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1. INTRODUCTION

Electrochemical	 machining	 has	 been	 combined	
with	 several	 other	 machining	 processes,	 known	
as	 hybrid	 electrochemical	 processes.	 These	
are	 essential	 to	 enable	 improved	 machining	
characteristics	 particularly	 in	 difficult-to-machine	
materials	 like	 superalloys,	 Ti-alloys,	 tool	 steels,	
carbides	 etc.	 The	 associated	 processes	 may	 be	
mechanical	machining	or	thermal	machining.	The	
mechanical	 machining	 assisted	 electrochemical	
processes	 are	 abrasive	 electrochemical		
machining,	 electrochemical	 grinding,	 and	
electrochemical	 honing.	 Electrochemical	 honing	
(ECH)	 is	 a	 hybrid	 machining	 process	 combining		
the	 capabilities	 of	 electrochemical	 machining		
(ECM)	 and	 conventional	 honing.	 Nearly	 90%	 of	
material	 is	 removed	 by	 electrolytic	 action	 and		
rest	 by	 mechanical	 honing	 [1].	 Honing	 tool	 is		
mainly	 used	 to	 scrub	 the	 passivating	 electrolytic	
metal	 oxide	 microfilm	 from	 higher	 work-profile		
area	 to	 correct	 the	 surface	 geometrical	
inaccuracies.	 Cross-hatch	 lay	 pattern	 essential	
for	 lubrication	 oil	 retention	 on	 the	 cylinder	
can	 be	 obtained	 by	 simultaneous	 rotation	 and	
reciprocation	of	 the	honing	 tool.	ECH	needs	5-10	

times	 less	 time	 for	 same	 material	 removal	 than	
conventional	 machining	 process	 proving	 its	 high	
productivity	 capability.	 Surface	 finish	 within	 the	
range	of	superfinishing	can	also	be	attained.	

This	 paper	 presents	 a	 detailed	 review	 of	 the	
past	 research	 work	 done	 on	 ECH	 of	 cylindrical	
holes,	 internal	 cylinders	 and	 external	 surface	 of	
cylinders.	The	capability	of	ECH	towards	achieving	
superfinishing	is	mainly	focused	here.

2. ELECTROCHEMICAL HONING PROCESS 
(ECH) - BRIEF DESCRIPTION

The	 principle	 of	 electrochemical	 honing	 depends	
on	 the	 high	 material	 removal	 characteristics	
of	 electrochemical	 machining	 and	 controlled	
functional	 surface	 generating	 capabilities	 of	
mechanical	honing.	This	provides	a	range	of	benefits	
to	the	machined	surfaces	that	are	not	achievable	
by	either	of	 the	processes	applied	 individually.	 In	
ECH,	 the	 cathodic	 tool	 is	 similar	 to	 conventional	
honing	tool.	 It	has	several	rows	of	small	holes	for	
introduction	 of	 electrolyte	 in	 the	 inter	 electrode	
gap.	The	honing	tool	 is	given	simultaneous	rotary	
and	 reciprocatory	 motion.	 Honing	 sticks	 are	
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protrude	 out	 radially	 with	 equal	 pressure	 The	
electrolyte	 helps	 in	 the	 ionization	 process,	 acts	
as	 a	 coolant	 and	 flushes	 away	 chips	 generated	
from	mechanical	abrasion	and	metal	 sludge	 from	
electrolytic	 action.	 During	machining,	 the	 honing	
stick	 removes	 the	surface	oxides	 that	are	 formed	
on	workpiece	surface	from	electrolytic	dissolution.	
The	 removal	 of	 surface	 oxides	 provides	 a	 fresh	
surface	for	further	dissolution,	so	achieving	higher	
productivity	 and	 better	 surface	 characteristics.	
The	capability	of	ECH	in	comparison	with	ECM	and	
conventional	honing	is	shown	in	table	1.	
	
The	equipment	consists	of	power	supply,	3-phase	

AC	 supply	 converted	 to	 low	 voltage	 and	 high	
current	 DC	 (3000-6000A),	 electrolyte	 supply	 and	
cleaning	 system,	 ECH	 tool	 and	 drive	 system	 and	
work	 holding	 system.	 The	 influential	 process	
parameters	for	surface	quality	and	the	ranges	for	
ECH	on	cylindrical	parts	are	described	in	Table	2.	

Research	on	ECH	has	been	undergoing	consistently	
in	 Indian	 Institute	 of	 Technology,	 Roorkee	 on	
gears	 and	 cylinders.	 Recently	Misra	et	 al.	 [18-19]	
found	 that	 the	 surface	 quality	 of	 gear	 teeth	
profile	 improves	 with	 processing	 time,	 but	 the	
increment	 rate	 decreases	 in	 course	 of	 time.	 The	
optimum	 electrolyte	 solution	 found	 to	 be	 70%	
NaCl+30%	NaNO3,	where	53.17%	PIBr	(percentage	
improvement	in	bearing	ratio)	observed.	Singh	[20]	
observed	improvement	of	79%	in	average	surface	
roughness	 value	 and	 84%	 in	 maximum	 surface	
roughness	value	during	investigations	on	precision	
finishing	 of	 spur	 gears	 by	 pulse-electrochemical	
honing	 (PECH)	 process.	 Singh	 [21]	 proposed	 use	
of	ECH	to	remanufacture	components	to	 improve	
dimensional	 accuracy	 and	 surface	 characteristics	
of	deposited	layer	in	a	single	action.

3. LITERATURE REVIEW ON 
ELECTROCHEMICAL HONING (ECH) OF 
CYLINDRICAL PARTS

The	 electrochemical	 honing	 process	 is	 favored	
in	 research	 community	 from	 the	 point	 of	 high	
productivity	 and	 stringent	 surface	 quality	
requirements	of	high	speed	rotating	components.	
This	 review	 presents	 the	 ability	 of	 ECH	 to		
achieve	 superfinishing	 in	 cylindrical	 holes,		
internal	 cylinders	 and	 external	 surface	 of		
cylinders	studied	so	far.

3.1 ECH of Cylindrical Holes

Electrochemical	Honing	was	 initiated	 by	 Randlett	
and	Ellis	[6]	in	1967.	Study	on	conventional	honing	
and	electrochemical	honing	conducted.	It	is	found	
that	ECH	is	much	faster	than	conventional	honing.

After	 that	 Budzynski	 [7-9]	 published	 the	 details	
of	 ECH	 machine	 and	 presented	 optimization	 of		
ECH	 on	 cylindrical	 holes	 (which	 are	 deformed	
by	 heat	 treatment)	 using	 ammonium	 nitrate	 as	
electrolyte.	He	found	that	current	density,	honing	
pressure	 and	 machining	 time	 do	 not	 influence	
surface	finish	and	shape	deviations,	but	influences	
material	 removal	 rate.	 For	 better	 accuracy,	 the	
electrolytic	 reaction	 time	 is	 to	 be	 kept	 constant	
for	every	elemental	work	surface.

Table1: Comparison of ECM, Conventional 
Honing and ECH Processes

Process 
Surface 
finish
µm

Tolerance
mm Reference

ECM	 0.4 ±0.02 Rao	[3]

Conventional		
Honing	 0.25-0.4 ±0.008 Jain	et	al.	

[4]

ECH 0.05 ±0.002 Dubey	et	
al.	[1]	

Table 2: Process Parameters of ECH [4]

Parameters and Ranges

Power	supply

-Operation	 mode	 (constant	 or	
pulsed	DC),
-Current	 (100-3000A),	 Voltage	
(6-30V)
-Current	density	(12-47	A/cm2)

Electrolyte

-Composition	 &	 Concentration,	
pH
-Pressure	 (0.5-1.0	 MPa),	
Temperature<	380C
-Flow	 rate	 (up	 to	 95	 litres	 per	
min)	

Honing

-Type	 of	 abrasive	 (Al2O3,	 SiC,	
CBN,	diamond),
-Abrasive	 particle	 size		
(70–1200mesh	size),	
-Type	 of	 bond	 (vitrified,	
resinoid),
-Rotary	 speed	 (100–800	 rpm),	
and	 reciprocating	 speed		
(0–18	m/min)

Workpiece Electrolytic	 properties,	 Size,	
Rotating	speed

Inter		
electrode	gap 0.075	to	0.25mm.	
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Budzynski	 [10]	 also	 revealed	 that	 average	
surface	 roughness	 for	 longitudinal	 honing	 is	
always	 smaller	 than	 that	 of	 two	 directional		
honing	 (longitudinal	with	peripheral	or	 rotational	
velocity)	for	electrochemically	honed	holes.	

Kitaev	 [11]	 described	 the	 semiautomatic	 vertical	
honing	machines	to	use	for	ECH	of	holes.

3.2 ECH of Internal Cylinders

Study	 on	 ECH	 of	 internal	 cylinders	 is	 carried	 out	
by	Fasil	 [12]	 in	 IIT	Roorkee.	ECH	parameters	such	
as	the	effects	of	DC	voltage,	electrolyte	pressure,	
electrolyte	concentration	and	speed	of	rotation	on	
the	surface	roughness	are	studied.	It	is	found	that	
electric	voltage	and	electrolyte	concentration	have	
significant	effects	on	the	surface	roughness.

Dubey	[13]	explored	the	influence	of	key	ECH	process	
parameters	 on	 Cast	 Iron	 ASTM35	 work	 surface	
from	micro	 and	 macro	 geometrical	 and	 material	
removal	 aspect	 (Fig.	 2).	 The	 surface	 finish	 of	 the	
order	of	0.05µm	and	 tolerance	within	±0.002mm	
can	 be	 achieved.	 The	 electric	 voltage	 across	 the	
inter	electrode	gap,	 tool	 rotary	 and	 reciprocating	
speed	are	found	to	influence	significantly	the	work	

surface	 roughness	 improvement.	 Taguchi	 matrix	
robust	 design	 is	 applied	 for	 the	 experimental		
study	 of	 seven	 three	 level	 process	 input	
parameters	 and	 three	 prospective	 second	 order	
interactions.	 He	 concluded	 that	 with	 increasing	
current	 intensities,	 increased	 PIRa	 (Percentage	
improvement	 in	 surface	 roughness)	 observed.	 To	
achieve	 better	 PICyl	 (percentage	 improvement	
in	 cylindricity),	 a	 suitable	 speed	 ratio	 should	 be	
employed	 along	with	 higher	 level	 of	 current	 and	
electrolyte	 concentration.	 The	 DIR	 (diametral	
increase	 rate)	 is	 higher	 at	 the	higher	 level	of	 the	
current	intensity	and	speed	ratio.	Electrolyte	flow	
rate	 is	 found	 to	 be	 quite	 insignificant.	 The	 effect	
of	 temperature	 is	 not	 so	 predominant	 in	 ECH.	
Increased	 stick	out	pressure	provides	an	efficient	
scrubbing	action.	Coarser	grits	are	more	effective	
than	fine	grits.

Dubey	 et	 al.	 [1]	 analyzed	 the	 surface	 micro	
profile	and	correcting	out	of	roundness	 in	ECH	of		
internal	 cylinder	 of	 ASTM-35	 (C.I.)	 material.	
They	 found	 that	 individual	 effects	 of	 electrolytic	
parameters	is	less	influential,	while	the	mechanical	
honing	 related	 parameters	 and	 interactions	 are	
important	for	macro	geometrical	error	correction.	
The	 rotary	 to	 reciprocating	 speed	 ratio,	 stick-

Fig 1. Schematic of ECH on Internal Cylinder [2]
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Fig 2. Electrochemical Honing set-up

1.	Electrolyte	settling	tank
2.	Flow	control	valve
3.	1st	stage	filter-cum-magnetic	separator
4.	Electrolyte	storage	tank
5.	Temperature	control	system
6.	Stainless	steel	electrolyte	supply	pump
7.	Pressure	gauge	
8.	Flow	meter	
9.	2nd	stage	filter-cum-magnetic	separator
10.	Mist	collector	
11.	DC	power	supply	
12.	Carbon	brush-slip	ring	assembly
13.	Copper	connector
14.	Seal	hub
15.	Hydraulic-cum-mechanical	seal	body
16.	Tool	body
17.	Abrasive	honing	sticks	
18.	Workpiece	
19.	Electrolyte	exit	holes	
20.	Work	chamber	
21.	Fixture-cum-electrolyte	inlet	sleeve	

Fig 3. Electrolytically Honing of cylinder Surface 
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out	 pressure,	 grit	 size,	 interaction	 of	 current	 &	
electrolyte	concentration,	interaction	of	electrolyte	
concentration	 &	 speed	 ratio	 have	 significant	
influence	 on	 the	 percentage	 improvement	 in	
out-of-roundness.	 Electrolyte	 flow	 rate	 has	 less	
influence.	 Coarser	 grit	 size	 provides	 improved	
micro-process	performance	characteristics.

Dubey	 [14]	 mentioned	 three	 approaches:	 utility-
based	 Taguchi	 approach,	 Taguchi–RBFNN–DF–GA	
(Radial	 basis	 function	 neural	 network-Desirability	
function-Genetic	 algorithm)	 strategy	 and		
GA-tuned	 fuzzy	 Taguchi	 inference	 application,		
which	 can	 be	 effectively	 employed	 for	 process	
modeling	 and	 multi-performance	 optimization.	
The	 utility-based	 Taguchi	 approach	 is	 easier	
to	 implement,	 provide	 user	 flexibility	 and	
accommodate	 the	 factorial	 interactions,	 but	
basically	 is	 an	 off-line	 technique.	 The	 Taguchi-
RBFNN-GA	 and	 GA-tuned	 FIS	 (Fuzzy	 inference	
system)	 based	 strategies	 can	 be	 used	 as	 on-line	
multi-performance	 optimization	 and	 process	
control	 tools.	 However,	 these	 techniques	 are	
computationally	demanding.

Radwan	 et	 al.	 [15]	 studied	 selective	 parameters	
influencing	 surface	 roughness	and	metal	 removal	
rate	 of	 internal	 cylinders	 produced	 by	 ECH.	 He	
found	 that	 NaNo3	 gives	 improved	 result	 than	
NaCl	 for	 better	 surface	 roughness	 and	 material	

removal	 rate	 for	 steel	 St37	workpiece.	 They	 also	
found	 increasing	 the	 electrolyte	 concentration,	
increases	 material	 removal	 rate.	 Increasing	 the	
tool	 rotational	 speed	 improves	 the	 average		
surface	roughness.	 Increasing	the	applied	current	
improves	the	average	surface	roughness.

3.3 ECH of External surface of cylinders

Wieck	 [16]	 patented	 an	 apparatus	 for	
electrolytically	 honing	 the	 exterior	 surface	 of	 a	
cylindrical	workpiece.	The	apparatus	has	a	set	up	
for	 rotating	and	advancing	 the	workpiece	 in	axial	
direction	 through	 the	 apparatus.	 The	 working	
chamber	 consists	 of	 a	 counter	 electrode	 means	
and	 discharge	 channel.	 This	 reciprocates	 inside		
the	apparatus	parallel	to	the	workpiece	axis	(Fig.	3)	
He	described	three	designs	of	the	apparatus.

Youssef	 [17]	 studied	 electrochemical	 dissolution	
with	 mechanical	 scrubbing.	 He	 used	 a	 separate	
cathodic	tool	electrode	(Fig.4)	to	get	higher	stock	
removal	 rates.	 He	 also	 suggested	 a	 diamond	
abrasive	 stick	 with	 metallic	 bond	 (Fig.5)	 in	 his	
experiment	 on	 electrolytic	 superfinishing	 of	
sintered	carbide.

Wei	et	al.	[5]	claimed	that	geometric	inaccuracy	of	
workpiece	can	be	corrected	by	ECH	by	fully	utilizing	
the	protective	ability	of	oxide	film	on	the	surface	

Fig 4
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and	 with	 proper	 mechanical	 scrubbing	 action.		
A	 small	 lathe	 is	 converted	 for	 the	 experiment		
(Fig.	 6).	 It	 is	 found	 that	 without	 mechanical	
scrubbing,	 the	 current	 density	 is	 decreased	 by	
20%	and	the	MRR	by	50%.	Pits	of	3	mm	diameter	
are	 also	 found	 without	 scrubbing.	 A	 formula	 for	
practical	stock	allowance	for	ECH	is	also	derived.

4. APPLICATIONS

ECH	 can	 supersede	 conventional	 machining		
and	 conventional	 superfinishing	 operations	 in	
difficult-to-machine	 conducting	 materials	 such	
as	 Titanium	 alloys,	 Inconel,	 superalloys	 etc.	 High	
surface	finish	(0.05µm)	and	tolerance	within	±0.002	
mm	can	be	achieved	 [1].	No	heat	 generation,	 no	

thermal	distortion,	no	burr	components	are	found	
in	ECH.	It	can	correct	geometrical	 inaccuracies	on	
cylindrical	 workpieces	 such	 as	 waviness,	 out-of	
roundness,	axis-distortion,	taper	hole,	bell	mouth	
hole,	 barrel	 shaped	 hole	 with	 very	 less	 time	
showing	higher	productivity.

In	 industries	 like	 aerospace,	 automobile,		
power	generation,	petrochemical,	ECH	 is	an	 ideal	
choice	 for	 high	 precision	 equipment	 made	 of	
very	hard,	tough	materials.	The	applied	area	may		
cover	 internal	 cylinder,	 gear,	 gun	 barrel,	 shaft,	
connecting	 rod	 of	 internal	 combustion	 engine,	
engine	 blades	 and	 fuel	 control	 accessories	 of	
aircraft,	rotating	control	rod	and	tail	rotor	shaft	of	
helicopters	etc.

Fig 5

Fig 6

1.	weight	2.	abrasive	stone	3.	specimen	4.	electrolyte	5.	cathode	
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5. CONCLUSION

For	 high	 speed	 rotating	 components	 of	 critical	
applications,	 the	 surface	 finish	 and	 geometrical	
accuracy	 play	 a	 vital	 role	 for	 reliability	 during	
operation	 and	 increasing	 the	 life	 cycle	 of	 the	
components.	 These	 are	 often	 made	 of	 difficult-
to-machine	hard	and	tough	conducting	materials.	
So	 Electrochemical	 honing	 can	 be	 an	 impeccable	
choice	 for	 the	 machining	 and	 to	 get	 surface	
finish	 in	 the	 range	 of	 superfinishing	 with	 higher	
productivity	 compared	 to	 conventional	 methods.	
Therefore	 series	 of	 experiments	 are	 needed	 to	
establish	 concrete	 relationship	 between	 process	
parameters	 and	 performance	 characteristics		
for	 different	 materials	 during	 electrochemical	
honing	process.
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