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ABSTRACT	

A	busbar	 is	a	 strip	or	bar	of	 copper,	aluminum	or	any	 that	 conducts	electricity	within	a	 switch	board,	distribution	board,	
substation,	 battery	 bank	 or	 other	 electrical	 system.	 Its	main	 purpose	 is	 to	 conduct	 electricity,	 not	 just	 to	 function	 as	 a	
structural	member.	Busbars	improves	systematic	capacitance,	lower	inductance	and	impedance.	

Commercially,	 the	present	practice	 is	 to	use	different	busbars	 for	different	current	ratings.	The	main	reason	 for	 this	 is	 the	
variation	in	temperature	and	the	entire	busbar	system	has	to	be	replaced	depending	on	the	required	current	rating.	This	is	a	
time	consuming	and	expensive	practice.	To	prevent	the	above	difficulties	in	the	present	work	a	busbar	with	fins,	which	can	be	
used	for	varying	current	ratings,	is	proposed.	The	proposal	is	done	by	thermal	analysis	of	the	busbar	and	the	theoretical	and	
simulation	results	are	compared.	There	is	the	analysis	is	carried	out	by	simulation	using	Star	CCM+.	

The	temperature	distribution	with	and	without	fins	are	evaluated	and	number	of	fin	is	fixed	for	the	required	heat	dissipation	
of	the	busbar.	

Keywords:	‐	Busbar,	Conductor,	casing,	Insulator,	Fin,		

Method:	‐	Steady	state	and	unidirectional	method,StarCCM+.	

1. INTRODUCTION	

A	 busbar	 in	 electrical	 power	 distribution	 refers	 to	 thick	
strips	 of	 copper	 or	 aluminum	 that	 conduct	 electricity	
within	 a	 switchboard,	 distribution	 board,	 substation,	 or	
other	 electrical	 systemor	 by	 another	 means	 busbar	
trunking	 system	 is	 a	 prefabricated	 electrical	 distribution	
system	 consisting	 of	 busbars	 in	 a	 protective	 enclosure,	
including	straight	lengths,	fittings,	devices	and	accessories	

The	 size	 of	 the	 busbar	 is	 important	 in	 determining	 the	
maximum	 amount	 of	 current	 that	 can	 be	 safely	
carried.	Busbars	 are	 typically	 either	 flat	 strips	 or	 hollow	
tubes	 as	 these	 shapes	 allow	 heat	 to	 dissipate	 more	
efficiently	due	to	their	high	surface	to	area	ratio.		A	busbar	
may	either	be	supported	on	 insulators,	or	else	 insulation	
may	completely	 surround	 it.	Busbars	 are	protected	 from	
accidental	 contact	 either	 by	 a	 metal	 enclosure	 or	 by	
elevation	out	of	 normal	 reach.	Neutral	 busbars	may	 also	
be	 insulated.	 Earth	 busbars	 are	 typically	 bolteddirectly	
onto	any	metal	chassis	of	their	enclosure.	Busbars	may	be	
enclosed	 in	 a	metal	 housing,	 in	 the	 form	 of	 bus	 duct	 or	
busway,	 segregated‐phase	 bus,	 or	 isolated‐phase	 bus.		
Busbars	may	be	connected	to	each	other	andto	electrical	
apparatus	 by	 bolts	 or	 clamp	 connections.	 Often	 joints	
between	 high‐current	 bus	 sections	 have	 matching	
surfaces	 that	 are	 silver‐plated	 to	 reduce	 the	 contact	
resistance.		

The	 most	 common	 types	 of	 busbars	 present	 in	 the	
industry	 today	 are	 rigid	 busbars,	 strain	 busbars	 and	
insulated	phase	busbars.	Each	of	 these	different	 types	of	
busbars	 has	 different	 applications	 and	 uses.	 The	 rigid	
busbars	 are	 used	 in	 low,	 medium	 or	 high	 voltage	
applications,	 constructed	with	 aluminum	 or	 copper	 bars	
and	 they	make	 use	 of	 porcelain	 to	 insulate	 them.	 As	 for	

the	 strain	 busbars,	 they	 are	mostly	 used	 in	 high	 voltage	
applications	 and	 are	 usually	 strung	 between	 the	 metal	
structures	 of	 a	 substation.	 They	 are	 held	 in	 place	 by	
suspension‐type	 insulators.	 Lastly,	 as	 for	 the	 insulated‐
phase	 busbars,	 they	 are	 used	 at	 medium	 voltage	 and	
similar	 to	 the	 rigid	 busbars,	 they	 are	 rigid	 bars	 that	 are	
supported	 by	 insulators.	 These	 busbars	 are	 able	 to	
eliminate	short	circuits	between	adjacent	phases.	

Busbar	 trunking	 system	 is	 of	 two	 types:	 1	 Sandwich:	
Epoxy	 or	 Cast	 Resin	 type.2.Air	 Insulated:	 Fabricated	 Air	
Insulated	type.	
As	 compared	 to	 air	 insulated	 busbar	 sandwich	 bus	 bar	
systems	 are	 widely	 used	 due	 to	 their	 economy,	
compactness,	Energy	efficiency	and	Economical.	

	

Fig	1	Sandwich	Busbar	System	
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2. METHODOLOGY	
In	this	work	multi	current	rating	busbars	are	designed	by	
providing	 fins	 to	dissipate	excess	heatthat	would	restrict	
the	use	of	a	single	busbar	for	multi	current	rating.	

Conduction	and	convection	method	is	used	to	find	out	the	
temperature	 of	 the	 busbar	 system	 casing	 by	 analytical	
method	and	the	results	are	verified	with	simulation	
Calculation	 is	 carried	 out	 on	 vertical	 half	 portion	 of	 the	
busbar,	as	it	is	symmetric	along	with	vertical	axis.	
Following	procedures	is	followed	for	designing	the	busbar	
system.	
a)	Selection	of	Material:Aluminum	alloys	 are	 corrosion	
resistant	 and	 comparatively	 easy	 to	 fabricate.	 The	
outstanding	characteristic	of	aluminum	is	 its	 lightweight,	
good	 thermal	 &	 electrical	 conduction	 and	 low	 cost	
compared	to	copper.	

b)	 Design	 Input:For	 designing	 the	 busbar,	 the	 data	 is	
collected	from	the	standardcatalogue.	

c)	Theoretical	Calculation	of	Busbar	system:	

Following	 parameters	 are	 considered	 for	 calculating	
temperatures	of	the	busbar	system.	
1)	 Heat	 flow	 is	 assumed	 to	 be	 Steady	 state	 and	
unidirectional.	
2)	Calculation	of	Heat	Transfer	in	the	busbar	by		

	Q=I2	*R			

Where		
Current	(I)	=2000	amp	and		
R‐Thermal	Resistance	of	the	Material	in	W/k,	

	R
	 ρ ∗

=2.20x10‐6	

Q	=	17.66	W		

3)	Calculation	of	Casing	Temperature	by	convection		

Q	=hxA	(Tc‐T∞)				
Where	

h=	Free	convection	take	25	W/m2k.	(10	or	30W/m2k)	
A	=	Area	in	m2	
Tc	=	Casing	Temperature	in	k.	
T∞=Initial	(or)	ambient	temperature	(assumed	30oc)	

Tc	=337.12	k	

4)	 Calculating	 Total	 Heat	 Transfer	 inside	 the	 Casing	 is	
calculated	by	using	formula‐	

Q	=Td/RT		

Where		
Td	=Temperature	difference	(Ti‐Tc)	
Ti	–	Inside	temperature	of	the	Busbar	system	
RT=	 Total	 thermal	 resistance	 &	 calculated	 by	 using	
formula	

RT=	T/K	A	

Where		
T=	Thickness	
K	=	Thermal	conductivity	
A	=	Cross	sectional	Area	

Ti=	346.36	K	
5)	Implementing	the	fin	
The	 casing	 temperature	 obtained	 from	 the	 above	
calculation	 is	 not	 optimal	 temperature	 for	 easy	
installations.	 Hence,	 the	 optimal	 casing	 temperaturecan	
be	 obtained	 by	 introducing	 the	 convection	 fins	 on	 the	
casing	outer	surfaces.	
	

	

Fig	2:	Typical	geometry	of	Busbar	System	with	fin	

i)To	Find	number	of	fins.	

No	of	fins	=	Q/Qfin	

Qfin=
	

	
	 	

	
	

	
	

and	

mfin= 	

Where,		
P	=	perimeter	of	fin	
A	=	Area	of	fin	
K	=	Thermal	conductivity	of	aluminum	
h	=	free	convection	

M	 	(Ta‐Tc)	

Qfin=	12.23W	
No	of	fins	=	1.57(assumed	to	upper	value)	=	2	

ii)	To	find	temperature	distribution	on	fin	(Tx)		

∞ 	

Tx	=331.62k	at	the	tip	of	the	fins	
The	above	fin	design	methodologies	are	used	to	obtain	the	
same	 fin	 tip	 temperature	 by	 assuming	 variable	
parameters	are	
	1.	Width	of	fin,	2.Thickness	of	fin,	3.Current	rating.	

d)	Generating	3D	Model	

Using	 CatiaV5	 CAD	 software	 is	 created	 the3d	model	 for	
simulation	purpose.	

e)	Busbar	system	simulations:	
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As	the	busbar	system	is	symmetric	along	the	X	and	Y	axes,	
the	 geometric	 simulation	 in	 Star	 CCM+	 is	 carried	 out	 on	
quarter	section	only.	
First	by	considering	the	busbar	system	with	no	fins	on	the	
surface	 by	 hiding	 the	 fins	 in	 the	model	 and	 running	 the	
simulation.	The	final	result	of	the	busbar	system	without	
fin	is	as	shown	in	the	figure	3.	
Temperature	 inside	 the	 busbar	 is	 more	 as	 compared	 to	
outside	casing.	The	values	are	mentioned	in	the	images.	
	

	

Fig	3:	Simulation	results	of	Busbar	Temperature	without	
fin	

Similarly,	 the	 final	 results	 of	 the	 busbar	 with	 fins	 are	
simulated	by	unhiding	the	fins	inthe	model	andsimulated.	
The	final	results	with	fins	are	shown	below.	
	

	

Fig	4:	Simulation	results	of	Busbar	Temperature	with	fin	

Casing	Temperature	 is	 verified	by	 comparing	 the	 results	
between	the	busbar	with	fin	and	without	fin		

Temperature	distributions	along	the	 length	of	the	 fin	are	
obtained	at	6	locations	and	it	is	plotted	as	shown	below.	

	

Fig	5:	Graph‐Temperature	location	points	on	Fin	

3. RESULTS	AND	DISCUSSION	

Correlation	between	theoretical	and	simulation	results	

i) Busbar	without	fin:	

Table	1:	Comparison	between	Theoretical	and	simulation	
results	without	fin	

Type	

Theoretical	
results	

in	K	

Simulation	
results	

in	K	

Difference	
in	
percentage

Temperature	
on	 outside	
casing		 337.12	

	

339.62	 +0.7%	

Temperature	
inside	casing	

346.36	

	

343.83	 ‐0.7%	

	
ii)	Busbar	with	fin:	

Table	2:	Comparison	between	 theoretical	and	simulation	
results	with	fin	

Type	

Theoretical	
results	

in	K	

Simulation	
results	

in	K	

Difference	
in	
percentage

Temperature	
on	 casing	
outside	 331.62	

	

327.60	 ‐1.2%	

	
4. CONCLUSION	

The	present	work	deals	with	the	design	of	a	multi	current	
rating	 Busbar,	 which	 can	 be	 commonly	 used	 in	 the	
electrical	circuit	with	varying	current	rating.	
In	 order	 to	 achieve	 the	 above	 objective,	 the	 common	
Busbar	with	fins	is	designed.	Fins	are	used	to	dissipate	the	
excess	 heat	 that	 would	 be	 generated	when	 high	 current	
rating	 is	 used	 in	 the	 busbar.	 This	 design	 eliminates	 the	
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busbar	 change	 over	 delays	 and	 also	 the	 cost	 of	 the	 new	
Busbar.	
The	 analysis	 indicates	 that	 there	 is	 an	 observable	
reduction	in	the	excessive	temperature	by	introducing	the	
fins	on	the	casing.	The	results	obtained	are	in	concurrence	
with	both	theoretical	and	simulation	study.	
The	 maximum	 percentage	 of	 difference	 in	 temperature	
with	fin	in	the	core	is	0.7%	and	the	percentage	reduction	
in	casing	outside	temperature	with	fin	is	1.2%.	
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