Agricultural and Biosystens Engineering, lowa State University 2006

GEAR TRANSM SSI ONS

CBJECTI VE:

To acquaint the students with various forns of tractor power trains. The
student is expected to be able to identify and descri be the conponents of these units
and to determne the gear ratio involved.

THECRY:

One nethod of determning ratios of series or conpound gearsets is to establish
the ratio of input to output speed. However, this is sonmewhat difficult unless the
unit can be driven by a power source so that a tachoneter can be used. A nore
practical exercise is to count the teeth on mating gears. For exanple: the gear on
an input shaft has 10 teeth and nmates with an output gear having 18 teeth. The ratio
is 18/10 or 1.8 to 1; that is, the input shaft nust turn 1.8 revolutions for each
revolution of the output shaft. In the case of conmpound gearsets, the ratios for
i ndi vidual mating pairs are multiplied together to obtain an overall ratio.

Determining ratios for planetary gears is conplicated by the relative notion of gear
conponents that occur under certain conditions.

Let N = RPM

T = No. teeth
r = ring gear
S = sun gear
c = carrier
Then:

1. for ring gear fixed, N/N =T,/Ts + 1
2. for carrier fixed, N/N = -T,/Ts

3. for sun fixed, N/N =TJT, + 1

4. no fixed gears, (N-N)/(Ns-N) = -T/ T,




LAB QUESTI ONS:

For each of the power train units supplied, determine the ratios for all gear
sel ections. Data sheets are supplied for recording the necessary infornation.
Answer all questions and work the acconpanying problem Note that schematic di agrams
and tooth nunbers are given on the last page of this exercise for transmi ssion units
one and four. In addition, renenber to enter all ratios as input to output ratios.

A Using the corresponding diagram from page 8 determine the ratios for each
gearshift position of the IH transm ssion.

UNNT 1 - IH SUPER H
( TRANSM SSI ON PORTI ON ONLY)
GEARSHI FT NO TEETH (Qut put/ I nput) Overal | Gear
PCSI TI ON Input Pair |Idler Pair(s) Qutput Pair Rati o
1 / /
2 / /
3 / /
4 / /
5 / /
REV / / | / /
PTO / /
B. For Unit 1 al so determ ne:
1. |Is the arrangenent a parallel-shaft or an in-1ine shaft arrangenent?
2. Is it a sliding-gear or constant-nmesh transm ssion?

3. Type(s) of gear teeth used?
4. |s the transm ssion synchroni zed?
5. (a) If synchronized, what type of synchronizers are used?

(b) If synchronized, which speeds are synchroni zed?

6. Determine and record the ratio between the transni ssion and the differential:

7. Determine and record the ratio between the output of the differential and the
rear axle. (Final drive ratio)

8. If one wheel is |ocked with the brake, does the other wheel turn faster than,
slower than, or the sane as it would if both wheels were free to turn? | f
faster or slower, how rmuch so?



For Unit 2 (IH torque anplifier) determne:

What type gear train is used to obtain reduction?

The ratios bet ween i nput
(fill out chart)
NO. TEETH
GEAR
H GH RANGE LOW RANGE
| NPUT GEAR

1st | NTERVED. CEAR

2nd | NTERVED. GEAR

QUTPUT GEAR

OVERALL RATI O

Wite bel ow a specific explanation of how power

when it is in:
a) H GH RANGE

b) LOW RANGE

If Unit 2 ("TA") were installed

Unit 1 transm ssion,

what would the gear

output of the transmission with the torque anplifier

transmssion in thir

Ratio -

d gear?

in

and out put ?

is transmtted through the "TA"

in the driveline between the engine and the
ratio be between the engine and the

low range and the



(oserve Unit 3 (PTO reduction)

What type of gear train is used?

Determ ne the reduction ratio:

Briefly describe the operation and power flow through the system (lnput end is
the bl ue shaft) when the PTO shaft is:

a) engaged:

b) di sengaged:

For a cl ockwi se input rotation, what direction does output rotate?

How nmany teeth are on the:
sun gear -
pl anet gear -
ring gear -

What type of teeth are used?

Calculate the input RPMrequired to obtain a 540 RPM out put.

| nput RPM =



E. For Unit 4 use the schematic diagram and col or coding schenme at the end of this
lab to determine the ratios for each of transm ssion speeds.

UNIT 4 FORD 4000 8- SPEED
Gear NUMBER OF TEETH (Qut put/ | nput) OVERALL RATIO
I nput I nt er ned. I nt er ned. I nt er ned. Qut put
Pair Pair (7?) Pair (?) Pair (?) Pai r
1 / / / / /
2 / / / / /
3 / / / / /
4 / / / / /
5 / / / / /
6 / / / / /
7 / / / / /
8 / / / / /
Rev Low / / / / /
Rev Hi gh / / / / /
Note: Not all gear shift positions have internedi ate gears
F. Also for Unit 4
1. |Is the transmission a parallel-shaft or an in-1ine shaft arrangenent?
2. Is it a sliding-gear or constant-nmesh transm ssion?

3. Type(s) of gear teeth used?

4. 1s the transm ssion synchroni zed?

5. (a) |If synchronized, what type of synchronizers are used?

(b) If synchronized, which speeds are synchroni zed?



UNT 5
FORD 4000 DI FFERENTI AL

This unit is the differential gear assenbly from a Ford 4000 tractor. It
receives its power fromthe transmssion (Unit 4) and transfers it to the final drive
assenbly (Unit 6) located in the axle housing. Speci al problens are introduced in
this assenbly since the power is directed around a 90 degree corner and then divided
between the two drive wheels. In addition to transferring power, the differential
also allows the rear wheels to turn at different speeds (such as cornering). These
functions are acconplished by means of a beveled ring and pinion gear set and a four-
geared "spider" assenbly.

G For this unit determ ne the follow ng:
1. |Is the speed changed?
2. If so, is it increased or decreased?

3. Wiat is the gear ratio?

4. \Wiat type of gears are used?

5. This unit also features a device to lock both of the axles together. Wy would
the operator find this desirable?

6. O what purpose does the small cylinder on the | ock serve?

7. Wy is the cylinder necessary?

8. WII the lock, once engaged, release automatically? If so, what
operating conditions will cause automatic rel ease?

What ot her ways can | ocks be rel eased?



UNNT 6
FINAL DRIVE UNNT

This unit is the final drive unit from a Ford 4000 tractor. It receives its
power from one side of the differential assenbly and transmts it to the drive
wheels. To do this it uses a planetary gear system

The planetary gear cluster gets its name from the three conmponents of the
system They are the sun gear (center), the planets (nmounted on a single carrier),
and the ring gear (outer).

To use the cluster, any one of the three conponents is held stationary. The
remai ni ng two conponents then beconme the input and output. By locking two conmponents

together, the entire cluster will act as one unit with no change in direction of
rotation or speed. This supplies us with a variety of gear ratios in a relatively
smal | package. In this unit, however, only one of these ratios is used.

H  For unit 6 determ ne:

1. Wiich conponent is used as the input?

2. Wich is the output?

3. Is there a stationary conponent? If so, which?

4. |Is the speed reduced or increased?

5. Wiat is the ratio?

6. |Is there a change in rotation direction between the i nput and out put ?

Expl ai n.

PROBLEM USI NG FORD DRI VE COVPONENTS:

Assume an unl oaded outside tire with a diameter of 57.1 in. at normal inflation
pressure is used. This tire is nmounted on the axle of Unit 6 which, in turn, is
driven by Units 5 and 4, respectively. Wen operating under load the tire deflects
5.5 cm bel ow the unloaded radius. The engine is delivering 46.9 hp at 2200 rpmto
the transm ssion input shaft. See di agram bel ow.

ENG NE UNT 4 UNNT 5 UNT 6 VWHEEL

Assune efficiencies of 98% each for transmssion, differential, and final
drive. Weel slippage may be ignored.

DETERM NE:

1. Gound speed in nmph and axle torque in the right axle in ft-1b when
transmssion is in first gear and noving straight forward.

2. Repeat part 1 for seventh gear.

3. Di scuss the relations between torque and speed when power is constant between
input and output of a gear train. Al so discuss the effect of power train

efficiency on speed and torque in a gear train.



UNFT 1 - I HC SUPER H
TRANSM SSI ON
(Shown in the neutral Position)

— GEAR| TEETH

1| 18

POVER T T - 2 | 31
—<—5 4—3 2— —l—<— 3| 36
—_ L L —+ 4 | 41
— — 5 | 47

12 11 6 | 55
-+ L 7 | 39

8 | 34

9 | 29

10 | 23

11 | 22

12 | 22

UNIT 4 - FORD 4000 8- SPEED TRANSM SSI ON

—_ GEAR | TEETH
—_ 1 29
—_ —_ 2 35
—_ 3 46
4 32
5 43
6 30
PONER |7 6 5 4 3 2 1 PONER 7 49
— < — 8 46
Tt IN 9 30
10 18
11 31
12 21
— 13 35
— — 14 16
11 —— Gears 1 & 8 are used in all speeds
_ Cears 7 & 14 are used in all |ow
—_ range speeds, exclusively.
— _t 1 2 4 LOW

1st & 5th....... Red

14 13 12 9 8 2nd & 6th...... Bl ue

3rd & 7th....Yell ow

4th & 8th..No col or

Reverse....... Wi te

— 3 R H GH

= Common Hub




