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5-1 AUTOMATIC TRANSMISSION
GENERAL SPECIFICATIONS

a. Transmission Identification Number

A production identification number is stamped on the raised surface of the case, forward of the oil
pan, left side.

The identification consists of a letter followed by one or more digits. Since the production identifica-
tion number furnishes the key to construction and interchangeability of parts in each transmission, the
number should be used when selecting replacement parts as listed in the master parts list, The number

should always be furnished on product reports, AFA forms, and correspondence with the Factory con-
cerning a particular transmission,

b. General Specifications

Ol CaPACItY « « v v o v o v v o v e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 6 Quaxjts
Oil Quantity indicated between marks on gauge rod . . . . . . . . . . ..o e Lt e e e e e e e e e e e 1 .Pmt
Oil Specification . . . . . . . . . . o L e e e e e e e Automatic Transmission Fluid Type A, Suffix A

Drain and refill mileage recommendations
Torque Multiplication
Low Range and Drive Range Belore Converter Clutch Engagement (Stall) . . . . . . . .« o o e v v oo v v v 3.6
Drive Range after Converter Clutch Engagement (Stall) . . . . . . « . o v v v v v v v v v oo v oo e e oo e 1.5

.................................... 24,000 mi.
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b. General Specifications (Cont’d.)

Governor and Throttle Opening
........................................... Dual Sun Gear
................. 4
................ 70-123 PSI Low and Drive Range

108-185 PSI Reverse, Neutral and Park Range

Converter Clutch Engagement Control
Planetary Gearing Type
Number of Pinions
Pump Pressure Regulation (Varied by throttle setting)

5-2 AUTOMATIC TRANSMISSION
TIGHTENING SPECIFICATIONS

Use a reliable torque wrench to tighten the attaching bolts or nuts of the parts listed below.
NOTE: These specifications are for clean and lubricated threads only. Dry or dirty threads produce

increased friction which prevents accurate measurement of tightness.

Part Location

Bolt Special Case to Cylinder Block

Bolt Cover Pan to Cylinder Block
Screw-Tapping Cover Pan to Transmission Case
Bolt Oil Pan to Transmission Case
Screw Filler Pipe Clamp to Case
Screw Speedo Sleeve Clip to Case

Bolt Converter to Flywheel

Nut Converter Pump to Housing

Bolt Planet Set Ring Gear to Turbine . . . ... ... ... ....
Bolt Reverse Clutch Housing to oil pump body . . .. ... .. ..
Screw Oil Pump and Reverse Clutch Housing to Case . . .. . ...
Bolt Valve Body to CaSE . . ¢ v v vt v v e v v ettt e e e et e e e e e e e e
Nut Selector Inner Lever to Shaft . . . .. ... .. ........
Nut Throttle Valve Control Lever Clamp . . . . . . . . ... ...
Bolt Parking Lock Bracket to Case . . . . . .. ...
Bolt Companion Flange to Output Shaft . . .. ...........

5-3 AUTOMATIC TRANS-
MISSION MANUAL
CONTROL
MECHANISM

a. Manual Control Mechanism

The 4100-4300 automatic trans-
mission provides five different
control or operating ranges which
may be manually selected by the
driver through movement of the
control lever at top of the steer-
ing column., A pointer on the
control shaft and a stationary dial
on the control panel aid in lo-
cating the lever for each range,
Letters on the dial, reading from
left to right identify each range
as follows:

P = Parking L = Low
N = Neutral R = Reverse
D = Drive

It is necessary to raise the con-
trol lever against light spring

pressure to shift into Reverse
(R), Neutral (N) or Parking (P).
The control lever actuates a shaft
in the steering column which is
connected by levers and rods to
a shift control valve in the trans-
mission. A notched detent plate
holds the mechanism in the se-
lected position.

The control shaft also operates
a neutral safety switch mounted
on the column jacket. The switch,
which is connected to the cranking
motor electrical circuit, is closed
only when the control lever is in
Neutral (N) or Parking (P) so that
the engine may not be started in
any of the driving ranges.

b. Parking (P) Range

Parking range is to be used with
the hand parking brake to insure
positive locking of the car on

...................

Thread Torque

Size Ft. Lbs.

........... 3/8 -16 30-40

........... 5/16-18 8-12
........... 1/4 -20 -

........... 5/16-18 15-20
........... 1/4 -20 4-3
........... 1/4 -20 4-8

5/16-18 18-25

........... 5/16-24 15-20

........... 5/16-18 25-30

........... 5/16-18 15-20

........... 5/16-18 20-24
1/4 -20 6-9

........... 1/4 -28 8-11

........... 1/4 -28 8-11

........... 5/16-18 15-20

........... 3/8 -24  45-55

steep grades. The shift control
lever must be raised when shift-
ing into and out of parking
position,

Parking range must never be en-
tered when the car is in motion
or serious damage to the trans-
mission will result,

Parking range should always be
used when it is desirable to run
and accelerate the engine without
possibility of car movement, such
as when working on,the car.

When in Parking range, a ratchet
wheel on the transmission output
shaft is engaged by a locking pawl
mounted in the transmission case,
Thus a positive lock is main-
tained on the propeller shaft, The
locking pawl is applied through
an apply spring which holds the
parts against the ratchet wheel
until engagement of these parts
is accomplished. If the pawl does
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not engage a notch in the wheel
when first applied, it will snap
into place as the wheel turns
when the car moves slightly.

¢. Neutral (N) Range

Neutral range as well as Parking
range may be used when starting
the engine, It is not necessary
to shift into neutral when the car
is temporarily stopped during
normal driving operations., Neu-
tral must always be used when
towing the car with the rear
wheels on the road.

Neutral may be used when it is
desirable to run the engine with-
out car movement, but Park (P)
is recommended for greater
safety.

d. Drive (D) Range

Drive (D) range is to be used
for all forward driving except
as specified for Low (L) range,

During any acceleration from a
stop the transmission starts in
“Low’’, Upon attainment of suf-
ficient speed for a given throttle
opening, a converter clutch en-
gages to change the engine’s pow-
er flow through the transmission
from 100% through the torque
converter to approximately 64%
through the torque converter and
36% through a mechanical con-
nection to output shaft,

When the accelerator pedal is
pushed to the floor at any car
speed below 56 MPH the con-
verter clutch is disengaged to
provide full power flow through
the torque converter for rapid
acceleration,

e. Low (L) Range

Low range is used whenever the
driver does not want the con-
verter clutch to engage regard-
less of throttle opening or car
speed. Low range may also be
used for additional engine braking
while descending steep grades.

f. Reverse (R) Range

Reverse range is used to move
the car rearward. The shift con-
trol lever must be raised when
shifting into reverse,

g- Rocking Car Between
Low and Reverse

When the car is stuck in deep
snow or mud, it often can be
driven out by ‘‘rocking’’ the car
back and forth by alternately
using low and reverse until suf-
ficient momentum is obtained to
move the car out in desired
direction,

When rocking is necessary, ap-
ply a light throttle pressure and
shift back and forth between Low
(L) and Reverse (R). Avoid racing
the engine,

If the car is still stuck after two
or three minutes, have the car
pulled out to avoid overheating
and possible damage to the trans-
mission.

h. Pushing Car to
Start Engine

4000-4100-4300 series cars
equipped with automatic transmis-
sion cannot have the engine
started by pushing or pulling the
car, A ‘‘booster’’ battery must
be used instead.

i. Towing Disabled
Avutomatic Transmission
Equipped Car

A disabled 4000-4100-4300 auto-
matic transmission equipped car
must not be towed on rear wheels
unless propeller shaft is discon-
nected at rear companion flange,
Care must be taken to support
propeller shaft to avoid damage
to center universal joint.

5-4 PRINCIPLE SECTIONS
OF AUTOMATIC
TRANSMISSION

To simplify description of con-
struction and operation of the

4000-4100-4300 automatic trans-
mission assembly, it will be di-
vided into the following sections,
See Figure 5-1,

a. Transmission Case

The transmission assembly is
bolted to the engine crankcase
through the converter housing
section of the transmission case,
The transmission case, converter
housing and rear bearing retainer
are one integral cast aluminum
part.

b. Torque Converter and Gear
Set

The torque converter is coupled
to the engine and transmits engine
torque hydraulically to a plane-
tary gear set, the planet gear
carrier of which is splined to the
output shaft,

The torque converter automatic-
ally provides torque multiplica-
tion to meet varying driving
conditions, Construction and op-
eration of the torque converter
are described in paragraph 5-6.

c. Converter Clutch

The converter clutch, when en-
gaged, transmits approximately
36% of the engine torque to the
planetary gear set front sun gear,
Thus part of the engine torque
is transmitted mechanically to the
output shaft,

d. Forward Clutch

The forward clutch is a multiple
disc clutch which, when engaged,
locks the cam of the stator and
rear sun gear overrunning
clutches to the transmission case.
The forward clutch is engaged in
Low and Drive ranges to allow
the stator and rear sun gear to
turn in one direction only (with
the engine).
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e. Coast Clutch

The coast clutch is a multiple
disc clutch which, when engaged,
locks the rear sun gear to the
cam of the stator and rear sun
gear overrunning clutches, Thus,
when both the coast clutch and
forward clutch are engaged, the
rear sun gear and overrunning
clutch cam are locked to the
transmission case, The coast
clutch is engaged in all ranges
except Drive range.

f. Reverse Clutch

The reverse clutch is a multiple
disc clutch which, when engaged,
locks the turbine and planet set
ring gear to the transmission
case., The reverse clutch is en-
gaged in Reverse (R) range.

g. Overrunning Clutches

The rear of stator and rear sun
gear shafts are splined to over-
running clutch races. The
clutches are arranged to allow
rotation with respect to the clutch
cam in one direction only (with
the engine). See Figure 5-10,

h. Hydraulic Controls

The hydraulic control system in-
cludes devices for controlling en-
gagement of the disc clutches,
circulation of oil for lubrication
and heat transfer,

5-5 TORQUE CONVERTER
AND GEAR SET

The torque converter is connected
to the engine flywheel and serves
as a hydraulic coupling through
which engine torque (turning
force), is transmitted to the out-
put shaft, The torque converter
steps up or multiplies engine
torque whenever operating con-
ditions demand greater torque
than the engine alone can supply.

In this respect it serves the same
purpose as the selective reduction
gears used in conventional auto-
motive transmissions, Torque
multiplication is always required
when a car is started and accel-
erated at low speeds. Torque
multiplication may be required
when ascending steep grades,
moving in deep sand, mud or
snow, Torque requirements de-
crease as car speed increases
and when a point is reached where
engine torque is adequate, no
torque multiplication is required,
From this point, the converter
functions as an efficient fluid
coupling providing maximum
economy,

The torque converter automati-
cally provides the proper ratio of
torque multiplication to meet the
demands imposed by starting and
driving under all ordinary con-
ditions of load and grade. The
transition through the various ra-
tios from stall to cruise oper-
ation is smooth and virtually
devoid of steps or shift points
since it is accomplished without
the use of selective gears,

The principle elements of the
torque converter are described in
subparagraphs a, b, ¢, and d,
Operation of these elements is
described in paragraph 5-9.

a. Converter Pump

The converter pump is bolted to
the engine flywheel so it rotates
whenever the engine is running,
The converter pump and housing
comprise a housing for all con-
verter components, The convert-
er pump assembly consists of an
aluminum casting finned on its
forward face for air cooling, Its
rear face incorporates 30 vanes
and a inner shell bolted to them
to form a converter pump. The
pump assembly also includes a
converter clutch assembly, De-
scription and operation of the
converter clutch are discussed in
paragraph 5-6.

The pump operates as a centri-
fugal pump, picking up oil at its
center and discharging the oil at
its rim. However, the pump is
shaped to discharge the oil paral-
lel to its axis in the form of a
spinning hollow cylinder, The
function of the pump is to convert
engine torque into an energy
transmitting flow of oil to drive
the converter turbine, into which
the oil is projected. The pump is
supported at its forward end by
the engine crankshaft and at the
rear by the converter housing hub
which rides in a steel backed
bushing in the oil pump body. See
Figure 5-2,

b. Turbine

The turbine is connected to the
output shaft through a planetary
gear set, the ring gear of which
is bolted to the turbine, and planet
pinion carrier of which is splined
to the output shaft,

The turbine is riveted to a hollow
shaft and flange, babbitted on its
inner surface, which rides on the
surface of the stator shaft, The
rear of the turbine shaft is
splined to the reverse clutch hub,
See Figure 5-3,

¢c. Stator

The stator is located between the
turbine exit and converter pump
entrance in position to receive
and redirect the oil leaving the
turbine. The stator is riveted to
a hollow shaft and flange babbit-
ted on its inner surface which is
supported on the outer surface of
the rear sun gear shaft. The rear
end of the shaft is splined to the
race of an overrunning clutch that
allows rotation of the race in one
direction only (with the engine).

The stator blades are curved to
control the flow of oil between the
turbine exit and the pump en-
trance when the turbine is sta-
tionary or at low speed relative
to the converter pump, The stator
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blades alter the direction of flow
so the oil approaches the pump at
the proper angle to enter without
opposing pump rotation, Thus en-
ergy remaining in the oil after it
leaves the turbine is utilized to
increase pump output., See Fig-
ure 5-4,

d. Planetary Gear Set

Output of the torque converter is
transmitted to the output shaft
through a planetary gear set
housed inside the converter,

The converter is connected to the
gear set through the ring gear,
which is bolted to the converter
turbine.

The gear set consists of a ring
gear bolted to the converter tur-
bine, four planet pinions, the car-
rier of which is splined to the
output shaft; and two sun gears.
The front sun gear is splined on
its forward end and may be con-
nected to the converter pump
through the converter clutch de-
scribed in paragraph 5-7. The
rear sun gear is splined to a
hollow shaft babbitted on its inner
surface, which is supported on the
output shaft. The rear of the rear
sun gear shaft is splined to an
overrunning clutch race and the
hub of the coast clutch, See Fig-
ure 5-1,

5-6 CONVERTER CLUTCH

The converter clutch is a mul-
tiple disc clutch housed in the
center of the converter pump as-
sembly and, when engaged,
couples the engine driven con-
verter pump to the front sun gear,
Thus part of the engine torque can
be transmitted directly to the
planetary gear set, bypassing the
torque converter, Engagement of
the converter clutch is controlled
by car speed and throttle opening,
During light acceleration, the
converter clutch will engage at
approximately 16 MPH, while full
throttle acceleration will delay

engagement until the car has at-
tained approximately 64 MPH).
Acceleration at throttle openings
between these extremes result in
converter clutch engagement at a
proportionally lower speed.

Engagement of the converter
clutch is cushioned by 18 springs
between the clutch piston and the
apply plate. As the clutch is ap-
plied, oil pressure moves the
piston rearward. Spring pressure
forces the apply plate into contact
with the friction plates splined to
the front sun gear hub, Further
movement of the piston allows the
pegs on the piston rear face to
contact the apply plate for positive
application of the clutch., Simul-
taneously, converter charging
pressure is lowered to aid the
application of the clutch, which is
applied against converter charg-
ing pressure. This cushioning
provides smooth engagement of
the converter clutch. See Fig-
ure 5-9.

5-7 FORWARD CLUTCH-—
COAST CLUTCH-—
REVERSE CLUTCH

The forward, coast and reverse
clutches are hydraulically en-
gaged multiple disc clutches en-
gaged by pistons operating
through levers to increase piston
apply pressure.

All three clutches utilize bellville
springs bearing against the apply
levers to insure positive disen-
gagement upon release of piston
apply pressure.

a, The forward clutch, when en-
gaged (Drive and Low range) locks
the cam of the stator and sun gear
overrunning clutches to the trans-
mission case, During operation
in Low range, both the forward
and coast clutch (subpar. b below)
are engaged, coupling the rear sun
gear through the coast clutch
housing to the forward clutch and
transmission case. See Fig-
ure 5-8.

b. The coast clutch, when en-
gaged, couples the rear sun gear
to the overrunning clutch cam.
The externally splined plates in
the coast clutch pack are splined
to the coast clutch housing which
also engages the internally
splined plates of the forward
clutch pack., Thus, as mentioned
above, operation in Low range
couples the rear sun gear and
overrunning clutch cam to the
transmission case through the
coast clutch housing and forward
clutch, The coast clutch is en-
geged in all operating ranges ex-
cept Drive, See Figure 5-8.

c. The reverse clutch, when en-
gaged, couples the turbine and
planet set ring gear to the trans-
mission case. The reverse clutch
is engaged in Reverse range only.
See Figure 5-3.

5-8 OVERRUNNING
CLUTCHES

The stator and rear sun gear are
connected by co-axial shafts to
overrunning clutches that allow
rotation of these parts in relation
to the clutch cam in one direction
only (with the engine). See Figure
5-10. The overrunning clutch cam
is attached to the forward clutch
internally splined plates and the
coast clutch externally splined
plates so the cam may be locked
to the transmission case (Drive
and Low range) or coupled to the
rear sun gear shaft through the
coast clutch (all ranges except
Drive).

5-9 OPERATION OF
TORQUE CONVERTER,
GEAR SET AND
CLUTCHES

a. Torque Converter
Operation
Description of torque converter

operation will begin with car sta-
tionary, transmission in Low or
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CONVERTER
PUMP
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Figure 5-9—Converter Clutch
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Figcre 5-10—Overrunning Clutch
Cross Section

Drive range and engine running at
idling speed. The converter pump
is turning with the engine and the
turbine is stationary.

The engine driven converter pump
picks up oil at its center and pro-
jects a rotating cylinder of oil
into the turbine, the vanes of
which are curved in such a man-
ner that oil leaving the turbine at
its center is spinning opposite
pump rotation. This oil leaving
the turbine strikes the curved
stator blades and as the stator is
prevented from turning back-
wards by the stator overrunning
clutch, the oil direction is changed
so it enters the pump spinning in
the same direction as pump
rotation.

At idling speed the force of oil
flow against the turbine vanes-is
not sufficient to move the turbine

and the oil flows through the tur-
bine and stator back into the pump
without transmitting any appre-
ciable amount of torque.

When the throttle is opened, the
engine speeds up and with in-
creased speed the pump projects
a large volume of oil into the
turbine at high rotary speed. This
spinning cylinder of oil is similar
to a flywheel in that it has stored
energy (torque) which will be
transferred to any object opposing
its motion. Since the vanes of the
turbine oppose the spinning fly-
wheel of oil projected from the
pump, the stored energy exerts a
powerful impulsion force against
the vanes, tending to rotate the
turbine in the same direction as
the pump. The oil flows through
the turbine channels and as it
does so its direction is changed,
As o0il enters the turbine at its
rim oil direction is as shown in
Figure 5-11,

As o0il leaves the turbine at its
center, oil direction is as shown
in Figure 5-12,

As the oil leaves the turbine spin-
ning in a direction opposite pump
rotation it strikes the front face
of the stator blades which re-
direct the oil into the converter
pump spinning in the same di-
rection as the pump,

A reaction (rearward force) is
exerted by a fluid changing di-
rection or being accelerated., It
is reaction force which tends to
move the nozzle of a fire hose
when a stream of water emerges
under pressure,

Thus, the oil projected from the
pump exerts an impulsion force
as it enters the turbine. And as
its direction is changed in the
turbine, this direction change ex-
erts a reaction force on the tur-
bine as the oil exits, Both forces
tend to move the turbine in the
same direction as pump rotation,

PATH OF OIL
ENTERING TURBINE

\: -= | DIRECTION OF

-~
TURBINE VANES

DIRECTION |
OF PUMP
VANES

o

Figure 5-11—0Qil Direction
Entering Turbine
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¢ PATH OF OIL
~. * 1 LEAVING TURBINE
DIRECTION OF | \
PUMP VANES | ~ ~  —7 7T
S DIRECTION OF
e {-.__ | TURBINE VANES
N /\

1
|
T
—

—

Figure 5-12—Qil Direction
Leaving Turbine

Engine torque applied to the con-
verter pump generates a given
amount of energy in the oil pro-
jected from the pump against the
turbine vanes. When the turbine
is stationary or moving slowly,
the oil passes through the turbine
and stator and returns to the
pump with almost as much energy
as when projected. The amount
of energy in the oil thereafter
projected from the pump becomes
the sum of the energy in the re-
turning oil plus the energy re-
sulting from engine torque
application; far more energy (ex-
pressed as torque) than the engine
could generate alone. The greatly
increased energy in the spinning
flywheel of oil then projected into
the turbine produces a corres-
ponding increase in the impulsion
and reaction forces acting on the
turbine vanes.

The described build-up of forces
produces a turning force or torque
upon the turbine vanes which is
greater than the torque produced
by the engine, therefore, torque
multiplication is accomplished. It
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would seem the torque multipli-
cation would increase indefinitely
as the cycle repeats itself, but
mechanical factors limit the in-
crease of torque multiplication
beyond a definite ratio in any
given torque converter design.

The build-up of forces against the
turbine vanes causes the turbine
to turn in the same direction as
the converter pump., The turbine
absorbs part of the energy trans-
mitted by the oil stream and con-
verts it to torque which is
imparted to the planet set ring
gear causing the planet pinions
to turn and ‘‘walk’ around the
stationary sun gear.

As the car reaches cruising
speed, torque requirements de-
crease so applied torque causes
turbine speed to rapidly approach
pump speed. As this occurs it is
important for torque multiplica-
tion to taper off so car speed can
be maintained at minimum engine
speed. This tapering off occurs
automatically because centrifugal
force generated in the rotating
mass of oil in the turbine creates
an outward counter force which
opposes the flow of oil from the

pump,

Reduction in oil flow and pump
output energy effects a decrease
in impulsion and reaction forces
on the turbine so torque multi-
plication rapidly tapers off as
turbine speed increases.

As turbine speed approaches pump
speed the angle at which oil leaves
the turbine changes until it strikes
the rear face of the stator blades
causing the stator to freewheel.
The stator then offers no resis-
tance to oil flow from the turbine
to the pump. At this point the
converter functions as an efficient
fluid coupling transmitting torque
at a 1 to 1 ratio. However, suffi-
cient speed differential remains
between the turbine and pump to
permit flow of oil from pump to
turbine where the o0il gives up
energy and returns to the pump.

This tapering off of torque multi-
plication does not occur at any
particular car speed. Rather, it
is dependent on throttle opening,
load (grade), and car speed. Any
throttle opening that will just
maintain car speed on a level road
will produce virtually zero torque
multiplication in the converter.

b. Operation of Components in
Drive Range

With engine idling and transmis-
sion control positioned in Drive
range, the forward clutch is en-
gaged and all other clutches are
disengaged. Engagement of the
forward clutch locks the cam of
the stator and rear sun gear
overrunning clutches to the trans-
mission case,

As the throttle is opened and the
build-up of forces described in
subparagraph a occurs, the ring
gear attached to the converter
turbine turns and causes the
planet pinions to turn and ‘‘walk’’
around the rear sun gear, held
stationary by the sun gear over-
running clutch. In this manner
engine torque is transmitted to
planet pinion shafts and thence to
the planet carrier which is splined
to the output shaft. See Figure
5-13.

As car speed increases, governor
weights mounted in the parking
lock ratchet wheel move under
centrifugal force to move the gov-
ernor lever on its pivot and in-
crease the pressure in the
hydraulic circuit that tends to
engage the converter clutch. A
counter hydraulic circuit con-
trolled by throttle opening also
affects engagement of the con-
verter clutch. Acceleration from
a stop at light throttle will allow
the governor pressure to cause
engagement of the converter
clutch at relatively low car
speeds, while heavy throttle ac-
celerations will delay engagement
till higher speeds are attained.
Wide open throttle accelerations

will delay converter clutch en-
gagement until a speed of approx-
imately 64 miles per hour is
reached,

When the proper relationship be-
tween throttle opening and car
speed exists, the hydraulic con-
trol system acts to engage the
converter clutch. With the con-
verter clutch engaged, the con-
verter pump hub is connected to
the front sun gear and approxi-
mately 367, of the engine torque
is then transmitted mechanically
to the gear set through the front
sun gear, while the turbine con-
tinues to transmit torque to the
gear set through the ring gear.

Under these conditions the front
sun gear turns at engine speed
and causes the planet pinion to
turn and ‘‘walk’’ slowly around
the ring gear which is turning at
slightly less than engine speed
(turbine speed). In effect, the
converter and gear set are turn-
ing as a unit; with the benefit of
cushioning provided by the rela-
tionship of the turbine and ring
gear to the gear set,

Engine torque is thus transmitted
through the gear set to the planet
carrier which is splined to the
output shaft. The rear sun gear
overrunning clutch allows the rear
sun gear to free wheel as it is
turning with the engine and trans-
mitting no torque. See Figure
5-14,

c. Operation of Components in
Reverse Range

With the transmission selector
lever in Reverse range with en-
gine running, the reverse and
coast clutches are engaged and
all other clutches are disengaged.
Engagement of the reverse clutch
locks the turbine to the trans-
mission case, while coast clutch
engagement couples the overrun-
ning clutch cam to the rear sun
gear. See Figure 5-15,
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As the engine is accelerated, oil
from the converter pump is pro-
jected into the stationary turbine.
The oil passes through the tur-
bine and is discharged at its cen-
ter, spinning opposite engine
rotation, See Figure 5-12, The
oil then strikes the stator blades
and causes the stator to turn op-
posite engine rotation., The stator
overruning clutch at the rear of
the stator shaft, transmits torque
to the overrunning clutch cam
and coast clutch; and from the
coast clutch to the rear sun gear
through the rear sun gear shaft.
Rotation of the rear sun gear op-
posite engine rotation causes the
planet pinions to turn and ‘‘walk”’
around the stationary ring gear.
As the pinions walk around the
ring gear, torque is transmitted
through the planet pinion shafts
to the planet carrier which is
splined to the output shaft.

d. Operation of Components in
Low Range

With the transmission control le-
ver in Low range and engine
idling, the forward and coast
clutches are engaged, while the
reverse and converter clutches
are not. Engagement of the for-
ward and coast clutches locks the
cam of the stator and rear sun
gear overruning clutches and the
rear sun gear to the transmission
case,

Torque is transmitted to the out-
put shaft through the gear set in
exactly the same manner as in
Drive range before engagement
of the converter clutch. In Low
range, however, the converter
clutch remains disengaged re-
gardless of throttle opening or
car speed, Also, the rear sun
gear is prevented from free-
wheeling even on deceleration,
Thus, Low range is an effective
means of slowing the car under
circumstances such as when de-
scending steep grades, etc. See
Figure 5-16.

e. Operation of Components in
Nevutral and Park Range

With the transmission control le-
ver in Neutral or Park range, the
coast clutch is engaged and all
other clutches are not. In Park
range, the parking lock pawl is
engaged as described in para-
graph 5-4, subparagraph b. En-
gagement of the coast clutch
couples the rear sun gear to the
overrunning clutch cam, prevent-
ing relative motion between the
sun gear and the clutch cam.

With the engine running, oil pro-
jected from the converter pump
turns the turbine and ring gear
with the engine, Oil discharged
from the turbine strikes the sta-
tor blades and causes the stator
to turn opposite engine rotation.
Rotation of the stator opposite
engine rotation engages the stator
overrunning clutch to turn the
clutch cam and planet set rear
sun gear opposite engine rotation.
With the ring gear turning with
the engine and the rear sun gear
turning opposite engine rotation,
the plar.~t pinions are rotated at
relatively high speed, but no en-
gine torque is transmitted to the
planet carrier and output shaft,
See Figure 5-17,

Engagement of the coast clutch
in Neutral and Park prevents
damage to the stator overrunning
clutch due to disengagement of
the rollers by centrifugal force
and violent re-engagement when
the engine is decelerated.

5-10 OIL PUMP

A positive displacement two stage
pump is used to supply oil for
engagement of the disc clutches,
to fill the converter and to cir-
culate oil for lubrication and heat
transfer., The pump is engine
driven by lugs on the rear of the
converter pump housing hub,

a. Description -

The pump assembly consists of:
pump body, rotor., seven spring
loaded slippers driven by the ro-
tor, and the reverse clutch piston
housing which contains the ports
and passages for the intake and
discharge of oil. The pump body
is bolted to the reverse clutch
piston housing to form an enclo-
sure in which the rotor and slip-
per assembly operates. The
assembly is mounted in the trans-
mission by bolts through the pump
body to the case.

b. Operation

The pump rotor is offset with
respect to the centerline of the
pump body. so the cavities formed
by the space between the slippers,
the pump body, and the rotor in-
crease and decrease as the rotor
turns. Another smaller series of
cavities formed by the space pe-
tween the inner edge of the slip-
pers and the rotor also increase
and decrease as the rotor turns.
See Figure 5-18,

Positive displacement pumping
action is obtained by the cavities
passing the intake port increasing
in size and decreasing in size as
they pass the discharge port.

1. First Stage Operation

When the engine is idling or just
started, oil discharged from both
sets of pump cavities passes the
check valve and delivers oil to
the line pressure regulator valve
between the second and thirdlands
of the valve and through a small
orifice to the space between the
third and fourth lands of the valve,
Thus a relatively large volume of
oil is delivered for filling the
converter (which may leak down
after long periods of standing idle)
and engagement of disc clutches
at low engine speeds., See Figure
5-19,
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Figure 5-18~Phantom View of Two Stage Oil Pump
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2., Second Stage Operation
PUMP SUCTION

As the engine is speeded up, the FROM OUTER PUMP
volume of oil leaving the pump 1 p—
increases until the pressure reg- TO CONVERTER '_ FROM
ulator valve moves to the position -— I (A == BOTH PUMPS

MAIN LINE

shown in Figure 5-20. With the

valve in this position, the outer r =
larger cavities discharge oil di- gg&gg‘%NGE
rectly to the pump suction port FROM THROTTLE
between the first and second lands VALVE

of the valve. The check valve — |

then closes and oil pressure from 5
the inner cavities then holds the

check valve closed until such time )

as engine speed decreases or oil [~ T o - ) \
requirements cause the line pres- I 2 3 &
sure regulator valve to move back
to the position shown in Figure P20 65—
5-19 when again both portions of

the pump supply oil. BOOST I
CHAMBER

f ORIFICE

VA

4
A
=4

»
Z

5-11 HYDRAULIC f
CONTROLS FIRST STAGE

The hydraulic control system
consists of the following main Figure 5-19—Main Line Pressure Regulator Valve - First Stage

components:

Range Selector Valve

Main Line Pressure Regulator
Valve
1 PUMP SUCTION
Converter Pressure Regulator FROM OUTER PUMP
Valve _t -

TO CONVERTER )
Governor, Governor Valve and r «<— FROM INNER

Second Stage Governor Valve B MAIN LINE PUMP
 —=—

Throttle Pressure Regulator FROM RANGE

Valve and Throttle Detent Valve SELECTOR

FROM THROTTLE
Shift Valve VALVE

Shift Regulator Valve =] 1 ’
ORIFICE
) §
34

L4

—
a. Range Selector Valve )

The range selector valve has four | 2
lands that serve to open and close p
the proper ports to determine the -
operating range of the transmis- BOOST
sion, The valve is connected by CHAMBER
linkage to the transmission se-
lector lever on the steering col-

umn, It can be set in five SECOND STAGE

positions: Park, Neutral, Drive,
Low and Reverse. Figure 5-20—Main Line Pressure Regulator Valve - Second Stage
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b. Main Line Pressure
Regulator Valve

The main line pressure regulator
valve operates in the valve body
to regulate line pressure to a
predetermined value under any
operating condition, raising oil
pressure during periods of wide
throttle opening and lowering
pressure to a safe minimum du-
ring cruise operation,

1. First Stage Regulation (Drive
or Low Range)

Oil from the main line enters the
area between the second and third
lands and also flows through an
orifice to the space between the
third land and the valve body. Oil
from the range selector valve
(forward clutch apply line) also
occupies the space between the
fourth land and the end of the
valve body. At zero or very light
throttle (when main line pressure
reaches approximately 70 pounds)
oil pressure built up in the space
between the third land and the
valve body moves the valve
against the springs to allow oil to
escape past the second land of the
valve to regulate main line oil
pressure, Oil passing the second
land of the valve flows to the con-
verter pressure regulator valve,
converter and lubrication system.
See Figure 5-19,

2. Second Stage Regulation (Any
Range)

As described in paragraph 5-11,
sufficient engine speed will in-
crease oil pump output to the
extent that the valve is moved
further against the springs till the
port is opened connecting the
larger (outer) pump section to
pump suction., This action closes
the pump check valve, The small-
er (inner) section of the pump
then supplies o0il for the trans-
mission requirements. See-Fig-
ure 5-20,

3. Third Stage Regulation (Any

Range)

Cold operation and or high speeds
will move the valve against the
springs till the entrance port be-
tween the second and third lands
is partly open to pump suction,
thus preventing excessive build-
up of line pressures during cold
or high speed operation. See Fig-
ure 5-21,

4. Throttle Valve Effect

In any range, main line pressure
is increased as the throttle is
opened. The spring of a pressure
regulator valve is compressed as
the throttle is opened to increase
pressure of oil regulated by this
valve, Regulated oil from the
throttle regulating valve is direc-
ted to a boost chamber on the
spring side of the main line pres-
sure regulator valve. Oil pres-
sure in this chamber has the same

effect as increasing spring pres-
sure on the valve, As throttle
valve pressure is increased, main
line pressure is increased.

5. Regulation in Reverse, Neutral
and Park Range

With the range selector valve po-
sitioned in reverse, neutral or
park range, no oil is directed to
the space between the fourth land
of the valve and the valve body,
Thus, main line oil pressure is
bearing on a lesser valve area
to overcome valve spring pres-
sure and greater pressure is re-
quired to move the valve, Main
line oil pressure is thusincreased
to a minimum of approximately
108 pounds and, depending on
throttle opening, a maximum of
185 pounds.

¢. Converter Pressure
Regulator Valve

The converter pressure regulator

PUMP SUCTION
FROM OUTER PUMP
1 P
TO CONVERTER | | | <— FROM INNER
-— —--- MP
== MAIN LINE
—
FROM RANGE
SELECTOR
FROM THROTTLE
VALVE
——
) ORIFICE
|V 8 A\
_ AN N N N,
e Y] N N
l 2 314
p =T = _\—
) _ _m
BOOST
CHAMBER
THIRD STAGE

Figure 5-21—Main Line Pressure Regulator Valve - Third Stage
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valve regulates converter pres-
sure between 14 and 185 pounds
depending on operating range,
throttle opening and converter
clutch engagement, See Figure
5-22,

1. Converter Clutch Engaged

Oil from the main line pressure
regulator valve enters the con-
verter pressure regulator valve
between its lands, then flows
through a hole connecting the
space between the lands to the
space between the second land and
the valve body. Oil also exits
from a port between the lands to
the converter. Oil pressure be-
tween the end of the valve and the
valve body moves the valve
against spring pressure to re-
strict entry of oil, thus maintain-
ing exit oil at regulated pressure.

2, Converter Clutch Disengaged

In all ranges except drive, and
in drive range when the converter
clutch is disengaged, main line
oil pressure is directed to the
spring end of the valve, Line oil
pressure on the spring end of the
valve holds the valve against the
valve body so o0il entering between
the lands is not regulated. Under
these circumstances the convert-
er is charged at main line
pressure,

TO CONVERTER

|—§paTc

MAIN LINE OIL

BOOST
CHAMBER

CONVERTER PRESSURE _\|
REGULATOR VALVE

Figure 5-22—Converter Pressure
Regulator Valve

d. Governor, Governor Valve
and Second Stage Governor
Valve

1. Governor

Governor weights mounted in the
parking lock ratchet wheel exert
pressure against the governor
lever with increasing force as
car speed increases; this force
is transmitted through the lever
to the end of the governor valve.
Governor lever pressure is the
regulating force against the gov-
ernor valve, varying governor
valve pressure as car speed var-
ies, See Figure 5-23,

2, Governor Valve

Main line oil from the range se-
lector valve enters the governor
valve between the valve lands and
flows through a small hole in the
first land to fill the space between
the valve and governor valve
sleeve. Oil pressure in the space
between the sleeve and the end
of the valve moves the valve
against governor lever pressure
to restrict entry of oil, thus main-
taining regulated oil pressure in
proportion to the pressure of the
governor lever, Regulated oil

GOVERNOR WEIGHTS

il
“

a

~ (—Wg
> GOVE
\?
|

\r RNOR LEVER

GOVERNOR VALVE

Figure 5-23—Govemor Weights,
Lever, and Valve

exits from a port between the
lands., See Figure 5-24,

3. Second Stage Governor Valve

Oil leaving the governor valve
enters a port which allows the
oil to occupy the space between
the valve body and the second
stage governor valve. As gov-
ernor valve pressure increases
the second stage governor valve
moves against its spring to press
the second stage governor valve
pin against the governor valve,
This action modulates governor
valve pressure to keep car speed
and governor valve pressure pro-
portional,

e. Throttle Pressure Regulator
Valve and Throttle
Detent Valve

Main line pressure is increased
as throttle opening is increased
by the throttle pressure regulator
valve which is connected to the
engine throttle linkage. The
throttle regulator valve and throt-
tle detent valve also serve as a
regulating force controlling en-
gagement of the convertor clutch
as described in subparagraph f
below.

TO SHIFT
VALVE

GOVERNOR
VALVE

’]‘ MAIN LINE OIL

L

L ‘\
) :
SECOND STAGE o
GOVERNOR VALVE ‘
\é*
GOVERNOR '
LEVER X\
\
By

Figure 5-24—Governor Valve and
Second Stage Governor Valve
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1. Throttle Pressure Regulator
Valve

Main line oil pressure enters the
throttle pressure regulator valve
between its lands and flows
through a small hole to fill the
space between the valve body and
the end of the valve, Pressure in
the space between the end of the
valve and valve body moves the
valve against spring pressure to
restrict entry of oil to regulate
main line oil pressure, Regulated
oil exits at a port between the
lands and is channeled to the main
line pressure regulator valve
boost chamber and the shift reg-
ulator valve, See Figure 5-27,

Spring pressure against the throt-
tle pressure regulator valve is
varied by throttle opening so reg-
ulated pressure from the valve
is increased as throttle opening
is increased. Oil under pressure
in the boost chamber of the main
line pressure regulator valve has
the same effect as increased
spring pressure, requiring great-
er main line oil pressure to move
the valve., Thus main line oil
pressure is increased as throttle
opening is increased,

2. Throttle Detent Valve

Throttle valve oil pressure, pre-
sent between the lands of the
throttle detent valve, is ported
from the detent valve to the space
between the shift regulator valve
and the shift valve only at wide
open throttle. See Figure 5-27.
Throttle valve pressure in the
space between the shift valve and
shift regulator valve bears di-
rectly upon the larger area of
the shift valve, and can affect a
down shift (disengagement of the
converter clutch) if governor
valve pressure (car speed) is suf-
ficiently low, The function of the
shift valve and the shift regulator
valve is described in subpara-
graph f below.

¢. Shift Valve Shift Regulator
Valve (Drive Range)

The shift valve and shift regula-
tor valve together control en-
gagement and disengagement of
the converter clutch, Their move-
ment is controlled by varying
pressures from the throttle valve
and governor valve, See Figure
5-25,

1. Part Throttle Up Shift,

At low car speeds the valves are
positioned as shown in Figure
5-25, Oil from the throttle valve
enters the space between the reg-
ulator valve and valve body,
moves the valve sufficiently to
open the port allowing oil to by-
pass the regulator valve and
occupy the space between the reg-
ulator valve and first land of the
shift valve.

As car speed increases, governor
valve pressure exerts an increas-
ing counter force against the first

land of the shift valve from the
opposite side. When car speed
is such that governor valve pres-
sure overcomes throttle valve
pressure and the shift valve
spring, the shift valve moves to
the position shown in Figure 5-26,
With the wvalve in this position
line pressure is directed to the
converter clutch piston, converter
boost pressure is cut off, and the
port by-passing the regulator
valve is closed. Throttle valve
pressure is then bearing only on
the regulator valve which has a
smaller area than the first land
of the shift valve, Thus throttle
valve pressure has a lesser effect
on the shift valve when bearing
on regulator valve and the shift
valve will remain in the position
shown in Figure 5-26 (converter
clutch engaged), until a full throt-
tle down shift occurs, or car
speed decreases sufficiently to
allow throttle valve pressure to
move the shift valve while bearing
against the smaller area of the
regulator valve, Thus car speed
must decrease well below the

MAIN LINE OiL FROM

SHIFT REGULATOR VALVE

;ROE Shgﬁ:zr: LINE RANGE SELECTOR
REGULATOR TO CONVERTER -
BOOST REGULATOR BOOST —-f———FROM
—-F——=—— GOVERNOR VALVE
TO CONVERTER )
CLUTCH ]
REQIRE
NG MAIN LINE OIL
r_‘__
NN B
N
NN N §
= - — - b d N
I~ L

CONVERTER CLUTCH OFF

E X EX.
EX SHIFT VALVE

Figure 5-25—Shift Valve and Shift Regulator Valve in
Ccnverter Clutch Disengaged Position
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Figure 5-26—Shift Valve and Shift Regulator Valve in
Convertor Clutch Engaged Position

speed at which the up shift oc-
curred, to allow a down shift
unless full throttle is reached as
described below,

2. Full Throttle Down Shift.

At full throttle, the exit port of
the throttle detent valve is opened
(see Figure 5-27) directing oil at
throttle valve pressure to the
space between the regulator valve
and the shift valve. Throttle valve
pressure is then bearing on the
larger diameter of the first land
of the shift valve, and if car speed
is below 56 MPH approximately,
the valve is moved to the position
shown in Figure 5-27. With the
valve in this position, main line
oil to the converter clutch piston
is cut off and converter pressure
is boosted.

3. Full Throttle Up Shift After
Down Shift,

When car speed reaches approxi-
mately 64 MPH, regardless of
throttle opening, governor valve
pressure is sufficient to move the

shift valve against throttle valve
and spring pressure to the posi-
tion shown in Figure 5-26. With
the valve in this position, as in
sub-paragraph 1 above, main line
oil pressure is directed to the
converter clutch piston and con-
verter pressure regulator valve
boost pressure is cut off.

NOTE: The pressures indicated
on Figures 5-28, 5-29, 5-30, 5-31,
5-32, 5-33 are calculated pres-
sures only. Due to manufacturing
tolerances, these pressures may
not be attained, although the
transmission is functioning per-
fectly,

g. Operation of Hydraulic
Controls in Neutral Range
and Park Range

During operation in Neutral, the
range selector valve is positioned
as shown in Figure 5-28, In Park
range, the valve is positioned fur-
ther to the left. In both Neutral
and Park, oil supply to the re-
verse and forward clutches is

cut off and an exhaust port is
opened to disengage the clutches.
The coast clutch is engaged in
Neutral and Park range to couple
the overrunning clutch cam to
the rear sun gear,

Thus, the converter members are
allowed to turn, but transmit no
torque to the output shaft, See
Figure 5-28.

h. Operation of Hydraulic
Controls in Low Range

During operation in Low range,
the range selector valve is po-
sitioned as shown in Figure 5-29,
With the valve thus positioned,
oil at line pressure is directed
to the forward and coast clutches
while the reverse clutch oil sup-
ply is cut off and an exhaust port
is opened to disengage the clutch,
No oil is directed to the governor
valve; consequently the shift valve
will remain in ‘‘converter clutch
off’’ position. See Figure 5-29.

i. Operation of Hydraulic
Controls in Drive Range
(Part Throttle Up Shift)

During operation in Drive range,
the range selector valve is posi-
tioned as shown in Figure 5-30,
Oil at line pressure is directed
to the forward clutch, while the
supply to the reverse and coast
clutch is cut off and an exhaust
port opened to disengage the
clutches, Oil at line pressure is
directed to the governor valve
and throttle valve where 0il pres-
sure is modulated and directed to
the shift valve and shift regulator
valve, When sufficient car speed
in relation to throttle opening is
attained, governor valve pressure
will move the shift valve to ‘‘con-
verter clutch applied’’ position as
shown in Figure 5-30. Oil pres-
sure to the converter pressure
regulator valve boost chamber is
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Figure 5-27—Throttle Valve and Shift Valve in Full Throttle

then cut off so converter charging
pressure is lowered to approxi-
mately 14 psi.

j- Operation of Hydraulic
Controls in Drive Range
(Full Throttle Down Shift)

Full throttle down shift is ac-
complished when the accelerator
is pressed to the floor at car
speeds below approximately 56
MPH. When the accelerator is
pressed to the floor the throttle

detent valve is moved to its stop
as shown in Figure 5-31, Full
throttle valve pressure is then
ported to the space between the
shift regulator valve and shift
valve to bear against the first
land of the shift valve. The shift
valve is then moved to ‘‘converter
clutch off’’ position. With the
valve in this position, oil supply
to the converter clutch is cut off
and a port opened to exhaust to
allow disengagement of the clutch,
Converter charging pressure is
raised to main line pressure by

Down Shift Position

the entrance of oil at line pres-
sure into the converter pressure
regulator valve beost chamber.
See Figure 5-31.

k. Operation of Hydraulic
Controls in Drive Range
(Full Throttle Up Shift
After Down Shift)

If, after a full throttle down shift,
the throttle is held wide open,
car speed will increase to the
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point where governor valve pres-
sure reaches approximately 87
psi. Governor valve pressure will
then overcome spring and throttle
valve pressure even at wide open
throttle. As this occurs, the shift
valve is moved to ‘‘converter
clutch on’”’ position, converter
charging pressure is lowered and

oil is directed to the converter
clutch piston, causing its engage-
ment. See Figure 5-32,

I. Operation of Hydraulic
Controls in Reverse Range

During operation in Reverse range
the range selector valve is posi-
tioned as shown in Figure 5-33,

Oil at line pressure is directed
to the reverse and coast clutches
while the oil supply to the forward
clutch is cut off and an exhaust
port opened to disengage the
clutch. No oil is directed to the
governor valve so the shift valve
remains in ‘‘converter clutch off’’
position, See Figure 5-33.
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