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Theory, Facts and

How What You Don’t
Know Can Hurt You

o start this off with a bang,
I transmission repair is now an
outdated term. Sure, you work
on transmissions, but in reality you
are working on a motor vehicle. This
vehicle has an engine, a transmission,
a driveline, a suspension, brake sys-
tem, cooling system etc.

In other words, you are dealing
with a very complex group of compo-
nents that are all related. Any flaw or
failure in one of these component sys-
tems can have a dramatic effect on
other related parts. For instance, a bad
radiator or failed water pump can im-
mediately cause damage to the engine,
an automatic transmission or the
HVAC system. If you repair the trans-
mission without repairing the cooling
system, the transmission will fail
again in short order. Why? Because
the original transmission failure was
an effect and not the cause of the
problem.

If you do not remove the cause of
the problem, nothing else you do will
be more than a waste of time. This is
called root-cause failure analysis and
is the difference between success and
failure in any type of repair business.
To be successful in pleasing and there-
fore retaining your customer base
(staying in business), it is critical that
you be able to sort through all the ef-
fects (failed parts) and sort out the
root cause. If you do not find the root
cause, all the new parts you put in to
fix the effects will fail again, leaving
you with wasted labor and the need to
buy new parts without being able to
charge the customer again.

Every design has inherent flaws.
These flaws are, for the most part, re-

moved during prototype testing by
the manufacturer in real-world simu-
lated conditions. For instance, the
manufacturer outsources most of the
parts content of the vehicle. The car-
maker contracts with a transmission
manufacturer to design and build a
six-speed manual transmission for a
specific model. The transmission man-
ufacturer submits a design that is re-
fined, accepted and then made into a
prototype for actual testing.

The transmission manufacturer out-
sources a number of parts such as
seals, bearings, synchronizer rings etc.
to other manufacturers, and all these
parts will go through rigorous testing
to make sure they meet the expected
design criteria. This involves testing
for noise, adequate torque levels, shift
feel and durability. A lot of the testing
will be to the point of destruction of
the parts to establish a level of dura-
bility.

An example might be that when the
manufacturer of the synchronizer
rings provides sample product, it does
so in several thousand rings. The
transmission manufacturer will set up
a test stand in which the transmission
will be shifted by machine under the
full torque load for perhaps a million
cycles. The machine will run until the
number of desired shifts is achieved
or there is a failure. In short, for a part
to be validated by the car manufactur-
er to be used in its vehicle, the manu-
facturer of the part will spend a great
amount of money in design, develop-
ment and testing before it ever gets to
turn a profit from the parts.

One of the reasons our industry
continues to decline and consolidate is
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shaft support. Tapered bearings
were able to bear up under greater
thrust loads but were very vulner-
able to incorrect endplay spacing.

Since aluminum and magne-
sium expand much differently
from the steel gears, and to com-
pensate for differences in manufac-
turing tolerances, the tapered
bearings needed to be shimmed to
establish a cold endplay measure-
ment. As an example, if we shim
the transmission gear set to zero
endplay with zero preload (shaft-
turning effort) on the bench, what
will we have during operation in
the vehicle? Due to expansion of
the cases from operating tempera-
tures, and the thrust loads from the
engine torque, your endplay prob-
ably will run from 0.002 to 0.005
inch during operation. Whatever
specifications the manual gives
you for a particular unit, they will
be designed to give you the proper
clearances under operating condi-
tions. Too much clearance on end-
play will result in noise issues,
gear jump-out and increased wear
on the components. Too little clear-
ance will result in excess internal
temperatures, an increase in para-
sitic drag loss and exaggerated
wear on the thrust surfaces. It does
not matter which transmission you
are working on, automatic or stick;
for proper operations and good
durability the endplay must be set
correctly.

Another misunderstood theory
involves lubrication. At one time
virtually every standard transmis-
sion was designed to run on 90-
weight gear lube. Manufacturers
began to receive tons of complaints
about cold-shift problems, where
the units would not shift without a
great deal of effort when cold.

The theory behind this is the
way that a synchronizer operates.
The synchronizer ring is a “wet”
clutch, which when pressed onto
the cone of the speed gear during a
shift will slow down or speed up
the speed gear until its speed
matches that of the input gear and
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a smooth shift occurs. Ninety-
weight gear oil in cold tempera-
tures gets thick and will not
exhaust from under the synchro
ring. If the ring is sliding on a film
of oil, it cannot regulate the speed
of the speed gear and you get very
stiff, high-effort shifts until the
unit warms up.

In current technology we no
longer use 90-weight in any mod-
ern transmission. The lubricant is
designed and specified to be com-
patible with the type of compound
used in the synchronizer rings. We
now have paper-lined rings, car-
bon-fiber rings, sintered-metal-
alloy rings and a host of new
product being developed. The
specified lube will ensure opti-
mum function of the synchro rings,
and any substitute will create shift
problems and excess wear. Some of
these lubes are expensive, but sav-
ing money by using something else
will be really costly. Any synchro-
ring material that is porous and ab-
sorbs the wrong lube will take
forever to purge that material and
may require replacement of the
rings (think costly).

We find that the greatest lack of
understanding at present involves
transfer cases. Because of the large
volumes present in the market and
the fact that transfer cases are
found behind all types of transmis-
sions, the need to be clear on how
they operate and integrate with
other vehicle systems is vital. The
engine, transmission, ABS, stability
and traction control, and differen-
tials are all integrated into the
four-wheel- or all-wheel-drive op-
erations.

To find the root cause of any
failure, you will have to access all
the powertrain, drivetrain and
body computers for trouble codes.
Tire size and pressure, wheel-
speed sensors, wiring faults, differ-
entials, lift kits, vehicle
modifications of any type and
driver operation will all influence
transfer-case operation.

The beginning of any diagnosis

involves certain questions: How is
it supposed to function and oper-
ate? Are all outside influences op-
erating correctly? Has the driver
read and understood the operating
manual, or is he trying to make the
systems operate in a manner they
weren’t designed for? Is the dam-
age we find the result of a failure
or the cause of the failure?

Fixing results works only when
we locate and remove the cause. If
we know the theory of how it oper-
ates, we then can work to find
where the root cause is. If you
don’t know how it is supposed to
work, what chance do you have of
being successful?

We are about to enjoy the
largest amount of change in vehi-
cle design in this decade. Many
new transmission designs will be
introduced, along with even more
electronic control and integration.
There are now six- and seven-
speed automatic transmissions,
dual-shaft designs, variable elec-
tronic shock absorbers and clutch-
operated differentials, and it is just
beginning. Understand transmis-
sion theory and who cares whether
it is a two-speed Powerglide or a
six-speed ZF? They all will have
the basic theory of operations.
Instead of one planetary, there will
be two or three. There will still be a
need to create hydraulic pressure
through a pump to apply sets of
clutches or bands to hold and re-
lease various parts of the planets to
achieve different gear ratios, and
forward and reverse. Instead of a
vacuum modulator there is a vari-
ety of electric solenoids that apply
components and modulate line
pressure in line with throttle open-
ing and wheel speed. It isn’t new,
there is just more of it, and it is all
tied into related systems so that
you must understand vehicle-re-
pair theory and not transmissions
as your only focus.

The next big question is, “How
do you learn the theory?” All this
depends on you and your commit-
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ment to yourself. It takes some in-
telligence, a curious mind, per-
sistence and a desire to be the best
at what you do. There are maga-
zines, books and manuals, and a
vast amount of information to be
found on the Internet. All profes-
sional fields require ongoing edu-
cation, because the only constant
in life is change. Lawyers, doc-
tors, accountants, insurance
agents, real-estate agents etc. will
always have to continue with
their education to keep up with
the changes that take place every
day in their fields.

If you consider yourself a pro-
fessional then you must be pre-
pared to make time to read and
keep up with the operation of the
new technology. You need to de-
cide - on the basis of your ability
to learn and your desire to earn
more - how much time you need
to put into this. There isn’t much
on TV that you will miss if you set
aside some time every day to ex-
pand your knowledge. If you
don’t make the effort, the changes
will happen so fast you will be on
the outside looking in very quick-
ly. On the other hand, a techni-
cian who is really comfortable
with the theory of operations will
be very comfortable with the
changes as they occur and will
have a good earning capacity any-
where in the world.
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