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CHAPTER 1 

FUNDAMENTALS O F  OPERATION 

SECTION ONE - GENERAL INFORMATION 

1. The purpose of this transmission 
is the same as that of any other 
automatic transmission- -to provide 
automatically suitable gear ratios 
between the engine and rear  wheels 
to meet all driving conditions. 

2. The new ControlledCouplingHydra- 
Matic transmission differs greatly 

Y from the old Hydra-Matic in a num- 
ber of respects. 

NEUTRAL 
ENGINE RUNNING 

frictional units--the rnuitiple disc front and rear clutches, the front band, 
the rear band. 

I 
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b. In the new transmission, a simple 
fluid clutch replaces the multiple 
disc front clutch. - - 

je. The front band has been replaced 
I 

I 
i :by a simple one-way clutch called 

a sprag clutch. 

- - 
L< ' , ;F i  - ,TZ ! - - 

- ' I '  1 :" - . ' f f ie- r 'eaf r  se   so wen elim- 
inated from the new transmission. 

. - -  . *  I 

The rear  band h 
placed by a an*m 

e. The frontservo has been eliminated 
from the new transmission. 
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g. The valve body of the new transmission also varies greatly from that of the old 
transmission. The new valve body shown in the right picture above is accessible 
through the bottom oil pan, while the old one is reached by removing the side 
cover. In the new Hydra-Matic, practically all the hydraulic control valves have 
been incorporated in the valve body- -which consists of four separate assemblies, 
each of which can be replaced separately. 

h. The selector has one additional quad- 
rant position- -"PARKH --in addition to 
neutral, DR-4 or  Drive-left, DR-3 or 
Drive-right, and reverse. 

While many other changes have been 
made, those listed abave are the most 
notable in terms of operation and serv- 
ice. Operation is smoother and dur- 
ability is improved. And servicing is 
more simple. For example, there is 
no longer any need for band adjust- 
ments, acceqsibility of some parts has 
bee& improved, and more elements can 

separately. 

ic drive components of this 
t r~dmisr j lon are as follows: 

. + $  4 

a. ' TW &id coupling, which takes the 
, ,.#&g bf the conventional clutch. 

5 r $*%.? 
t 6.. ' 

with its planetary 
. I $latch, (or front unit 

;,it sprag clutch. 
1.6 

5 -L5 
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fluid Coupling Internal Gwr \ Planet Gears I Sun Gear 
/ Driving Torus I 

/ 
.. I Planetary Gearset I 
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I t replaces the o 
ides direct drive. 

. c. The rear  unit with its neu- 
tral clutch, sprag clutch, 
rear  clutch, and planetary 
gearset. 

d. The reverse unit with its 
planetary gearset, station- 
ary cone, reverse clutch 
apply piston. 

.REVERSE STATIONARY CONE 
REVERSE CLUTCH 
APPLY PISTON 

REAR PLANETARY GEARSET 

FRONT PLANETARY GEARSET 

INTERMEDIATE SHAFT 

REAR SPRAG CLUTCH YEAR SPRAG OUTER RACE REVERSE CLUTCH 

\ NEUTRAL CLUTCH \ 

\ - FRONT U ~ T  COUPLING 

w ' I 

e. Other main drive components of the transmission include the 
the main shaft, overrun clutch, overrun band, servo, and ou 
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2. The basic hydraulic components of the transmission consist of the 
following units. 

b. The exterm#--gear-type r e  a r  oil 

The vane-type, 
front oil pump 
the engine. 

variable capacity 
which i s  driven by 



d. The hydraulic governor which i s  
driven by the rear oil pump. 



ONE 



k. The reverse blocker body contains 
the detent p l u n g e  r and blocker 
piston. 

Now, let's examine the drive compo- 
nents and hydraulic system components 
in detail. 

SECTION TWO - BASIC DRIVE COMPONENTS 

1. The fluid coupling eliminates the need for a driver-operated clutcn pedal, ana 
consists of a drive torus and a driven toms. The torus members are located 
about l/4-inch apart. Each torus is splined to an independent shaft, and both 

i: operate in an oil-filled housing consisting of the toms cover and the engine 
K - flywheel. 



2. The main parts of each torus are 
7 

the outer shell, inner shell, hub and 
vanes. The two toruses are identi- 
cal except for their hubs which dif- 
fer in size so that they can fit their 
respective shafts. 

1 3. The member to which power is ap- 
plied is called the drive torus. The 
member to which power is trans- 
mitted is called the driven torus. 

4. The fluid coupling o f f e r ~  a number 
of advantages: 

a. It allows gears to be engaged 
while the car is stopped. 

b. It transmits power smoothly as 
the engine is speeded up. 

c. It makes an efficient connection 
between the e ng i ne  and rear 
wheels at higher engine speeds. 

5. In operation, when the drive torus 
turns, the oil within it is thrown 
into the vanes of the driven torus. 
The driven torus then turns in the 
same -direction as  the drive torus. 
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WIWN 
MEMBER 

6. The higher the engine speed, the 
higher the speed of the drive torus, 
and the greater the force exerted 
by the oil on the driven torus. 

7. The drive torus rotates very slowly 
when the engine is idling, and pro- 
duces only a low torque on the 
driven torus--a torque not great 
enough to d r i v  e the car against 
wheel, tire and axle friction. This 
is exactly what is needed to keep 
the car from moving when the en- 



8. For the coupling to be efficient at high speeds, it must produce some torque 
when the engine is idling. To slow down the drive torus, engine power goes 
through the front unit planetary gearset before turning the drive torus. This 
means that the fluid coupling turns slower than the engine whenever the front 
planetary is in reduction- -thus reducing creeping of the car. 

1. A planetary gear assembly consists 
of an internal gear, a sun gear, 
and the planet pinions, which are  
mounted on a planet carrier. . 

T h e planetary assembly 
may have three or more 

pinions. Such variations in no way 
affect the basic operation of a plane- 
tary gear assembly. 
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REVERSE PLANETARY GEARSET 

FRONT PLANETARY GEARSET REAR PLANETARY GEARSET 

3. A planetary gear unit offers these 
advantages: 

a. It is sturdy, because loads are 
distributed over more gears, and 
less tooth load is transmitted, 
because more teeth are in con- 
tact at all times. 

b. P l a n e t a r y  gears are always 
meshed. Thus, there is no tooth 
damage due to gear clash or 
partial engagement. 

c. The common axis for all mem- 
bers of the planetary train af- 
fords compactness, and provides 
positive coupling when any two 
of the members are locked to- 
gether. 

Sun Gear  Drives 

Internal Gear  Held - Planet Carrier Driven 

4. A planetary unit provides reduc- 
tion and torque-increase in forward 

In describing the opera- in two ways: 

tion of the planetary unit, we refer to pinion "walking" and 
:'idlingH. When pinions walk they are moving in or around a member 
which is held stationary. Thus, planet pinions walk in the internal gear 
in the direction opposite their rotation, and walk around the Bun gear 
in the same direction they are rotating. The pinions idle whenever the 
planet carrier is held stationary and power is applied to the internal 



- ?- -:-I-- 

a. With the internal gear held and 
power dpplied to the sun gear. As 
the sun gear turns, the planet pin- 
ions also turn on their pins, and 
walk a r o u n d inside the internal 
gear. As the pinions rotate, they 
turn the pinion carrier in the same 
direction as the s u n  gear. The 
planet carrier turns slower than 
the sun gear--thus prwiding gear 
reduction. 

b. With the sun gear held and power 
applied to the internal gear. As 
the internal gear turns, the planet 
pinions walk around the sun gear. 
The p l a n e t  c a r r i e r  then turns 
slower than the internal gear--thus 
providing gear reduction. 

G a s  The reduction ratio i n  a. 
is greater than that in b. 

5. 'Reverse is gained with the planet 
carrier held and power applied to 
the sun gear. The planet pinions 
rotate on their pins to act a s  idlers 
and transmit power to the internal 
gear. The internal gear now turns 
opposite the sun gear at a reduced 
speed- -thus providing reverse ro- 
tation of the gear set. 

Sun Gear Held 

I 

Sun Gear Drives 

J 

Internal Gear Turns in Planet Carrier Held 
Opposite Direction 

L 

6. A planetary unit provides direct 
drive when any two of its members 
are locked together. Neutral is 

,~(~,i. obtained when none of the planetary @&;, 
I , - _  

members is held or locked together 
: ' ' - -  - -thus making it impossible for the 

unit to transmit power to the out- 
- putshaft. . .. 
, 1  

8 .' ' ,  .- f 8 " ' . , P 8 - 9  L j J  , 

. , .. 

' 7. From the foregoing, it is apparent 
8 .  

7 "  

- that a single planetary unit is ac- . . . . A 

h, l l  . 
1 .  * - 1: tually a two speed transmission. - s 

' All that is needed to make it work 

i 

T!, I ,  
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wise, the sprags pivot so that-their long - 
fagonals a re  between the races. This cau 
the sprags ito wedge tightly between the r 

I and positively stops rotation. 

. ses 
'ace 
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One diagonal dimension of each sprag 
is greater than the distance between 
the inner and outer race, while the 
other diagonal is less. This causes 
the sprags to wedge and prevent roo 
tation in one direction, and to allow 
free rotation in the opposite direction. 

SPRAGS 

a 

When the outer race is held, and the 
inner race is turned clockwise, the 
sprags pivot so that their short di- 
agonals are between the races. This 
frees the sprags from the races and. 
allows free rotation. 



Two sprag clutcnes are uscn in uris transmission. How they funct~o~ to I 
keep planetary members from rotating, and thus providing reduction is 

covered under discussions of the front and rear units. 

b. The fluid clutch (or front unit cou- m 
pling). This unit consists of a drive I 
torus, driven torus, and cover. The 
toruses, about 1/4 inch apart, are 
connected to independent s h a f t s . I 
They are enclosed in an oil tighl 
housing consisting of the drum shell 
and cover. I 

Valves in the frbnt cover control the filling and draining of the clutch. When the b 
valves are closed, the clutch fills with oil. When the valves are  open, oil drains 
out of the unit. When the fluid clutch is filled with oil, power is transmitted from 
the drive torus to the driven torus. When there is no oil in the unit, power cannot i 
be transmitted. 

c. The rear multiple disc clutch. This clutch consists of a hub (integral with the 
intermediate shaft), drive plates, driven plates, drum, piston, and release springs. 
The drive plates, mounted on the hub, have internal serrations which engage 
with splines on the hub. The driven plates have outer serrations which engage 

I 
with splines in the drum. All the plates are free to pove independently 

4- Y 



When the apply piston has hydraulic 
pressure applied against it, it forces 
the drive plates together. This locks 
the drum and hub together, and they 
rotate as  a unit. 
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Driving Clutch Plates 

Neutral Clutch Hub 
(Rear Sprag Outer Race) 

Driven Clutch Plates 

:::::::::::::::::::.:.:.:.:.:.:.:.: 
. . . . . . a * .  . . ......'ziii2J1:i ......................... 

dm The neutral clutch. This clutch is 
also a multiple disc clutch con- 
sisting of the drum, apply piston, 
drive plates, driven plates, release 
springs and the clutch hub, which 
is also the outer race of the rear 
sprag. The drive and driven plates 
are mounted in the same manner 
a s  the plates in the rear clutch. 

When hydraulic pressure applies the 
neutral clutch piston, the plates are 
forced together. This prevents ro- 
tation of the hub, because the drum 
cannot turn. 



When hydraulic pressure is not ap- 
plied against the piston, the release 
springs force the piston back, the 
clutch plates free of each other, and 
the hub (sprag outer race) turn freely. 

A - , ', :i.-'j.itV,F ,> 
. ' G J ~ b s  n.,'J:,$@:<j;$@tcd\ p.;,; :J 

=:*!,*I; ,<+ ,, - ?<: d* , H  

e. The overrun clutch and low band. 
It is possible, under certain con- 
ditions, for the rear w h e  e 1 s to 
drive the engine. (For example, 
if the car is coasting downhill at 
zero throttle.) The overrun clutch 
and band prevent this--a condition 
which - occurs only in drive right 
and low ranges. 

The overrun clutch is a single disc 
clutch splined to the shaft which car- 
ries the front unit sun gear. The 
overrun clutch is applied by oil and 
released by spring pressure, and when 
applied keeps the sun gear from ro- 
tating. When this happens, the rear 
wheels cannot drive the engine through 
the front unit and engine braking is --- 
provided. 

The low band, when applied to the 
@:- 

drum connected to the internal gear, ,;$ . 
keeps the internal gear from rotating. . ~2 
When this happens, the rear wheels 
cannot drive the engine thraqgh t& 
rear unit and engine;, braking*. i s  pro- -- 
vided. This band .is' appliehf and rag 

3.: 

leased by the se 

The low band cannot be adjusted. '1 B 

I 16 



The overrun clutch operates only when 
engine braking is required and only in 
these ranges and speeds: 

Dr. right range - 1st and 3rd speeds 
LO range - 1st speed 
Reverse - 
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The low band also operates only when 
engine braking is needed and only in 
these ranges and speeds: 

LO range - 1st and 2nd speeds 

Front Unit Couplin 

The basic drive parts of the front 
unit a r e  the planetary gearset fluid 
clutch (front unit coupling), and the 
sprag clutch. The planetary in- 
ternal gear is splined to the drive 
torus of the fluid clutch. The sun 
gear, fluid klutch driven torus, and 
&rag c l u t c h  a r e  all connected. 
 he sprag clutch allows the sun 
gear to rotate clockwise only. 

Front Unit Coupling Empty 

\ Front Sprag Clutch On 

Reduction 

The front unit is in reduction when 
the fluid clutch is empty. With 
power applied to the internal gear, 
the internal gear and drive torus 
turn c l o c k w i s e .  With the fluid 
clutch empty, no power can flow 
from the drive torus to the driven 
torus. As the internal gear turns 
clockwise, the planet pinions, also 
turn clockwise, and try to drive 
the sun gear counterclockwise. But 
the sprag clutch prevents this ac- 
tion, and the planet pinions "walk 
around" the sun gear. Therefore, 
the planet car r ie r  turns slower 
than the internal gear, and speed 
reduction is achieved. 



Front Unit Coupling Full 

\ Front Sprag Clutch Off 

Direct Drive 1 

3. The front unit is in direct drive 
when the fluid clutch is filled with 
oil. With power applied to the in- 
ternal gear, both it and the fluid 
clutch drive torus turn clockwise. 
Since the fluid clutch is filled, oil 
is hurled from the drive torus into 
the vanes of the driven torus which 
also turns clockwise. 

Since the sun gear is connected to the 
driven torus, it turns clockwise. The 
internal gear and sun gear are now 
turning clockwise at the same rela- 
tive speed. The planetary unit is at 
this point, operating a s  a coupling, 
and the unit is in direct drive. 

The front unit can only be in reduction or direct 
( drive--never in neutral. 

REAR UNI I 

1 1. The basic parts ofthe rear 
REVERSE STATIONARY CONE 

REVERSE CtUTCH 
APPW PISTON 

REVERSE PLANETARY 

OUTPUT SHAFT 

unit are the p l a n e t a r y  
gearset, rear clutch, rear 
sprag clutch, and neutral 
clutch. The. sun gear is 
splined to the rear of the 
main shaft, the rear clutch 
hub to the end of the in- 
termediate shaft, and the 
internal gear to the rear 
clutch drum. The drum, 
in turn, is connected to 
4he rear sprag inner race. 

:.The outer, sprag race is - 

also the n e u t r a l  clutch 
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2. The rear  unit is in reduction when the neutral clutch is applied and the rear  

clutch is released. With the neutral clutch applied, the rear  sprag outer race, 

which is the neutral clutch hub, cannot move in any direction. Power is applied 

to the intermediate shaft, and the shaft and the rear  clutch hub turn clockwise. 

With the rear  clutch released, no transmission of power through the clutch is 

possible. Power is also applied to the mainshaft, and both the shaft and sun 

turn clockwise. With the sun gear turning clockwise, the planet pinions 

turn counter-clockwise and try to rotate the internal gear in the same direction. 

However, the internal gear is kept from turning counter-clockwise by the rear  

sprag clutch. With the internal gear stationary, the planet pinions "walk-around" 

counter-clockwise inside the internal gear, and carry the planet carrier with 

them in a clockwise direction. The planet carr ier  turns slower than the sun 
* A;" 



Direct Drive 

3. The rear  unit is in direct drive when both the rear  clutch and neutral clutch 

are applied, and the rear  sprag is off. Power is applied to the intermediate 

shaft and main shaft, and both turn clockwise. With the rear  clutch applied, the 

intermediate shaft, rear  clutch hub, rear  clutch drum, and internal gear turn 

clockwise as a unit. The sun gear on the mainshaft also turns clockwise. With 

the sun gear and internal gear both turning clockwise, the rear  unit acts a s  a 

coupling to provide direct drive. 

4. The rear  unit is in neutral when both the rear  clutch and neutral clutch are off. 

Power is applied to both the intermediate shaft and the mainshaft, and both turn 

clockwise. The intermediate shaft turns the rear  clutch hub, but since the rear 

- clutch is released, it cannot transmit power. The mainshaft turns the sun gear. 

As the sun gear rotates clockwise, the planet pinions, acting a s  idlers, turn 

counter-clockwise on their pins. The pinions, in turn, make the internal gear 

rotate counter -clockwise, since the neutral clutch is off, and is not holding. the 

sprag outer race, the internal gear is free to turn counter clockwise. With. none 

of the members of the planetary gearset being held, the memberS, are  all 'free. , 

to rotate and no power can be transmitted. Thus, the rear  un 



The basic parts of the re-  
verse unit a re  the reverse 
planetary g e a r  set, re-  
verse s t a t i o n a r y  cone, 
and reverse clutch apply 
piston. The planet car-  
r i e r s  of both the r ea r  unit 
and reverse unit a r e  con- 
nected to the output shaft. 
The reverse unit sun gear 
is connected to the r ea r  
unit internal g e a r  by a 
drive flange. 
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REVERSE STATIONARY CONE 
REVERSE CLUTCH 
APPLY PISTON 

REVERSE PLANETARY 

REAR PLANETARY GEARSET 

The reverse internal gear 
is usually f ree  to turn, 
but can be kept from turn- 
ing by the reverse clutch piston and stztionary cone. The piston is hydraulically 
applied and spring -released. 

When a shift is made into reverse, the front unit goes into reduction, and the 
r ea r  unit into neutral. The reverse clutch piston is also applied to keep the 
reverse internal gear from turning. With the r e a r  unit in neutral, the r ea r  unit 
internal gear is turning counter-clockwise. The reverse unit sun gear, con- 
nected to the r ea r  unit internal gear through the connecting drive flange, also 
turns counter-clockwise to drive the reverse unit planet pinions. Since the re- 
verse unit internal gear can't move, the planet pinions "walk around" inside the 
internal gear. The pinions carry the reverse unit planet car r ie r  with them 
counter-clockwise. Thus, the car r ie r  and output shaft turn in the same direction 
(counter-clockwise) as the r ea r  unit internal gear, but at a slower speed. The 
rear  unit planet car r ie r  also rotates counter-clockwise much more slowly than 
the r ea r  unit internal gear. And so, both the r ea r  unit planetary and the re-  
verse unit planetary combine to provide reverse. 

SECTION THREE - HOW POWER IS TRANSMITTED 

t SPGFCI) PLANETARY TRANGA 

1. As mentioned before,'&&ch planetary gearset is in effect a two-speed transmis- 
' sion. "o by,, c~h&bing the front and rea r  units four forward speeds can be 

' H>*L -. ' 

obtai ?d--with the r w e r s e  unit supplying only reduction and reverse. We have 
examined the unite individu,dly. NOW, let's see how they combine to provide 
full-range operation. 



TORUS 

NYWH 

DRIVEN TOR& ' I MAINSHAFT 
FLUID COUPLING 

t%ONT PLANET CARRIER 

I 

it. The torus cover of the fluid coupling is attached to the flywheel, and is splined 
to the front unit internal gear. The drive torus of the fluid coupling is con- 
nected with the front unit planet carrier, and is also splined to the intermediate 
shaft. The driven torus member is splined to the main shaft. With these parts 
connected a s  they are, four speeds forward and reverse are obtainable. 

1 44 REDUCTION ' 

FRONT UNIT SUN GEAR 

/ &REDuCnoN 
REAR UNIT SUN GEAR 

be As already noted, the front unit is driven by its internal gear to prktde ap- 
proximately 40% reduction; the rear unit by its sun gear to provide approximately 

reduction. Greatest reduction is obtained when botli units are in a. 
When reduction from one unit only is required, the oth& unit is in dtfdgt2 

If no reduction is required, both units are in direct drive. The~$i~ombinations 
of reduction, direct drive, and reverse relate to various speeds ik$foll;pws. 

- 

>$ 
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IN REDUCTK)N IN REDUCTION 

c .  First speed. 100% reduction, since both the front unit and the rear unit are in 
reduction at the same time. 

DIR'ECT DRIVE 60% REDUCTION 

60% reduction of rear unit, front unit in direct drive. 
-. A 

. ( .  
' ,7*> 

1 1 1  - . 



I 

40% REDUCTION DIRECT DRIVE I 

Third speed. 40% reduction of front unit, rear unit in direct drive. 

I 
DIRECT DRIVE DIRECT DRIVE 

f. Fourth speed. Both units in direct drive--1:l ratio. 
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IN REDUCTION 

g. Reverse. Front unit in reduction, rear  unit in neutral, reverse unit 
in reduction. 

To understand power flow it is necessary to understand how the various 
shafts and units are connected to prwide the coordinated action that takes 

place in the transmiasion. 

1. The flywheel is connected to the i, 
crankshaft and turns whenever the . 

engine ,runs. - 

2. The torus cover is connected 
the flywheel and turns with it. 



3. The front unit i n t e r n a l  gear is 
splined to the torus cover and turns 
with the engine. The front internal 
gear is also splined to the fluid 
clutch driv6 torus. The fluid clutch 
drive torus is also splined to, and 
drives, the front pump. 

4. The front unit sun gear is splined 
t i  the shaft of the f l u  i d clutch 
driven torus. This shaft can turn 
only clockwise, b e i n g  kept from 

,) turning ' counter -clockwise b y the 
lEront sgrag clutch. 

a 

5. The front planetary carrier is in- 
tegral with the drive torus of the 
fluid coupling 
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1 t l '  . 86 

7. The fluid c o u p 1 i ng drive torus, 
drives the driven torus which is 
splined to the f r o n t  end  of the 
mainshaft. C 

10. The rear unit planet carrier, at- 
tached to the output shaft, pro- 
vides power output. 

from the fluid coupling driven torus 
'to the rear unit sun gear, which 
is connected to the r e  a r  of the 
main shaft. 

hohie the rear is- clutah . auter - 

race to pravide mar unit recluc-' 
tion. It is U s  the ecmmectisn tba,t 
banemits power from the tramp- 
miseion pro& -@ the output s&&. 

The rear unit internal gear is connected 
to the rear clutch drum and clutch cover. 
The clutch cover is splined to the inner 
race of the rear sprag clutch. The in- 
ternal gear is kept from turning counter- 
clockwise by the rear sprag clutch, and 
when the rear clutch is applied locks 
to the rear clutch hub thus providing 
direct drive. 



15. The reverse unit internal gear, 
when locked by the reverse piston, 
provides reverse reduction. 

14. The reverse unit drive flange pro- 
vides connection between the rear 
unit internal gear and the reverse 
unit sun gear. 

L / . 4, 

. a 





W 

FIRST SPEED 

Pawm FLOW 1N FIRST SPEED 
- - 

FRONT UNIT 
in reduction 
sprag clutch - on 
fluid clutch - empty 

REAR UNIT 
in reduction 
sprag clutch - on 
neutral clutch - on 
rear clutch - off 

In first speed, both the front and rear planetaries are  in reduction. In first speed, 
oil is directed to apply the neutral clutch. The front unit sun gear is held from 
turning in a counter-clockwise direction by the front sprag clutch and the front unit 
coupling is empty of oil. The rear unit clutch is released, the neutral clutch is 
applied and the rear sprag clutch holds and prevents the internal gear from turn- 
ing in a counter-clockwise direction. Both the front and rear units are in reduc- 
tion and the transmission is in first speed. Power flows through -- 
1. The flywheel 
2. The torus cover 
3. The front unit internal gear (drive gear) 
4. Planetary pinions which walk around -- 
5. The front sun gear. The sun gear is held by -- 1 

6. The front sprag clutch. The planetary gears drive the planetary carrier, which 
in turn drives -- 

7. The drive torus. The drive torus transmits power (thr 
8. The driven torus (splined to the main shaft). The driven 
9. The main shaft which in turn. drives -- 

10. The r e a r  unit sun gear. The sun gear drives -- 
11. The planet pinions which walk around inside -- 
12. The rear unit internal gear which is held stationary. 

move because -- 
13. The neutral clutch holds -- 
14. The outer race of the sprag clutch which keeps the inte--- 

counter-clockwise. The planet pinions carry the planet ca 
the power is transmitted through the carrier to -- 

15. The output shaft. I 
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FRONT SPRAG CLUTCH OFF 

NEUTRAL CLUTCH ENGAGED 

REAR SPRAG CLUTCH ON 

REAR CLUTCH RELEASED 

FRONT UNIT 
in direct drive . 
sprag clutch - off 
fluid clutch - full 

REAR UNIT 
in reduction 
sprag clutch - on 
neutral clutch - on 
rear clutch - off 

In Second speed, the front unit is in direct drive, the rear unit in reduction. In second speed, oil is directed 
to fill the front unit coupling and to apply the neutral clutch. In addition, the front sprag clutch is  off, the 
neutral clutch is engaged, the rear sprag clutch is on and the rear unit clutch is released. The front unit is 

- in direct drive, the rear unit is in reduction and the transmission is in second speed. Power flows'through -- 
I 1. The flywheel. 

2. The torus cover. 
3. The front unit internal gear. At the internal gear the power divides. About 35% of the power is trans- 

mitted to and absorbed by -- 
16. The drive torus of the fluid clutch. With the fluid clutch filled with oil, this (35%) power is transmitted 

-through oil to -- 
f 

17. The fluid clutch driven torus. This power flows from the driven torus to -- 
5. The front unit sun gear, and is transmitted to -- 
4. The planetary pinions. (The remaining 65%of the power is also transmitted (through the front unit internal 

, gear) to the pinions,?' The internal gear and sun gear are locked through oil in the fluid coupling. There- 
, the front unit': $ in direct drive, and all power is transmitted to the pinions.) This 100% powet is 
smitted to the planet carrier which is attached to -- 
fluid coupling drive torus. The drive torus transmits power through oil to -- 
driven torus of the fluid carpling. The driven torus (splined to the mainshaft) transmits power to -- 

e main shaft. 
e rear .unit sun gear. 

. The rear unit planetary pinions which walk around inside -- 

. The rear unit internal gear. This internal gear cannot turn because it is held by -- 
rear unit sprag--the outer race of which is held by -- 

. The neutral elutch. The rear unit plane* pinions transmit the power to the planet carrier which is 
attached- to -- 

15. The .output shaft. 
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FRONT SPRAG CLUTCH OFF 
NEUTRAL CLUTCH ENGAGED 

REAR SPRAG C 

FOURTH SPEED 

G. POWER FLOW IN FOURTH SPEED 
FRONT UNIT 

In Direct Drive 
sprag clutch - off 

clutch - full  
3 ' 

REAR UNIT 
In direct drive 
neutral clutch - on 
sprag clutch - off 
rear  clutch - on 

fourth speed, oil is directed to f i l l  the fluid clutch, and the front sprag clutch 
off. The rear  sprag clutch is off, and oil is directed to apply the neutral and 

rear  unit clutches. Power flows through -- 
L r 

_ 1 

1. The flywlieel. 
2. The torus ewer .  
3. The front unit internal gear. The fluid clutch is full. So the power splits and 

65% flows through the internal gear to -- 
4. The planetary pinions. The remaining 35% flows to -- 1 16. The fluid clutch drive torus to -- 

I?. The fluid clutch driven torus to -- 
I 5. The front unit sun gear. The 35% joins the 65% at the planetary pinions which 

drive the planet carrier. The carrier drives -- 
7. The fluid coupling drive toms where the power again splits. About 35% d the 

power is t r a n t t e d  through oil to -- 
The driven to ' -  to -- 
The .main shaft to -- 
The rear  wit sun gear which is on tb main shaft. The remaining 65% of the 

'power is transmitted mechanically from the fluid coupling drive torus to -- 
19. The intermediate shaft to -- 

. 20. The rear  clutch hub and plates to -- 9' 

2. The rear  unit internal gear which is attached to -- 
21. The rear unit drum. The 85% and the 35% powers join at the rear  unit plane- 

tary pinions. The 100% power is transmitted through the planet carrier to -- 
15. The outrrut shaft. - .  



THIRD SPEED 

F. POWER FLO 

FRONT UNIT 
in reduction 
sprag clutch - on 

t fluid clutch - empty 

REAR UNIT 
in direct drive 
sprag clutch - off 
neutral clutch - on 
rear clutch - on 

In third speed, the front unit is in reduction, the rear unit in direct drive. In third speed, oil is directed to 
engage the neutral clutch and the rear unit clutch. The front unit sun gear is held from turning by the front 

, ,sprag clutch and the front unit coupling is empty. The neutral and rear unit clutches are  engaged and the 
' rear sprag clutch is off. The front unit is in reduction, the rear unit is in direct drive and the transmission 
is in third speed. Power flows through-- 

1. The flywheel. 
2. The torus cover. 
3. The front unit internal gear. 
4. The front unit planetary pinions. The pinions walk around -- 
5. The front unit sun gear which is held by -- 
6. The front sprag clutch. The pinions drive the planet carrier which is attached to and drives -- 
7. The fluid coupling drive torus. About 35% of the power is transmitted through oii to -- 
8. The driven torus. 
9. The main shaft. * 

10. The rear unit sun gear which is on the main shaft. The remaining 65% of the power is transmitted frcm., 
the drive torus to -- r ~;k 

8 - 

19. p e  intermediate shaft. From this shaft power flows to -- 
20. The rear clutch. 
12. The rear unit internal gear attached to --. 
21. The rear unit drum. The power transmitted through the main shaft joins the power tran l i t ted   rough 

the intermediate shaft at the rear unit planetary pinions. The total power flows through the  pinions to 
planet carrier and to -- t 

15. The output shaft. * F I 
r 32 , I &;. .' L ,  :: ..-.&.& t - i  JZ 
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FRONT UNIT C 

SPRAG UUTCH O N  
VERRUN CLUTCH O N  

NEUTRAL UUTCH RELEASED 
REAR SPRAG CLUTCH OFF ERSE CONE O N  

REVERSE 

FRONT UNIT 
In reduction 
Sprag clutch - on 
Overrun clutch - on 
Fluid clutch - off 

REAR UNIT 
In reduction 
Neutral clutch - off 
Sprag clutch - off 
Rear clutch - off 

REVERSE UNIT 
In reduction 

I 
Cone clutch on 

Oil is directed to apply the reverse unit clutch which keeps the reverse unit in- 
ternal gear from turning. Power flows through -- I 
1. The flywheel. 
2. The torus cover. 
3. The front unit internal gear. 
4. The front unit planetary pinions which walk around -- 
5. The front unit sun gear which is held by -- 

, 6. The front sprag clutch. The planetary pinions carry the planet carrier with 
- them to drive -- 

7. The drive torus, power is transmitted through oil to -- 
8. The driven torus. The drive torus drives -- 
9. The main shaft and- -- . ~ 1 : ! $ ! 4  + ' I  

10. The rear unit sun gear which is on the main shaft. The;gun gear transmits&; - 
power to -- pi 

11. The rear unit planetary pinions which act as idlers and turn -- 
12. The rear unit internal gear and .-- 
21. The rear unit drum. counter-clockwise. The inter 
23. The reverse drive flange, drives -- 
24. The reverse sun gear. + 

25. The reverse internal gear is held by 
&:# 26. The -reverse cone clutch, and power is transmitted through the re 



I. POWER FLOW IN PARK 

outer edge of the reverse unit planet 
carrier. Since the carrier is splined 
to the output ahaft, the shaft can't turn. 
If the engine ie running power flow is 
the same a8 that for neutral. 

1. In this transmission, pow e r or 
torque splits in Znd, 3rd, and 4th 
speeds. This takes place when power is applied to both the internal gear and 
sun gear of a planetary gearset. Under this condition, a planetary gearset acts 
as a coupling, but with a differential gear action which permits it to combine 
power fromgtwo sources, and deliver it to the planetary carrier. The planetary 
action may be compared to that of a simple lever. 

-. -2. With a simple lever, if the fulcrum 
is in the center of the lever, no 
greater force can be applied at one 
end of the lever than at the other 
without destroying the balance. The 
same is true of the planetary pin- 
ions in the p l a n e t a r y  gearset. 
For . . . 

. . no greater force can be applied 
to the teeth of planetary pinions 
bp >the internal gear than by sun 
gear without causing the pinions to 
rotate. The torque on any shaft 
equals force times the length of 
the lever arm. - 

The torwe applied to the planetary 4 pinions by the internal gear and sun 

Internal Gear 

gear is proportional to their pitch di- 
e ters. - Radius kf in the above pic - 

is the sun gear's pitch diameter. 
s 2 is the internal gear's pitch 

eter. Radius 1 is equal to the 
arm of the sun gear, and radius 

2 is .equal, to the lever arm of the 
internal gear. This' being the case (and since the internal gear is larger than the 
sun/gear), . . the internal gear *has more leverage than the sun gear. Therefore, 
more tors i@ transmitteCl. thTwgh the internal gear. 

~~~ r 35 
,- A F 



FRONT UNIT REAR UNIT REVERSE UNIT 

Drive Controlled Front Sprag Overrun Neutral Rear Sprag Rear Overrun Reverse Cone Parking 
Range Speed Coupling Clutch Clutch Clutch Clutch Clutch Band Clutch Pawl 

Reduction Neutral Idling 
Park Empty I On Off Off Off 1 Off Off Off 1 On 

Reduction Neutral Idling 
Neutral Empty I On Off Off Off Off Off Qff I Off 

Reduction Reduction Idling 
Dr 4 1 Empty I On Off On On I O f f l O f f  Off I Off 

Direct Drive Reduction Idling 
2 Full Off Off - On On I O f f I W  Off I Off 

Reduction Direct Drive Idling 
3 Empty I On Off On Off On 1 off off I Off 

Direct Drive Direct Drive Idling 
4 Full Off Off On Off On Off Off Off 

I 

Reduction Reduction Idling 
Dr 3 1 Empty I On On On On Off Off Off I Off 

Direct Drive Reduction Idling 
2 Full Off Off On On Off Off Off ( Off 

Reduction Direct Drive Idling 
3 Empty I On On On Off On Off Off 1 Off 

Reduction Reduction Idling 
LO 1 Empty I On On On On Off On Off Off 

I Direct Drive Reduction Idling 
2 Full Off Off On On Off On Off Off 

Reduction Neutral Reduction 
"?verse E I ~ P Q  1 On On Off Off I Off I Off On Off 
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w.2; I. In any hydraulic system, an essential need is a source of oil pressure. In this 
' transmissiontwoindependentlydrivenpumps--thefrontpumpandtherearplmp 

- -provide adequate oil pressure under every driving condition. 

The front pump is a large, vari- 
able capacity, vane -type pump. 
Its output is automatically regu- 
lated by the slide. 

When the slide is up, the pump 
delivers maximum output. 

When t&e slide is watered in 
the body, the pump output is 
zero. 

When the slide is all the way 
down, the front pump acte as a 
relief vahr6. 

6. The slide is controlled by t l iB  pres- 
. sure regulator which directs oil 

above or below the slide to control 
5 ,&@&&;, < 

. . - 
SK ' . ! 



7. When the pump first starts, the slide is held up by the priming spring to provide 
maximum output pressure. Then the pressure regulator takes over to control 
slide position. When output pressure is low, the pressure regulator is pushed 
deep into its bore by the pressure regulator valve spring, and it directs oil 
below the slide to hold it up--thus producing maximum output pressure. 

When maximum output or  main line 
pressure is not required, the regu- 
,lator is forced outward, and directs 
oil above the slide to reduce the 
output pressure. 

Main line pressure, regulated by 
the pressure regulator valve is ap- 
proximately 95 psi except in 4th 
speed, and r e v e r s e .  When the 
transmission shifts into 4th speed 
w i t  h the selector lever in drive 
left, line drop pressure from the 
governor valve is directed to the [ I 
pressure regulator valve which is 
pushed outward to reduce the pump output pressure to 
creases the work done by the pump during normal 
power available to drive the car, anC reduces '--usmiss 
tures. 

t. 

* I 1. 
1 

1 6 
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10. In reverse, more main line pressure is needed to assure positive holding of 

the reverse cone clutch. To gain this added pressure, reverse oil flows to 
the reverse booster plug in the pressure regulator. This reverse booster pres- 
sure aids the pressure regulator spring to hold the pressure regulator deep in 
its bore--thus increasing main line p&ssure to 145-195 psi. 

11. The torus feed valve, incorporated in the front pump, operates in accordance 
with slide position. When the slide is up to provide maximum pump output, 
the torus feed valve is closed. As the slide moves down the torus feed valve 
moves down to open the feed passages through which oil flows to the cooler 
and fluid coupling torus assembly. 

12. When pressure in the fluid cou- 
pling torus assembly reaches a 
pre-determined value, the torus 
check valve, located in the driven 
torus, opens to permit oil passage 
into the transmission lubrication 
passages. 

f%lB. THE REAR PUMP 

q"< 
:(SdT i t&dZ MAIN LINE FEED 

DRIVEN GEAR 

L 

the output shaft turns, the rear  oil pump 
type pump, is driven by the output builds up pressure. The rear  pump pres- 
shaft. This pump is incorporated sure combines with front pump pressure, 
into the transmission to make it and both act as main line pressure. 



. A passage in the rear  pump allows 
oil to by-pass the pump gears. In 
forward ranges, pump pressure works 
against the spring tension of the out- 
let check valve. When rear  pump 
pressure becomes great enough, it 
opens the check valve and permits 
normal pump operation. At the same 
time, the by-pass check v a l v e  is 
closed by the pressure. 

4. When the transmission is in reverse, 
the reverse rotation of the rear  pump 
gears draws oil away from the outlet 
passage, closing the o u t l e t  check 
valve. The oil is then pumped through 
the b y y p a s s  passage, and works 
against the spring force of the by- 
pass valve. The by-pass valve opens, 
and oil circulates within the pump 
body . 

1. Timing of upshifts, in accordance with 
car speeds, is controlled by the cen- 
trifugal governor. The governor is 
driven by the rear  oil pump which 
is driven by the output shaft and de- 
livers oil pressure that varies with 
car speed. 

To provide a starting G-1 pressure, 
a spring is located under the G - l  

weighf to hold the weight and valve at a peer , ,. . 

determined opening. I 

I 

Open 
1- 

Line 
Sump 

FORWARD DRIVE 

Open 

1 

Line 
Sump 

i REVERSE 
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3. The regulated G-1 oil flows to the G-2 valve. When the G-2 valve opens, ti-1 
pressure exerts force against the inner end of the G-2 valve to regulate its 

I -. opening against centrifugal force. Thus, pressure passing through the G-2 valve 
-.d- 

'#'#%d into the G-2 passage is regulated. As governor speed increases, the centri- 
fugal force of the governor weights increases, and opens the G-1 and G-2 valves 
against the opposing oil pressure. Thus, governor pressures are regulated from 
approximately 5 psi to full main line pressure in direct response to car speed 

..... and governor valve openings. 
(' I 

- !# . . f:.'t &i 

am3 The G-2 valve weight is smaller than the G-1 valve weight. Therefore, 
its centrifugal force is less than that of the G-1 valve weight. Thus, it 

opens later than G-1 pressure, and top G-2 pressure cannot be reached u n t i l  
the governor rotates at  a high rate of speed. 

D. THE ACCUMULATOR AND SERVO 

1. The servo serves to apply the low 
. It is applied by oil pressure 
andk released by spring pressure. 

2. The accumulator action cushions 
the application of the rear  clutch 
on a 2-3 shift. 

3. The trimmer valve regulates T.V. 
pressure to the accumulator. The 
trimmer valve assures smooth 2-3 
-->shifts at any throttle opening 



, I  % % _  ,- - 

3 .  The control valve assembly, which 
contains most of the hydraulic con- 
trol valves, consists of four main 
bodies. 

2:- '- 

a. The manual valve body. 

b. The coupking valve body. 
;ga6f$q +- 

i9iq. The shift valve body. 

d. The reverse blocker body. 

2. The various valves and their func- 
tions are  a s  follows. 

3. The manual valve, located in the 
manual valve body, is actuated by 
the selector linkage, and distributes 
main line pressure in accordance 
with selector lever position. 

4. The throttle valve, in the manual 
valve body, is the originating point 
of a variable pressure called throt- 
tle valve pressure (T.V. pressure). 
This pressure controls the opening 
of coupling and shift valves to hold 
the transmission in reduction dur- 
ing fast acceleration or hill climb- 
ing. 

a. The. t h r o t t 1 e vhlve is connected I through linkage to the accelerator 
pedal. With t h e  p e d a l  up, the 
throttle v&e is closed -&~d 
-ressure is zero. 



Main Line Oii Force \ Exhaust T V O i l  
A 1 

Applied 

3 
TV-O~I 
THROTTLE VALVE OPEN 

i 
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b. As the pedal is depressed, the T.V. 
lever on the side of the case moves 
the T.V. plunger against the T.V. 
spring which moves the throttle valve. 
This will  allow oil to enter the T.V. 
passage and delay the shift in ac- 
cordance with throttle opening. 

(1 The T.V. pressure works against the inner land of the throttle valve to oppose T.V. 
spring pressure. Thus, the throttle valve is balanced between T.V. pressure and 
spring force, As a result, T.V. pressure varies from zero at closed throttle to 1 full line pressure at full throttle. The pressure directed to the inner end of the 
T.V. plunger assists in moving the plunger inward. However, this pressure cannot 

I move the plunger without help from the accelerator linkage. 

5. The detent valve is located in the 
manual valve body. When main line 
pressure. is directed thru the detent 
valve, a forced 4-3 or 3-2 down shift 
i s  effected. 

am3 One valve for all models ex- 
cept Cadillac which has two. 

a. The shift valve is held closed by the 
combined forces of the shift valve 
spring and T.V. pressure which is 
directed behind the regulator valve. 



G-1 Oil Exhaust 

SHIFT VALVE OPEN 

b. The shift valve opens when gover- 
nor pressure, which is directed to 
the governor valve, becomes high 
enough to ov e r c o m e shift valve 
spring force and the T.V. pressure 
behind the regulator valve. With 
the shift valve open, line pressure 
can enter a clutch apply passage. 
When the car  slows down, governor 
pressure is reduced, and the shift 
ialve spring closes the shift valve. 
This cuts off line pressure, and 
releases the clutch. 

7. The neutral clutch valve is located 
in the shift valve body. This valve 
controls the flow of neutral clutch 
apply oil when the selector lever 
is moved from neutral to drive to 
assure a firm but smooth clutch 
application regardless of throttle 
position. 



9. When the limit valve, located in the 
coupling valve body opens, there is 
the required minimum pressure of 
approximately 50 p.s.i. to supply 
the control system, f i l l  the fluid 
clutch, and seat the exhaust valves 
in the fluid clutch. 

Main L i n i O i I  

Limit Valve 1 11 Valve Body 

I Main Line 0i1<1lll! \--lnna Limit z!:J$! -%,:: - T F - v a l v e  spring I 
I NORMAL MAINLINE PRESSURE I 

a. When main line pressure is nor- 
mal, oil from the limit valve is 
directed to a land on the cou- 
pling valve and when the valve 
opens, it will direct oil to f i l l  
the fluid clutch or coupling. 

I ,,- . 
.' . , -3: -.. . b. When main line pressure is ex- 

4 , cessive, it opens the limit valve, 
. and oil is exhausted through an 

a exhaust passage. When, ':main 
line- hressure is no longer ex- 

: ,  the springs behind the 
vplve close it, and oil once 

=ah is &rected o n l y  to the 
- CJ P valve. 

' i 

7 

* *  , . 
10. The transition valve, located in 

the coupling valve body, controls 
the front unit on the 2-3 upshift- 
timing the operation of the front 
and rear units during the 2-3 up 
shift--when the front unit goes 
from direct drive to reduction and 
the rear  unit from reduction to 
direct drive. 

a m  The transition v a l v  e alsc 
controls the forced 4-3 and 
3-2 downshifts. 







E r n -  7 
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Neither pumpi is running, there is no oil pressure, and the fluid clutch is empty. 
The sprag clutches, overrun clutch, neutral clutch, rear clutch, reverse clutch, and 
low band are off. If the selector lever is maved to'the "P" position, the parking 
pawl will  engage the parking gear and lock the output shaft for parking. 

( The front unit is in reduction, but the neutral clutch is off, so  there is no drive 
to the output shaft. In neutral, oil pressure is required for lubrication only. The 

I front pump directs oil to: 

1. The pressure regulator 
2. The G-1 booster valve 
3. The G-1 valve of the governor 
4. The coupling valve 
5. The limit valve I 

6. The manual valve, through which 
oil is directed to: 

7. The throttle valve 
8. The detent valve 
9. The 3-4 governor valve 

As pressure builds up, the pressure regulator moves the front pump slide toward 
~1~~ :$!the center of the pump. This opens the torus feed valve which allows oil to flow 

k- through the cooler to f i l l  the fluid coupling and into the transmission to prwide 

I lubrication. 

When the pressure builds up to about 55 p.s.i., the limit valve opens against its 
spring to allow line pressure to rest on the coupling valve. 

Because the G-1 governor ~ a l v e  is a balanced valve and is'held open by spring 
pressure, main line pressure is directed through it where it becomes regulated as 
G-1 pressure. G-1 pressure is then directed to: 

The G-2 valve of the governor 
a. The reverse blocker . piston 
3. The 3-4 shift valve 
4. The 2-3 governor valve 
5. The G-1 booster valve, which reg- 

ulates G-1 booster pressure which 
is directed to the coupling valve 
and overrun clutch valve- 
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, . "  . 
8 - '  J ~ - L J  

8 , -  

the froat and rear  sprag clutehee are oa. Eb&,, 
' units are in r miasion isi in first. The fluid clutch is eapty,. 

.-is releaeed, the transrldsslan is in first  gear. The overrun chitah 

The manual valve directs main line oil to: 

1. The 3-4 shift valve. 
2. The 2-3 shift valve. 
3. The neutral clutch valve, through which oil is directed to apply: 
4. The neutral clutch. 
5. Detent valve. 
6. 3-4 governor valve. 

The oil directed to the 2-3 and 3-4 shift valves, and through the detent valve to 
the 3-4 governor valve has no effect at this time. 

As car speed increases, governor pressures increase. G-1 pressure, acting on 

1. The G-1 booster (amplifier) valve, opens the valve. This creates G-1 booster 
pressure which is directed through 

2. The transition valve to 
3. The coupling valve and 
4. The overrun clutch valve 
5. The 2-3 governor valve 
6. The 3-4 shift valve. 

G-1 pressure is also directed to 

7. The reverse blocker piston, preventing reverse engagemerit at speeds above 
approximately 10 m.p.h. 

Increased car  speed opens the G-2 governor valve, and G-2 pressure is directed to 

1. ' The 2-3 shift valve and 
2. The 3-4 governor valve. 

1. The detent valve 

I ~ a 2 .  The 2-3 regulator valve 
' 3. The 3-4 reguiator valve 

4. The coupling valve plug 
5. The transition valve 
6. The neutral clutch valve 
7. The trimmer valve where T.V. 1 

As the t h r  o t t 1 e is opened, throttle 
pressure is directed to: 

pressure is i - gulated to the ac- 
cumulator. 

T.V. pressure, directed to the neutral 
clutch valve, allows a firm, smooth 
application of the neutral clutch, when 
the selector lever is placed in "DM 
position. 

Regulated T.V. pressure is directed 
to- - 

1. The 2-3 shift valve 
2. The 3-4 shift valve 
3. The transition valve. 



OIL PRESSURES 

MANUAL VALVE I 
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As car speed increases in first speed, governor pressure increases accordingly. 
I G-loi lpressurebui ldsupbehind--  

1. One end of the G-1 booster (am- 
plifier) valve. This opens further, 
meters in more mainline oil, and 
increases G-1 booster (amplifier) 
pressure. This p r  e s s u  r e  acts 
on -- 

2. The end of the coupling valve, and 
opens the valve against T.V. pres- 
sure and/or spring p r e s s u r e . 
Opening the coupling valve allows 
signal oil to close -- 

", The two exhaust valves in the fluid 
clutch. Mainline pressure from - 

4. The l i m  i t  valve can now pass 
through the coupling valve to f i l l  
the fluid clutch. 

With greater T.V. pressure -- 

'. The 2-3 shift valve r e g u l a t o r  
spring and 

6. The 3-4 shift valve r e g u l a t o r  
spring are ov e r c o m e , allowing 
T.V. pressure to reach -- 

7. The large end of the 2-3 shift 
valve and 

8. The large end of the 3-4 shift 
valve. Regulated T.V. pressure 
from the 2-3 shift v a l v e  bears 
against -- 

9. The spring end of the transition 
valve. T.V. pressure in -- 

10. The accumulator has no effect at 
this point. 

The front wit is now in direct drive, the rear clutch is off, the neutral clutch is 
applied, the rear  sprag clutch is on, and the rear  unit is in reduction--thus pro- 

I viding second speed. 



OIL PRESSURES 

PUMP GOVERNOR 0-2 

-7 
6.1 BOOSTER TORUS 

GOVERNOR G.l LUBRICATION 

I 

OVERRUN 
CLUTCH 
VALVE 

M A N U A L  V A L V E  I 

2-3 UPSHIFT AND THIRD SPEED IN DRIVE 
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When the car speed increases to a point where G-1 pressure on -- 

1. The 2-3 governor valve, and G-2 
pressure on 

2. The 2-3 shift valve is sufficient 
to overcome the force of the reg- 
ulated T.V. p r e s s u r e  and shift 
valve springs, the 2-3 shift valve 
will open. 

As the 2-3 shift valve opens main line pressure is directed to: 

" .  The rear clutch - to apply it 
4. The accumulator - to cushion the 

clutch apply. 
5. The transition valve - to cut off 

G-1 booster (amplifier) pressure 
to 

6. The exhaust valves in the fluid 
clutch. 

With the transition valve moved, G-1 booster pressure is exhausted through 

". The 3-4 shift valve allowing 
8. The coupling valve to close, ex- 

hausting the signal oil. This in 
turn lets the spring loaded cou- 
pling exhaust valves open. T.V. 
pressure on the 2-3 r e g u l a t o r  
valve is exhausted at 

9. The detent valve. 
10. The trimmer valve regulates T.V' 

pressure entering 
11. The accumulator for firm, smooth 

rear  clutch application regardless 

I * # $4 
3 . "  of throttle opening. 

$..* e, -- ;v& 
K J -  .Vbr $ 

# :- 'p a The fluid clutch is empty, the front sprag is on, and the front unit in reduction. 
. With the' rear  clutch applied, the rear unit is in direct drive. Under these condi- 
b .  

ion is. in . third gear. 

55 

. . , .  . . . 
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When the car  reaches sufficient speed, G-1 pressure on 

1. The 3-4 shift valve and G-2 pres- 
sure on 

2. The 3-4 governor valve overcomes 
the force of spring pressure and 
regulated T.V. pressure to open 

3. The 3 -4 shift valve. Opening the 
3-4 shift valve allows main line 
pressure from 

". The manual valve to be directed 
through the 3-4 shift valve and 

5. The transition valve, to move 

6. The coupling valve against spring 
pressure and T.V. pressure. Main 
l i n e  p r e s s u r e  now is directed 
through: 

7. The coupling valve to close the 
coupling exhaust valves (signal oil). 

8. The coupling valve to fill the front 
unit coupling (feed oil). 

The change is the same as the 1-2 upshift, except that line pressure from the 3-4 
shift valve opened the coupline valve instead of G-1 booster (amplifier) pressure. 

With the front and rea r  units now in direct drive the transmission is in fourth gear. 

When the 3-4 governor valve opens with the 3 -4 shift valve, main line 
pressure is also directed through the "line drop passage" to the pressure 

regulator, where main line pressure is reduced in fourth gear, thereby lowering 
horsepower requirements. 
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A 4-3 part thrattie downshift can be made any time the transmission is in fourth 
1 gear and the car speed is below approximately 30 rn.p.h. This is desirable in 

traffic becauee the transmission can be downshifted to third gear for faster pickup 

without a wide open throttle. The part throttle downshift is obtained in the follow- 

ing manner: 

When the transmission is in fourth gear and the accelerator is depressed approxi- 

I mately 1/3 down, throttle pressure on 

1. The T.V. plunger is directed through 

2. The 3-4 shift valve to 

3. The regulator valve. 

Throttle pressure and spring force on the regulator valve will  close me valve and 

the trzhsmission will be in third gear. When the shift valve closes, throttle pres- 

sure from the plunger will be cut-off and throttle pressure from the throttle valve 

$ will hold the shift valve closed until governor pressures can increase enough to 

open the shift valve again for fourth gear. If the accelerator is released then the 

1 governor pressures will open the shift valve immediately. 
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!' H. FORCED 4 3  - - 

Sometimes it's desirable to downshift the transmission from fourth to third at a 
1 speed higher than that at which a part throttle downshift occurs. This downshift 

s can be made up to speeds of approximately 65-70 m.p.h. by ccflooring" the ac- 

celerator pedal. 

I 
This forces -- 

P 

I 
%* 

Detent oil flows to -- 

1. The T.V. plunger to move and con- 

tact 

2. The detent valve which moves to 

the right. When this occurs main 

line pressure to 

3. The 3-4 governor valve and to 

4. The pressure regulator valve is 

cut off, and p u m p  pressure im- 

mediately builds up to maximum 

pressure for the downshift. 

5. The 3-4 shift valve which closes 

the valve against governor pres- 

sures and the transmission down- 

shifts. 
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8 .  

. .  Ip %@ m.p.h. a forced 3-2 downshift to second gear may be made. 
L 

When the accelerator pedal is "floored", the detent valve moves to the r b t  aard 
the following ocmrs: 

. . 

Throttle pressure will be directed from 

1. The throttle valve through 

2. The detent valve to 

3. The 2-3 regulator valve. 

Detent oil assisted by spring force will overcome the gavernor pressures and the 

valve will close placlng the transmission in second gear. 
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8 - 
* ,a' 

This range is provided to keep the transmission in third gear'through a greater 
range of driving conditions. This is of particular advantage for engine braking, 
for hilly driving, o r  acceleration in heavy traffic with part throttle. Placing the 
selector lever in Drive 3 range causes the following hydraulic action: 

1. The manual valve directs main 
line pressure through. 

2. The detent valve around 
3. The 3-4 regulator plug and into 

the area between the 3 -4 regulator 
plug and 

4. The 3-4 shift valve. The 3-4 up- 
shift will be delayed until G-1 and 
G-2 have built up enough pressure 
to overcome 

5. The 3-4 shift valve spring and 
main line pressure 

6. The front sprag will overrun while 
coasting. So, main line pressure 
from the manual valve is directed 
through 

7. The coupling valve to one end of 

8. The ov e r r u  n clutch valve and 
mwes  the overrun clutch valve 
(with delayed action) to the left 
against exhausting 3-4 oil. Move- 
ment of the valve opens a passage 
to 

9. The overrun front clutch and main 
line pressure applies the clutch, 
thereby holding 

10. The front unit sun gear to provide 
engine braking. The overrun front 
clutch is effective in first and 
third Drive 3 range. 





i 
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FIRST GEA 

First gear "L" range is the same as first gear drive range except that 

1. The manual. valve directs c'L" range oil through 
2. The !2-3 shift valve to 
3. The low h d  servo to apply 
4. The band for first and second gear. 

I 

' The low band is necessary for engine braking since the rear sprag is not effective 
1 

when coasting. The drive 3 range passage is also open so that the overrun clutch 
I is applied for engine braking in 1st speed. 
I 

The 1-2 upshift and second gear is the same a s  in Drive 3 range except that the 
low band will remain applied and the overrun clutch is released when the coupling 
valve is opened. 

The 2-3 upshift and third gear occurs at approximately 45-50 m.p.h. and is ac- 
complished in the following manner. When G-1 and G-2 pressure has increased 
enough to overcome line pressure on 

1. The 2-3 shift valve from the low range passage and spring force, the shift valve 
will open. Movement of the shift valve will direct line pressure through the 
2-3 passage to apply 

2. The rear clutch and also to 
!p ' 3. The transition valve to cut off G-1 booster pressure , ~ ; L P  4 
I ,  at. 4. The coupling valve pressure to 

/ 5. The low band servo is cut off and the band is released by spring force, oil from 
the servo is exhausted at the 2-3 shift valve.** "L" range oil pressure remains 
on the 2-3 shift valve so that if car speed decreases the transmission will  down- 
shift to second gear approximately at the same speed a s  the upshift occured. 

** - Movement of the shift valve cuts off "L" range oil to the transition 
'2 valve which allowed 2-3 oil to move it to the right to cut off G-1 

booster pressure to the coupling valve. G-1 and G-2 pressure on the 2-3 governor 
valve and shift valve will prevent a throttle downshift to second gear at car speeds 
~bove 45-50 m.p.h. 

e 

and fourth gear is the same a s  for DR-3 range. 
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The front sprag clutch and averrun clutch a r e  on, and the front unit is in reduc- 
tion. The neutral clutch, rear sprag, and rear  clutch are  off. The reverse -.--.,- cone * , . . . . . ,  -.. 

clutch is applied to hold the reverse internal gear. 

When the selector lever is moved to the "R" position 
- f:&$si,fd'Y 

I.  The manual valve directs main line 
oil to 

2. The reverse cone clutch to hold 
the reverse internal gear. 

3. The coupling v a 1 v e to overcome 
G-1 booster (amplifier) pressure, 
thus preventing an upshift. 

4. The reverse booster plug in the 
pressure r e g u 1 a t  o r to increase 
main line pressure. 

5. The overrun clutch valve. 

When the car is moving at about 5 m;p.h. in reverse, G-1 booster pressure w e r -  

j ;,, {comes the force of 

6. The overrun clutch valve spring, 
and opens 

7. The valve. Reverse oil is directed 
through an orifice to apply 

8. The overrun clutch giving the de- 
sired engine braking. 

With the front sprag and overrun clutch on, the neutral clutch, rear  sprag and rear  
clutch released, and the reverse cone clutch applied, the conditions for reverse are 
met. 

The selector lever cannot be placed in the reverse position at forward 
a J 

* car speeds of 10 m.p.h. or  more. This is because G-1 pressure acting 
on the reverse blocker piston prevents the manual lever shaft from entering the 
reverse position. At car speeds below 10 m.p.h., the reverse blocker piston 
spring *etracts the piston thereby allowing the manual lever to be placed in re- 
verse - ksitioif. 



1. This transmission provides six different ranges which meet a l l  driving condi- 
tions, the driver desires, and safety requirements. The quadrant or selector 
indicator clearly shows the ranges which are as follows: 

a. P - used for parking or starting 
b. N - used for starting 
c. DR-left - used for normal driving. 
d. DR-right - for faster acceleration 

in heavy traffic or in hilly terrain 
and engine braking. 

e. LO - for maximum power. 
f. R - reverse. 

- The above illustration is of the Pontiac indicator. With Oldsmobile, the 
'4 indicator has " P" (park), W" (neutral), "D" (Dr ive-nor ma1 operation), 
6 1  3 9 9  (Drive -for faster acceleration), a L" (Maximum power), "R" (Reverse). On 
Cadillac the indicator has "P", "Nu, "DR-4", "DR-3", "LO', "R". With Nash 
and Hudson, the indicator reads "P", "N", “D-4", “D-3", "L", "R". 

2. To start the engine, place the selector lever in park or neutral position. The 
engine will not start if the lever is in any other position--a safety precaution 
which prevents starting in gear. 

3. COLD WEATHER. In cold weather (0' F. and colder) the engine must idle with 
the control lever in park or neutral until the engine and transmission warm up. 
It is safer to do this in park for the transmission will then keep the car from 
rolling on a grade or inkline. When the engine is cold and running at fast idle, 
the car will creep when the control lever is moved to a drive range. Apply 
the foot or parking brake to keep the car from moving. 

4. OPERATION IN DR RANGE. DR range has two driving positions. The control 
lever can be moved any time from one range to the other when traveling at any 
car speed on dry roads where traction is good. The left hand drive range is 
provided for all normal forward driving to reduce engine speed, prwide better 
driving comfort and imprwe fuel economy. When driving in this range at speeds 
under 65 m.p.h., acceleration can be gained by "stepping" on the accelerator 
pedal. This downshifts the transmission into third speed. Car speed determines 
how f a r  the accelerator pedal must be pushed down to cause 'this shift. At 
about 35 m.p.h., partially depressing the pedal will cause the shi%. At speeds 
above 35 m.p.h. it is necessary to "floor-board" the pedal. The transmission 
automatically shifts to fourth speed as car speed increases or the acdferator 
pedal is released. The right hand range is provided for impraved performance 
at medium car speeds, and is very useful in congspted trafficf"' In this range 

5;iJ 
70 



the transmission can't shift into fourth speed, except at very high car speeds. 
This range provides effective braking power when ascending or descending long 
mountain grades. When driving in either DR range at a car  speed of less than 
25 m.p.h. an extra burst of speed can be obtained by "flooring" the accelerator 
pedal to cause a 3-2 downshift. The transmission automatically returns to third 
or fourth speed, depending on the DR range being used, as car  speed increases 
or the pedal is released. Placing the selector lever in the right drive range is 
recommended when starting out with a hot engine after parking, or while idling 
for an extended period during extremely hot weather. Under these conditions, 
the application of the overrun clutch in drive right will prevent the engine from 
stalling if there is excessive vapor in the fuel lines. After driving a short dis- 
tance, you may place the control lever in drive left position if so desired. 

PTION Do not coast with the control lever in the N (neutral) position. It is 
unlawful in some states and sometimes is harmful to the transmission. I 

5. STOPPING THE CAR--Leave the control lever in the driving position selected 
and let up on the accelerator pedal. The engine is "in gear" which helps to 
slow down the car. Then apply the brakes in the conventional manner. I 

*TION When the car is parKea with the engine running, the control lever 

IC should always be in the park position to prevent car mwement. I 
6. OPERATING IN LO RANGE. LO range prevents a 2-3 upshift unless car speed 

exceeds approximately 45 m.p.h. LO range is prwided for heavy going--deep 
sand, snow, and ascending or descending steep grades. The control lever can ' 
.be moved from either DR position to LO at any car speed. I 

~AUTION Do not shift into LO range on slippery roads for it may cause a skid. I 
7. REVERSE. In reverse, the selector lever is in "R" position. The car can be 

rocked to get out of deep snow, mud or sand. To do this move the selector 
lever back and forth between "L" (low) and "R" (reverse) at  low throttle. I 

~ A U T I O N  Avoid going' into reverse at speeds above 5 m.p.h. 
k 



8. PARKING. For additional safety, when the car is parked, leave the selector 11 lever in park. Mechanical engagement of parts within the transmission keeps 
the car from rolling. The selector lever must be raised to move it into or 
out of park. 

9. STARTING ENGINE BY PUSHING CAR. If it is necessary to start the engine 
by pushing the car for a short distance due to a low battery, shift into neutral. 
When approximately 30-35 m.p.h. is  reached, turn on the ignition and shift into 
drive. 

10. TOWING THE CAR. Remove the propeller shaft from the car or raise the 
rear wheels off the ground to prevent possible damage to the transmission. 
When towing the car with the propeller shaft disconnected, make certain that 
oil does not leak from the rear extension housing. 

11. HYDRA-MATIC DRIVE FLUID. It is important to use only Automatic Trans- 
mission Fluid (Type A) identified by Armour Institute Qualification Number 
"AQ-ATF. . ." This is an all-season fluid, ideal for year-round operation. 
No special additives to these fluids are required or recommended. 

9 In cases of emergency, when the specified fluid is not available, any good 
quality 20 W engine oil will operate for a temporary period. When such 

oil is used, however, it should be removed as  soon as possible and the trans- 
mission refilled with the recommended fluid. 




