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Properties of Tooth Surfaces due to
Gear Honinq with Electroplated Tools
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GEAR HON!IINIG
ic honing. Still, the expression "gear
honing" win be used in this paper, as it is
most widely used.
Machine Tool Concept and Process
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processes,

All experiments all gear honing were
performed on a Coroning
machine
VAC 65. manufactured by Kapp GmbH.
The machine tool offers two spindles for
the workpiece (A-axis) as well as tor the
tools (Csaxis). Each spindle has a nominal power of 14 kW andenables rotary
frequencies up to a maximum
of
800 \lmin. Gears up to tip diameters of
220 mm. maximum modules of 6 mm,
maximum widths of 80 mm and maximum workpiece lengths of 500 rnm can
be machined in the working area.
Gear honing on the Coroning machine VAC 65 removes maximum stock
allowances of 130 um on the gear flanks.
No prernachining process is necessary
after heat treatment The heat-treated
workpiece, whose permissible hardness
is limited to 62 HRC, undergoes a roughing operation and a following finishing
operation. The principle of gear honing
and the working area of the machine tool
are shown in figure L The kinematics is
based on the continuous meshing of an
internal geared tool with the workpiece
to be machined. During gear honing, the
axes of the tool and the workpiece have a
defined shaft angie that results in rnateriaJ: removal. because of the relative motion
between the flanks of the tool and the
workpiece.
A roughing tool and a finishing too!'are
mounted in the Coroning head. The tools
represent internal geared metallic bodies
whose tooth flanks are electroplated with.a
single layer of abrasives. In our experiments, diamond grit of the specification
054 (roughing tool) and D25 (finishing
tool) was used. During tool life, no dressing operations are necessary. When the
tools are worn, the abrasives are removed
from the metrul.ic body and a new layer of
diamondgrit can be applied.
To enable reduction of the pitch error
during gear honing, the axes of the workpiece and the tools areel.ectronicaUy
coupled via control of the machine 100L
The gears used for the presented
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are not paralleJ 'to the tooth trace.Figure 3
experimeotalresearch
work are shown in
presents a comparison of typical surface
Figure 2. Gears A and B, with a large
. tructures generated by gear honing and
module of 4.32 mm,are made of case
CBN profile grinding, The microscopic
hardened 25MoCr4 teel and buiU for
how tooth flank of gear B,.
truck gearboxe . Gear C, with a signifi- jphotograph
which were machined alteraati vely by
cantly smaller module of 2.48 mm, is a
part of differential gearboxe for passenthe two processe .
Due to the axial feed direction of the
ger cars and con i t of tempered 28Cr4
steel, Gears D and E run in stationary i"".;grinding wheelvthegtcund tooth flank
shows straight-lined
grooves t:hat are
gearboxes and are made of case hardened
parnllelto
the
tooth
trace.
In gear hon;ng,
1.6MIICr5 steel.
To evaluate theproperties of the gears
machined experimentally residual stress

I
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I

state, surfaeeseughnes , surface topography. material
lructure and microhardDe s were inve tigated. The residual
tres analysis was performed on an Xray diffractometer using CrKa radiation.
In order to obtain depth profiles of residual stresses, 5U rface layers of tooth flanks
were removed in several slep . by electrolytic polishing. This proces guarantees the absence of thermal and mechanical loads that would modifylhe residual
slressstate.
After poli hing, residual
stress measurement was carried 'out in the
determined depth before the cycle of polishing and measuring began afresh.
For roughness measurement , .31 '0011tact
tylus
in irumem
Perthorneter
Concept was used. Photographs of the
arface lopography were taken by lightoptical and canning electron microscopy. Effects on hardness and material
structure were detected by photographs
of metallographic
preparations
and
microhardne s mea urements. The most
intere ting results of the investigations
on honed gear tooth flank. are presented
in the following paragraphs.
Surface Roughness IUld Topography
The kinematics in gear noning is characterized by the me rung of the gear to be
machined with the internal geared tool
under a shaft angle, As a consequence,
the relative motion between 'the tool and
the workpiece i composed of a roll and a
screw movement (Ref. 4), With a S:haft
angle of 0°, a mere ron movement occurs.
OUl., a haft angle different from OPresults
in a screw component that causes an additional lide movement in tip-root direction.
With regard to the single grain contact in
gear honing, curved groove line occur that

machining grooves are olllyparallel. to
the tooth trace neal" the pitch circle. Inthe
areas near the tip and the root, the direclion of the machining grooves and tile
tooth trace include a cutting angle that
increases as the distance from lhepitch
circle increase,
Be ide the structure of the urtace
generated. by different gear machining
proces es, surface roughness was abo
investigated. Samples of gear C were
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GEAR HON~NG
machined by gear honing. bard shaving
or CBN profile grinding. Though shaving
is a soft machJn:ing process in most cases,
hard shaving is an application suitable for
hardened gears.
The roughness values after machining
are compared ill Figure 4. Lowest len point
height values of only 1.6 urn were measured at the ground variant. Gear honing
and bard shaving led to comparatively
higher ten point height values between 2.6

and 3..1 urn.
In Figure 4, the surface roughness for
honing may seem high. That is due in part
to a mi nomer, Gear honing with electroplated tools refers to a "honing" process,
but it i actually a grinding process using a
profiled grinding loot The rugh roughness
is also due in pan to the tool pccification,
Residual Stresses
The residual stress [ate play an
important role concerning fatigue life of
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components under dynamic load. [II. gear
grinding. modificauon
of tile grinding
conditions. such as increasing wear of
the grinding wheel or varying cutting
speeds, can C3_Useresidual tresses l1tal
widely vary from len, de to cornpre sive
range (Ref. ~). Tensile re idual stresses
are regarded as causing crack and forcing crack growth. 011 the other hand.
compressive residual stresses in nearsurface layers have enhancing effects on
fatigue
life
under
dynamic
load.
Therefore. the interaction. between different hard machining proce ses and the
residual stress states generated are of
high importance.
To inve ligate those interactions,
machining of gear C was done by the
three competing processes of hard shaving, CBNprofile grinding and gear boning. The residual stresses mea ured at the
surface of tooth flanks in axial and tangential. directions
are displayed
in
Figure 5. nne can see that all of the mentioned processes induce compressive
residual. stresses. The lowest compressi ve residual strcs es were found after
profile grinding. Hard shaving induces
lightly higher compressive
stresses
between -474 MPa and -729 MPa. But
the highest compressive residual stresse
occur due to gear honing, Depending on
the direction of measurement. they range
from=L ..217 MPa to -1,4.19 MPa .
Similar investigations were done for
gear B. which was machined by gear
honing and CBN profile grinding. In this
case, compre
ive residual
stre ses
between -L03] MPa and -],,304 MPa
were detected after gear honing. A for
grinding. lower compre sive Ires e of
around -900. MPa could be measured.
When discussing tho e high compressive residual stress slates after machining, tile question arises whether the
stresses were generated by rnachiniog or
were already in the material due to the
preceding heal treatment. To clarify that,
re idual stresses states after case hardening and after the roughing and finishing
operations of gear honing were investigated. The investigations were done on
gear A. Figure 6 shows a comparison of
the depth profiles of residual stres ob-
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GiEAR HONING
rained after case hardening as well as
after roughing and finishing. Directly at
the surface of the unmachined part, high
compressive residual stresses of about
-850 MPa occur: The maximum compressive residual stress was found at a
depth of 10 11m. Because the roughing
operation in gear honing removes a stock
allowance of 80 pill (light grey area in
the diagram),
compressive
residual
stresses in those layers are of no importance. The surface generated by the
roughing operation is equivalent to a
depth, of 80 11m, where (he unmachined
part shows only low compressive residual stresses of about -455 Mfa.
In the diagram, the surface generated
by roughing lies at a depth of 80 urn, The
depth profiles of residual stress induced
by roughing are marked by the dotted
lines. High compressive residual stresses
occur directly atthe roughened surface.
Dependent on the direction of measurement, they range from -,j ,026 MPa to
-I,,315 MPa:. Compared to the initial
slate of the material (continuous lines),
one can see an increase in compressive
residual stresses of more than 600 MPa
induced by tJIE~ roughing operation in
gear honing.
After roughing. the maximum compressive residual stre s wa found at the
surface of the tooth flank, But a significant increase of compressive residual
stress was also detected below the surface. The influencing of the residual
stress state due to roughing reaches
material regions up to depths of almost

40' um.
As the finishing operation removes an
additional stock allowance of 20 !Jill
(dark grey area). the surface of the finished workpiece can be found at a depth
of 100 )lID, and the re idual tress profiles after finishing are marked by the
dashed lines. Again, the maximum cempres ive residual lIess occurs at the surface. although the values between -968
MFa and -1,245 M~a are slightly lower
than after roughing. The 'compressive
residual stresses could be increased up to
depths of about. 30 um.
High compressive residual stresses
can be attributed to the high mechanical,
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