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home	/	other	/	voltage	drop	calculator	This	is	a	calculator	for	the	estimation	of	the	voltage	drop	of	an	electrical	circuit.	The	"NEC	data"	tab	calculates	based	on	the	resistance	and	reactance	data	from	the	National	Electrical	Code	(NEC).	The	"Estimated	resistance"	tab	calculates	based	on	the	resistance	data	estimated	from	the	wire	size.	Click	the
"Other"	tab	to	use	customized	resistance	or	impedance	data,	such	as	data	from	other	standards	or	wire	manufacturers.	When	electrical	current	moves	through	a	wire,	it	is	pushed	by	electrical	potential	(voltage)	and	it	needs	to	surpass	a	certain	level	of	contrary	pressure	caused	by	the	wire.	The	voltage	drop	is	the	amount	of	electrical	potential
(voltage)	loss	caused	by	the	contrary	pressure	of	the	wire.	If	the	current	is	alternating,	such	contrary	pressure	is	called	impedance.	Impedance	is	a	vector,	or	two-dimensional	quantity,	consisting	of	resistance	and	reactance	(reaction	of	a	built-up	electric	field	to	a	change	of	current).	If	the	current	is	direct,	the	contrary	pressure	is	called	resistance.
Excessive	voltage	drop	in	a	circuit	can	cause	lights	to	flicker	or	burn	dimly,	heaters	to	heat	poorly,	and	motors	to	run	hotter	than	normal	and	burn	out.	It	is	recommended	that	the	voltage	drop	should	be	less	than	5%	under	a	fully	loaded	condition.	This	can	be	achieved	by	selecting	the	right	wire,	and	by	taking	care	in	the	use	of	extension	cords	and
similar	devices.	There	are	four	major	causes	of	voltage	drop:	The	first	is	the	choice	of	material	used	for	the	wire.	Silver,	copper,	gold,	and	aluminum	are	among	the	metals	with	the	best	electrical	conductivity.	Copper	and	aluminum	are	the	most	common	materials	used	for	wires	due	to	their	relatively	low	price	compared	with	silver	and	gold.	Copper	is
a	better	conductor	than	aluminum	and	will	have	less	voltage	drop	than	aluminum	for	a	given	length	and	wire	size.	Wire	size	is	another	important	factor	in	determining	voltage	drop.	Larger	wire	sizes	(those	with	a	greater	diameter)	will	have	less	voltage	drop	than	smaller	wire	sizes	of	the	same	length.	In	American	wire	gauge,	every	6-gauge	decrease
doubles	the	wire	diameter,	and	every	3-gauge	decrease	doubles	the	wire	cross	sectional	area.	In	the	Metric	Gauge	scale,	the	gauge	is	10	times	the	diameter	in	millimeters,	so	a	50	gauge	metric	wire	would	be	5	mm	in	diameter.	Still	another	critical	factor	in	voltage	drop	is	wire	length.	Shorter	wires	will	have	less	voltage	drop	than	longer	wires	for	the
same	wire	size.	Voltage	drop	becomes	important	when	the	length	of	a	run	of	wire	or	cable	becomes	very	long.	Usually	this	is	not	a	problem	in	circuits	within	a	house,	but	may	become	an	issue	when	running	wire	to	an	outbuilding,	well	pump,	etc.	Finally,	the	amount	of	current	being	carried	can	affect	voltage	drop	levels;	an	increase	in	current	through
a	wire	results	in	an	increased	voltage	drop.	Current	carrying	capacity	is	often	referred	to	as	ampacity,	which	is	the	maximum	number	of	electrons	that	can	be	pushed	at	one	time	the	word	ampacity	is	short	for	ampere	capacity.	The	ampacity	of	a	wire	depends	on	a	number	of	factors.	The	basic	material	from	which	the	wire	is	made	is,	of	course,	an
important	limiting	factor.	If	alternating	current	is	being	sent	through	the	wire,	the	speed	of	alternation	can	affect	ampacity.	The	temperature	in	which	the	wire	is	used	can	also	affect	ampacity.	Cables	are	often	used	in	bundles,	and	when	they	are	brought	together,	the	total	heat	which	they	generate	has	an	effect	on	ampacity	and	voltage	drop.	There
are	strict	rules	about	bundling	cables	which	must	be	followed	for	this	reason.	Cable	selection	is	guided	by	two	main	principles.	First,	the	cable	should	be	able	to	carry	the	current	load	imposed	on	it	without	overheating.	It	should	be	able	to	do	this	in	the	most	extreme	conditions	of	temperature	it	will	encounter	during	its	working	life.	Second,	it	should
offer	sufficiently	sound	earthing	to	(i)	limit	the	voltage	to	which	people	are	exposed	to	a	safe	level	and	(ii)	allow	the	fault	current	to	trip	the	fuse	in	a	short	time.	Voltage	drop	calculation	Ohm's	Law	is	a	very	basic	law	for	calculating	voltage	drop:	Vdrop	=	IR	where:	I:	the	current	through	the	wire,	measured	in	amperes	R:	the	resistance	of	the	wires,
measured	in	ohms	The	resistance	of	the	wires	is	often	measured	and	given	as	length-specific	resistance,	normally	in	the	unit	of	ohms	per	kilometer	or	ohms	per	1000	feet.	Also,	the	wire	is	round-tripped.	Therefore,	the	formula	for	a	single-phase	or	direct	current	circuit	becomes:	Vdrop	=	2IRL	The	formula	for	a	three-phase	circuit	becomes:	Vdrop	=
3IRL	where:	I:	the	current	through	the	wire	R:	the	length-specific	resistance	of	the	wires	L:	the	one-way	length	Typical	AWG	wire	sizes	American	Wire	Gauge	(AWG)	is	a	wire	gauge	system	used	predominantly	in	North	America	for	the	diameters	of	round,	solid,	non-ferrous,	electrically	conducting	wire.	The	following	is	a	list	of	typical	AWG	wires	and
their	sizes:	Voltage	drop	in	an	electric	circuit	can	be	calculated	using	Ohm's	law	as	U	=	R	I	(1)	where	U	=	voltage	drop	(volts,	V)	R	=	electrical	resistance	in	the	electric	circuit	(ohms,	)	I	=	current	(amps,	A)	Example	-	Voltage	DropVoltage	drop	in	a	100	ft	power	line:	2100	ft	#10	copper	electrical	resistance	1.02	/1000	ft	current	10	amps	The	electric
resistance	in	the	circuit	can	be	calculated	R	=	(1.02	/1000	ft)	(2100	ft)	=	0.204	The	voltage	drop	in	the	circuit	can	be	calculated	with	(1)	U	=	(0.204	)	(10	amps)	=	2.04	volts	Circular	mils	and	Voltage	dropVoltage	drop	can	also	be	calculated	using	mils	like	U	=	K	P	L	I	/	A	(2)	where	K	=	specific	resistivity	(	-	circular	mils/foot)	P	=	phase	constant	=	2	(for
single	phase)	=	1.732	(for	three	phase)	L	=	wire	length	(ft)	A	=	wire	area	(	circular	mils)	Specific	electric	resistivity	for	different	types	of	wire	materials	Solid	Copper,	K	=	11	(temp	77	oF	-	121	oF),	K	=	12	(temp	122	oF	-	167	oF)	Solid	Aluminum,	K	=	18	(temp	77	oF	-	121	oF),	K	=	20	(temp	122	oF	-	167	oF)	Stranded	Copper,	K	=	11	(temp	77	oF	-	121
oF),	K	=	12	(temp	122	oF	-	167	oF)	Stranded	Aluminum,	K	=	19	(temp	77	oF	-	121	oF),	K	=	20	(temp	122	oF	-	167	oF)	Example	-	Specific	resistivity	and	Voltage	DropWith	values	from	the	example	above	the	voltage	drop	can	be	calculated	as	U	=	(11	ohm	-	circular	mils/foot)	(2100	ft)	(10	A)	/	(10400	mils)	=	2.11	VCopper	Conductor	-	Voltage	Drop
TableThe	voltage	drop	in	a	copper	conductor	can	be	estimated	with	U	=	f	I	L	(3)	where	f	=	factor	from	table	below	I	=	current	(amps)	L	=	conductor	length	(ft)	Copper	Conductor	-	Voltage	DropSizeFactor	-	f	-	AWGMetric	mm2Single-phase3-
phase142.080.4760.42123.310.3130.26105.260.1960.1788.370.1250.11613.30.08330.071421.20.05380.04630.04310.038233.60.03230.028142.40.03230.0281/053.50.02690.0232/067.40.02220.0203/085.00.0190.0164/0107.20.01610.0142500.01470.0133000.01310.0113500.01210.0114000.01150.0095000.01010.009	Gauge,	weight,	circular	mils	and
electrical	resistance	in	copper	wire.	Online	shareable	electric	circuit	diagram.	Calculate	single	and	bunched	electric	wire	cross-section	area	and	diameter.	Maximum	length	of	240	V	single	phase	electric	wire	with	max.	2%	voltage	drop.	Maximum	electrical	motor	cable	length	vs.	power.	Typical	voltages	and	frequencies	used	for	domestic	appliances	in
different	countries.	The	relation	between	voltage,	current	and	electrical	resistance.	Electric	circuits	and	voltage	at	any	point.	Voltage	and	Current	Sources	Helps	determine	the	proper	wire	size	for	an	electrical	circuit	based	on	the	voltage	drop	and	current	carrying	capacity	of	an	electrical	circuit.	Determines	wire	size	to	meet	specific	voltage	drop
limits	or	calculates	voltage	drop	for	a	specific	conductor	run.	When	sizing	conductors,	calculations	limits	wire	size	to	voltage	drop	and	NEC	ampacity.	Southwire's	Re3TM	Voltage	Drop	Calculator	is	designed	for	applications	using	AWG	and	KCMIL	sizes	only.	How	to	calculate	voltage	drop,	you	ask?	Download	our	mobile	apps	or	enter	your	values	in	the
web	calculator	below!	Quickly	and	easily	illustrates	the	potential	labor	cost	savings	when	using	MCAP	cable	in	place	of	traditional	MC	cable.	Learn	More	Conduit	Fill	is	the	percent	of	area	inside	the	conduit	taken	up	by	the	cables.	Provides	quick	and	easy	results	for	the	conduit	fill	percent,	per	NEC	guidelines.	Learn	More	Helps	to	estimate	and
manage	cable	installation	projects.	Provides	the	ability	to	alter	data	that	indicates	tension	or	sidewall	pressure.	Learn	More	Voltage	drop	calculation	identifies	voltage	loss	over	conductors,	ensuring	reliable	performance,	minimizing	energy	waste,	and	enhancing	safety	in	electrical	systems.This	article	explains	essential	formulas,	detailed	tables,	and
real-life	examples	while	guiding	engineers	and	technicians	in	effective	voltage	drop	analysis.	AI-powered	calculator	for	Voltage	Drop	CalculationExample	Prompts120	20	200	4	AWG240	30	150	2	AWG277	40	300	1/0	AWG480	50	400	2/0	AWGUnderstanding	Voltage	DropVoltage	drop	represents	the	reduction	in	voltage	as	electric	current	flows	through
a	conductor.	This	phenomenon	is	primarily	due	to	the	resistance	inherent	in	the	conductor	material	and	the	length	of	the	circuit	path.	Electrical	engineers	carefully	account	for	voltage	drop	to	ensure	that	devices	at	the	load	end	receive	sufficient	voltage	for	proper	operation.	Moreover,	maintaining	voltage	within	acceptable	limits	is	essential	for	safety
and	energy	efficiency	in	power	distribution	systems.In	essence,	voltage	drop	calculations	ensure	that	the	delivered	power	is	adequate	while	minimizing	energy	losses.	Whether	designing	an	electrical	system	for	a	building	or	troubleshooting	a	circuit,	understanding	voltage	drop	is	paramount.	This	article	reviews	the	core	principles,	essential	formulas,
and	factors	influencing	voltage	drop,	while	providing	tables,	step-by-step	calculations,	and	real-world	applications.	The	following	sections	offer	a	comprehensive	guide	to	understanding	and	applying	voltage	drop	calculations	effectively.Fundamental	Concepts	in	Voltage	Drop	CalculationsBefore	diving	into	the	calculations,	its	necessary	to	understand
several	core	concepts	that	govern	voltage	drop	in	conductors.	The	primary	factors	include	the	conductor	materials	resistivity,	the	length	of	the	conductor,	the	size	(or	cross-sectional	area)	of	the	conductor,	and	the	current	load.Resistivity	is	an	intrinsic	property	of	a	material	and	is	usually	denoted	by	the	symbol	(rho).	Materials	with	lower	resistivity
provide	lower	resistance	for	the	same	cross-sectional	area	and	length,	resulting	in	reduced	voltage	drop.	Copper,	for	instance,	has	a	low	resistivity	compared	to	aluminum,	making	it	a	popular	choice	for	electrical	wiring.	The	conductors	cross-sectional	area	directly	affects	its	current-carrying	capacity,	and	a	larger	area	reduces	the	resistance,
consequently	lowering	the	voltage	drop	across	the	conductor.Key	Formulas	for	Voltage	Drop	CalculationThe	primary	formula	used	for	calculating	voltage	drop	in	a	conductor	is	derived	from	Ohms	Law	and	the	basic	resistance	formula.	The	formula	is	expressed	as:Voltage	Drop	=	Current	Resistance	of	the	ConductorTo	determine	the	resistance	of	a
conductor,	we	use	the	formula:Resistance	=	(	Length)	/	Cross-sectional	AreaIn	many	electrical	systems,	particularly	when	considering	circuits	with	a	return	path,	the	length	in	the	formula	should	be	the	total	length	(i.e.,	the	sum	of	the	outbound	and	return	conductors).	Therefore,	the	full	voltage	drop	expression	becomes:Voltage	Drop	=	Current	(	Total
Length)	/	Cross-sectional	AreaFor	clarity,	below	is	the	explanation	for	each	variable	in	these	formulas:Voltage	Drop:	The	difference	in	voltage	between	the	source	and	the	load	due	to	resistance.Current	(I):	The	current	measured	in	amperes	(A)	flowing	through	the	conductor.Resistance	(R):	The	innate	opposition	to	current	flow	within	the	conductor,
influenced	by	material	properties	and	geometry.Resistivity	():	The	inherent	property	of	the	conductor	material	measured	in	ohm-meter	(m)	or	ohm-cmil/ft	for	practical	wiring	applications.Length	(L):	The	physical	length	of	the	conductor.	For	complete	circuit	calculations,	this	is	typically	doubled	to	account	for	the	round	trip.Cross-sectional	Area	(A):
The	area	of	the	conductors	cross-section,	usually	measured	in	square	meters	(m)	or	circular	mils	(cmil).It	is	crucial	to	ensure	consistent	units	when	applying	these	formulas.	For	instance,	when	using	resistivity	in	ohm-meters,	the	length	should	be	in	meters	and	the	cross-sectional	area	in	square	meters.	In	the	United	States,	the	more	common	practice
is	to	use	ohm-cmil/ft,	where	adjustments	are	made	for	the	units	accordingly.The	Role	of	Material	and	Conductor	ChoiceChoosing	the	right	conductor	material	and	size	is	essential	for	optimizing	voltage	drop	and	ensuring	efficiency	and	safety.	Copper	and	aluminum	are	the	most	commonly	used	wiring	materials.	Coppers	lower	resistivity	makes	it	ideal
for	applications	where	minimum	voltage	loss	is	critical.	However,	due	to	cost	and	weight	considerations,	aluminum	is	sometimes	used	in	larger	installations	despite	its	higher	resistivity.The	cross-sectional	area	of	the	conductor	is	equally	important,	as	a	larger	area	implies	lower	resistance	per	unit	length.	Electrical	codes	and	standards,	such	as	the
National	Electrical	Code	(NEC)	in	the	United	States,	provide	guidelines	on	minimum	conductor	sizes	to	ensure	that	voltage	drop	and	pigtail	losses	remain	within	safe	limits.	It	is	best	practice	to	consult	these	codes	and	perform	detailed	voltage	drop	calculations	during	the	design	phase	of	any	electrical	installation.Voltage	Drop	Calculation
TablesTables	are	an	effective	way	to	quickly	reference	typical	values	and	design	parameters	for	voltage	drop	calculations.	The	following	tables	offer	insight	into	the	typical	resistivity	of	common	conductor	materials,	as	well	as	example	calculations	for	various	conductor	sizes	and	current	loads.Table	1:	Resistivity	of	Common	Conductor
MaterialsMaterialResistivityUnitsCopper10.37ohm-cmil/ftAluminum17.24ohm-cmil/ftThe	values	in	Table	1	illustrate	that	copper	has	a	lower	resistivity	compared	to	aluminum,	which	makes	copper	more	efficient	in	minimizing	voltage	drop,	albeit	at	a	higher	material	cost.	When	designing	circuits,	this	table	helps	engineers	select	the	appropriate
material	based	on	performance	and	economic	constraints.Table	2:	Voltage	Drop	Example	Values	for	Various	ConductorsConductor	GaugeCurrent	(A)One-way	Distance	(ft)Approx.	Voltage	Drop	(%)4	AWG	(Copper)20200Less	than	3%2	AWG	(Copper)30150Approximately	2%1/0	AWG	(Copper)40300Approximately	2.5%2/0	AWG
(Aluminum)50400Slightly	above	3%Table	2	serves	as	a	quick-reference	guide	based	on	standard	conductor	sizes,	currents,	and	distances	to	estimate	the	approximate	voltage	drop.	It	is	useful	for	preliminary	assessments	before	committing	to	a	detailed	voltage	drop	analysis.Real-World	Application:	Residential	Voltage	Drop	CalculationConsider	a
typical	residential	scenario	where	an	electrical	feed	must	supply	a	detached	garage	from	a	main	panel	located	200	ft	away	(one-way	distance).	The	system	operates	at	120	volts,	and	the	expected	load	current	is	20	amperes.	The	wiring	selected	is	4	AWG	copper,	which	is	commonly	used	in	such	installations.	The	goal	is	to	ensure	that	the	voltage	drop
does	not	exceed	the	recommended	3%	limit.Step	1:	Determine	the	total	conductor	length	for	the	circuit.	Since	the	circuit	requires	a	complete	round-trip,	multiply	the	one-way	distance	by	two	(200	ft	2	=	400	ft).	Step	2:	Use	the	resistivity	value	from	Table	1	for	copper	(approximately	10.37	ohm-cmil/ft)	along	with	the	known	cross-sectional	area	for	4
AWG	copper.	Standard	values	indicate	that	4	AWG	copper	has	an	area	of	about	41,740	circular	mils	(cmil).Step	3:	Calculate	the	resistance	of	the	conductor	using	the	formula:Resistance	=	(Resistivity	Total	Length)	/	Cross-sectional	AreaPlug	in	the	values:Resistance	=	(10.37	400)	/	41,740	0.099	ohmsStep	4:	Now,	calculate	the	voltage	drop	using	Ohms
Law	(Voltage	Drop	=	Current	Resistance):Voltage	Drop	=	20	A	0.099	ohms	1.98	voltsStep	5:	Determine	the	percentage	voltage	drop	relative	to	the	source	voltage	(120	V):Percentage	Voltage	Drop	=	(1.98	V	/	120	V)	100	1.65%This	value	is	well	within	the	acceptable	range	for	residential	installations	(typically	<	3%),	confirming	that	4	AWG	copper	is
suitable	for	this	feeder	run.	Such	calculations	are	critical	during	the	design	stage	to	avoid	under-sizing	or	over-sizing	conductors,	both	of	which	have	economic	and	safety	implications.Real-World	Application:	Industrial	Motor	FeederIn	an	industrial	setting,	suppose	an	electric	motor	rated	at	480	V	requires	a	feeder	circuit	with	a	current	of	50	A	over	a
one-way	distance	of	350	ft.	The	motors	performance	depends	heavily	on	maintaining	a	voltage	drop	within	2%.	In	this	case,	an	engineer	might	consider	using	2/0	AWG	aluminum,	especially	if	cost	and	weight	are	constraints,	despite	aluminums	higher	resistivity	compared	to	copper.Step	1:	Calculate	the	total	conductor	length.	Multiply	the	one-way
distance	by	two	to	account	for	the	round-trip	(350	ft	2	=	700	ft).	Step	2:	For	aluminum,	the	resistivity	is	approximately	17.24	ohm-cmil/ft.	A	standard	2/0	AWG	aluminum	conductor	typically	has	a	cross-sectional	area	around	66,360	circular	mils.Step	3:	Compute	the	conductors	resistance:Resistance	=	(17.24	700)	/	66,360	0.182	ohmsStep	4:	Using
Ohms	Law,	determine	the	voltage	drop:Voltage	Drop	=	50	A	0.182	ohms	9.1	voltsStep	5:	Calculate	the	percentage	voltage	drop	relative	to	the	480	V	supply:Percentage	Voltage	Drop	=	(9.1	V	/	480	V)	100	1.90%This	industrial	example	confirms	that	even	with	a	higher	resistivity	material	such	as	aluminum,	and	a	relatively	long	run,	the	voltage	drop
remains	within	the	stringent	requirements	for	industrial	applications	(less	than	2%).	Engineers	should	always	adjust	parametersincluding	conductor	size	and	material	choiceto	comply	with	design	criteria	and	electrical	codes.Additional	Factors	Affecting	Voltage	DropSeveral	additional	factors	must	be	considered	in	a	comprehensive	voltage	drop
analysis.	Temperature	variations	can	cause	changes	in	resistance.	As	the	temperature	increases,	the	resistivity	of	most	conductors	increases	as	well,	leading	to	a	higher	voltage	drop	than	initially	calculated.	Therefore,	conductors	exposed	to	elevated	temperatures	or	environments	with	variable	ambient	conditions	should	be	evaluated	with	these
factors	in	mind.Another	important	factor	is	the	conductor	material	quality	and	installation	conditions.	Corrosion,	mechanical	stress,	or	sub-optimal	connections	might	increase	the	effective	resistance	of	a	circuit.	In	high	precision	or	high	current	applications,	even	slight	changes	in	conductor	performance	can	have	significant	effects	on	the	voltage
delivered	to	loads.	For	this	reason,	detailed	voltage	drop	calculations	are	often	integrated	into	a	broader	reliability	and	safety	assessment	during	design	reviews.Advanced	Topics	in	Voltage	Drop	CalculationIn	more	advanced	electrical	engineering	projects,	voltage	drop	calculations	might	include	additional	aspects	such	as	harmonic	currents,	phase
imbalances	in	three-phase	systems,	and	the	skin	effect	at	high	frequencies.	For	three-phase	systems,	the	voltage	drop	calculation	is	slightly	modified:The	voltage	drop	per	phase	in	a	balanced	three-phase	system	can	be	computed	using	a	similar	formula	as	single-phase	systems,	but	engineers	must	account	for	the	phase	angle	and	vector	sum	of	the
voltage	drops.	This	adds	complexity	as	the	resulting	voltage	drop	is	not	merely	a	scalar	value	but	a	vector	sum	of	the	drops	in	each	phase,	often	requiring	specialized	software	or	calculators	for	accurate	analysis.In	addition,	in	circuits	with	high-frequency	currents,	the	skin	effect	causes	the	effective	conducting	area	of	the	wire	to	reduce,	thus
increasing	the	resistance.	Engineers	might	need	to	incorporate	correction	factors	or	use	conductors	with	special	constructions	(such	as	Litz	wire)	to	mitigate	these	effects	in	high-frequency	applications.Step-by-Step	Guide:	How	to	Perform	Your	Own	Voltage	Drop	CalculationsPerforming	a	voltage	drop	calculation	manually	involves	the	following	key
steps:Identify	the	current	load	(in	amperes)	expected	in	the	circuit.Measure	or	estimate	the	one-way	distance	between	the	power	source	and	the	load.	Multiply	by	two	to	account	for	the	return	path.Select	the	conductor	material	and	find	its	resistivity	value	()	from	a	trustworthy	source	or	engineering	reference	such	as	the	NEC.Determine	the	cross-
sectional	area	of	the	conductor	based	on	its	gauge	size.Calculate	the	total	resistance	using	the	formula:	Resistance	=	(	Total	Length)	/	Cross-sectional	Area.Multiply	the	resistance	by	the	current	load	to	obtain	the	voltage	drop	using	Ohms	Law	(Voltage	Drop	=	I	R).Calculate	the	percentage	voltage	drop	by	comparing	the	computed	voltage	drop	with
the	source	voltage.Following	these	steps	methodically	not	only	ensures	compliance	with	electrical	standards	but	also	improves	energy	efficiency	and	operational	safety.	These	calculations	are	invaluable	in	both	the	planning	phase	of	new	installations	and	the	troubleshooting	of	existing	circuits.Frequently	Asked	Questions	(FAQs)Below	are	answers	to
some	common	questions	regarding	voltage	drop	calculations:Q:	What	is	an	acceptable	voltage	drop	percentage?A:	For	residential	installations,	a	voltage	drop	of	less	than	3%	is	generally	acceptable,	while	industrial	systems	might	require	below	2%.Q:	Why	is	voltage	drop	important	in	electrical	design?A:	Excessive	voltage	drop	can	lead	to	inefficient
operation,	reduced	equipment	performance,	and	potential	safety	hazards	by	not	providing	the	required	operating	voltage.Q:	Does	the	type	of	conductor	(copper	vs.	aluminum)	affect	the	voltage	drop?A:	Yes,	due	to	differing	resistivity	values,	copper	typically	offers	lower	voltage	drop	for	the	same	conductor	size	compared	to	aluminum.Q:	How	do
installation	factors	impact	voltage	drop	calculations?A:	Factors	such	as	ambient	temperature,	mechanical	stress,	and	connection	quality	can	increase	resistance,	thereby	increasing	the	effective	voltage	drop.Useful	External	ResourcesFor	further	guidance	on	voltage	drop	calculations	and	current	electrical	standards,	consider	the	following
authoritative	resources:Integrating	Voltage	Drop	Calculations	into	Electrical	DesignIncorporating	voltage	drop	calculations	at	the	design	stage	of	an	electrical	system	is	not	only	a	best	practice	but	sometimes	a	requirement	by	regional	electrical	codes.	These	calculations	allow	engineers	to	select	appropriate	conductor	sizes	and	materials,	ensuring
that	systems	remain	efficient	under	all	operating	conditions.	Modern	design	software	often	includes	built-in	voltage	drop	calculators	or	simulation	tools,	which	streamline	this	task	considerably.When	integrated	successfully,	these	calculations	help	designers	predict	performance,	reduce	operational	losses,	and	ensure	the	longevity	of	the	electrical
installation.	Whether	planning	a	small	residential	circuit	or	a	large-scale	industrial	distribution	network,	proper	voltage	drop	analysis	is	pivotal	in	achieving	both	safety	and	efficiency.Best	Practices	and	Engineering	ConsiderationsWhen	carrying	out	voltage	drop	calculations,	engineers	should	adhere	to	several	best	practices:Always	confirm	that	all
units	are	consistent	(e.g.,	feet	vs.	meters,	circular	mils	vs.	mm).Adjust	calculations	for	round-trip	conductor	lengths	where	applicable.Consider	environmental	factors	that	could	affect	conductor	performance	such	as	temperature,	humidity,	and	mechanical	loading.Consult	updated	electrical	codes	and	guidelines	such	as	the	NEC,	IEC,	or	local
standards.Regularly	verify	that	calculations	align	with	actual	performance	measurements	during	commissioning	and	maintenance	phases.In	addition,	when	expanding	an	electrical	installation	or	upgrading	equipment,	re-evaluate	the	voltage	drop	to	ensure	that	any	changes	have	not	pushed	the	system	beyond	its	designed	operating	parameters.
Record	keeping	and	periodic	review	are	key	elements	in	maintaining	compliance	and	operational	reliability.Conclusion	and	Final	ThoughtsAccurate	voltage	drop	calculations	serve	as	an	indispensable	tool	for	electrical	engineers	and	technicians.	By	meticulously	analyzing	each	parameter	from	conductor	material	and	cross-sectional	area	to	total	circuit
length	and	load	current	professionals	can	design	systems	that	are	safe,	efficient,	and	compliant	with	evolving	electrical	standards.The	detailed	examples	presented	herein	demonstrate	how	theoretical	formulas	translate	into	practical	solutions,	offering	clear	guidance	for	both	residential	and	industrial	applications.	Whether	youre	troubleshooting	a
voltage	drop	The	Voltage	Drop	Calculator	will	calculate	the	voltage	drop	across	a	circuit	for	long	wire	runs	based	on	voltage,	current,	phases,	conductor,	wire	size,	and	circuit	distance.	It	will	also	calculate	the	voltage	at	the	load,	and	the	percent	voltage	drop.	Enter	the	information	below	to	calculate	voltage	drop	across	a	circuit.	How	to	Calculate
Voltage	Drop	Voltage	drop	is	calculated	using	the	most	universal	of	all	electrical	laws:	Ohm's	Law.	This	states	that	the	voltage	potential	across	the	conductor	is	equal	to	the	current	flowing	through	the	conductor	multiplied	by	the	total	resistance	of	the	conductor.	In	other	words,	Vd	=	I	x	R.	A	simple	formula	was	derived	from	Ohm's	law	to	calculate	the
voltage	drop	across	a	conductor.	This	formula	can	help	you	determine	voltage	drop	across	a	circuit,	as	well	as	the	size	wire	gauge	you	will	need	for	your	circuit	based	on	the	maximum	desired	voltage	drop.	The	National	Electrical	Code	states	that	the	voltage	drop	of	a	feeder	circuit	must	not	exceed	5%,	and	the	voltage	drop	of	a	branch	circuit	must	not
exceed	3%.	Single-Phase	Circuits	Voltage	drop	is	calculated	for	single-phase	circuits	as	follows:	Vd	=	Voltage	Drop	I	=	Current	in	Conductor	(Amps)	L	=	One-way	Length	of	Circuit	(Feet)	Cm	=	Cross	Section	Area	of	Condcutor	(Circular	Mils)	K	=	Resistance	in	ohms	of	1	circular	mil	foot	of	conductor.	Note:	K	=	12.9	for	Copper	conductors	at	75C
(167F),	and	K	=	21.2	for	Aluminum	conductors	at	75C	(167F).	Three-Phase	Circuits	Voltage	drop	is	calculated	for	three-phase	circuits	as	follows:	Vd	=	Voltage	Drop	I	=	Current	in	Conductor	(Amps)	L	=	One-way	Length	of	Circuit	(Feet)	Cm	=	Cross	Section	Area	of	Condcutor	(Circular	Mils)	K	=	Resistance	in	ohms	of	1	circular	mil	foot	of	conductor.
Note:	K	=	12.9	for	Copper	conductors	at	75C	(167F),	and	K	=	21.2	for	Aluminum	conductors	at	75C	(167F).	To	calculate	the	maximum	distance	of	a	circuit	based	on	percent	voltage	drop,	use	the	Circuit	Distance	Calculator.	To	calculate	wire	size	for	a	circuit,	use	the	Wire	Size	Calculator	or	the	Advanced	Wire	Size	Calculator.	To	calculate	wire
ampacity	for	a	circuit,	use	the	Wire	Ampacity	Calculator	or	the	Advanced	Wire	Ampacity	Calculator.	Visit	the	Terms	of	Use	and	Privacy	Policy	for	this	site.	Your	feedback	is	greatly	appreciated.	Let	us	know	how	we	can	improve.	Link	Navigation	Voltage	drop	is	the	amount	of	voltage	reduction	that	occurs	in	all	components	of	the	circuit	caused	by
impedance	when	current	flows	through	it.	Therefore,	the	voltage	at	the	receiving	end	of	the	circuit	is	always	less	than	the	voltage	at	the	sending	end	of	the	voltage	source.	The	voltage	difference	between	both	ends	is	called	voltage	drop	(VD)	or	potential	drop	(PD).In	an	electrical	system,	different	losses	may	occur	to	decrease	the	overall	output	and
efficiency	of	that	system.	This	article	describes	the	effects	of	voltage	drop	(VD)	in	an	electrical	system.Voltage	drop	(VD)	is	the	decrement	in	the	electrical	potential	within	a	circuit	or	a	conductor	due	to	the	resistance	offered	by	the	current	passing	through	that	circuit	or	conductor.Electrical	current	faces	resistance	in	its	pathway	and	increases	the
potential	drop	in	the	form	of	heat.	This	process	is	undesirable	as	this	causes	a	loss	of	energy	across	sources	of	energy,	conductors,	and	contacts.VD	varies	proportionally	in	load	with	the	useful	load	power	that	must	be	converted	into	other	useful	energy.	You	can	understand	the	concept	from	this	example,	one	circuit	(it	may	be	a	heater)	has	a
resistance	of	20	ohms	but	the	conductor/wire	that	supplies	the	circuits	current	has	0.4	ohms	resistance.	It	implies	that	there	will	be	about	4%	loss	in	the	supply	voltage	because	of	connecting	wires.In	different	countries,	there	is	a	different	maximum	limit	of	voltage	drop	(VD)	in	electrical	loads	to	enhance	and	maintain	the	efficiency	of	an	electrical
system.Voltage	drop	occurs	due	to	different	factors	that	contribute	to	the	voltage	loss	in	an	electrical	circuit.	One	of	the	main	reasons	for	dropping	voltage	is	the	resistance	or	impedance	of	a	conductor.	The	resistance	restricts	the	flow	of	electrical	current	by	offering	hindrance	in	its	way.	Here	the	energy	dissipates	in	heat	form	that	eventually,	drops
the	potential	in	a	circuit.Here	are	some	more	factors	that	cause	voltage	drop:Current	Magnitude:	If	the	amount	of	current	increases	in	a	circuit,	it	will	increase	the	VD	in	that	circuit.	This	is	given	by	Ohms	law	formula,	i.e.	V	=	IR.Material	of	Conductor:	Different	materials	have	different	resistivity	that	affect	the	resistance	in	that	material.	Higher
resistivity	means	higher	resistance	and	eventually	it	will	have	a	large	VD.	Temperature:	Materials	with	a	positive	temperature	coefficient	have	more	voltage	drop	due	to	the	higher	temperature	of	the	materialBy	understanding	the	causes	of	potential	drops,	individuals	should	design/select	the	appropriate	circuit	or	material	that	can	offer	less	VD.There
are	different	elements	that	cause	a	potential	drop	in	a	circuit.	The	resistor	is	a	passive	element	that	primarily	introduced	resistance	in	a	circuit.	The	followings	are	the	elements	responsible	for	potential	drop(PD).Resistor	(DC	Circuit)Capacitor	(AC	Circuit)Inductor	(AC	Circuit)The	current	faces	opposition	while	passing	through	a	conductor.	Ohms	law
and	Kirchhoffs	law	state	to	provide	the	amount	of	voltage	reduction.	According	to	Kirchhoffs	law,	the	reduction	in	voltage	across	all	components	is	equal	to	the	supply	voltage.	The	voltage	drop	will	appear	in	the	form	of	heat.Similarly,	in	the	case	of	an	AC	circuit,	current	face	reactance	(another	type	of	current	opposing	parameter).	The	combination	of
reactance	and	resistance	is	called	impedance	(Z).	For	AC	current	circuit,	Ohms	law	becomes	as,Where	V	is	the	VD,	I	is	the	circuit	current,	and	Z	is	the	impedance	of	the	AC	circuit.The	energy	is	dissipated	in	the	form	of	heat	caused	by	VD	in	the	sources	internal	resistance,	across	contacts,	conductors,	and	components.The	VD	in	a	circuit	can	be
calculated	using	Ohms	law.	The	formula	for	calculating	the	voltage	drop	in	a	DC	circuit	is;Where,I	Current	flowing	in	the	circuitR=	Resistance	of	the	circuitAccording	to	this	formula,	the	VD	is	directly	proportional	to	the	current	passing	through	a	resistor	and	its	resistance.To	calculate	voltage	drop	in	an	AC	circuit,	we	can	use	the	following
formula,Where,I	Current	flowing	in	the	circuitZ=	Impedance	of	the	circuitThe	power	factor	of	the	AC	circuit	plays	a	very	important	role	in	voltage	drop	in	the	AC	circuit.	The	poor	power	factor	causes	more	voltage	drop	in	the	circuit	because	it	causes	an	increase	in	line	current.The	voltage	drop	(Line	to	neutral)	in	the	AC	circuit	is;The	voltage
dropformula	(Line-Line)in	an	AC	circuit	is	given	by;Electrical	systems	face	opposition	in	the	current	flowing	passage	due	to	resistance.	Significance	of	voltage	drop	lies	in	its	effects	on	the	performance,	efficiency,	and	safety	of	electrical	components	and	systems.The	following	factors	should	be	considered.Power	Loss:	Potential	drop	causes	loss	in
power	of	a	system.	Energy	will	be	converted	into	waste	in	the	form	of	heat.	It	can	lead	to	the	use	of	more	conductors	to	compensate	for	the	voltage	drop.	This	can	also	cause	cost	increases.Design	of	Electrical	System:	VD	must	be	considered	to	design	electrical	circuits,	equipment,	or	panels.	The	conductor	and	wire	must	be	selected	to	minimize	the
voltage	drop.Performance:	Excessive	potential	drop	may	cause	the	poor	performance	of	equipment.The	following	steps	can	be	taken	to	measure	the	potential	drop	in	the	circuit.Measure	the	source	voltage.	Let	it	be	V1Measure	the	voltage	across	the	load.	Let	it	be	V2.Find	the	difference	between	V1	and	V2.The	difference	between	V1	and	V2	is	the
voltage	drop	in	the	circuit.VD	in	the	above	example	is;Thus,	the	voltage	drop	in	the	connecting	wires	is	4	Volts.The	potential	drop	in	the	circuit	depends	on	the	current	and	the	resistance	of	the	circuit.	It	is	possible	to	reduce	the	VD	by	either	decreasing	the	circuit	resistance	or	by	decreasing	the	load	current.	The	load	current	of	the	equipment	is	fixed
and	in	this	case,	the	voltage	drop	can	be	reduced	by	reducing	the	circuit	resistance.	The	following	steps	can	be	taken	to	reduce	the	potential	drop	in	the	circuit.By	selecting	the	Thicker	Wires-	The	resistance	of	the	wire	is	inversely	proportional	to	the	cross-section	area.	If	you	select	a	thicker	wire,	the	resistance	of	the	wire	will	be	less	and	it	leads	to
lower	circuit	resistance.	This	approach	of	reducing	VD	is	suitable	for	AC	and	DC	circuits.By	Improving	the	Power	Factor	of	AC	Circuit-	The	line	current	increase	if	the	power	factor	of	the	load	is	low.	The	reactive	current	drawn	by	the	load	causes	more	voltage	drop	because	of	increased	line	current.	Installing	a	capacitor	bank	across	the	load	can
improve	the	power	factor.	The	capacitive	reactive	current	drawn	by	the	capacitor	nullifies	the	inductive	reactive	current	and	eventually,	the	line	current	reduces,	resulting	in	the	reduction	in	voltage	drop.Electrical	systems	face	potential	drop	due	to	opposition	faced	in	the	flow	of	current.	This	behavior	decreases	the	systems	efficiency.	VD	occurs	due
to	resistance	in	a	circuit	or	conductor.	The	potential	drop	can	be	more	or	less	depending	on	the	resistivity	and	type	of	material	of	a	conductor.	We	should	select	materials	that	offer	less	voltage	drop	to	achieve	maximum	efficiency	it.Numerical	Example	(1):	Consider	a	10	ohms	resistor	in	a	circuit	and	2	amperes	current	is	flowing	through	it.	Calculate
VD	across	the	resistor.Solution:Given,	R	=	10	ohms,	I	=	3AUsing	the	voltage	drop	formula,Numerical	Example	(2):	Consider	a	100-meter-long	copper	wire	with	a	cross-sectional	area	of	2	square	millimeters.	If	5	amperes	of	current	passes	through	it,	calculate	its	potential	drop.	Use	resistivity	of	1.68	x	10-8	ohm-meter	for	copper.Solution:Give	data
is,Length	(L)	=	100	metersCross-sectional	area	(A)	=	2	square	millimeters=	2	x	10-6	square	metersCurrent	(I)	=	5	amperesResistivity	()	=	1.68	x	10-8	ohm-meterIn	order	to	calculate	the	resistance	(R),	we	use	the	formulaPutting	the	values,	we	get,Now	using	the	voltage	drop	formula,	For	AC	&	DC	Electrical	Systems	in	Transportation	(EV,	Rail,
Airports),	Renewable	Power	(Solar,	Wind,	BESS),	Utility	and	Commercial	Buildings.	

How	do	you	calculate	voltage	drop	over	distance.	Calculate	volage	drop.	Why	do	we	calculate	voltage	drop.	How	is	the	voltage	drop	across	a	single	resistance	calculated.	Voltage	drop	explained.


