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72 CEAPTER SEVEN

OBJECTTVES

When the student has mastered this chapter, he or she will be able
to:

. Describe the basic gear shifting patterns

. Explain the shift pattems for major types of transmissions

. Present methods of shifting up and down through the gears of
all major types of conventional transmissions

. Describe double clutching and the timing of the shift for a
smooth and fuel-effi cient performance

Explain how to select the proper gears for speed and road
conditions

Describe shifting with both fully automatic and semi-automatic
transmissions

Describe the different procedures needed to operate
synchronized and nonsynchronized transmi ssions

Explain the instnrments and controls needed to shift gears

properly

Tadgrsrend the common shifting elrors and their results

Demonstrate the proper use of hands, feet, sight, and hearing in
shifting to obtain the best performance

. Explain how the improper use of the clutch and transmission
can damage the rig

CHAPTER OVERVIEW

This chapter will introduce the student to the procedures for shifting gears. Because the concept of
shifting may be new to some sntdents, the instnrctor is encouraged to spend as much rime as is needed on the

basic principles involved in shifting gears smoothly. The students will learn the shift panerns of the major

rypes bf transmissions and how to Jtrift up and down through the gears of these transmissions. Synchronized

aoa non-synchronized tansmissions are discussed and the procedures needed to operate them are outlined-

Ttre snrdens will learn the shifting patterili for both automatic and semi-automatic transmissions.

Driver-trainees will learn how to double clutch and select the proper gears for the conditions. Students

will learn about the controls used to shift gears, as well as how to coordinate these controls. The gauges and_

controls useful in knowing when to shift are explained. The srudents will test their knowledge of how to shift
gears smoothly by answering the Review Questions.
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SHTFTING 73

CHAPTER SEVEN

SHTFTTNG
II{TRODUCTION

Shifting gears in a heavy vehicle is more diffricult than it is in an
automobile. Experience with a manual transmission in an automobile helps, but it
is only slightly similar and is far less demanding.

This section will introduce you to the differences among shifting pauerns
and explain clurch and accelerator control.It will also explain how to coordinate
the eyes, hands, feet, sound, and feel to handle the transmissions found in tractor-
nailers.

You will not learn all you need to master shifting from reading this chapter.
You also need behind-the-wheel practice. What you learn will serve as a
reference when you pracrice in your rig. hoper gear shifting involves both
knowledge and skill.

KEY ELEMENTS OF SHIFTING

To drive a tractor-trailer, you need to know the controls that arp used in
shifting. You also need to understand how to coordinate them when shifting, and
when to shift,.

SHIFT CONTROLS

With a manual transmission,
the controls used in shifting are
the:

. Accelerator

. Gearshift lever. Clutch

They are shown in Figure 7-1.

Accelerator

The accelerator controls the
flow of fuel to the engine and sets
the speed of the engine. This is not
new information, but it is important
to remember because engine speed
and shifting are closely related.

Gearshift Lever

Gearshift Lever

Figur,e 7-1

The gearshift lever selects the gear. The gear determines how the engine
speed is transferred into road speed. For example, at a given engine speed,
placing the ransmission in a low gear may produce a lot of power but little road
speed. A low gear multiplies the power of the engine and supplies the power
needed to build up road speed. ln low gear, tbe power of the engine can be
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It is possible thcre noy be

students wlo luye naur
driven a stick shift car. If
tlut b tlu aa:te, younay
tped to erybin tlu shifihg
process in demiL A lesson or
tvro in an automobilc msy
also be helpful.

Be sure the studcnts
utd c rst atd t lv re bt iotts hip s
among. these controb atd
why cenain seqtnnccs tut:tt
betollowedJor snwth
shifiing.

Slpw Overlud OH-96 at
you eqbinthe difiq:en
controls,

Be sure tlp srudents
undentand tlp relaionship
between shifting gean and
cnginc speed You shrJt up as
you rccclerate and shift
down as you slow.
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concept. You ntay warrt to
spend some tbrc takhg tlu
srudens through some wlut-
if situatiotts to slpw rcsults
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You nsy nced to eryloin
what b melnt by
discorne*ing thc
na nsmission and engine.
F4latnwlut lupperc when
shifting occt rs and thc
engine and transmission arc
not discon Ectcd

Spend etnugh timc on this
concept for the students to
t ln ro u g hly ude rstand it.

@lain what will lwppcn if
a highcr gear is chosen

multiplied 10-15 times. In a high gear, high road speed is attainable but available
engine power is reduced

AI,TOMANC, SEMI-ATJTOMATIC, fi{ANUAI
TRANSMISSION GEARSHIFT IEVERs
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Aulomotic
Tronsmission

Monuol Semi-outomoiic
Tronsmission honsmission

Figure 7-2

together. If the engagement is broken, they are disengaged, or separated.

COORDINATION OF CONIROLS

Operation of the controls requires coordination and careful timing. We
know pushing down the clutch psrlnl 5eparates the engine from the transmission.
We know, too, it is safe to shift gears only when the engine and transmission are
s€parated Plainly, it would be foolish to try to shift gears when the clutch pedal
is not pushed down.

Coordinating the use of the clutch pedal and the gearshift lever is logical.
Fint depress the clurch" and then shift gears.

Lack ofcoordination ofthe accelerator and clutch pedal can cause revving
of the engine. When this happens, engine speed increases before the transmission
is engaged If there is not enough acceleration when engaging the clutch again,
the momentum can push the tractor and damage the drive line components. If you

ale on a slippery surface, this can cause you to skid or lose control of the rig-

WHEN TO SHIFT

Gears can be shifted either up or down depending on what is needed The
following section will explain when to upshift and when to downshift-

Upshifting

A vehicle requires more power to start moving than to keep moving. Low
gears provide a great deal of power but linle speed Thus, we select low gear to
get the rig in motion.

Clutch

The clurch
connects or
disconnects the
transmission and
engine. It makes
shifting gears
possible. When the
driver pushes down
the clurch pedql, the
engine is discon-
nected (disengaged)
from the transmis-
sion, and the gears
may be safely
shifted

If the idea of
engaged and
disengaged is hard
to understan4 think
of it as with people.
Engaged people are
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SHIFTING 7S

As the speed increases, shift to a higher gear to gain more speed. The
purpose of upshifting is to allow the rig to gain speed. We lose power as the

speed increases but less power is needed to maintain speed.

Downshifting

A vehicle that is reducing speed will, at certain points, require more power
to prevent lugging (overstraining) the engine. For example, when you must slow
down or go down a hill, you may need to shift down one or mor€ gears 8s you
slow. Shifting down increases engine power to the drive wheels while giving up
some speed.

Figure 7-3

Downshifting too early can result in the vehicle having too much
*rnomentum or speed for the next lower gear. This can cause the engine to rev
beyond its operating range and strain its parts. Also, you may not be able to
complete the shift. Shifting down too soon may also prevent rapid acceleration if
it is needed.

AIDS TO SHIFTING

The speedom:ter, tachometer, governor, and clutch brake are all useful or,
in some cases, necessary tools for shifting.

Speedometer

While speed ranges vary with the type of transmission, there is a range of
road speeds to correspond to every gear. A driver must learn the speed ranges for
his or her rig. Then the driver can upshift or downshift as needed.

fi
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upshifting does not occur.
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Rebte actual driving
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Emphaske tlu usefulness of
thc tachometer for correct
shifting.

Show Overhed OH-97.

Ducress tlc re latiorc hips
between the gear and MPH.
Drscuss the diferences
berween j,300 RPMS and
1800 RPMS.

Drscuss tlu advantages of a
govemor and the way in
which it is used on tnrcles

rday.

Be swe thc sttdents
underswd the use of the

clurch brak. This will
probably be a new
component for them

Show Overhead OH-96.

bpbin the sequence the

clutch uscs while in
operatiort

When the top of a
speed range is reached for
a given gear, the driver will
have to upshifl When the
bonom ofa speed range is
rcached for a gear, he or
she will have to downshift.

Tachometer

The tachometer
displays the engine speed
in rcvolutions per minute
(rpm). Just as there is a
road speed range for each
gear, there is an rpm range
for each gear. Upshifting
and downshifting should be
coordinated with rpm
nanges the sane as it is
with road speed ranges.

Governor

The governor is a
device that keeps the
engine from revving up too
much during upshifting. It
also rcduces the fuel
supply to the engine when
the maximum rpm is
rcached ln today's new
electronic engines, this is
controlled by a computer
chip or module.

Clutch Brake

A clurch has three
phases.

1. Free Play
2. Working
3. Clurch Brake

The clurch brake
stops the gears from
turning. To engage iq push
the clutch pedal all the way
to the floor. It keeps the
gears from clashing when
shifting into low or reverse.
Use the clurch brake only
when the vehicle is

completely stopped.

Figure 7-4
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Figure 7-5

o Tells You When
to Shilt

Groundspeed and Gear

Eramples ol Specilic Gear lo Groundspeed
Relationships lor a Nine-Speed Transmission

MPH at MPH At

Gear 1300 RPMs 1800 RPMs

Low
1

2
3
4
5
6
7
I

0
4
7

10
14
19
26
38
53

4
7

10
14
19
26
38
53
65"

' Governor set at 1640 RPMs
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SHIFTING 7J

t NoNsyNcHRoNtzED TRAI',{sMrssIoNS

Later in this chapter, we will deal with synchronized transmissions. The
foUowing information is for nonsynchronized transmissions, which require
double clutching.

Double Clutching

Double clurching is used to let the driver control the engine rpms and the
gears, so the gears can be shifted smoothly. While the method involves more than
rhe simple routine shown here, it is important to understand and master this basic
sequence.

Upshifting

l. Release the accelerator.
2. Push the clutch pedal down, disengaging the clurch. Be careful not to

engage the clurch brake.
3. Move the gearshift lever to neutral.
4. Release the clutch pedal, engaging the clurch.
5. Push the clutch down when the proper rpm for tbe next gear is

reached.
6. Move the gearshift lever to the next higher gear.
7. Release the clutch pedal, engaging the clurch and transmission.
8. Accelerate.

I Downshifting

1. Release the accelerator.
2. Push the clurch down.
3. Move the gearshift lever to neutral.
4. Release the clurch.
5. Accelerate the engine enough to match the rpms with the road speed.

This avoids clashing gears.
6. Push the clurch down.
7. Shift into the next lower gear.
8. Release the clurch.

Be sure to maintain the correct engine speed throughout the procedure.

Synchronizing Skills

Although depressing and engaging the clurch two times on each shift is a
very big part of handling a nonsynchronized transmissiou, it is not Ore main
shifting event. The key action - the one that requires special shifting skills - is
synchronizing (bringing to the same speed) the teeth of tbe mating gears (the
driving gear and the driven gear). When this is done properly, there is no
grinding, or clashing, of the gears.

Engine speed can be read on the tachometer and can be heard. It can also be
felt as a vibration in the tractor. Some drivers think they are using engine rpms to
tell them when to shift wben they are really using their sense of rpm-

A skilled driver of a nonsynchronized transmission rig uses his or her sense
of rpm to know when to shift. Three basic skills are necessary to shift this kind of
a rig. They are:

@ 1997 Prolessional Truck Driver lnstitute of Arnerica, lnc.
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7.E CHAPTER SEVEN

Being able to identify engine rpm
Knowing the rpm at which the engine should be rurning
Being able to bring the engine to the corect rpm

WhaL exactly, does the driver do to control the tooth speed of the driving
gear? After depressing the clutch and shifting into neutral, the driver releases the
clutch. This allows the engine rpms to drop (upshift) or speed up (downshift).
This adjuss the tooth speed of the next driving gear to the speed/rpms of the
engtne.

How does the driver know how much to increase or decrease the engine
speed? Based on manufacturers' recommendations, a general mle of thumb is,
"when you change gean; you must change the rpm by about 25 percent (75Vo) or
500 rpms."

As long as shifts are started at the same rpm, the synchronizing rpm will be
about the same for each shift. For this reason, shifts are a maner of timing and
coordination.

In more complex shifu, the synchronizing rpm is not aiways in the same
place. Shifts may be started at various rpms, so the rpm at which the next gear
will synchronize will also vary. On upgrades, the rig loses speed during shifts.
On downgrades, speed increases. On upgrades, start your shift a linle earlier than
you would on flat ground.

Any change in vehicle speed that occurs during shifting will affect the
synchronizing rpm. A skilled driver is able to deal with these variations.

Besides shifting up and shifting down, handling a nonsynchronized
uansmission demands a third shifting skill. When a vehicle is rolling in neutral,
the driver must get the transmission into the proper gear. This process is known
by many narnes, such as:

. Picking a gear

. Hunting a gear

. Finding a gear

. Hining a gear

The possible mph/gear/rpm combinations can be worked out either by math
or by serue or feel.In general, for each possible mph there will be only one
possible gear.

Most driven handle this situuion by sense or feel. The skill is to sense the

tnrck's mph and recall where the stick should be when the tnrck feels as it does.

Then simply put the stick in front of that gear position.

Think how the engine should be vibrating at that speed in that gear. Then,
with the clutch engaged, thronle up or down until the vibrations feel right and

push the stick.

It may drop into gear. If it does not, work the ttronle and feel how
changing the engine rpm changes the stick vibrations. If the rpms are too high,

the gnnding noise will be high. If they are too low, the sound will be deep and

hollow. Close to the proper rpm, the stick vibrations will feel larger and farther
apaft. Wtren the correct rpm is reached, the stick will begin to fall into gear. At
that point, disengage the clutch and push the stick into place. Release the clutch
and speed up.

1.
t
3.

Stress tlu imponarce of the
driver's relating to how the

engine b performing.

Bc swe the sndents btow
this kfomation as the
staning poittt of leaning
whcn to shilt

Emphaske tlut these skills
will conc with experience,
and they shouU not becomc
dbcoumged hy their early
eforts"

Emplnsize r his btow ledge

will conu with experience.

As you t&e studens out on

the driving range, let them

experience these soutds and
vibrations.
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SHIFTING 7.9

Being able to find the synchronizing rPm under all possible shifting
conditions is the major skill needed to handle a nonsynchronized
transmission.

Summary of Shifting Skilts

Good shifting technique is a sign of a professional driver. Skills include:
. Good timing and coordination
. Shifting without forcing, raking, or grinding the gears
. Never riding the clutch pedal
. Always using the clutch to shift
. Selecting the proper gear for the best fuel economy
. Anticipating changes in terrain or traff,tc

A driver needs to know:
. What gear he or she is in at any given time'
. The top mph and rpm for each gear

When using the engine to cut the speed of the rig, the range selector should
be shifted to the next lower range. lf the vehicle exceeds the ma;cimum speed for
the lower ge:u, use the service brakes to reduce speed. Automatic transmissions
have a longer coast down time than manual transmissions. You will need to learn
to slow down earlier or use the service brakes until the downshift (rccurs.

SHIFTING SYNCHRONTZED

So far we have dealt mostly with
nonsynchroniz*d, or constant mesh,
transmissions which are by far the most
common in heay trucks. But some large
trucks also have synchronized
transmissions which must be shifted
differently.

A synchronized transmission uses
small plates between the gears called
synchronizers to match gear speed
during shifting. This allows a driver to
depress the clutch and change gears
without double-clurching or using the
accelerator to bring up engine speed.
You would use the same shifting
methods as you would in a car or light
mrck with a manual transmission.

IMPORTA}.ICE OF PROPER
SHIFTING

hoper shifting is the sign of a
skilled driver. These drivers do not
grind, clash, or force the gean. Shifting
is not a matter of strength. It can be done
with the thumb and index finger. When
done correctly, the gears practicatly fall

TRA}..{SMISSIONS

Figure 7{

Agair; cmplsshe these skilk
will conu with cxperience.

Sllow
Ovcrlpad
OH-99 as

1nu d,iscttss

thc kct
clcnunts of
sl$ting.

KEY EI.EMENTS OF SHIMNG

CIrtclF Cootrob Cqlrctbn
l.rr-o Engb! nd Inra*rrbo

Match Engine Speed (RPM)
to Transmission Speed

Shift Smoothly toAvoid
Clashing Gears

Shitt by the Tachometer

- Upshtfl When Engine
RPMs Approach Top cf
Govemed Sp€ed

- Avoid Overspeeding

- Downshift When Engine
Speed Approaches low
Range of Govemed
Speed

- Avoid bgging

Variety of BPlr[/Gear Shift
Pattems

Leam RPlWShifi Pattem ot
Vehicle You Ddvel

b s.lcr C.lr. hlrl.lrbrblr
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Stress thc importance of the
driver atd vehicle

Jurctioning as a single unit.

Use Overhead OH-100 to
exp bk pro gre ssiv e s hifting.
F.rylain its imponance.

into place.

Keys to Shifting:
. Use good timing and coordination (the driver matches the road speed,

rpm, and gear).
. Always know what gear thb transmission is in.
. Know the top mph and the maximum and minimum rpm for each gear.
. Anticiparc changes in terrain or traffic.

Important Knowledge:
. Know the vehicle.
. Know the top tachometer readings for each gear and road speed.
. I(now the load and road. For example, do not aft€mpt to shift to a higher

gear until the trailer (not just the tractor) is over the crest of a hill.

Results of Shifting into Too Low a Gear by Mistake

The engine will run too fast This can damage the clutch, engine,
transmission, or drive shaft. It can also cause loss of vehicle control.

Luggng

Lugging occurs when the driver fails to downshift when the engine speed
stafis to fall below the
normal operating
range. In this
condition, the tractor
produces too linle
F)wer and lugs, or
stnrggles. Such
straining can cause
engine overheating,
damage to the drive
train, and stress on
most of the rig's
systerns. It can also
affect the life of all
drive uain
components. Over
rcwing is sometimes
.called a high rpm lug.

Progressive
Shifting

Progressive
shifting is shifting
before you reach the
maximum governed
rprn It allows you to
take the most
advantage of the engine

All driven should learn the technique. This is shown in Figure 7-7.

PROGRESSIVE SHIFilNG
Txhnirp U$d With Sonrc Enginc/tronsrnissbo Combinotirxrs

o Shih Mudr Like Automobil€ ' Avoiloble in Some
r Groduolly lncreose Engine,/lronsmission
o No l,{ecd b Acceleroc Combinotions

|c Gorcrnor Unless o Usa Only if Engine ond
lvloximum Poww Required Compony Policy Allo.r

'lffilhuiPme*Weor

ExotrrpL: ' Sorer Fuel

RPM Rcquirunrnrr h Progrcsiw v!" sbffhnd TechnQr.:s
l0 Sp..d Tronsrnission C'cot SPlit/190O RPM
GcrhPtRqidfE 70,mlhl &91 sq.h. FEdAE|

G

0

g

.Ad
ag
c!
a

20 25 30 35 40 45 50 55 60 65 70 75
Rood So.d MPfl

Figure 7-7

's power and save fuel at the same time.
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SEIFTING 7.rt

I shifting Procedure

Upshifting
. Shift when the engine reaches cruise rpm instead of the maximum set by

the governor.
. ln lower gears, shift at the lowest rpm possible witlrout lugging the

engine.

Downshifting
. Shift as soon as the rpm reaches torque peak (1,300 rpm on most

engines. Check the operator's manual).

Benefits

hogressive shifiing is advised by many companies because it:
. Reduces equipment wear
. Lowers the noise level
. Saves fuel

SHIFTING PATTER}.{S A}.ID PROCEDTJRES

ln this section, we will look at the shift patterns of five common
ransmissions: the Spicer Pro-Shifi Seven Speed,.Eaton Fuller Ninc Speed Eaton
Fuller Super Ten, Roclcwell Ten Speed, Eaton Fuller Thineen Speed" Eaton
Fuller Top 2, Spicer Automate-Z, and Roclcwell Engine Synchro Shifi (ESS).

Spicer Pro-Shift Seven Speed

The Spicer Pro-Shift Seven Speed is a constant mesh (non-synchronized)
twin-countershaft transmission with a single range operation.

SPICER PRO-SHIFT SEVEN SPEED

Shift Potlern

I
I

,€
€A
E
o
c
e

Figure 7-8

Shift Pattern

The transmission uses a sirnple no-repeat shift panern, starting with first at
the bonom left and working up tbrough the gears to seventh at the bonom right
(see Figure 7-8). No levers or buttons are needed for any of the shifts.

@ 1997 Prolessional Truck Driver lnstitute ol America, lnc.
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As you erylain shifting
procedwcs, be sure to
inchdc arry'tricks of the

trade" tlut you hsve
learned

Show
OverhcdOH-
102 as you
disciss rhc
shifting pattern
of tlu Eaton
Fuller Nine
Speed

Compare the
diferences
berween
shifting gears

following rhe

standard "H"
panern and
shifting gean

following a
Dou-ble H
PattenL

Shifting Procedures

Upshifting:
. Depress the clutch.
r Move the gear down and as far left as possible for fust gear.
. To shift to second, double-clutch, move the lever up and slightly to the

righr
. Shift up through the next five gears using the normal double clurching

and following the standard "If'pattern.

Downshifting:
. Shift from seventh to sixth by double clutching, moving the lever sraight

forward, and matching the engine speed to the road speed before shifting.
. Use the same procedure for all further downshifts, following the "!f'

pattern back down to first

Eaton Fuller Nine Speed

The Eaton Fuller Nine Speed is a constant mesh (non-synchronized) rwin-
countershaft transmission with high and low range operation.

Shift Pattern

Low range has five
forward gears: Low
through 4th gear. To use
high range, you lift the
range control lever. High
range has four more gears
(5th through 8th). The
shifting sequence is
commonly known as the
Double H panern (see

Figure 7-9). You start in
first at the top left, then
straight down to second,
up and right to third, and
straight down to fourth. To
engage fifth, you flip up
the range lever and move
the lever back to where
you started in first- Then
you go through the "H"
panern again for the top
three gears.

Figure 7-9

Shifting Procedures

Upshifting:. Deprcss the clutch.
a

a

Make sure the range lever is down (low range).
Move the gear lever to fint gear (use low gear only if you are starting

from a steep grade with a heavy load).
Shift up through fourth gear using normal double clutching.

CONTROLS AND SHIFT PATTERN
EATON FULLER NINE SPEED

cee
l- pgg1p41{6ee
eeel- pEgyp4l--{eoo :#f#t;ffi

'f,l,[$:J'V
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7.13SEIFTING

. To shift from fourth to hfth, lift the range control lever up before moving
the gear lever.

. As the gear lever passes through neutral, the transmission automatically
shifts to high range.

. Shift from fifth to eighth using normal double clurching.

Downshifting:
. Shift down from eighth to fifth using normal double clurching and engine

and road speed marching.
. To shift down from fifth to fourth, push the range lever down before

moving the gear lever.
. As the gear lever passes through neutral, the transmission automatically

shifts to low range.
. Shift down from fourth to first using normal double clurching and engine

and road speed matching.

Eaton Fuller Super Ten

The Eaton Fuller Super Ten is a constant mesh (non-synchronized) twin-
countershaft nansmission with a low-inertia design and auto-range actuation to
make shifting easier. With low-inenia technology, the main shaft is disconnected
from the back box during compound shifts. Drivers can preselect all bunon shifts
up and down, helping to speed shifts and reducing misshifts.

Figure 7-10

Point ou any tniqrc
clu racte rist ic s or so uds
that may occur while ebhcr
upshifting or bwns hifiing.

Show Overlud OH-103 u
you discttss the shifiing
panern of the futon Fuller
SuperTen

Point ow atry uiqrc
features of thc futon
Fullcr SupcrTen

CONTROLS AND OPER/A\TION OF
AN EATON FULLER SUPER TEN

Wi$ ttte oulo-ronge hobrc, tlre octriol nurnber of concntionol
lev=r rhihs is holf *rot of com'snlbnol ten rpccds. Ihc roryc rhih
'rs rriooercd ouomoticollv ol'lX" bcofion oi fto opcrolor nows
the llirmrcd rhc rhirl mil.

When storting in ftrst gmr, preselect lhe
nexl geor with the splifier brrtton, releose
the throttle, ond occelerole utren you Ere
in geor.
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Slww Overhed OH-IM as

you discuss thc shifting
panern of the Rocla,ell
Ten-Speed tatu,missioa-

Point out any untqte
characteristics ofthe
RoclwellTen Speed

Shift Pattem

Unlike other dual range transmissions, the Super 10 does not have a range

change lever. lnstead, you just have five geaf positions that you split, reducing
gear lever movemenB by half. For example, you start in fust gear at the bottom
left (see diagram shown on the previous page).Then you preselect the next gear

with a splitter button. To engage the gear, all you need to do is release the throttle
to break torque, and then accelerate again when you are in gear. You only need to
move the gear lever from second to third, fourth to fifth, sixth to seventh, and

eighth to ninth'.

Shifting Procedures

Upshifting:
. Depress the clurch.
. Make surc the range lever is down (low range).
r Move the gear lever to first gear (use low gear only if you are starting

from a steep grade with a heavy load).
. To make a spliner shift (first to second, third to fourth, fifth to sixth'

seventh to eighth, or ninth to tenth), move the splitter button forwar4
take your foot off the throttle, wait a few seconds for the gear to engage'
and then accelerate.

. To make a lever shift (second to third, fourth to fifth, sixth to seventh, or
eighth to ninth), move the spliner button back, double clutch, and make a
normal shift

Downshifting:
. To make a spliner shift down (tenth to ninth, eighth to seventh, sixth to

fifth, fourth to third, or second to first), simply move the spliner button
back and whenever you are ready, release the thronle, wait a few seconds

for the gear to engage, and accelerate again.
. To make a lever shift down one gear, move the spliner bunon forwar4

double clutch, match the engine rpm to road speed, and make the shift.

Roclnvell Ten Speed

The Rockwell Ten Speed is a constant mesh (non-synchronized) twin-
countenhaft transmission with high and
low range operation.

Shift Pattern

Low range has five forward gears:

fint through fifth gear. To use high range,
you lift the range conml lever. High range
has five more gea$ - 6th through l0th
(see Figure 7-11). You start in first at the

bonom left, then up and slightly to the

right for second, and through the normal
"tl'pattern to fifth. To engage sixth, you
flip up the range lever and move the lever
back to the bonom left where you started
in hrsr Then you repeat tie "H" pattern
again for the top four gears.

SHIFT PATTERNS

ROCI(WELI TEN SPEED

@ae
L-Nru?nar--leee

Figure 7-ll
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Shifting Procedures

Upshifting:
. Depress the clurch.
. Make sure the range lever is down (low range).
. Move the gear lever to first gear a the bonom left.
. Shift up through fifth gear using normal double clutching'
. To shifi from hfttr to Jixth, lift the range control lever up before moving

the gear lever.
. As [e gear lever passes through neutral, the transmission automatically

shifts to high range.
. Shift fromiixth to tenth using normal double clurching.

Downshifting:
. Shift down from tenth to sixth using normal double clurching and engine

and road speed matching.
. To shift down from sixth to fifttr, push the range lever down before

moving the gear lever.
. As the geat leu"r passes through neutral, the ransmission automatically

shifts to low range.
. Shift down from fifth to first using normal double clutching and engine

and road speed matching.

Eaton Fuller
Thifteen Speed

The Eaton Fuller
Thirteen Speed is a constant
mesh ( non-synchronized)
twin-countershaft
transmission with high and
Iow range operation, as well
as a spliner on high range
gears.

Shift Pattern

The transmission has

five gears in low range,
including a lowJow gear.
High range has four direct
ratios, as well as another four
overdrive ratios. Overdrive
can be engaged in high range
with a spliner switch. But the
spliner must be in the direct
mode to operate in low range
(the transmission will not
allow you to downshift into
low range unless the swirch
is in direct). The shift pattern

move to fifth, and repeat the panern.

Slnw Ovefted
OH-105 6you
discnss the shift
pattern of tlu
futon Fuller
Thineen Spced

Be sure to crybin
lww shilthg a
thincen-speed
tronsmission diffen
from shilting aten-
speed or nitu-
speed transmissiut-

is the basic double i/. You Figure 7-12
start in first at the top left
(see Figure 7 -12), thln move through the "!f' to fourth, flip the range lever up'

CONTROLS AND OPERATION OF AN
EATON FUITER THIRTEEN SPEED

While in low Ronge, Shihlhis Potbttt

While in 4th Speed of low Ronge, Flip

Ronge Control levpr, ond Shift This

Rongg @G\9 WU
Uring Splittar Vshrc to Split thc High

Ronge Rolior O tgST C.trrtuI*'ltT h.

hlem
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fuplain the specific
dife renc e s driv e rs w iII
encoruter when using
electronic contols.

Show Ovcrhed OH-106 as
you discttss rhe shifiing
panern of the Eaton Fuller
Supcr TenTop 2.

Shifting Procedures

Upshifting:
. Depress the clutch.
. Make sure the range lever is down (low range).
r Move the gear lever to fint gear (use low-low only if you are starting

from a steep grade with a heavy load).
. Shift up through fourth gear using normal double clurching.
. To shift from fourth to fifth, lift the range control lever up before moving

the gear lever.
. As the gear lever passes through neutral, the ransmission automatically

shifts to high range.
. Shift from flfth to eighth using normal double clutching.
. To split a gear in high range (go from direct to overdrive), flip the spliner

switch, release the accelerator, depress and release the clutch, and
accelerate again.

. To shift from overdrive to direct drive in the next higher gear, move the

gear lever into the next gear and flip the splitter switch just before your
foot has come offthe clurch

Downshifting:. To split down from overdrive to direct in the same gear, flip the splitter
switch, rclease the accelerator, depress and release the clutch, and

accelerate again.
. To shift down from direct in one gear to overdrive in the next lower gear.

flip the splitter switch to overdrive and make a normal downshift-
. To shift from fifth direct to fourth, push the range lever down, double

clutch, and make a normal downshift.

Shifting Semi-Automatic Thansmissions

Some newer transmissions use electronic controls to help you shift. They
arc essentially manual transmissions, with a clutch and a similar-looking gear

lever, but some of the gears are automated. tn this chapter, we will look at the

operation and shift pa$erns of three types: The Eaton Fuller Top 2, the Spicer

AutoMate-2, and the Rockwell Synchro Shift (ESS).

Eaton Fuller Top 2

The Eaton Fuller Top 2 uses the control module of an electronically-
controlled engine to automatically change the toP two gears. It comes in two

versions: the Super l0 Top 2 (a l0-speed) and the Super 13 Top 2 (a l3-speed).

B oth arc fwin<ountenhaft nonsync hronized transmissions with A utoRan ge

shifting (no range change lever) and low-inertia technology which disconnecs

the back box during comPound shifu.

Shifting Pattern

The Super l0 Top 2 has the same shift panern as the standard Super l0 (see

instnrctions under Super 10 on p. 7.13) and the Super l3 Top 2 has basically the

same change pacern as the Eaton Fuller l3-speed with a few exceptions: lnstead

of using 
" 

rattge change lever move between rangesr AutoRange does it
uuto-uliculty ana tfre strlft pattern is no-repeat. You only hav€ to move the gear

lever once through all the pbsitions to get all the gears. With both transmissions'
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CONTROLS AND OPERATION OF
AN EATON FULLER SUPER TEN

TOP 2

ffi8888
Wth the lop2, the ?ronsmission shift
looic in the enqine ECU computes wlrich
o&, 

"ou 
shou'ld be in for oitimum

iurfoironce ond efficiencyiThe Top 2
ioftrrore then tells the tronsmission to
moke the shift for you, outomoticolly.

c
F
EI
a
E
o

B
o

When storling in firrst geor, pneselea the next geor with the splirer
button, releose the throttle, ond occelersb when you 01€ in geor:

Figure 7-13

the top gear position is marked A. Once the gear lever is in this position, all
upshifts and downshifts between the top rwo gears are automatic.

Shifting Procedure

. Both transmissions are operated as normal nonsynchro transmissions in
all gears but the top two.

. Automatic mode can only be engaged when the vehicle is travelling over
40 mph.

. V/ith the Super 10 Top 2, you change normally to 8th, then double clurch
and move into the "A" position.

' With the Super 13 Top 2, you shift normally to llth, then double clurch
and move into "A".

. While in the "A" position, the engine and transmission work together to
change, up or down, when needed. When a shift point is reached, the
engine speed automatically changes to match road speed and the change
is made - all without driver input.

. You can delay an upshift by applying more thronle or delay a downshift
by easing offthe thronle.

. With the engine brake on, the electronic controls automatically extend
governed engine speed by 200 rpm to help maintain the lower gear on a
downgrade.
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Show Overhead OH-107 as
you discuss the shifting
pattcrn ofthe Spicer
AwoMarc-2.

SPICER AUTOMATE.z
Shift Pottern

a4

o

I

Figure 7-14

Spicer AutoMate-2

The Spicer AutoMate-2 is a lO-speed transmission that uses electronic
controls on the transmission to automatically change the top two gears. It is
available in directdrive and overdrive venions.

Shifting Pattem

The AutoMate-2 has a familiar l0-speed shifting pattern. First gear is at the

bonom left, second is up and to the middle, third straight down, etc. When you

reach fifth, you flip the range lever up and come back to the bonom left, then up

and the middle for 7th and srraight down for 8th. The lener A is where 9th would

normally be. Once the lever is moved to that position, the transmission
automatically senses road and engine speed and changes up to l0th and back

down to 9th when necessary.

Shifting Prccedure

. The AutoMate-2 is operated as a normal non-synchro transmission in the

bonom eight gears. You fint use the clutch and then change up or down
by manually matching the road and engine speeds.

. Tire tnrck must be travelling over 38 mph to engage the automatic mode.

. When you rcach 8th gear, double clutch and move to the A mode'

. No driver input is needed to change gears in 9th and lOth' The

Aansmission automatically senses when a change is needed, adjusts the

engine speed (no maner where the driver has the thrortle), and makes the

change.
. Upsh]fts in the A mode can be delayed by applying more thronle, and

downshifts can be delayed by easing off the thronle.
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CONTROLS AND SHIFf PAfiERNS
ROCI(WELL ESS TEN SPEED

IU=
-l./
,/!}fhn''*erldrrE'

Hffi*

r

o

o

Tum the Engine Synchro Shifiru switch lo "On"
position. Atobout '1500 RPMs opply light lorce on
shift lever toword neutrol geor. The engine
outomoticolly synchronizes wih rood speed. Switch
the shih intent swirch to "Up" for upshifting, 'Down"
for downshihing.

Figure 7-15

Rockwell Engine Synchro Shift (ESS)

The Rockwell Engine Synchro Shift (ESS) uses engine electronic contiols
to automatically synchronize the engine speed to road speed during shifts in all
gears. The system reads the input and output speeds of the transmission, the
neutral position of the gear lever, and the position of a special shift intent swirch
on the side of the gear knob. The engine controller processes the information and
sends a message to the fuel control system to automatically increase or decrease
the engine speed to synchronize with the road speed during shifting.ln essence, it
turns a nonsynchro box into a synchronized one. The driver has the option of
turning the system off and operating the transmission as a fully manual box.

Shifting Pattern

ESS is fitted to either the Rockwell 9-speed or Rockwell l0-speed manual
transmissions. It allows the &iver to move through the standard shifting pattern.
Both nansmissions are nonsynchro boxes wittr range-change shift panerns. (See

Figure ?-15)

Shifting Procedure

. Suning out, the driver turns the ESS swirch on the side of the gear knob
to the on position.

@ 1997 Protessional Truck Driver lnstitute ol Atnerica, lnc.

Expbin low the Roclwell
ESS transmbsion drfers
from the other
transmissiorrs.

Show Overlud OH-|O8 es
you discttss thc shilting
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Expbin tlu dffirences
between the Roclopell ESS

transmission and a fully
automatic one.

Cite examples of on+he-road
use ofthese positiors to
erybin when each of the
gears erylaincd in thb
section is used

. The clutch pedal is depressed, first gear is selecte4 and the clurch is
. released- After that, the clutch only needs to be used again when coming

to a comPlete stoP.
. To shift up, the driver puts the shift inrent switch on the side of the gear

knob in the up position.
. At the appropriate engine speed (around 1,500 rpm) the driver applies

light force on the shift lever toward neutral while in gear. The
uansmission should allow a shift to neutral.

. The engine automatically synchronizes with the road speed and allows
tbe driver to move to the next gear without touching the thronle or the
clurch.

. Downshifting is similar, excePt you put the shift intent switch in the

dowu position before making the shift. The engine automatically
increases its speed to rnarch the road speed for a smooth shift.

. While in the ESS mode, the range control function is automated, so the

driver does not have to flip from low to high or high to low.
. Any time the driver uses the clurch while the truck is moving or turns the

ESS swirch off, the transmission reverts back to fully manual oPeration,
and the &iver must use the clutch and throttle to shift gears.

Shifting Folly Automatic Tbansmissions

Fully automatic transmissions do not require the use of a clutch. lnstea4
they use a torque converter to transfer power. These converters provide a fluid
coupling instead of a hard frictional coupling provided by a clutch. Some newer

transmiisions also have lock-up functions that lock the converter mechanically
when the transmission in in top gear. This provides a mor€ solid coupling and

helps improve fuel mileage.

Many automatic transmissions have a lever to change gean. But some

newer models with electronic controls use buttons instead. To select a ge r
position, the operator pushes a bunon instead of moving a lever.

Range Selector Positions

Neutral (N)
Neutral is used for starting, standing, and parking the'vehicle. The parking

brake should be set when the vehicle is standing or parked. Never coast in neutral

because fansmission damage and loss of control of the rig can result.

Reveme (R)
Revene is used to back the rig. There is one gear in the reverse range. The

vehicle must be stopped (no movement) before shifting into reverse. A reverse

warning signal sounds when the gear is placed in reverse.

2-5 or Drive
This position is used for all normal driving conditions. It starts in 2nd and

shifts up to:nO" 4th, and 5th as you accelerate. Downshifting is automatic as your

speed slows.

2-3124 Lower Range
Some roa4 c:ugo, or traffic conditions make it desirable to restrict

automUic shifting tolhe lower ftlnge. Low ranges provide greater enging 
.

braking. Wben thi need for this range is over, ihift back to high range (Drive or

2-s).
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2A,ou'Ciear
This gear is used for pulling

through mud and snow or driving
up a steep grade. It provides the
most engine braking power. The
lower ranges (7-3124) will not
upshift above the highest gear
selected unless the engine
governor speed for that gear is
exceeded.

l/Creeper Gear
For off-highway use.

hovides the greatest traction. You
should never make a full power
shift from creeper gear to a higher
range.

Upshifting and
Downshifting with an
Automatic
Transmission

'1.

8.
9.

10.
11.

Figure 7-15

Upshifting using the accelerator

a

a

The pressure of the foot on the accelerator pedal influences automatic
shifting.
When the accelerator is fully depressed, the ransmission automatically
shifts up to the recommended speed of the engine.
When partly depressed, upshifu occur sooner at a lesser engine speed.
Either method provides the accurate shift spacing and control needed for
maximum performance.

Downshifting. Occurs automatically
. The transmission prevents downshifting when the engine speed is too

high.

SUMMARY OF GOOD SHIFTING HABITS

1. Know the shift patrcrn of the vehicle.
2. Start the rig in the lowest gear.
3. Use the clurch brake properly.
4. Upshift smoothly.
5. Downshift at the precise point and time required.
6. Use double clurching.

Avoid snapping or riding the clurch.
Use the tachometer and speedometer to time shifts.
Avoid lugging or rewing the engine.
Do not force the transmission into gear.
Avoid overloading the rig.

Show Overhead OH-|O9
lo assrst in yow
crylatution

This is a review ofthe entire
chapter. These are the
imponant points to
remember.

Use Overlead OH-99 in
your r*icw.

CONTROLS AND SHIFT PROCEDUR,ES
FU1IY AI,'TOMATIC TRANSMISSION

Nqrtrol
Use When Storting, Sbnding, Po*ing

Rcrrne
Vehicle Must Be Completely St"pp"d Bcfore Udng

2-5 or Drivr
all Nonnol Driving Conditions

2-3121
lonrer Ronge for Lood Typas, Driving Conditions

2
When Pulling Through lv!.d, Sno,rv, Up Sleep Hilb

I
Creper Geor for OflXighv,qy Ure

.,

e
a
I
E
a
g
o
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[f ths sretement is true, circle the T. If the statement is false, circle the F.

@ f l. The clurch connecs and disconnects the engine and transmi ssion. (p. 7.4)

7.X2 CEAPTER SEVEN

KEYWORDS

Automatic transmission - One that, when set for a certain speed range, will not exceed that speed and the
engine automatically shifis through the gears until it reaches that speed.

Manual transmission - One that must be shifted by the driver through the different gears. A clutch must be
used

Non-slmchronized transmission - One that does not have thin plates between the gears to assist in shifting. The
driver must double-clurch.

Semi-automatic transmission - One tbat is essentially a manual ransmission, but uses electronic controls to
automate some of the gear changes.

Spchronized transmission - One thar has thin plates between the gears called synchronizers. Allows shifting
without double-clurching.

LEARNING ACTIVITIES
Tlue-F'alse Questions

T @ 2. Pushing down on the clutch pedal engages the engine. (p.7.4)

F 3. A standing vehicle rcquires more power to get it moving than to keep it moving once it is
underway. (p.7.4)

F 4. Nonsynchronized transmissions require double clurching. (p.7.7)

F 5. Double clutching enables the driver to control engine rpms and the gear so the gean; can be engaged
smoothly. (p.7.7)

F 6. Double clurching, though an obvious action, is not the main shifting event. (p.7.7)

F 7. Bringing the teeth of the driving gear and those of the driven geani to the same speed
(synchronizing) requires special shifting skrlls. ( p. 7.7 )

F 10. When a vehicle with a nonsynchronized transmission is rolling in neutral, the driver must hunt,
frn4 or hit a gear. (p.7.8)

F I l. The abiliry to find the synchronizing rpm under all possible shifting conditions is the major skill
necessary in handling a nonsynchronized transmission. (p. 7.9)

F lZ Controls differ for the many different transmissions, but all work on the principle of providing

lnwer and speed as needed for driving conditions. (p.7.9-7.lE)

@

@
@

@
@

@

@

@

T @ 8. Nonsynchronized gears can be synchronized easily without double clutching. 1p.7.7)

T @ 9. In double clutching, the driver disengages the clutch after shifting into neutral and accelerates to
increase the tooth speed of the driving gear. (p. 7.8)
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