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AM 2-6

SECTION A -- PURPOSE OF PLANETARY GEARING

Some automatic transmissions use a s&stem of planetary gears to enable
the torque converter or fluid coupling to be used as efficiently as possible.
To help you understand how automatic transmissions operate, planetary
gears in a simple planetary system will be explained.

A simple planetary gear system consists of four members: a planetary
sun gear, two or more planetary pinions, a planetary ring gear, and a
planetary carrier on which the planetary gears are mounted (see Figure 1).
The term planetary gears is used because the planetary pinions (planet
gears) rotate arcund the sun gears in the same manner that the planets

rotate around the sun in our soiar system.

There are several ways that pcwer can be transmitted through planetary
gears. The engine may be connected to drive the sun gear, planet carrier,
or the ring gear. Also, the propeller shaft (driven member) may be
connected to one of the three members and the engine to another. One
more condition must exist before power can be transmitted: the other
member must be held stationary. PLAPETARY
Automatic transmissions provide SN GEAR
the means for holding the other
member through nydraulic servos
or spring pressure.
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PLANETARY PLANETARY PLANETARY
PINION CARRIER RING GEAR

Fig. 1 Planetary gear members
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'SECTION'B -- POWER TRANSMISSION THROUGH A
PLANETARY SYSTEM

MAXIMUM REDUCTION -- Maximum reduction from a set of planetary
gears is obtained as follows: the engine drives the sun gear, the propeller
shaft is hooked to the planet carrier; and the ring gear is held stationary

(see Figure 2).

As the sun gear rotates with the
engine, the planet gears must
rotate on their shafts. Since the
ring gear is held stationary, the
planet gears will walk around the
ring gear, thus rotating the planet
carrier and the propeiler shaft.

STATIONARY

DRIVING MEMBER
DRIVEN MEMBER

When the above mentioned con- !

dition exists, a definite speed WoRE TORGUE

reduction ratio is obtained. To Fig. 2  Maximum reduction -
find this ratio, add the number of

teeth in the sun gear to the number

of teeth in the ring gear; then '
divide the number in the sun gear into the total. For instance, if the sun

gear has 18 teeth and the ring gear 36, the total is 54. Divide 18 into 54,
and the answer is three. This means the sun gear must rotate three times
in order to rotate the planet carrier once.

MINIMUM REDUCTION -- Minimum reduction from a planetary gear train
is obtained as follows: the engine drives the ring gear; the propeller shaft
is conrected to the planet carrier; and the sun gear is held stationary (see
Figure 3). The rotation of the ring gear forces the planet gears to walk
around the sun gear, causing the planet carrier to rotate in the same

direction as the ring gear.
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LESS PEED MORE SPEED
LESS TORQUE
— MORE TORQUE

Fig., 3 Minimum reduction Fig. 4 Maximum overdrive

7 The speed reduction that takes place can be figured by adding the number

‘ of teeth on the sun gear to the number on the ring gear and dividing the

. aumber of teeth in the ring gear into the total. For example, if the sun i ¥
gear has 18 teeth and the ring gear has 36, this would make a total of 54. 1
Divide 36 into 54 and the answer is one and one-half. This means the
engine must rotate the ring gear one and one-half times in order to rotate

the planet carrier once.

MAXIMUM OVERDRIVE -- Planetary gears may be used to obtain speed
advantages, as well as to reduce speed. If the engine is connected to the

. planet carrier and the sun gear connected to the propeller shaft, a

¢ maximum overdrive is accomplished when the ring gear is held stationary

. (see Figure 4). Here you will notice the hookup of the driving and the . ]
' driven members is opposite from the way they were when a maximum
speed reduction was obtained. The actual speed increase can be found in =

_ the same way as the speed reduction was found under maximum speed re- 3.;,~ 3
duction -- that is by adding the teeth in the sun gear and the ring gear and 1 '
. . dividing the total by the number of teeth in the sun gear. B
-3 '
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However, the change must be con-
sidered an increase in speed rather
than a decrease.

STATIONARY Ny S, 3 DRIVEN UEHBER

MINIMUM OVERDRIVE -- A
minimum overdrive is the type
usually found in automotive equip-
ment that has an overdrive incor-
porated in the transmission. The
hookup of the driving members is \ORE sPeED
opposite to that for a minimum HESS TORQUE
speed reduction (see Figure 5).
Because the driving and driven
members have changed places, the
result will be an increase in speed instead of a decrease. The formula
for finding the speed ratio is the same as that for the minimum speed
reduction -- that is, by adding the number of teeth in the sun gear into the
number of teeth in the ring gear, and dividing the total by the number of

teeth in the ring gear.
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Fig. 5 Minimum overdrive

REVERSE REDUCTION -- So far; we have considered only those setups
where the driving and driven members are rotating in the same direction.
In planetary gears, reverse direction can be accomplished in a speed
reduction, overdrive (speed increase), and direct drive. Since direct
drive reverse, and overdrive reverse, are of little practical value in off-
highway vehicles, only the reverse reduction will be considered at this

time.

When a reverse reduction is desired, the engine is made to drive the sun
gear, and the planet carrier is held stationary (see Figure 6). The sun
gear is driven in the same direction of rotation as the engine (clockwise),
thus causing the planet gears to rotate counterclockwise. Since the planet

carrier is held stationary, the planet gears rotate on their shafts and cause

the ring gear to rotate in the opposite direction from the sun gear. The
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gear reduction, in this case, isa
direct ratio of the number of teeth
on the ring gear to the number of P
teeth on the sun gear. For ex- STATIONARY
ample, if the ring gear has 36 DRIVING MEMBER /3 &
teeth and the sun gear has 18, the

speed reduction will be two-to-one.

The planetary gears merely idle '

and do not influence the speed ratio.

' w.;agw : !

]

DRIVEN MEMBER

DIRECT DRIVE -- K direct drive ulasrésg;ggs
is desired, no member of the

planetary gears is held to prevent
rotation. A direct drive can be
obtained regardless of which member is the driving member. As an
example, consider the situation where the driving member is the sun gear
and the driven member is the planet carrier as in Figure 2. Instead of
locking the ring gear, leave it free to rotate and lock the ring to the

sun gear. If this condition existed, the entire unit would rotate and, as a
result, a one-to-one ratio from the engine to the propeller shaft would
exist.

Fig. 6 Reverse reduction

Gy

A summary of the possible planetary combinations discussed is shown in
Figure 7. As mentioned earlier, disregard the reverse overdrive. The
algebraic expressions for the speed of the propeller shaft, where there is

a speed reduction or increase,is listed and shown in Figure 8.

In the discussion that follows on automatic transmissions you will be able
to see how planetary gears are used singularly or in compouhd groups. to
achieve the torque and speed ratios that are desirable to efficiently operate
an engine operated torqgue converter. '
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-AM 2-8
PLANETARY GEAR SPEEDS
S = Number of Tegth in Sun Gear = 18
R = Number of Teeth in Ring Gear = 36
C = Planet Carrier .
CASE BTATIONARY | DRIVING | DRIVEN | SPEED RATIO RELATIVE SPEED OF
MEMBER MEMBER| MEMBER | ENGINE: PROPELLER| THE DRIVEN MEMBER
) S/R+ 8
ONE R S C R+ S:S| 36+ 18:18 1/3
54:18
3:1
TWO S R C S + R:RR| 18 + 36:36 R/S+ R
54:36 . 2/3
11/2:1
THREP o S R R:S 36:18 'S/R
2:1 1/2
FOUR S C “ R R:R+ S| 36:36 + 18 R+ S/R
36:54 8/2
1:11/2
FIVE R . C S S:S+ R| 18:18 + 36 S + R/S :
18:54 1 3/1
i:3
SIX C R S S:R 18:36 R/S
1:2 2/1
_ |SEVEN NONE ANY ANY |1:1 1/1
EIGHT NONE ANY 'NONE | --- 0

Fig. 8 Algebraic expressions for determining the relative speeds of the
| planetary gear members .
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SECTION C ~- HYDRAMATIC TRANSMISSION

The hydramatic transmission can be found in both passenger cars and
trucks. Its function is to provide suitable gear ratios between the engine
and the driving wheels to meet all driving needs (zsee Figure 9).

From the explanation of planetary gears you can see that a single planetary
gear assembly is actually a two-

speed transmission. All that is FRONT REVERSE
needed to make it operate is a way : PLANETARY PLANETARY
to hold any one of the members to REAR PLANETARY |
provide a reduction in speed, or a
way to hold any two members for
direct drive.

cscw

To provide reduction in the front H(QC
planetary of the hydramatic trans-
mission, a band is wrapped
around a drum which is an integral
part of the sun gear. When the _

band is actuated, it stops the sun He. 2 f;i‘i’ﬁ ﬁﬁ‘;‘ﬁ;’;ﬁ‘s‘;ioﬁf hydra-
gear. In this case, the internal '

gear continues to turn, .nd the pinion walks around the sun gear, rotating
the planet carrier at a speed less than that of the internal gear.

FLUID COUPLING

To provide reduction in the rear planetary, a band is wrapped around a

‘drum which is part of the internal gear. When the band is applied, it

stops the internal gear. In this case, the sun gear continues to furn and
drives the planet carrier and its pinions at a reduced speed.

To provide direct drive, multiple disk clutches or drum bands are used.

In the front planetary unit, the clutch disks are alternately attached to the
sun gear and the planet carrier. In the rear unit, the disks are alternately
attached to the internal gear and to a hub which is splined to a shaft that

-8 -
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AM 2-6

extends from the front planet carrier. With no pressure applied to a
clutch, the two members to which the disks are attached are free to rotate

‘indépendently. You can see from the foregoing that transmission control
depends upon devising a way to apply the-clutch disks or the drum bands.

The bands are applied and released hydraulically, by hydraulic servos.
The froiit servo consists. of a stem with two pistons installed in a cylinder
(servo), Wthh has a wall between the two pistons (see Figure 10). A
release Spring, mstalled between the servo body wall ‘and one of the
pistons, holds the servo in the released positicn when no oil pressure is
-apphed '

As. meﬁtioned earli'e‘r, the élutch disks are attached alternatély to the sun
f,gear and the planet carr1er, according to the speed range required. The
clutch disks are actuated by pzstons 1ocated within thé ¢lutch drumi (see
F1gure 11) When n.o pressure is applled 16 the actuatmg plston, the clutch
, -is releaséd by sprmgs When hydrauhc pressure is apphed ‘the p1ston is
forced agamst the clutch d1sks “which slide together, causmg the Sufi gear
’andplanet carrler to lock together‘" : ‘ T R RS LTRSS

"CLUTCH
© SPRINGS =z

Fig.-10 Band operation ‘in hydra- Fig. 11 Clutch dise operation in
matic transmission " a hydramatic
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The rear servo and planet operate on the same general principle as the
front unit. The rear servo, however, is designed somewhat differenily,
in that it is applied by spring pressure and reieased by hydraulic pressure.

* . o L ‘ « L 8 RN
T A Ly e s LTI —_— o

Precisely timed and coordinated action between the bands and clutches in
the two planetaries must take place. With different bands and clutches
being applied and released with each shift, the need for exact timing is
important. This need is so important that nearly every hydramatic
adjustment is directed toward proper band operation. If the bands do not
operate properly, rough shifting, slippage and serious damage may result.

SECTION D -- HYDRAULIC SYSTEM

The hydraulic system of the hydramatic transmission provides the auto-
matic shifting; control. The system consists of a front and rear oil
pump, hydraulic pressure regulator, operating control valve assembly,
hydraulic governor, front and rear servos, and the necessary lines and
passages for transferring the oil pressure to the required places.

The front pump is a vane-type oil pump that turns when the engine is
running. The output of the front pump is regulated in accordance with the
requirements of the hydraulic system.

.
PSRN S

4 The rear pump is a gear-type pump driven by the transmission output

; shaft. The main function of the rear pump is to provide hydraulic pressuré
for the transmission when a push’ start is necessary. (The rear pump
feature is deleted on some later model transmissions.) When the vehicle

is pushed, the transmission output shaft turns and rear pump pressure is
built up, opening a spring-loaded check valve. When the check valve opens,
) oil pressure enters the main line and is directed to the servo units to

1 operate the transmission.
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The hydraulic control system has two functions. It directs oil to the
clutches in the transmission, and it provides a supply of oil to lubricate
the gears and bearings of the transmission. In most hydraulically con-
trolled transmissions, two clutches must be applied at one time in order’
to transmit power through the transmission; otherwise the transmission
is in the neutral position.

NEUTRAL -- With the selector level in the neutral position, c¢il pressure
is shut off from all the hydraulically operated pistons, and all multiple
plate clutches are disengaged. As no planetary members are held
stationary or locked together, all gears are free to rotate; therefore, no
drive is transmitted through the planet carrier. ‘

The gears in most automatic transmissions aré in mesh at all times but

do not transmit power until one of the muitiple disc clutches is actuated

by the selector valve. In studying the power flow of the various ranges;

as mentioned before, it should be remembered that the power flow to the
planetary system always enters through the INPUT SUN GEAR; and the '
power always Ieaves the planetary system through the OUTPUT PIANETARY
CARRIER S

'SECTION E -- GEAR FAILURE AND LUBRICATION

When two loaded surfaces slide over each other, as'is the 'case with
meshing gear teeth, therealways is frictional resistance opposing the
motion. Wear and loss of power result unless friction i§ minimizéd by &
film of Tubricating oil between the two sliding sSurfaces. Stch a film
substitutes the low fluid friction of the oil for the high metalli¢ friction of
dry surfaces. A film of the oil-wedge type may be of sufficient thickness

.to completely separate rubbing metallic surfaces with a measurable and

comparatively thick layer of fluid oil, (hydrodynamic film). With such a
film, friction is entirely due to the fluid friction within the oil, which in
turhi depends on oil body (viscosity). / '

~1 1,.-._

LI DR e 2 LY
Y .

A R S LR
.,

AV HI R w07

LA
s
.

20 2N Mk sy 2 MY ,‘N\i

T 00

.
ool Ay, ¢




{
N ~‘-M.~L~u s i

RIS | ¢ !
RSNARRE A et iads aha sy AR SR s A

5
‘
b

"}

4
g
A
%

AM 2-8

Gears and their bearings usually are designed to function satisfactorily
during the entire life of the machine of which they are a part, and their
failure to do this indicates some unusual condition of operation. However,
regardless of gear design, size of construction, correct iubrication is
essential to assure minimum wear, quiet operation and long service life.
During manufacture, tooth shapes are very:accurately developed.
Nevertheless, no matter how accurately and smoothly the teeth are
finished, there always will be microscopic surface irregulatities which
cause frictional resistance if they are allowed to meet.

With the gears in proper mechanical condition and with correct lubrication,
friction is reduced, wear is practically eliminated and gears should
operate efficiently for years. However, even with correct lubrication
properly applied, certain mechanical or operating conditions can cause
wear and destruction of teeth. Destruction seldom takes the form of tooth
breakage., but usualily shows up as damage to the rubbing surfaces.

Such surface failures may rapidly destroy the original tooth contour, and
once this occurs, smooth, quiet operation can no longer be expected.
Surface failure may be directly attributed to improper lubrication; but
more often lubrication is in no way responsible. In fact, even though the
correct lubricant for normal service is in use, tooth surface may still be
riined by overloading, overheating, shock, abrasives, chips, improper
alignment, loose bearings or deflection of shafts or housings. These
conditions lead to various types of surface failures.

Many terms are employed to describe graphically the gppearance of
damaged tooth surfaces. Terms such as pitting, abrasidn, scr:a,tching,
spalling, galling, scoring, scuffing, wiping, cutting, gouging, ‘seizing,
burning, burnishing, peening, rolling, ridging, rippling, fish-scaling,

and flaking, do not readily lend themselves to classification according to
the fundamental causes of tooth damage. However, the first five listed
above are the major types of failures, under which all of the other failures
can be grouped as sub-divisions. Furthermore, it can be shown that these
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five types of failureg have dilferent basic cauaen. Of course, from the
lubrication point of view, the cause &f the fzilive is of maior intereat’
rather than the appearance of the surfaces. For the purpose of this unit,

2

W VAW v erer wa—

gear-tooth failures are classified under the heading o "pitting","abrasicn",-

"scratching", ''spalling" and "galling".

PITTING -- The tooth surfaces of new gears, although smooth to the eye,
are actually comparatively rough.

In addition to roughness, there may be variations in the hardness of the
surface of the metal. Under conditicns of boundary lubrication, both
roughness and variations in hardness cause uneven distribution of load
across the tooth surfaces. As teeth pass through mesh, the load is con-
centrated on local hizh spots or hard spois. The heavy localized stresses
are repeated at each turn of the gear, and metal fatigue eventually occurs.
As a result, minute particles brezk away and leave small pits where high

points or hard spots had beer {(see

The type of pitting described -
ordinarily occurs where there
is a low ratio of slide or roii.
Therefore, in spur or helical
gears, the action occurs at or
near the pitch line, where
sliding is at a minimum. On
other areas of tooth surface

the sliding action wears away
the high spots before pitting can
occur. With worm and most
hypoid gears, side slide pre-
dominates in all contact areas,
and true pitting of the gear teeth
does not occur.

seadapraanyg st
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Although pitting is not a lubrication failure, there is some experimental
evidence that oil plays a part in the following manner: As a result of fatigue,
microscopic surface cracks start. These become filled with oil, and

under the contact loads existing between the teeth, hydraulic pressure is
developed. The pressure tends to extend the cracks and eventually to

push cut small particles of metal. This hydraulic action would occur with .
gny fluid.

With spur and bevel gears, as each tooth passes through the center mesh,
the entire load is momentarily concentrated on the pitch line. K the area
along the pitch line has already started to pit, the load is further con-

centrated on the remaining undamaged metal, and pitting is likely to :
increase progressively, until the tooth surfaces are destroyed or severely \
damaged. ’

On the other hand, with helical, herringbone and 'spiral bevel gears, there
is less likelihood of destructive pitting. This is because each tooth during
mesh makes contact along a slanted line extending from root to tip. This
line cuts across the pitch line, and although pitting may have roughened the
area along the pitch line, the line contact always extends beyond this
roughened surface, and thus the
load is ‘carried on undamaged
root and tip areas. Under such
ci_rcumstanc;eé, pitting may
cease as soon as the few iso-
lated high spots along the pitch
line have been removed.

When pitting becomes pro-
gressively worse (see Figure 13)
a reduction of load on the ge'ars
will decrease the localized
stresses and may prevent further
damage to the tooth surface. |
Lubricants should not be ex- Fig, 13 Destructive pitting

- 14 -
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pected to eliminate pitting although, in some instances, s berderline case
of pitting may be improved by using a heavier bodied oil.

NORMAL WEAR -- When gears are of proper design, constrcciion and
hardness, when they do not operate at excessive loads and whesn correct
lubricants are used, then a condition of normal wear should result.
Normal wear over a long period and under conditions of preoper Iubricaticn,
gradually smooths rubbing surfaces of the teeth and work-hardens them

. to a polish. As the surfaces become smoother and more work-hardened;
friction and wear decrease, until a condition may be rezcheé where

further wear practically ceases.
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DIDACTOR PLATES FOR AM 2-6D

PLANETARY
CARRIER

Plate I Planetary gear members

AM 2-6D

STATIONARY

MEMBER

DRIVING
MEMBER

DRIVEN
MEMBER

RESULT

RING

SUN

CARRIER

MAXIMUM REDUCTION

O

[ o aee- O

SUN

RING

CARRIER

MINIMUM REDUCTION |

THREE

CUR BN MMM LT

CARRIER

SUN

RING

REVERSE REDUCTION

R

FOUR

CARRIER

RING

MINIMUM OVERDRIVE

FIVE

SN ﬁ

CARRIER

SUN

MAXIMUM OVERDRIVE

sIX

CARREER

RING

SUN

REVERSE OVERDRIVE

'SEVEN

NONE (TWG
HELD T0=
GETHER)

DIRECT DRIVE

ETGHT

NONE

ANY

NONE

NEUTRAL

- et

Plate IT Summary af pbssible combinations for planetary gears
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PLANETARY GEAR SPEEDS

RS G LA

Y

S = Number of teeth in sun gear = 18 (text example)
R = Numbcr of teeth in ring gear = 36 (text example)
C = Planet carriex
’ CASE | STATTONARY DRIVING DRIVEN SPEED RATIO |  RELATIVE 5PEED OF
MEMBRER MEMBER MEMBER ENGINE :PROPELLER THE DRIVEN MEMBER
ONE R S C R+S:S text S/R 4+ S text
example ex.
8 36 + 18:18 1/3
1 54:18
o 3:1
| =
‘ < TWO S R C S+R:R 18 + 36:36 R/S + R 2/3
54:36
1 1/2:1
THREE C S R R:S 36:18 S/R 1/2
2:1
FOUR S C R R:R + S 36:36 + 18 R + S/R 3/2
36:54
1:11/2
FIVE R C S S:S + R 18:18 + 36 S + R/S 3/1
18:54
1:3
SIX C R S S:R 18:36 R/S 2/1
1:2
SEVEN NONE ANY ANY 1:1 1/1
EIGHT NONE ANY NONE —— 0

SRR sty

Plate III Algebraic expressions for determining the relative speeds

of the planetary gear members
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Plate IV Drive components

AM 2-6D

| SERVO ,—STEM

A

PISTON

RELEASE
SPRING

SAND

CLUTCH
SPRINGS

Plate VI Clutch disc operation
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A simple planetary gear system consists of four
members: a planetary sun gear, two or more plane-
tary pinions, 2 planetary ring gear, and a planetary
carrier on which the planefary gears are mounted.

The term planetas is used because the planetary
pinions {(planet gears; rotate around the sun gear in the
same manner that the planets rotate around .
A. the sun O
B. the moon 4

C. the solar system’{~ 1-3

D,DACTGR R : ) | AM2-6D
1 s . PAGE no. / . FILM noj ¥t/e7
/ 2
AM 2-6D -
8/18/67 Some automatic transmissions use a system of plane-
tary gears to enable the torque converter or fluid
UNDERSTANDING PLANETARY GEARING IN coupling to operate as efficiently as possible. X you
RELA ] - .
LATION TO AUTOMATIC TRANSMISSIONS want to understand how automatic transmissions
operate, you must first know some basic facts about
planetary gears.
Humar Ergineering Minn. State Dept. of Ed.
Institute Vocational Education
Press A
d 3 1-2
Press A 2 Check to see that timer is OFF.
2 7

You are incorrect.

The planets in our solar system rotate around the sun
as do the planetary gears around the sun gear in auto-

matic transmissions. (See Plate I)

Press A 5

14

Correct.
There are several ways that power can be transmitted

through planetary gears. Power from the engine may
be driving through the sun gear, planet carrier or the

A. planetary pinion b
B. ring gear
C. propeller shaft é

You are incorrect.

The engine would not’be connected directly to the pro-
peller shaft; if so-the transmission would be completely
bypassed. The engine may be connected to the ring
gear or the sun gear, or to the planet carrier.

PressA T

Correct.
The propeller shaft (driven member) may be connected

to one of the three members and the engine to another.
One more condition must exist before power can be
transmitted --

A. another member must be held stationary 7
B. two other members must be held stationary &

C. the other members must be free to rotate &
1-7

You are incorrect.

If two other members were held stationary, there would
be no power transmitted; and if all the members were
free to rotate theré would be no power transmitted,
either. '

All members free to rotate is the NEUTRAL position.

Try this one again.
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Correct.

Automatic transmissions provide the means for holding
the other member, through hydraulic servos or through
spring pressure.

/0

MAXIMUM reduction from a set of planetary gears is -
obtained as follows: The engine drives the sun gear;
the propeller shaft is connected to the planet carrier;
and the ring gear is

A. Jeft free to rotate J/
B. rotated in the opposite direction //

—t

- PressA [0 £ C. held stationary , v
1-9 1-10
4
s/ / 2
You are incorrect. Correct
As the sun gear rotates with the engine, the planet gears
There are no provisions for rotating the other member must rotate on their shafts. Since the ring gear is held
in the opposite direction; and if left free to rotate, no stationary, the planet gears wili walk around the ring
power would be transmitted to the outpnt shaft. The i gear, thus rotating the
correct answer is "the ring gear is held stationary”.
- A. propeller shaft and axle / 3
F B. planet carrier and propeller shaft /4
PressA [2. ! C. ring gear and propeller shait /3
1-11 ) 1-12
/3 Z2
Correct.
You are incorrect. When the above condition exists, a definite speed re-
duction ratio is obtained; to find this ratio, add the
When the ring gear is held stationany, the planet gears number of teeth in the sun gear to the number of teeth '
will walk around the ring gear, thus rotating the planet in the ring gear, then divide the number of teeth in the
carrier and propeller shatt, sun gear into the total. For instance, if the sun gear
' has 18 teeth and the ring gear has 36, the total is 54.
This means the sun gear must rotate times in
order to rotate the planet carrier once.
Press A (4 A 42
1-1 ) -
3 B. 6¢S
C. 3 /é 1-14
wrroy —_
LY

You are incorrect.

If the sun gear has 18 teeth and the.ring gear 36, the
total is 54. Divide 18 into 54 and the answer is 3.
This means the sun gear must rotate three times in
order to.rotate the planet.carrier ppi:e.

Correct.

MINIMUM reduction from a planetary gear train is
obtained as follows: the engine-drives the ring gear;
the propeller shaft is connected to the planet carrier;
and the sun gear iS held stationary. The speed re-
.duction that takes place can be figured by adding the
number of teeth on the sun gear to the aumber of teeth
on the ring gear and dividing the number of teeth in the
ring gear into .

’ A. ong-half the total /7

.

Press A /
b ' " B. thetotal /&
141
13 C. twice the total/7 1-16
T TREE 5, T == - - -
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You are i_ngorrect.

For minimum reduction, divide the number of teeth in
the ring gear into the total number of teeth in the sun
gear and the ring gear.

Press A /g

1-17

Correct.

To find minimum reduction, divide the number of teeth
in the ring gear into the total number of teeth in the sun
gear and the ring gear. -

PressA 20

X(D-17 2-18

P

%4
Correct.
For a minimum reduction calculation, divide the

number of teeth in the ring gear into the total number
of teeth in the sun gear and the ring gear.

You have answered one or more of the questions in-

correctly. Let's review this portion. Read carefully
and take your time in answering the questions.

Press A 3 1-19

20

MAXIMUM OVERDRIVE -- Planetary gears may be
used to obtain speed advantages as well as to reduce
speed. If the engine is connected to the planet carrier
and the sun gear is conrected to the propeller shaft, a
maximum overdrive is accomplished when the

A. ring gear is left free to turn 2}
B. ring gear is held stationary 22

C. ring gear is locked to the planet
carrier 2‘ 2-20

No. You are incorrect. The ring gear must be held
stationary for any power to be transmitted through the
planetary gear train.

PressA 2.2

2-21

22

Correct.

The actual speed increase can be found in the same way
as the _speed reduction was found under maximum Speed
reductxon_ - that is by adding the teeth in the sun gear

and the ring gear and dividing the total by the number of

teeth in the sun gear. However, the change must be
considered

A. adecrease in speed rather than an increase 23

B. neither an increase or a decrease in speed Z 3

C. anincrease in speed rather than a decrease Z*}' ‘
2-22

2ZZ

No. You are incorrect. In figuring overdrive the
change must be considered as an increase in speed
rather than a decrease. Read the questions carefully;
take your time in selecting an answer.

Try this one again. Press A 22

2-23

;ay
Correct.

MINIMUM OVERDRIVE -- A minimum overdrive is the
type usually found in automotive equipment that has an
overdrive incorporated in the transmission. The hook-
up of the driving members is opposite to that for a
minimum speed reduction. Because the driving and
griven members have changed places, the result will

e

A. anincrease in speed instead of a decrease 20
B. adecrease in speed instead of an increase 23

C. neither an increase or a decrease ZS’
2-24
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No. You are incorrect. An increase in spged in-
stead of a decrease, is the correct answer.

PressA 26

-

2-25

24
Correct. - - T

REVERSE REDUCTION -- So far we have considered
only those setups where the driving and driven members
are rotating in the same direction. In planetary gears,
reverse direction can be accomplished in 2 speed re-
duction, overdrive and direct drive. When 2 reverse-
reduction is desired, the engine is made to drive the
sun gear; and the planet carrier .

A. is left free to rotate 27
B. is locked to the planet gears 27
C. is held stationary 2%

2-26

277

No, you are incorrect. The planet carrier I8 held
stationary, or no power will be transmitted through
the planetary gear train.

Press A 2‘

2-27

Correct.
The sun gear is driven in the same direction as the
engine {clockwise), thus causing the planet gears to
rotate counterclockwise. Since the planet carrier is
held stationary, the planet gears rotate on their shafts
and cause the ring gear to rotate .

A. in the same direction as the sin gear 29 .

B. in the opposite direction from the sun 22
gear

C. with the planet carrier 27 228

No, you are incorrect.

When reverse réduction is desired, the planet carrier
is held stationary. The planet gears rotate on their
shafts and cause the riig gea= to rotate in the oppcsite
direction from the sun _gear.

The gear reduction is a direct ratio of the number of
the teeth on the ring gear to the number of teeth on tie
sun gear. The planetary-gears merely idle, and do
not influence the speeq ratio.

Press A 30 2-29

Correct.
Direct Drive -- If direct drive is desired
held to prevent rotation.

Direct drive can be obtained regardless of whick
member is the driving member.

A. nomemberis %%
B. one member is 3f
C. all members are 3/

2-30

3/

No, you are incorrect.

The correct answeér is '"no member is held to
prevent rotatjon” to get the desfred direct driye.

Press A 27,

2-~31

Fa2

OK.

An example to consider for direct drive is the situation
where the driving member is the sun gear and the
driven member is the planet éarrier. Instead of lock-
‘ing the ring gear. leave it free to rotate azd lock the
ring to the sun gear. If this condition existed, the
entire unit would rotate and as a result a

-

A. two to one ratio from the engine to the ;3
propeller shaft would exist

B. three tu one ratio would exist %73

C. one to one ratio would exist ;.&; 2-32
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No, you are jncorrect. If the condition just described
existed, a one to one ratio (direct drive) would be the
result.

Press A 34'

2-33

=

A summary of the possible planetary combinations
discussed i3 shown in : disregard the
overdrive, The algebraic expressions for the speed
of the propeller shaft where there is a speed reduction
or increase are listed and shown in Plate OI.

PLANETARY GEAR SPEEDS
S = Number of teeth in sun gear = 18 (unit example)

R = Number of teeth in ring gear = 36 (unit example)
C = Planet carrier.

PressA 3§ 2-3k

- —_—

25

In the discussion that follows, you will be able to see
how planetary gears are used singularly or in com-
pound groups to achieve the torque and speed ratios
described to operate an engine operated torque con-
verter.

PressA Zlp

2-35

P

36

The HYDRA-MATIC TRANSMISSION can be found in
both passenger cars and trucks. The function of the
hydra-matic is t{o provide sguitable gear ratios between
the engine and the driving wheels to meet all driving
needs. See Plate IV.

From the explanation of planetary gears you can see
that a single planetary gear assembly, is actually a

A. three speed transmission xx
B. two speed transmission 38
(Only the correct answer will move the film.)

¥ (c)- 37

3-36

oY

C3>-f 237

37

It is evident that you do not have a clear understanding
of the planetary gear system or have misunderstood
some of the questions. Ycu should have an opportunity
to go back for a review. Read the questions carefully;
take your time in selecting an answer. Press A

20

2-37

=1

No, you are incorrect. The planet carrier would
rotate at a speed less than that of the internal gear to
obtain a reduction in the front planetary.

Press A 4}

3-39

35

OK.

To provide reduction iz the front planetary of the hydra-
matic transmiesion, a band is wrapped around a drum
which ie an integral part of the sun gear. When the
band is actuated, it stops the sun gear. In this case,
the internal gear continues to turn, and the pinion walks
around the sun goar, rotating the planet carrier ata

speeg .
A. greater than that of the internal gear 3%
B. the same as that of the internal gear 37

t's go on.

C. less than that of the internal gear ¢/p
3-38

A%

OK.

To provide reduction in the rear planetary, a band is
wrapped around a drum which is part of the internal
gear. When the band is applied, it stops the internal
gear. In this case, the sun gear (1) and
drives the planet carrier and its pinions at a @)
speed.

(2) increased lﬂ
(2) reduced 42

(2) increased &}/
3-40

A. (1) stops turning
B. (1) continues te turn
C. (1) continues to turn
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No, you are incorrect. The sun gear continues fo turn,
and drives the planet carrier and its pinions at a re-
duced speed, to provide reduction in the rear planetary.

PressA 42

3-41

PAGE no. 4

T —— )

42

o g

..

Correct.

To provide direct drive, multiple clutches or drum
bands are used. In the front planetary unit, the clutch
discs are alterna;ely aftached to the sun gear and the
planet carrier.

N

0
Jig¥#) 4y g

¢

AR N

In the rear unit, the discs are alternately éttached to
the internal gear and to a hub which is splined to a
shaft that extends from the front planet carrier.

)
%

Press A 42 3-k2

4z

With no pressure applied to a clutch, the two members
to which the discs are attached are free to rotate in-
dependently. You can see from the foregoing that trans-
mission control depends upon devising a way

A. torelease the clutch discs or drum bands o 4-

B. to apply the clutch discs and release-the 4y
drum bands

C. toapply the clutch discs or the drum bands Jy

3-L3

«d

No, you are incorrect. Transmission control depends
upon devising a way to apply ihe cluteh discs or the
drum bands.

PR R

PressA 4S

3-44

P

o

s

OK.

The bands are applied and releaséd hydraulicaily, by
hydraulic servos. The front servo consists of a stem
with two pistons installed in a cylinder, which has a2 wall
between the two pistons; see . A release spring
installed between the servo body wall and ane of the
pistons, holds the servo in the released position when

A. no spring tension is applied 4/f
B. no oil pressure is applied %7

C. nooil pressure or spring tension is applied 440
3-45

N
L]
I gt st

No, you are incorrect. No oil pressure is applied,
is the correct answer.

Take another look at this one. Press A 4/-;

K 346

e v

77

OK.

As mentioned earlier, the clutch discs are attached
alternately to the sun gear and to the planet carrier,
according to the speed range required. The elutch
discs are actuated by pistons located within the clutch
drum; see Plate VI.

When no pressure is applied to the actuating piston, the
clutch is released by springs. When pressure is applied,
the piston is forced against the clutch discs, which slide
together, causing the .

A. sun gear and planet carrier to lock together 49

B. sun gear and planet carrier to turn in
opposite directions 978

C. neither of the above &8 347

Ko, you are incorrect. The sun gear and planet
carrier lock together when pressure is appiied. .

Press A ¢¥ .

3-48
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£ The rear servo and planet operate on the same general .l
g ‘Principle as the front unit. The rear servo, however, [ Capl e .
. is designed somewhat differently, in that it No, you are-fncorrect The rear servo is applied
§ . . : by spring p:eséﬁre and is released hy hydraulic
pressure.

DAXEN

A. isapplied mechanically S0
B. is released by springs J°¢

C. is applied by spring pressure and re-
leased by hydraulic piessure

[

S g

Press A _5"1

3-k9o

BRI < ——~ime TN viiiiils MR
\»
|
\n
[+

é"‘/ ' <2,

Correct.
Precisely timed and coordinated action between the
bands and clutches in the two planetaries must take

it | - abe Yoo
‘Awg,
el -

No, you are incorrect. I the bands do not operate
propesly, rough shiftinz, slippage and serious

‘,'

{% place. If bands do not operate properly @ : "
’;‘4 , and serious damage may result. mage may result.

A. loss of power and tergie, rough handling 5’ &
B. rough shifting, slippage £%

P C. overheating, power loss 57 1 ) 352
3-51

-
s

Press A 5.2
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Correct.

) The hydraulic system of the hydra-matic transmission
provides the automatic shifting control. The system

i consists of a front and rear oil pump, pressure regu- H
i lator, operating control valve assembly, hydraulic No, you are incorrect. The rear pump is a gear- :
3 governor, front and rear servos, and the necessary .

lines and passagés to the required places. type and is driven by the output shaft.

B P v it

o e
3 =red

The front pump is a vane'-type that turns when the ¥

engine is running. The rear pump is a (1) and {
z is %I.Piven by theg () . _shaft. - Press A ja’
5 A. (1) gear type (2) input 5{-
B. (1) gear type (2) output §& : 33k
% ; C. (1) vane type (2) cutput ¢ sss )

h
-

i R
pererem
{
¢
.

LAY

The hydraulic control system has two functions. 1t
directs.oil to the clutches i the transmission, and it

. i \.‘ y'"b
P N A
A oseoiin, Rl

' provides a suxziy of oil to lubricate the gears and .
beagnlgls gft the tz_‘a;ns;nissior(l{‘ In mosttglgrkaulicakl;lg No, you are incorrect. In most hydraulically con-
” controlled transmissiong ) ciutches must i
” applied at one #nie in orde7 o transmit power through trolled transmissions, two clutches must be
. % . the transmissicy; otherwise, the transmission is in the applied at one time in order to transmit power;
g @)  position. otherwise the transmission is in the neutral position.
Ay A. (1) three (2) locked 50
i B. (1) two (2) neutral 57 Pressh g
’ C. (1) two (2) reverse 5' [ 3-56
4.

l .3.-55 : E
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With the selector lever in the neutral position, oil
pressure is shut off from all the hydraulically operated
clutches, and all multiple plate clutches are disengaged.
As no planetary members are , al
gears are free to rotate; thereiore
transmitted through the planet carrier.

) is

A.- g; held stationary or locked together 54

S/ S702,

No. You are incorrect. With the selector lever in the
neutral position, Do planetary members are held
stationary or locked together; therefore no drive is
transmitted through the planet carrier.
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position no planetary members are held stationary or
locked together; therefore no drive is transmitted
tnrough the planet carrier.

You have missed one or more of the questions in this
sequence of material and should have the opportunity
to review. Read carefully and take your time in

answering the questions. Press A

2

no power .
B. (1) leit free tc turn
525 reverse drive & 7 2
HL PressA 54
{ (d’ 78 : 3-574
3-57 -
OK.
Remember, with the selector lever in the neutral OK.

The gears in most automatic transmissions are in mesh
at all times, but do not transmit power until one of the
multiple disc clutches is actuated by the selector valve.
In studying the power flow of the various ranges as
covered before, it should be remembered that the
power flow to the planetary system is in most cases
through the 1 and the power leaves the
planetary systém tr ‘dugh the (2) .

(2) sun gear &£
(2) output planetary carrier ‘ /

@0

A. (1) planetary gear

[$2]

. (1) input sun gear

C. neither of the above 4y_59

—
]

A 98k

OK.
GEAR FAILURE AND LUBRICATION

When two loaded surfaces slide over each other, as in
the case with meshing gear teeth, there always is
frictional resistance opposing the motion.

results unless friction is mimmized

by a iiim oi lubricating oil between the two sliding
surfaces.

A. Destruction of the gears and contamination 62
of the oil
B. Wear and loss of power ({2
L-61

C. Both of the above (, 3

i{ 60
l
;!
i
&
No. you are incorrect. Power flow in a planetary
system is from the input sun gear to the output
planetary carrier.
PressA (pf
L-60
’ 62
No, you are incorrect. Not just wear and loss of
power, but destruction of the gears and contam-
ination of the lubricating oil may also occur with-
out proper lubrication.
PressA 4 7
L-62

&3
OK.

Such a film, as mentioned before, substitutes the low
fluid friction of the oil for the high metallic friction of
dry durfaces. A film of the oil-wedge type may be of
sufficient thickness to campletely separate rubbing
metallic surfaces with a thick layer of fluid oil. With
such a film, friction is entirely due to the fluid friction
within the oil which in turn depends on

A. the anti-foam quality of the ofl ##
" B. oil density 4
C. oil body (viscosity) 44~
4-63
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) Correct.

No, you are incorrect. Fluid friction of lubri-
cating oil depends on the oil body (viscosity), its
resistance to flow.

Gears and thejr bearings usually are designed to function
satisfactorily during the entire’life of the machine of
which they are & part, ahd thefr fdiliré to do this in-

, dicates some unusual condition of cperation. However,
regardless of design, size, etec., (1)
is essential toassure - (2)  —, quiet operation
and long service life.

A. (1) correct lubrication
B. (1) gear design

(2) minimum wear &7
(2) power transfer &6

Press A $G -
i C. (1) proper meshing of (2) power transfer‘é
the gear teeth 565
u—@& g-,
Correct.
During manufacture, tooth shapes are very accurately
developed. No matter how accurately and smoothly the
No, you are incorreet. Correct lubrication is essential teeth are finished, however, there will always be
to assure minimum wear, quiet operation and long life. . which cause frictional resistance
if they are allowed to meet.
| A. afew faplty gears ¢8
PressA 67 i B. microscopic surface irregularities$ 4
C. Both of the above 69
L-66 L-67
L__,. ————

No, you are incorrect. Microscopic surface irreg-
ularities is the correct answer.

PressA G

L-68

8 f
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Correct.
" With the gears in nroper mechanical condition and with
, friction is reduced, wear is
practically eljminated and gears_should operate éffi-
cienﬂj for years'.

A. proper alignment 79
B. proper break-in procedure 70
C. correct lubrication .7/ ’

4-69

70

No, you are incorrect. With the gears in proper
mechanical condition and with the correct lubrication,
friction is reduced, wear is practically eliminated and
the gears should operate efficiently for years.

Press A 7/

Lk-70

7/

Correct.
Even with correct lubrication.properly applied,
can cause-wear and destruction of

_teeth.
A. designfeatures 72
B. certain mechanical or operating 74
conditions
C.

operating personnel 7 2

L-71
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Correct.
Destruction seldom takes the form of tooth breakage,

5
H
F]
b3
?

[

No, you are incorrect. Certain mechanical or but usally shows up as 5

operating conditions can cause wear and destruction . . %

of teeth, is the correct answer, . {
) A. damage to the bearings 74/ 3
< e

damage to the rubbing surfaces 79 3

)

PressA 72 t C. contamination of the lubricating oil and &
: damage to the gears and bearings 7¢ 4

bea2 4-73 3

3

- : 4.7?‘;

i
! 2f STk

Correct.

No, you are incorrect. Under normal cenditions,
destruction of the gear teeth usually shows up as
damage to the rubbing surfaces.

PressA 75

L7t

i often

b B. (1) overheating

Surface failures may rapidly destroy the original tooth
contour, and once this occurs, smooth, quiet operation
can no longer be expected. Surface failure may be
directly attributed to (1) , bt more

‘ £2) is in no way responsible.

T T
e £, ek A

e
sy WA

Sher.

(2) alignment 76
(2) temperature 76
(2) lubrication 77

475

i A. (1) bearing alignment

;a“" AL SR

C. (1) improper lubrication

A

o 2at

74

No. you are incorrect. Bearing alignment may con-

tribute to surface failures, but the correct answer is

A

I8
2

it

oo

Correct.
In fact, even though the correct lubricant for normal
service is used, tooth surface may still be ruined by

APV WA AR,
Y (A

T

improper lubrication. A. overloading, overheating, shock, abrasives, . ;

chips, improper alignment, loose bearings 77 7

or deflection of shaits or housings

’ B. some of the reaspns that are listed in "A" 3

PressA 77 may cause tooth failure, but not all 16 2

H 4-76 C. the gperating personnel 75 L-77
|
T v D 2 " - k)

. - f -
- - - f
P 75 77 i
L e -

:H

iR
Correct. Many terms are used to graphically describe 3

No, you are incorrect. The operating personne] may
cause all the possible reasons for failure; but the
damage is done by one or more of the items listed:
overloading, overheating, shock, abrasives, chips,
improper alignment, loose bearings, or deflection of
shafts or housings.

Press A 717 478

the appearance of damaged tooth surfaces. For the
purpose of this unit, gear tooth failures are classified
under the heading of

4
LY

A,

O LR

cross-hatch and scratched %O

B. scuffed, wiped and peened 89
spailing 3/

b-79

«
E)

C. pitting, abrasion, scratching,
and galling

A AR

SRR £ St e QMR 1




By

P

b gy
»

¥

"125

\
Rall A4

¢
RO v
.-

e b )
TS secsenrcovasnt LIURRC L v cionein B2
oy “

i

M

- IS
R

1
i

Sl fiad
MR ... /. puban > ¢

gl H
PR o o ym\*“,r RPN

th
“

s
g
[

PR Hnis

N e, *
PNl T
P

B AL AN
PRI FIRA]

.

D
Y

AR S
Ao

R paprpnepiiest DILTAPICRT  aan s S
T R ® T R e

R BN iy

DIDACTOR .
1AG

~ PAGE no. //

) o , - AM2.6D
o FILM ngy- ¥/t

S0

No, you are incorréct. The five items lsted in "C"
are correct: pitting, abrasion, scratching, spalling

and galling.

Press A §?

4-80

S/

Correct.

PITTING -- The tooth-surfaces of new.gears, a.lthough
smooth to the eye

A. actuauy are comparatively rough B3
B. actually are smoother than they seem £2
C. need the added roughness of running-in

for proper lubrication & 32,

4-81

e

8

No, you are incorrect. The tooth surfaces of new
gears actually are comparatively rough, and tend to
get smooth as running-in progresses, which in turn
has little effect on lubrication.

Press A ,33

4-82

- 83

_and -

Correct. In addition to roughness, there may be
variations in the hardness of the suriace of the metal.
:Under some.conditions of lubrication, both roughness
‘and variations in hardiiess cause tineven distribution of
load"across the tooth surfaces. The heavy, uneven,
localized stresses are repeated at each turn of the gear,

A. eventually 2 smooth gear tooth pattern 8f
develops

B. metal fatigue eventually occurs 85

&4 153

C. neither of the above is correct

. e e

a3 ae

No, you are incorrect. Metal fatigue will result if un-
even distribution of load across the gear tooth surfaces
is momentarily concentrated in one area.

Press A 3;

. the tooth suﬂa\.e, the sliding action wears away the

Correct.

In the heavy localized stress area just described,
-minute parti.cles break away and leave small pits where
high pomts or hard. spots have been "Tii other areas of

high spats. before Jt,ittmg can occur. Wxth
gears, side slide predoininates in 4ll areas, and trie
pitting of the teeth does not occur.

A. spur and bevel 86 N
B. herringbone and spur &4’
C. worm and hypoid 97

ATy

g6 -

No, you are incorrect. With worm and most hypoid
gears, side slide predominates in all contact areas,
and true pitting of the gear teeth does not occur.

Press A é’i

4.-86

87
Correct.

Although pitting is not a lubrication failure, there is
some evidence that oil plays a part in.the following
manner: As a result of fatigue, small surface cracks
start; they become filled with oil, and under lead

is developed. This tends to extend
the cracks and even to push out small particles of
metal.

A. overloading 88
B. hydraulic pressure 57

C. heat ig
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No, you are incorrect. Hydraulic preseure is developed
in the condition just described. ‘This hydraulic action
would occur with any fluid.

Press A gq

4-88

~adle.

7

Correct. With spur and b‘cvelkgars, as each tooth °
passes through the center mésh, the entire load is
momentarily concentrated on the pitch line. If the area
along the pitch line has already started to pit, the load
18 further concenirated on the undamaged metal, and

FRSL S0 o e e ae B¢ - S p—

A. pitting is likely to increase prog:ressively?,

B. a wiping action may occur resultin
overheating Y & in?.

C. both of the above are correct ?0
L4-89

3
3
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1
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70

No, you are incorrect. With spur and bevel gears and
the condition described, pitting is likely to lincrease.

Press A 8"

Take another look at this one.

4-90

7/

Corrgct. With helical, herringbone and spiral bevel
gears, there is legs likelihood of destructive pitting.
This is true bacause each tosth, during mesh, makes
contact along a (1) line extending from (2)
This line cuts across the pitch line.

(2)roottotip 93
(2) pitch line to vase #7.

(2) light contact to heavy
contact fzf

A. (1) slanted
B. (1) straight
C. (1) curved

4-91
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No, you are incorrect. With the gears just described
there is less likelihood of destructive pitting because
each tooth, during mesh, makes contact along 3 slantgd
line extending from root to tip of the gear tooth.

Take another look at this one.

Press A
g 492

g2

3

Correct. Luybricants should not be expected to eliminate
pitting although, in some instances, a border-line case
of pitting may be inproved by usirg a

A. lower viscosity lubricant 94
B. non-detergent lubricant 44
C. heavier-bodied oil 94"

4-93
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No, you are incorrect. The use of a heavier-bodied
lubricant will sometimes improve a border-line case
of pitting.

Press A 75'

-5k

Correct.
NORMAL WEAR

When gears are of proper design, construction and
hardness, when they do not operate at excessive loads,
and when correct lubricants are used, then a con-
dition of normal wear should result.

Normal wear over a long period gradually smooths
rubbing surfaces of the teeth and work-hardens them to
a polish. As the surfaces become smoother and more
work-hardened, friction and wear decrease until a
condition may be reached where further wear practically

X(c)- 7

4-95
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Press A ?7’
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OK. .
You have answered one or more of the questions in this

sequence incorrectly. Review the last few frames.
Read carefully and take your time when answering the
questions.

Press A 57

4-96
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Congratulationg, you have just finished unit AM 2-6D
cn PLANETARY GEARING. You will learn more on
this subject in later films.

Please press the REWIND button.
P g
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Title: AUTOMATIC TRANSMISSIONS -- AM 2-6 |
PLANETARY GEARING 4/12/67

OBJECTIVES:

1. To help the trainee understand how planetary gears
% operate in an automatic transmission.

2. To acquaint the student with the reduction created
in planetary gears, and how it is accomplished.

) 3. To familiarize the student with the power flow through
3 a planetary system, in both maximum and minimum 5
}’; reduction; also how direct drive is accomplished.

LEARNING AIDS suggested: ;

MODELS: Any samples of gear failures that can be
— Dbrought into class and discussed would be
14 heipful. Also, any parts of a hydramatic
_, transmission (cut-away, etc.) would be of

great value in understanding how planetary
1 ' gear arrangements operate.

QUESTIONS FOR DISCUSSION AND GROUP PARTICIPATION:

1. Why are adjustments so critical in an automatic
transmission? -

! 2. Why is cooling transmission oil important?
. What are some of the signs of low transmission 0il?

- 4. Name some of the advantages of automatic
l transmissions.

Discuss how scheduled maintenance can eliminate
some major repairs.

6. Discuss how maximum and minimum reduction and
direct drive are accomplished in automatic transmissions
{speed reduction ratio etc. ).

7. Discuss the use of compound groups, as.weil.as single
groups, of planetary gears to achieve torque and speed
ratios that are desirable in different applications.
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8. Explain the operation of hydraulic servos and their part
in controlling the shifting from one speed to another in
automatic transmissions.

9. Discuss the pumps used in automatic transmissions,
type, capacity, etc.
10. Discuss some of the terms used to describe the

appearance of gear tooth surfaces: pitting, abrasions,
scratching, ete.
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