent,	which	is	usually	a	solid	piece	of	metal.	This
method	is	also	only	used	for	pipes	with	limited	diameters.	^	Mentella,	A.;	Strano,	M.	Vol.	Tube	bending	may	be	form-bound	or	use	freeform-bending	procedures,	and	it	may	use	heat	supported	or	cold	forming	procedures.	(2011),	"Spline-Interpolation	and	Calculation	of	Machine	Parameters	for	the	Three-Roll-Pushbending	of	Spline-Contours",	Steel
Research	International,	82	(10):	1180–1186,	doi:10.1002/srin.201100077,	S2CID	136452513.	[NB	these	sizes	and	comments	apply	in	the	UK	-	elsewhere	different	sizes	apply.]	The	spring	is	pushed	into	the	pipe	until	its	center	is	roughly	where	the	bend	is	to	be.	A	tube	can	be	bent	in	multiple	directions	and	angles.	Below,	you’ll	learn	more	about	tube
bending	and	the	different	types	to	choose	the	best	application	method.	Once	the	right	temperature	is	achieved,	force	is	applied	to	the	metal	using	pivot	dies.	These	are	strong	but	flexible	springs	inserted	into	a	pipe	to	support	the	pipe	walls	during	manual	bending.	These	machines	have	often	a	vertical	layout,	i.e.	the	three	rolls	lie	on	a	vertical	plane.
S2CID	110467253.	A	wiper	die	is	used	to	help	prevent	wrinkling	and	excess	material	compression.	Some	of	the	reasons	that	manufacturers	choose	this	method	include:	Turnaround	times	Precision	Shape	accuracy	While	mandrel	bending	is	an	excellent	way	to	prevent	tubing	or	piping	from	being	crushed,	it	does	have	a	longer	setup	time	and	higher
cost	than	other	methods.	The	sand	in	the	pipe	minimizes	distortion	in	the	pipe	cross	section.	^	Engel,	B.;	Kersten,	S.;	Anders,	D.	The	dies	force	the	metal	to	conform	to	a	specific	shape.	As	a	result,	manufacturers	may	have	to	wait	longer	during	the	initial	setup	and	pay	more	to	get	the	final	product.	A	wiper	die	is	usually	made	of	a	softer	alloy	such	as
aluminum	or	brass	to	avoid	scratching	or	damaging	the	material	being	bent.	The	pipe	can	then	be	quenched	with	either	air	or	water	spray	or	be	cooled	against	ambient	air.	Retrieved	from	"	Metal	forming	process	Bent	tubing	A	trombone	with	some	U-bends	Tube	bending	is	any	metal	forming	processes	used	to	permanently	form	pipes	or	tubing.	This
tube-bending	process	can	be	used	to	bend	metal	bars	and	sheets.	Proceedings	of	the	Institution	of	Mechanical	Engineers,	Part	B:	Journal	of	Engineering	Manufacture.	You	can	achieve	different	metal	pipe	or	tube	shapes	in	many	ways,	each	with	distinct	benefits	and	drawbacks.	Del	Castillo	(2011).	However,	press	bending	can	be	useful	when	working
with	a	strict	budget	and	when	accuracy	is	less	important.	PBZ	also	works	as	a	one-stop	shop,	meaning	you	can	find	all	the	necessary	manufacturing	services	in	one	convenient	location.	The	process	is	very	flexible	since	with	a	unique	tool	set,	several	bending	radii	values	Rm	can	be	obtained,	although	the	geometrical	precision	of	the	process	is	not
comparable	to	rotary	draw	bending.[4]	Bending	contours	defined	as	spline-	or	polynomial-functions	can	be	manufactured.[5]	Three	roll	bending	of	tubes	and	open	profiles	can	also	be	performed	with	simpler	machines,	often	semi-automatic	and	non	CNC	controlled,	able	to	feed	the	tube	into	the	bending	zone	by	friction.	Although	a	single	die	can
produce	various	shapes,	it	only	works	for	one	size	tube	and	radius.
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