Feedback: Job Shop Lean (ongo-
ing lean series in Gear Technology 2013)

Dr. Irani,

Congratulations. Many industries have
been slow to implement celluar manufac-
turing. At the former New Venture Gear,
we implemented work cells in 1995. Our
work cells were heavily influenced by the
design of work cells at Toyota, Mitsubishi,
and Aisin A.I in Japan. We took their
design and elevated cell manufacturing
to a much higher level. We realized that
copying the Japanese layout design would
only keep us even with the competition.
We began analyzing the manufacturing
process and how to revolutionize gear
manufacturing.

Gear cutting has traditionally involved
using heavy cutting oil. Cutting oil cre-
ates hazards itself. It creates slip hazards
on the floor. It creates breathing health
hazards for employees. It creates environ-
mental hazards as it must be prevented
from running off and contaminating the
ground water supply and it must be dis-
posed of properly. We had already moved
past using heavy gear oil and were utiliz-
ing Cimcool water-based coolant, but we
still had the same hazards.

We began to envision how we could
cut gears without coolant. We were told
[at that time] by gear cutting equip-
ment manufacturer Pfauter that it was
impractical if not impossible to cut gears
without liquid coolants. We were told
gear cutting hobs won’t hold up to the
heat generated from the cutting process
without coolant. Despite this advice, our
team remained true to the vision.

We brought in engineers from
Mitsubishi Heavy Industries in Japan.
Mitsubishi had developed a titanium
aluminum nitride coating for cutting
tools. If one knows anything about
machine tools, they know that the coat-
ing on a tool performs as a lubricant.
Cutting oils are also lubricant but addi-
tionally cool the gear that is being cut.
By using gear hobs coated with TiAIN,
the cutting speed required is approxi-
mately four times as fast as conventional
gear cutting. Compressed air is utilized
to evacuate the chips from the part. The
heat goes away with the chip, leaving
the gear lukewarm. Dry cutting gears
reduces cutting time significantly: a gear
that formerly required four minutes to
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cut with traditional
gear cutting practic-
es requires less than
a minute to complete
dry cutting.

Another major
opportunity for
improvement in gear
manufacturing is to
eliminate the damage
from material han-
dling while the gear is
in a “green state” The
damage to gear teeth
prior to heat treat-
ing results in gearbox
noise. The typical solu-
tion is to add manpow- Enply ol st s
er to grind the nicks s sone
off the gear teeth after
heat treating. We did a
cost analysis and deter-
mined that it was more
economical to purchase
additional heat treat
alloy fixtures to load
the gears directly onto
at the gear cutting pro-
cess instead of placing the gears into
plastic dividers in a shipping container
and then having an employee damage
the gear teeth as he places them on the
alloy fixture in the heat treat department.

Another major improvement we made
was the transition from finishing the
bores and faces by grinding to hard
turning the surfaces with special inserts
on CNC turning lathes. We achieved
the same micro-finishes by hard turn-
ing that we did with the grinding process
while eliminating the coolant that had
all the hazards I mentioned with cut-
ting oils in gear cutting. We also hard
turned all diameters on all shafts instead
of grinding.

We eliminated roving inspectors and
placed the responsibility of quality upon
the cell operator. We still had to verify
gear geometry in the gear lab but only
after a hob change or after a changeover
from one gear part number to another.
I mention the changeover because we
invested in quick change over fixtures
that allowed us to run more than one
gear in a work cell. We had no dedicated
work cells for any one gear. Since larger
gears require heavier gear cutting equip-
ment while smaller gears require less
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robust equipment, we
grouped gears into size categories and
routed them to the correct size equip-
ment. This is batch running of gears,
but heat treat operations forced batch
processing of gears in furnaces anyway.
When I left the company, we were work-
ing with a company out of Indianapolis
on contour hardening of gear teeth uti-
lizing induction hardening. If that pro-
cess could have been developed, we
could have had a true one-piece flow
from forging to finished gear process
ready for a gearbox assembly.

The most important success fac-
tor to our gear cutting was our reliance
on machine capability and our TPM
system. With capable equipment and
scheduled tool change frequencies, the
operator always produces a quality part.

For a work cell to be most efficient,
the operator must be able to walk the
entire cell continuously only stopping
to load and unload each machine as he
travels around the cell. Never should
he be waiting for a machine to finish its
cycle. In gear cutting, sometimes a gear
has clutch teeth cut on a shaper machine
such as a Fellows shaper in addition
to the gear cutting operation. Shaping
clutch gear teeth is a slower operation,
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so you may have to add an additional
shaper into the cell and alternately load
each shaper machine each time the oper-
ator cycles through the cell.

One of our typical gear cutting cells
consisted of the following pieces of
equipment: a lathe to turn the rough
forging into a gear blank; a gear hob-
bing machine; a gear teeth chamfering
machine; a clutch gear shaper; an oil hole
drilling or slot cutting machine; and a
washer for cleaning. At the time, we still
used coolant on drills and clutch cutting
machines because dry cutting had not
been perfected at that time. That required
the use of a washer in the work cell.

What was unique about our company
was that being a joint venture between
Chrysler and G.M. we produced the
exact same products for both compa-
nies. The only difference between the
transmissions we provided for each was
the bell housing that mounted the trans-
mission to the engine. I left the company
two years before the joint venture was
dissolved in 2002. I was the first employ-
ee hired by the Muncie division after the
joint venture agreement was signed in
1990. If you have not adopted the above

processes, there is much to be gained by
doing so.

Gary Williams

Gdw1007 @yahoo.com

Dr. Irani,

Congratulations. All those times we had
our heated discussions of lean in job
shops, and you have now done exactly
what we did between 2006-2008 when
I worked for the gearbox manufactur-
er. Your process is almost verbatim on
the “what and how” we rationalized and
worked through. Reading your article
was like walking through that time peri-
od all over again! Our next step was to
look at software (like Prasad’s system),
once our schedulers understood what
they were doing well enough to have

software do it for them.
Michael Thelen
C.I. Training Manager
mdthelen@bluebunny.com

Feedback: My Gear is Bigger
than Your Gear (Gear Technology
March/April 2013 and reprinted in Gear
Technology India Q2 2013)

The article “My Gear is Bigger than
Your Gear,” made interesting reading.
It is still debatable as to what criteria
qualifies a gear to be BIG. Does it qual-
ify on the basis of diameter, weight or
power transmission capability? A very
important parameter totally missing in
your article is the qualification based
on module of the gear. Having spent 25
years in the gear line, I feel that the larg-
est module manufactured in the world
should also be a serious contender for
the achievement. The module of a gear
has a direct relation to diameter and
power transmitted. Also, it does not dif-
ferentiate between a rotating gear and a
rack, thereby putting to rest the contro-
versy whether a rack should be consid-
ered for such a comparison or not. On
checking the Internet, I found the largest
module manufactured to be 50, made by
David Brown.

P.D. Patiar
Bangalore
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e Complete gear design, manufacturing and
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reverse engineering services
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e Internal gear grinding from 10"-60"

e Gear shaping to 36" diameter
(9" face width)

e Wind turbine gear boxes, high speed
spindles, gimbal heads and gear boxes

e Competitive prices and quality gear
design and manufacturing with delivery
commitments you can count on!
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