Gear Grinding
Comes of Age
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In the quest for ever more exacting and compact commercial gears, precision abrasives are
playing a key production role-a role that can
shorten cycle lime, reduce machining costs and I,
meet growing market demand for such require- I
ments as light weights, high loads, high speed and
quiet operation. Used in conjunction with highquality grinding machines, abrasives can deliver a
level of accuracy unmatched by other manufacturing techniques, cost-effectively meeting AGMA
gear quality levels in the 12 to 15 range. Thanks to
advances in grinding and abrasive technology,
machining has become one of the most viable
means to grind fast, strong and quiet gears.
The EVQlutiQn ,£If Grinding
Traditional gear grinding was a. slow, expensive process thai. required complex machines and
highly skilled operators. a process considered
appropriate for only the Closest-tolerance applications, such as aerospace. Engineers would
develop performance-enhancing tooth geometry
changes using prototype ground gears, then purchase tooling for shaving production. Now such
changes are made on the gear grinder and do not
require shaving tooling. Similarly. manufacturer
now rough-hob gear 'blanks, heat treat them.jhen
grind them to specification on new CNC or compater-controlled gear grinders. Shaving is no
longer required for production either,
Benefits of Ground vs..Cut: Gears
As an alternative to cut gear sets, ground gears
offer many benefits. These include:
• Uniform profile on allteeth of a ipeciflc gear
and on all gears of the same design;
• Increased load capacity; .
• Higher quality (up to AGMA class 15); and
•, Elimtnatlon ofthe need for matched ets.
Grinding corrects spacing errors caused by
prior machining and heat treatment. This
improves gear set strength by allowing greater
overlap ratios and evenly distributed 1.00lh-10tooth loading, Root radius grinding also improves
the bending strength of gear and pinion teeth,
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Noise reduction is achieved through the
improved overlap ratio and tooth contract control.
Tooth flank curvature in both profileand lengthwise direction may be accurately controlled to
produce the low gear set motion -errors required

for quiet operation.
While conventional cut/hardened/lapped

gear
produces
more consistent tooth geometry, introducing the
possibility of interchangeable gear members of a
given design.
Finishing Techniques
Gears can be finished before or after hardening. When finishing is done before. distortion
caused by heat treatment reduces the accuracy of
the part. Machining adjustments can compensate
for some of the anticipated distortion. but heat
treating variables make highly accurate adjustments hard to achieve.
Grinding Methods:
Spur and Helical Gears
Spur 3J1d helical gears are ground by three
basic methods: single index. generation, continuous generation or form grinding.
With the index generating method, the discshaped grinding wheel generate a single tooth
slot by feeding the wheel through the slot in a
series of passes. Each pass is preceded by a mall
radial infeed, The wheel grinds a single flank on
one tooth or both Hanks of adjacent teeth, then
indexes 1:0. the next tooth space.
Continuous generating uses a grinding wheel
in the form of a threaded worn] or hob. As in the
single index procedure, the grinding wheel is fed
in the direction of the axis of rotation of the gear
for a number of passes .
During form grinding. II shaped abrasive wheel
passes between two teeth, grinding the entire surface of the adjacent tooth flanks. The gear is then
indexed to the next loath space.
Form grinding and. index generating grinding
arc suitable for producing balch quantities of gears
with diarnetral pitches generally coarser than 3 or
sets are not. interchangeable,

grinding

as :fine as 15.. The continuous involute generating
method is appropriate for large volume production
and j bbing of gears up to 3 diametral pilCh.
New Methods for Bev,el
and Hypoid Gears
New CNC equipment has changed the way
bevel gearsare made as well, replacing the traditional cut/harden/lap approach with cut/harden/grind for Formate® gear sets. When straight
cup grinding on the machine, gear or pinion slot
are generated by a relative motion between the
wheel and the workpiece. This motion causesthe
wheel to function as a single tooth of an imaginary
generatinggear that mates wi.ththe workpiece.
When the wheel axis rotates about the cradle axis,
the generating gear tooth rolls with the workpiece
to produce the desired tooth flank surface.
Generating Grinding Machines
for Spur and "e~icam Gear
Depending on the type of wheel used, generating grinding machines fall into three categories:
threaded,
aucer or conical Threaded wheel
machines-made
by Reishauer and Glea on (the
new Gleason TAG 400)-are fast, high-precision
units designed to accommodate external spur or
helical gears up to 30" in diameter with helix
angles up to 45°. For helical gears. pitch and helix
angle determine the maximum face width.
Threaded wheel grinders are capable of produc:ing tooth profile, spacing and lead within
.000120", w.ith exceflent surface finish .. Though
CBN wheels have been successfully used in some
thread worm applications,good results can generally be achieved with a good grinding oil and a
vitrified aluminum oxide wheel.
Maag manufactures saucer wheel grinders;
Niles and Hofler machines are designed for
extremely large gears. These types of machines
are suitable for grinding external spur and helical
gears. Depending on the model, capacities range
up to :142" in diameter. The diametral pitch varies
from 6 Df to 25 DP on the smallest machine and
from I DF to 9 DP on the large I.
Saucer wheel.grilldi.ng supports topological
modiflcatien, a technique that allows for the
machining of an infinite variety of tooth forms.
The tradeoff, however •. is a slower cycle time.
With saucer-type grinding. wheels may be set parallel to each other or at an angle of I.Ipto IO{)°.Vit- '
ri:fied aluminum oxide wheels are most commonly used. Grinding is done without coolants or oils,
and dressing. done through wheel compensation.
is accompli hed w.ithingle-point diamond .
onical grinder have not been manufactured
in great numbers since World War U. Large numbers ofthem, however. are still being used in the

USA. Made by Reishauer, Hofler,· iles, Liebherr,
Pfauter-Kapp and Gleason, the e machines are
typically designed 10 grind only external spur and
helical gears.
Form Grinding Machines tior Spur
and Melkal Gears
Form grinders are manufactured by Kapp,
Leibherr, Okamoto, Gleason. National Broach and
Orion (USA). These machines grind external. and
internal spur and helical gears up to 36" in diarneter, with diamerral pitch capacities from 64 to 2.
More flexible than their generating counterparts, computer-controlled fonn grinders lessen
the hazards of urface tempering and require less
setup' time. Limited only bythe type of forms Ihal
can be ground on the wheel, they're also more
accurate, carrying out exact repetitions of the
selected optimum grinding cycle. Wheel truing,
profiling and dressing-also softwarecontto.l1edcan be done with diamond di ks ..single-point diamonds or diamond preformed dressing rolls.
!Form grinding is most cost-effective when
wheel wear and downtime are minimized. If production volumes justify it, the best ways to
achieve those ends include the lise of diamond.
dressing rolls, no-wear/no-dress plated CBN
wheels and creep-feed grinding processes, which
reduce wheel wear.
Grinding Machines for
Bevel and Hypoid Gears
Bevel and hypoid gear grinders use cupshaped wheels. Straight wheels are used to generale pinion or gear members. The Gleason flared
Clip process may be used 1.0 flni, h Formate gears.
The Phoenix grinder implements this motion
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SG and TA.RGA
• Higher metal removal, rate capability than COI1ventional abrasives. but lower than superabrasives,
• Increased sharpness 10 reduce tendency for
burning.
• Longer lasting and better form holding capability tI1an conventional aluminum oxide.
• Flexible, but very repealable profile shapes.
.' Self-sharpens properly with relatively high
grinding forces.
P{atedCBN
• Wheel dressing not required; reduces cycle
time and aves expenseof dre sing 100L
• High metalremoval rates because of hardness

Tahle I

RecDml1Jelltied WhBels-T1rrnded Sen".ting GrindingMllchines
Results:
Good 38A 12011110HIJ VBE
Better 3SG 801120 IVS G12USP
Best
3TG 121113GB VCRII
,.,...,..
WfIHII---S.Hw:eI6tmemrI Gri".,.
Results:
Good 32A 46/80 K/l UBE or 38A IlOl5 H/J VBE
Better 3SG 80 G12VSP
Best 3TG 12013GB VCFtII
tlecMRlfIII. WhM ,.",II1II H",oid IfIIchines
Results:
Good 38A 60IIl J VBE
Better 55G 60IIl I/J VS
Best
5TG 12012VJ VH
RICO_lid. WfIHIs--Nila MIdHiiffer "';/Ift (IIIIP galS)
Results:
Good 32A 6015 G25-H16VCFIII
Bettar 3GP 54 GVSP
Best
5TG 12012GB-HB VCFIII

011_ ~

1IK_*"Ahai ..
Results:
Good 32A 6O-80/S G-J VBE-VBEP
Better 3SG 100 G-I VS-VSP
Bast
JTG 120{4 6B VCRII

6HrGriltHrs

R_.."
CBNWfIrtIeII--FenI Gar Gri,."
CB 180-220plated/nickelbond or CB 180MNV x222 Ctt8 vitrified bond
.. ~
.... ~
Results:
Good S6 54-80 J-L VS
Better S6 54-80 J-l VH
Best
5T6 1201 J-l VH

GrindlngFrom.SDlid

'I

I

and toughness of CBN.
• Low tendency for buming--coolant

debate. This i particularly
developments

rain a fixed

et value of dresser RPM (2 kw or 2,65

hp minimum is recommended). Mechanical isolation is also imperative toellminate vibration from
couplings and the drive motor itself to the roll.
Making the Right Choices
Grinding wheel selection directly influences at
least four major performance factors:
I. QlJal'ily of the ground part, including flank
form repeatability, tooth spacing, surface damage
caused by 'bumLng and urface texture;
2. Floor-to-flo r lime, including whee IIdressinglcolldiliOiling time and grinding time;
3,. Abrasive 'tooling costs;
4, Flexibility to change the wheel profile for
current and new jobs,
For these reasons, il is important to understand
wheel and abrasive properties thatare most critical to grinding performance and to seek further
information from wheel and/or abrasive manufacturers in the event of any questions.
Apart from standard aluminum oxide wheels.
there are two choices. each with its positive attributes:
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applica-

because wheel size and
shape does not change through dressing.
• Thermal transfer properties of whee! rnaterials ( B • nickel bond, steel core) reduce tendency to bum.
• Compressive residual tresses left in workpiece surface layer increase sircngth,
[n Conclusion
CO abrasives offer excellent jhertnoconduetivity and a cooler grindmg process that helps to
reduce tensile stres es and increase compressive
stresses. As mentioned ill related article (inelud,ing Wilfried Konig's "CON Gear Grinding-A
Way to Higher Load Capacity?" ,GeclF Technalogy. Nov/Dec. )993). the performance characteristics of CB abrasives are the subject of much
tion is easily optimized

related

true

to SG

in

3J'1d

light of recent
TG abrasives.

have 'been
to reduce tensile' stre ses and increase
compres ive Ires e a well.
Recently. some manufacturers have found that
the new abrasives have provided the required
level. of compressive stressesto enhance the perforrnance level of their gears,
A this article i wr.itlen, new technologiesjn
abrasives and gear manufacturing equipment are
being developed. Th se developments will provide gear manufacturers with more options, more
choice' and improved ways 10 produce higher
quality gears with greater efficiency. 0
Like

BN.

SG andG

abrasives

proven
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