Preface

Heavy Equipment Power Trains and Systems was devel-
oped to educate students who are planning a career
in the off-highway industry, especially construction
and agricultural equipment. However, this textbook
will empower students working in other heavy equip-
ment power train fields, like forestry or mining, and it
is appropriate for students who are pursuing a certifi-
cate, associate’s degree, bachelor’s degree, or master’s
degree.

The author and publisher proudly support the
mission of the AED Foundation, which encourages
continuous learning, provides educational opportu-
nities for today’s employees, and elevates the quality
of tomorrow’s equipment industry technicians. The
contents of this textbook have been carefully corre-
lated to the Power Trains section and key areas of the
Safety and Hydraulics/Hydrostatics sections of AED’s
Standards for Construction Equipment Technology.

This textbook includes traditional power train
content such as safety, tools and equipment, overhead
lifting, belts, chains, gearing, manual transmissions,
planetary transmissions, countershaft transmissions,
powershift and automatic transmissions, torque
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New to This Edition

Notable changes in this edition of Heavy Equipment Power Trains and Systems include
overarching revisions, such as updated photos and illustrations, additional case
studies, discussion questions added to the case studies, and multiple types of new
end-of-chapler assessment.

The subsequent chapters feature new or updated content onthe following industry

topics, including:

.

Chapter 1: electrical hazards in the heavy equipmentindustry; traversing
inclined slopes with a machine; using chains, straps, and chain binders to secure
equipment and components onto trailers for transport; and exothermic cutting.
Chapter 2: ratchets; electronic torque wrenches; torque angle gauges;
hydraulic torque wrenches and pullers; torque multipliers; taps, dies,

and thread chasers; wireless electronic pressure transducers; photocell
tachometers; infrared temperature guns; thermal imaging cameras; transfer
gauges; and torque-to-yield bolts.

Chapter 5: chain and cable hoists (come-a-longs) and snatch blocks,
Warrington wire rope, and machine securing chains (transport chains).
Chapter 6: flat idler pulleys, new style of serpentine belt gauge, and chain breaker.
Chapter 7: double-helical gears, compound spur gear sets, ceramic bearings,
and revised John Deere DirectDrive dual clutch and Case IH Maxxum Active
Drive 8 transmissions.

Chapter 8: PTO overrunning clutches, cam-type overrunning clutches, ramp-
style dogoverrunning clutches, and ratchet-type overrunning clutches.
Chapter 10: Case IH Magnum 21-speed countershaft powershift transmissions,
Case New Holland articulated tractor 16-speed powershift transmissions, John
Deere 7R and 8R e23 countershaft transmissions, and Caterpillar TA19 and
TA22 powershift transmissions.

Chapter 11: Caterpillar D10 transmission oil flow.

Chapter 12: the k factor in relation to stall testing a torque converter, oil
sampling as part of fluid contamination control, and reconditioning a
contaminated hydraulic system.

Chapter 13: hydrostatic transmissions incorporated into non-propulsion
applications and in continuously variable transmissions (CVTs); AGCO, John
Deere W155/W170 and W235, New Holland 220 Speedrower, and MacDon
M-Series swathers; Caterpillar PM822 cold planers; sizing a hydrostatic
transmission charge pump; Danfoss H1 Type 53 closed-loop pumps; neutral
charge and flushing relief valves; and hydrostatic transmission enable
solenoid valves.

Chapter 15: Komatsu wheel loader; Claas Lexion C8x combine hydrostatic
drives; and John Deere 8R, 744, and 824 X electronically variable

transmissions (EVTs).

Chapter 18: axle disconnects.

Chapter 21: rubber and spring cab mount suspensions and new and revised
suspension photos and schematics of various manufacturer machines.
Chapter 22: front-mounted ballasting weights.



- Chapter 23: Komatsu Parallel Link Undercarriage Systems (PLUS) and John
Deere undercarriage designs. Updated rubber track drives.

« Chapter 25: four types of dual-path hydrostatic transmissions on swathers,
non-load-sensing steering priority valves for open-center SCUs, and implement
steering and implement guidance. Updated electronic steering features and
motor graders combination steering systems.

« Chapter 26: high-voltage charging systems, high-voltage batteries, on-board
AC chargers, off-board DC fast chargers, types of EVSEs, electric power
generation, types and basic chemistry of HV batteries, HV battery health
monitors, and Deere 850 X-Tier electric-drive dozers.
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Goodheart-Willcox appreciates the value of industry.credentials, certifications,
and accreditation. We are pleased to partner with leading organizations to support
students and programs in achieving credentials.Integrating industry-recognized
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benefits for the student and for the institution. By achieving third-party certificates,
students gain confidence, have proof of a measurable level of knowledge and skills, and
earn avaluable achievement to include in their résumés. For educators and adminis-
trators, industry-recognized credentials and accreditation validate learning, enhance
the credibility of programs, and provide valuable data to measure student performance
and help guide continuous program improvement.

The AED and ASE Education Foundation Connections

Goodheart-Willcoxis pleased to partner with the Associated Equipment Distributors
(AED) and ASE Education Foundation by correlating Heavy Equipment Power Trains
and Systems to both the AED Standards for Construction Equipment and the ASE
Education Foundation Meditim/Heavy Duty Truck task list. These standards were
createdin concert with industry and subject matter experts to match real-world job
skills'and marketplace demands.

To see how Heavy Equipment Power Trains and Systems correlates to creden-
tialing and certification standards, visit the Correlations tab at www.g-w.com/
heavy-equipment-power-trains-systems-2028.
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Features of the Textbook

The instructional design of this textbook includes
student-focused learning tools to help you succeed.
This visual guide highlights these features.

Chapter Opening Materials

Each chapter opener contains a list of learning out-
comes, a list of technical terms, and an introduction.

Learning Outcomes clearly identify the knowledge
and skills to be gained when the chapter is completed.
These outcomes are labeled and correlated to related
assessment elements to facilitate reporting and
remediation.

Technical Terms list the key words to be learned in
the chapter.

The Introduction provides an overview and preview

CHAPTER

Learning Outcomes

After studying this chapter. you will be able to:

151 Describe the different types of mechanical
variators used in CVTs.

Describe the operation of different Lypes uf
CVTs that use both a mechanical iugut vnd
hydraulic variator.

Explain the ope that

Continuously Variable
Transmissions

Introduction Lo Continuously
Variable Transmissions
Mabile equipment. has Heen using contimuusty
variable transmissions (CVI) since 1%36. & CV'.
also known as a stepless transmission ov infiniicly
variable transmission (IVI), is # trausiission that

use asingle Imlmsl'mc it s drve T
hydrostatic motors.

Explain howa CVT that nses a techouical
input and electrical Yartatur finctions

Technicdl Terms

anti-ship regulation (ASR) power nentral

A-post. display power zra izl

Cluster gear preselect mode:

coutivmonsly varisble  proportionatox putap/
transmission OV ‘motor

ot pust display pullbelt

droopeontiol push bell

infinitely variahlc rotary encoder

transmissions TVT)
multifunction handle
(MFH)

stepless transmission
toroidal drive
Sariator

Timited ratios. The (VT nor-
mally 1ises a variator, which is a variable drive that
produces an infinite mumber of speeds. The variator
an b a mechanical drive. in the form of a variable
Lwlt duive or a variable roller drive. CV'I's can ulso use
by valie vartatr consisting of @ hydraulic puir>
and toter. The vaviator ean also be an eleetrie drive,
inthe farm of a general or and motor.

The C¥T's can nae a. combination of a mechani-
~ariator, or the CVT might use the
~anatoe by wself with na olher meehanical input.
The CVT might delivera single output, such as driv-
tug the rear axle, or it might deliver two outputs,
for example, driving the front and rear axles. CVTs
canbe used for propelling the machine, or for other
drives like rotors, headers, and feeders. The types
Of CVTs used in heavy qmpmenl mrlude variable-

pulley (VD) s
‘mechanical drive with a |\\A]r8l||l€ wvariator or an
electrie vatiator, and hydrostatic drive transmis-
sion (IIST).

151 Mechanical Variators

CVIs can liave one of Lwo types of mechanical varia-
tore: bl (\DP) or o torgidal

of the chapter content.

Additional Features

Additional features are used throughout the body of
each chapter to further learning and knowledge.

Warnings alert you to potentially dangerous materials
and practices.

Cautions alert you to practices that could potentially
damage equipment or instruments.

Tech Tips help you develop critical thinking, diagnos-
tic, and troubleshooting skills needed in the workplace
today.

Service Procedures are provided throughout the
textbook te provide clear instructions for hands-on
service activities.

Hoauy Equizmen: Power Trans and Systems.

o
When elevating scrapars unlaad, the cjecte

extended halfway forveard nutil i a

elevaton

is reversed to unload the bowl,

RIS . cioccr con
s ehan ard fighting

Serupers are classified as either tractor scrapers
or towed suraprs. rmmr scrapers have thelr own

Towed scrapers. urepullml with other machines. often

Twin-engine scrapers have an engine, transmis-
sion. axle. and differential at the front and rear of the
muchine, Tandem scrapers often use two separate

The front engine is called the tractor engine and the
rear engine is called the scraper engin

Both the front and rear engines deliver power to
their dedicated torque converter, transmission, and
differential axle assembly. The tractor engine has
more horsepower than the scraper engine. The trac-
tor engine drives the hydzaulic pumps to control the
steering. bowl aperations, cnshion hitch. and push-
pull bail controls. If the machine nses air brakes, the
compressoris driven by the tractor's engine.

A Caterpillar 637 tractor transmission has eight

large tractors. P P

See Figure 5-42. has only four forw: dsand

ol pull two or three towable scrapers in series. 2
“The tractor’s eight-specd

ewltural tractors, also known as mechanical
front-wheel-drive (MEWD) tractors.

Tech Tip

Although most towable scrapers are open bowl,

Miskin manufaciures a fowable elevaing scraper.

Miskin also manufactures an air-assisted scraj

Al directed fhrough fhe floor of fhis fowable

scraper loosens the dirt, helping the scraper lood
re dir.

There are several different classes of tractor
scrapers:

transmission and higher-horsepower engine provide
fst road speeds, up to35 mph (56 km/h). The tractor's
transmission can be shifted manually or automati-
cally, whill the scraper’s transmission is only shifled
is controlled by p

control system.

Warning

Ifa fandem soraper furns a sharp comer and fhe
operalor accidentally accelerates fhe rear en-
gine by fsel, f couid cause fhe fracor ool over.

- Twin
+ Push|
Singl
frame. Thy
s the elev
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Service Procedure

Heavy Ecuipment Pover Trairs and Syztems

5. Remove fhe cover cap screw located next
fothe part number, as well as fhe cover cap.

or Operating Lever

Adjusting the Clutch Release

o

screw located 180* from the part number.
Assemble the clutch adjustment fool. The

===

Figure 3-4
the drawb:
scrapers

The following sequence oufiines the steps for
adjusting one style of John Deere PermaCiuich on
4430 and 4630 fracfors
1. Label the three PTO clufch operating levers
and the fhree fraction clufch operafing levers.
indicating their position on the cluch.
2. Remove fhe PTO clutch operating levers
by removing the refaining clips and pins.

See Figure 8:8.

G- utstr
Figure 8-8, Afer labeling each operating lever and

its position on the clutch, remove each PTO operating
lever by first removing the lever's retaining clip and pin.

3. Loosen both fhe lock nuts and fhe adijusting
nuts on all three fraction clutch operafing levers.
4. Loosen the jam nuts on all fhree PTO clutch
perating lever adjusfing screws and furn the.
screws inward, loosening fhe PTO adjustment.
See Figure 8-9.

jam puts and
adusting |

oo st
Figure 8-9. After removing the PTO operating levers,

onthe fool. The rings used will depend on
the model of the fractor being serviced
Seo Figure 8-10,

Tracton clteh |
uge tool

1eh gaugo
oawerng |
Gt
Figure 8-10. The selective rings must be fastened to
the clutch adjustment tool before the tool is installed
o the clutch. The service Iterature spacifies the ring
number based on the model of tractor.

7. Install fhe two adjusting screw studs info fhe.

clutch cover holes that confained the cover
5. Place fne

clutch adjusiment ool onto the clutch and
position the cross bar on fop of fhe adjusting
screw studs, allowing the long adjusting screw
of the gauge tool fo profrude through fhe cross
bar's hole. See Figure 811

Goue o i
Figure 8-11. Install the two adjusting screw studs,
placing one in the hole next to the part number on
the cover and the other diagonally opposed. The long

loosen the traction clutch operating justing
screw lock nuts and adjusting nuts.

of the clutch
‘extend through the cross bar's hole.

continued

Copyright Gonsnearilcox Oo. ne.




lllustrations
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Figure 15-57, A simpliisd schematic of a John Deere 8R EV', It contains = right and left countershatt, an input shaft,
an output shaft, a PTO/pump shaft, and two motor generators.
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Case Study

Failed Forward Directional
(High and Low) Clutches

The clufch drum and friction material of a failed
powershift fransmission are shown In Figure 11-36.
Notice the drum housing and clutch pack have

een overheated and are discolored This frans-

mission s a direct-drive countershaft powershift
fransmission, meaning that it does not use a
forque converter.

Affer the fransmission was disassembled, the
technician inspected e components. Thefrans-
mission oil pump, drum, and piston were fine. The
‘countershaftube passageways were checked by
‘applying air pressure and were found fo be unre-
stricted. The countershaft pressure passageway
check balls were in place. f they were missing, it
would cause a drop in clutch pressure. Because
the components were not defective and only the
forward directional clutches failed. the fechni-
cian defermined fhat the operator caused this
low-hour failure (600 hours).

In this fransmission, fhe speed clufches are
quickly engaged, but the directional cluiches
are modulated, meaning they are engaged
more siowly fhan the speed ciutches. The oper-
ator was operating the machine with their foot
on the inching pedal, causing the forward low,
and high clutches fo constantly siip. In addifizai
areview of the fransmission control module hiswry
revealed machine overspeeding and trearmise
sion overheating.

Discussion Questions
Working with @ pariner or smoil grcscs, th
following questions. SUpport it s with avi-

1. Besidies riding !
ofher causes of

Selective Shim:

Heavy Equicmen: Power Trans and Systems

Figure 11-36. This directional cluich (low forward
and high forward) failed. Natica the clutch drumis.
discolored. The clutch prssure plate and clutch pack:
are also burnt. Sometimas plates will warp when
overheated, but these are stll straight. A new friction
disc from another clutch pack is shown for comparison:

transmission madnlz and al the front of the rear
cover wtule, A siuplfied nstratuon is shown in
Figure 11-37. With the reat of the woiu trausmission
smodulé ipseond (=2 Tanerary. ciugupward).
astruightedgesplaced acrass e case where the rear
caver module or retatder mounis. A deplh micromater
isused to measure the distance Irom e st raightedgr
to the bearing spacer surface on wincl: Le selecive
shim mounts. Because the measurement, is Taket
from the bottom of the straightedge. the thickness ui
‘must be subtracted
depth that was easnred.

Next the rear covor iodule or retarder module is

End-of-Chapter Content

End-of-chapter material provides an opportunity for review
and application of concepts:

Selective shims can b
unce between planet]
endplay. Shaft endpli
Ty The |
ufacturers is | ypreall
0.025" (064 n). Too)
cause excessive wear

an Allison 3000 seri
surements must be |

Summary

Review Questions

71 Gearmgiznsed i heavy equipment to
icreasc ot Aectease specd, increase or
decrease tovyue. puvide direct drive, and
reverse power fline. Gears can have stralght-
cut tecth (spur gears), helical-cut teeth
(helical gears). or chevran-shiaped Lecth
(herringbone gears). The 1ot can be on the
inside or outside of 1h gear. Gear ratios are
determined by dividing Hye number of Leeth
anthe driven gear by tlee number of teeth on
the drive gear.

72 _sliding gear marual transmissions change

i It

sliding gears into mesh with mating gears
onaparallel shatt. Collar shift manual
transtnissions use a collar that is splined to a
shtaft, and when it is coupled to a speed gear,
tacks that gear to the shaft. Synchronized
manual transmissions use synchronizers o
atch transmission speed to engine speed
be

Shift forks move gears. synchronizers. or
collars to engage and disengage zears ina
wal transimission.

he input and output gears are meshed.

Answer the following questions using the information
provided in this chaper.

Know and Understand
1. Which ofthe following gear ty]
operation but economical t

s is noisy during
mfacture? (7.1)

Allelical .
B. Hypoid. D. Worm.
2. A__gear sot uses gears with helical-cut tecth

resembiing the threads on a large screw to drive
another gear and change the direction of power
Tlow. (7.1)

A planetary C.spur

B worm drive D. None are correct.
A gear with 20 teeth i drivinga gear with

20 teeth. What will be the result? (7.1)

A Reduced speed.

B. Increased speed.

C. Increased torque.

D. Direct drive.

A gear with 40 teeth is driving a gear with

20 teeth. What will be the result? (7.1)

A Reduced speed.

73 Bearings. which y cateag
into friction and antifriction types, support
shafts and minimize friction, heat, and wear.
Common types of antifriction bearings
include ball d ud

B. Increased speed.
C. Increased torque.

D. Direct drive.

Which of the following manual

(straight, tapered. needle, spherical and
thrust). Due to

commonly used
as a range transmission with hydrostatic
72

bearings are used by

A Block
B.

ithin the
heavy equipment industry. Use the correct
equipment and follow the manufacturer’s
directions for bearing removal, installation,
and adjustment.

Copyrignt Goodharicox Co. ne.

C. Friction plate synchronizer transmission.
D.Sliding gear transmission.

Inablock synchronizer, three slots inthe
hold the inserts (keys). (7.2)

. C.sleeve
B. output shaft D. speed gear

7. During a rebuild ofa block synchronizer manual
transmission, a feeler gange is used to measure
the ___gap. (7.2)
A blocker ring to speed gear
B blocker ring o sleeve
C. blocker ring to hub
D. blocker ring to output shaft

201

hepter 1 Shop Safely and Practioes

Apply and Analyze

1. What is personal protective (erry

9. Why is a knowledge of the machine’s
capabilities and limitations important for a

Whose responsibility i it to ensure that PPE.is
being worn in a shop or on a job site? (1.1)
Why is first-aid training, including training
for CPR and the proper use an AED, critical for
technicians working in the heavy equipment
industry? (1.2)
. How do first-, second, third-, and fourth-degree
burns differ? (1.3)
‘What are three common technician risks
ociated with working with

machine? (1.8)

. Alechnician is using an oxyucelylene lore for
ajob task. Ifthe acetylene's cylinder volume is
420 cubic feet, what is the maximum withdraw
rate per hour from the cylinder based on safety
recommendations? (1.9)

Critical Thinking

and machine systems? (1.3)

Describe the relatively small amounts of
clectrical current flow that can turn deadly for
human beings. (14)

Outline the safe practices explained in this
chapter for working with mobile equipment and
heavy machinery. (1.5)

Explain the bet

1. Some atechnician to
runa machine and make adjustments, such as
adjusting the null adjustment on a hydrostatic
transmission. while measuring pressures. What
are some steps a technician can take to avoid
being injured while measuring flows, pressures,
and makingadjustments to a heavy equipment
machine? (17, L)

OHSA recordable accident and a non-recordable
accident. (1.6)

. Explain safety belt safety standards in the heavy
equipment industry. (17)

AED- and ASE-Type Questions

1. Technician A says that personnel working in
i Tollow MSHA guideli

p lectrical
hazards. It you were sending a new colleague out
1o the field to work on a machine, what are some
helpful tips you can share to protect them from
electrical hazards? (1.4)

Which of the following categories of burns.
penetrate through the first two layers of the

and do ot have to adhere to OSITA guidelines.
Technician B says that MSHA

skinand reach the inner hypodermis layer, o
3

A.First degree.

for working in the mining industry. Who is
correct? (1
A Aonly.
B. Bonly.
C.Both Aand B.
D. Neither A nor B,

. All ofthe followis
categories, except:
A. exposure controls and personial protection.
B. handling and storage.
C. stability and reactivity.
D. temperature and weather conditions.

. In the event of a fluid-injection injury in a
technician's hand, all of the following will
affect the chances of| lamputation,

are safety data sheet (SDS)
2)

o

C. Third degree.

D. Fourth degree.

Tleavy equipment machines equipped with high-
voltage electrical systems are being discussed.
Technician A states that the high-voltage
interlock loop (HVIL) consists of a low-voltage
Toop that emits low-voltage signals. Technician B
states that the HVIL will energize the high-
voltage electrical system when a fault exists on
the loop. Who s correct? (1.4)

C.Both A und B,
D. Neither A nor B.

except: (1.3)
A. delay before receiving medical attention.
B. color of the hydranic fiuid.

C. quantity of fluid.

D. type of luid.

Copyrioht Gonsnearilcox Oo. nc.

Allof 1 for fall protection in
the heavy equipment industry, except: (15)
neting.

B. a secure anchor point.
C.afiull-body harness.
D. a shock-absorbinglanyard.

Illustrations have been designed to clearly and simply
_pren communicate the specific topic. Illustrations have been com-
pletely replaced and updated for this edition. Photographic
images have been updated to show the latest equipment.

Expanding Your Learning

Case Studies present real-world diagnosis and service sce-
narios similar to those you can expect to encounter in the
workplace. The questions associated with the Case Studies
offer a deeper level of learning and engagement.

A concise Summary provides an additional review tool and
reinforces key learning outcomes. This helps you focus on
important concepts presented in the text.

Know and Understand questions enable you to demon-
strate knowledge, identification, and comprehension of
chapter material.

Apply and Analyze questions extend learning and develop
your abilities to use learned material in new situations and
to break down material into its component parts.

Critical Thinking questions develop higher-order thinking
and problem-solving abilities.

AED- and ASE-Type Questions help you become familiar
with and prepare for certification exams.
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