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Diagram	showing	forces	and	moments	applied	on	a	body	block	on	a	ramp	and	corresponding	free	body	diagram	of	the	block.	A	free	body	diagram	consists	of	a	diagrammatic	representation	of	a	single	body	or	subsystem	of	bodies	isolated	from	its	surroundings	that	shows	all	the	forces	acting	on	it.	In	physics	and	engineering,	a	free	body	diagram	(force
diagram,[1]	or	FBD)	is	a	graphic	illustration	used	to	display	the	applied	forces,	the	moments	and	reactions	resulting	on	a	body	in	a	given	condition.	They	depict	a	body	or	bodies	connected	with	all	the	forces	and	moments	applied,	and	reactions,	acting	on	the	body	(i).	The	body	can	consist	of	multiple	internal	members	(such	as	a	truce),	or	be	a	compact
body	(like	a	beam).	A	series	of	free	bodies	and	other	diagrams	can	be	necessary	to	solve	complex	problems.	Subject	The	free	body	diagrams	are	used	to	display	the	forces	and	motion	applied	to	a	body	and	to	calculate	reactions	in	mechanical	problems.	These	diagrams	are	often	used	both	to	determine	the	load	of	individual	structural	components	and
to	calculate	internal	forces	within	a	structure.	They	are	used	by	most	engineering	disciplines	from	biomechanics	to	structural	engineering.	[2][3]	In	the	educational	environment,	a	free	body	diagram	is	an	important	step	in	understanding	some	topics,	such	as	static,	dynamics	and	other	forms	of	classical	mechanics.	Features	A	free	body	diagram	is	not
a	scaled	design,	it	is	a	diagram.	The	symbols	used	in	a	free	body	diagram	depend	on	how	a	body	is	shaped.	[4]	The	diagrams	of	the	free	body	consist	of:	A	simplified	version	of	the	body	(often	a	point	or	a	box)	Forces	shown	as	straight	arrows	pointing	in	the	direction	acting	on	the	body	The	moments	are	shown	as	curves	with	an	arrowhead	or	a	vector
with	two	arrowheads	pointing	in	the	direction	acting	on	the	body	One	or	more	reference	coordinate	systems	By	convention,	reactions	to	the	applied	forces	are	shown	with	hash	marks	through	the	vector	stem	The	number	of	forces	and	moments	shown	depends	on	the	specific	problem	and	assumptions	made.	Common	assumptions	neglect	the
resistance	of	air	and	friction	and	take	a	rigid	action	of	the	body.	In	statics	all	forces	and	moments	must	balance	to	zero;	physical	interpretation	is	that	if	they	do	not,	the	body	is	accelerating	and	the	principles	of	static	do	not	apply.	In	dynamics	the	resulting	forces	and	moments	can	be	non-zero.	Free	body	diagrams	cannot	represent	an	entire	physical
body.	For	analysis	it	is	possible	to	select	the	doors	of	a	body.	This	technique	allows	the	calculation	of	internal	forces,	making	them	appear	external,	allowing	analysis.	This	can	be	usedtimes	to	calculate	internal	forces	in	different	positions	within	a	physical	body.	For	example,	a	gymnast	who	performs	the	iron	cross:	modeling	the	ropes	and	the	person
allows	the	calculation	of	the	overall	forces	(weight	body,	neglecting	the	weight	of	the	rope,	breeze,	buoyancy,	electrostatic,	relativity,	earth	rotation,	etc.).	Then	remove	the	person	and	show	only	one	rope;	rope;get	the	direction	of	force.	then	only	by	looking	at	the	person	the	forces	on	the	hand	can	be	calculated.	Now	just	look	at	the	arm	to	calculate
the	forces	and	moments	behind,	and	so	on	until	the	component	you	need	to	analyze	can	be	calculated.	modeling	the	body	a	body	can	be	shaped	in	three	ways:	a	particle.	This	model	can	be	used	when	rotational	effects	are	zero	or	have	no	interest,	although	the	body	itself	can	be	extended.	the	body	can	be	represented	by	a	small	symbolic	blob	and	the
diagram	reduces	to	a	set	of	concomitant	arrows.	a	force	on	a	particle	is	a	bound	vector.	extended	rigid.	tensions	and	tensions	are	of	no	interest,	but	rotational	effects	are.	a	force	arrow	should	lie	along	the	line	of	force,	but	where	along	the	line	is	irrelevant.	a	force	on	an	extended	rigid	body	is	a	sliding	carrier.	not	rigid	extended.	the	application	point
of	a	force	becomes	crucial	and	must	be	indicated	on	the	diagram.	a	force	on	a	non	rigid	body	is	a	limited	carrier.	some	oane	the	tail	of	the	arrow	to	indicate	the	point	of	application.	Others	hate	the	tip.	example:	figure	2:	an	empty	rigid	bucket	in	free	fall	in	a	uniform	gravitational	field	with	the	arrow	of	force	at	the	center	of	gravity.	consider	a	free
falling	body	in	a	uniform	gravitational	field.	the	body	can	be	a	particle.	It	is	enough	to	show	a	single	vertical	point	arrow	down	attached	to	an	extended	rigid	blob.	a	single	arrow	is	enough	to	represent	the	weight	w	even	if	the	gravitational	attraction	calms	on	each	particle	of	the	body.	not	rigid	extended.	in	non-rigid	analysis,	it	would	be	a	mistake	to
associate	a	single	point	of	application	with	gravitational	force.	what	is	included	a	fbd	represents	the	body	of	interest	and	external	forces	acting	on	it.	the	body:	This	is	usually	a	schematic	depending	on	the	body—particle/extended,	rigid/non-rigid—and	on	which	questions	should	be	resolved.	So	if	the	rotation	of	the	body	and	the	torque	is	considered,	an
indication	of	size	and	shape	of	the	body	is	necessary.	For	example,	the	dive	of	the	brake	of	a	motorcycle	cannot	be	found	from	a	single	point,	and	a	sketch	with	finite	dimensions	is	required.	the	external	forces:	these	are	indicated	by	tagged	arrows.	in	a	completely	solved	problem,	a	force	arrow	is	able	to	indicate	the	direction	and	line	of	action[note	1]
the	magnitude	of	the	point	of	application	a	reaction,	contrary	to	an	applied	force,	if	a	hash	is	present	through	the	shaft	of	the	arrow	often	a	temporary	free	body	is	drawn	first	of	all	is	known.	the	purpose	of	the	diagram	is	to	help	determine	the	width,	direction	and	point	of	application	of	external	loads.	when	a	force	is	originally	drawn,	its	length	cannot
indicate	the	size.	his	linecan	match	the	exact	line	of	action.	Its	orientation	cannot	also	be	corrected.	The	external	forces	known	for	having	a	negligible	effect	on	the	analysis	can	be	omitted	after	careful	consideration	(e.g.	air	floating	forces	in	the	analysis	of	a	chair,	orpressure	on	the	analysis	of	a	frying	pan).	External	forces	acting	on	an	object	may
include	friction,	gravity,	normal	force,	resistance,	tension,	or	human	force	due	to	push	or	pull.	When	in	a	non-inertial	reference	frame	(see	coordinate	system,	below),	fictitious	forces,	such	as	centrifugal	pseudophorza	are	appropriate.	At	least	one	coordinate	system	is	always	included,	and	chosen	for	convenience.	The	juicy	selection	of	a	coordinate
system	can	make	it	easier	to	define	vectors	when	writing	motion	equations	or	static.	The	x	direction	can	be	chosen	to	indicate	the	ramp	in	a	tilted	plane	problem,	for	example.	In	this	case	the	friction	force	has	only	one	x	component,	and	the	normal	force	has	only	one	y	component.	The	force	of	gravity	would	then	have	components	both	in	x	and	y:
mgsin(θ)	direction	in	x	and	mgcos(θ)	in	y,	where	θ	is	the	angle	between	the	ramp	and	the	horizontal.	Exclusions	A	free	body	diagram	should	not	show:	Different	bodies	from	the	free	body.	Constraints.	(The	body	is	not	without	constraints;	constraints	have	just	been	replaced	by	forces	and	moments	exerted	on	the	body.)	Forces	exercised	by	the	free
body.	(A	diagram	showing	the	forces	exerted	both	on	and	from	a	body	is	likely	to	be	confused	since	all	forces	will	erase.	For	Newton's	third	law	if	body	A	exercises	a	force	on	body	B	then	B	exercises	an	equal	and	opposite	force	on	A.	This	should	not	be	confused	with	the	equal	and	opposite	forces	that	are	necessary	to	keep	a	body	in	balance.)	Internal
forces.	(For	example,	if	an	entire	truce	is	analyzed,	the	forces	between	individual	members	are	not	included.)	Speed	or	acceleration	vectors.	Analysis	In	an	analysis,	a	free	body	diagram	is	used	by	adding	all	the	forces	and	moments	(often	made	along	or	on	each	of	the	axes).	When	the	sum	of	all	forces	and	moments	is	zero,	the	body	is	resting	or	moving
and/or	rotating	at	a	constant	speed,	from	the	first	law	of	Newton.	If	the	sum	is	not	zero,	then	the	body	is	accelerating	in	a	direction	or	about	a	axis	according	to	Newton's	second	law.	Forces	not	aligned	with	an	angled	force	axis	(F)	redefined	in	long	axes	(Fx)	and	(Fy)	Determining	the	sum	of	forces	and	moments	is	simple	if	they	are	aligned	with
coordinate	axes,	but	it	is	more	complex	if	some	are	not.	It	is	convenient	to	use	force	components,	in	which	case	ΣFx	and	ΣFy	symbols	are	used	instead	of	ΣF	(the	M	variable	is	used	for	moments).	The	forces	and	moments	that	are	at	an	angle	to	a	coordinate	axis	can	be	rewritten	as	two	vectors	equivalent	to	the	original	(or	three,	for	three-dimensional
problems)	—	each	direct	carrier	along	one	of	the	axes	(Fx)	and	(Fy).	Example:	A	block	on	a	sloping	plane	A	simple	diagram	of	the	free	body,	shown	above,	of	a	block	on	a	ramp	illustrates	this.	All	mediathe	external	structures	have	been	replaced	by	the	forces	that	generate.	These	include:	mg:	the	block	mass	product	and	constant	ofacceleration:	its
weight.	N:	the	normal	force	of	the	ramp.	Ff:	the	friction	force	of	the	ramp.	Force	vectors	show	direction	and	point	of	application	and	are	labeled	with	their	magnitude.	Contains	a	coordinate	system	that	can	be	used	when	describing	vectors.	Some	care	is	necessary	in	the	interpretation	of	the	diagram.	The	normal	force	has	been	demonstrated	to	act	at
the	central	point	of	the	base,	but	if	the	block	is	in	static	equilibrium	its	true	position	is	directly	under	the	mass	center,	where	the	weight	acts,	because	this	is	necessary	to	compensate	for	the	moment	of	friction.	Unlike	the	weight	and	normal	force,	which	is	expected	to	act	at	the	tip	of	the	arrow,	the	friction	force	is	a	sliding	carrier	and	therefore	the
application	point	is	not	relevant,	and	friction	acts	along	the	whole	base.	Kinematic	diagram	Not	to	be	confused	with	Kinematic	diagram.	Free	body	and	kinetic	diagrams	of	a	tilted	block	In	dynamic	a	kinetic	diagram	is	a	pictorial	device	used	in	the	analysis	of	mechanical	problems	when	it	is	determined	to	be	a	net	force	and/or	moment	acting	on	a	body.
They	are	connected	and	often	used	with	free	body	diagrams,	but	they	only	represent	the	net	force	and	the	moment	rather	than	all	the	forces	that	are	considered.	The	kinetic	diagrams	are	not	required	to	solve	dynamic	problems;	their	use	in	teaching	dynamics	is	supported	by	some[5]	in	favor	of	other	methods	that	they	see	as	simpler.	They	appear	in
some	dynamic	texts[6]	but	are	absent	in	others.	[7]	See	also	Wikimedia	Commons	has	media	related	to	free	body	diagrams.	Classical	Mechanics	Field	Analysis	–	Applications	of	Force	Diagrams	in	Social	Science	Movie	diagram	Physics	Suspension	and	time	diagrams	References	"Force	Diagrams	(Free-body	Diagrams).	Western	Kentucky	University.
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