Creep Feed Grinding Challenges Traditional Surface Machining M ethods

Its speed over conventional reciprocating grinding increases directly with the depth
of theform. Moreimportantly, the process runsrings around such conventional
straight-line machining operations as milling and broaching.
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If your production involves milling, broaching asamilar "linear" machining operations
and/or grinding to demanding dimensional tolerarmeish requirements, odds are
you can produce many of those parts faster, batteéfor less cost using a process called
creep feed grinding (CFG). The process involvewlsideeding---Creep feeding---the
workpiece past a form grinding wheel set to thédapth of cut. The desired detail (slot,
shoulder, form, etc.) is produced in the workpigca single pass under the wheel.

The advantages of CFG are best understood by camgpato conventional

reciprocating grinding. In conventional grindingettable reciprocates back and forth
beneath a grinding wheel that infeeds at a rateofor three "tenths" per pass. To grind
a 0.100-inch-deep slot in mild steel at an in-feedsay, 0.0002 inch would take 500
passes. A typical reciprocating grinder with a aéhi stroke operating at 50 spm would
require 10 minutes for the job, not counting ini@trons for wheel dressing that might be
necessary during the operation.

By contrast, with CFG the same 0.100-inch-deepcslatbe accomplished in a single
pass in a few seconds to a few minutes dependinigeolength of the cut. Machining
speed is probably the greatest advantage of CF@itidally, parts are produced to very
high accuracy, without burrs or distortion. And qaex profiles can be ground into the
workpiece as easily as simple ones. The advant#gesG add up to a cost saving
opportunity for most parts which require profilingerations.

As a rule of thumb, CFG can readily remove aboet df metal (mild steel using an
aluminum oxide wheel) per kilowatt per minute. Qragsepower is roughly equivalent to
0.7 kilowatt, which means that a 10-horsepower @f&hine can remove about 7 cc of
stock per minute.

Those of you who are accustomed to working in rogtnave already figured out that 7
cc translates to a metal removal rate of about@fc inch per minute for a 10-
horsepower machine. How, then, can CFG competedaiyoagainst conventional
machining methods with their higher metal remoat¢s?

The answer is found in the sequence of operatigrsdlly required to machine a part
from the solid. Consider the steps involved in nigiciy a part on a horizontal milling
machine. The operation begins with a "soft" (untiestted) blank. Appropriate cutting
tools must be assembled for the job; where an wiysafile is to be milled, custom



cutters may be needed. The tools must be shargenigy become worn, adding further
to the cost of the operation.

Milling by its nature leaves burrs which must bmoxed in a secondary operation.
Depending on the part and the nature of the catdéburring operation may be simple-or
so difficult that its cost exceeds that of theialimachining. Either way, deburring
involves another step and another handling.

After the "soft" workpiece has been machined arfsud®ed, it must then be heat treated
to the required strength and hardness. Frequeh#yparts must be sent to a commercial
heat-treater for processing, which not only add$¢ocost of the part, but creates a built-
in interruption of the production cycle.

The heat-treating process frequently creates disisrin the workpiece which must be
corrected. Finally, while milled surfaces are at¢abfe for commercial tolerances, the
workpiece may require a finish grind if close taleces or fine finishes are specified.
Profile surfaces may dictate the use of a form WwHegher increasing the cost of the
part. The grinding operation will also give riseai@ynment and holding problems.

Now, let's look at production of the same part BW3CThe process starts with a through-
hardened blank. The grinding operation is typicpltyformed in one setup on one
machine. The part is free of burrs and distortisit @omes off the CF grinder and is
ready for downstream operations or for use ashs.direct processing by CFG
eliminates the costs of the secondary operatiosecagted with milling, precludes the
possibility of rejects due to errors in secondgrgrations, reduces in-process and
handling costs, reduces labor and cutting toots¢c@std makes possible faster delivery
times on jobs.

There are two more very significant advantagesk®n the first place, the CFG part is
metallurgically superior to its milled counterpantce it's free of machining stresses and
heat-treat-related problems such as decarburizéecondly, while some materials can
only be machined with great difficulty if at all lilling, any material can be machined
efficiently by CFG given the correct wheel typeolamt, etc.

CFG is not a black art. It is a straightforwardyrtbughly predictable machining process.
However, successful results cannot be achievedinagtthequate or insufficient
equipment or a less-than-complete commitment toimgeatke process work. Buying a
machine is not enough; CFG must be implemented &@ystems standpoint. The plant
or shop that tries to acquire CFG capability byraggg a 10- or 15-year-old machine
for the purpose is almost certain to fail. So, wil, the firm which expects simply to buy
a machine, stick it in a corner, hook it up anccdeep feed grinding.

Proper care must be given to the selection of thehine, type of wheel for the
operation, type of coolant, coolant flow and capaaoolant filtration, wheel dressing,
and every other factor which affects the proce#ie the proverbial chain, the CFG
system will be only as effective as its weake.lin



A machine designed from the ground up for CFG ghbel specified since high levels of
rigidity, accuracy and power are crucial. Unlikeipgocating grinding where stock
removal and power consumption per pass are low, G@RE&to full depth with a high arc
of contact. CFG machines routinely utilize 100 petof available horsepower, and the
machine must be rigid enough to handle such loadiog just the iron, but bearings,
spindle, motor, table drive ... everything mustiged.

Grinding wheel selections --- a study in its owghti--- is also critical to success.
Improper selection --- for example, using a whaat is too dense for the work material
and type of cut --- can result in burnt and/or ofitelerance parts.

Selection of the type of wheel can also make calbthe job. Aluminum oxide wheels
are suitable for most materials, but CBN wheelsusteally more efficient for tool steels
and such difficult-to machine metals as Inconel Rede, and diamond wheels are
usually best for carbides and ceramics.

Proper wheel dressing is critical to maintaining stock removal capabilities of the
grinding wheel. Crush roll dressing produces tresést, most free-cutting wheel. When
brought into contact with the wheel, the crush f@ttures the bond on the face of the
wheel, leaving grains that are completely intadt,dnd sharp.

Proper crush roll dressing requires rigid condgiohhe wider or harder the wheel, the
greater the rigidity required. ldeally, the crush should be mounted on the grinding
head above the wheel.

Diamond roll dressing produces a wheel which isosinas sharp as a crush dressed
wheel if performed correctly. The diamond roll dres faster, lasts longer, and can
maintain incredibly close tolerances. It is thenodite production tool where
circumstances permit its use.

In diamond roll dressing, the wheel must be rotaiteah appropriate speed relative to the
roll. Accordingly, the CFG machine must have aafale speed (d-c drive) spindle
capable of rotating the wheel at the required sp€k is important, since most grinding
machines have a-c (constant speed) spindles aridus@nsuitable for diamond roll
dressing.

Coolant is another important consideration. It nhestlelivered to the grinding zone in
sufficient volume and at sufficient pressure taakee the grinding wheel and prevent it
from becoming loaded, to provide the lubricity neg&do promote chip formation, and to
keep the wheel and workpiece cool by drawing heatyaEffective coolant filtration is
also needed to remove suspended particles. Thartisularly important where part
finish is critical.

These comments are not intended to discourage tidtesers of CFG. But the would-be
user must be made aware that no component of gtemsycan be ignored if the operation
is to succeed. In CFG, as in good pizza makingeth@o skimping on the family recipe.

Applicationsfor CFG



In grinding operations involving modest metal remlofto depths of .010 inch), grinding
times for creep feed grinding versus reciprocatjngding are roughly equivalent. As the
form gets deeper however (0.020 to 0.030 inch), GE@ns to demonstrate a clear
advantage over reciprocating grinding in termspafesl. The advantage increases directly
with the depth of the form; CFG can be as muchQO&stimes faster for grinding a 1/4-

inch deep slot.

Perhaps the greatest potential for CFG is as amalive to horizontal milling
operations. While the process is "limited" to ghdiline machining, the requirements for
this type of operation in industry are staggeringaginative fixturing and multipart
setups further increase the efficiency of the pgece



