TABLE OF CONTENTS
Acknowledgements

2

1 - Introduction

3

2 - Learning about your vehicle

6

3 - Off-Highway Driving Skills

16

4 - Off-Highway Challenges

19

5 - Vehicle Recovery Tools and Techniques

29

6 - Basic Maintenance & Mechanical Operations 35
7 - Vehicle Checklists

39

8 - Off-Highway Information and Guidelines

42

9 – TREAD LIGHTLY!

47

Glossary

48

Bibliography

52

Copyright © United Four Wheel Drive Associations 2021
All Rights Reserved. No part of this book may be reproduced in any form or by any
means, without permission in writing from United Four Wheel Drive Associations.
1|Page

Acknowledgements
Many thanks to the following contributors. Their input and recommendations helped
make this manual possible.
Bob Burns with Land Rover North America
Thank you for your continued support of and contribution to the UFWDA 4WD Awareness
Program.
Daphne Greene
Thank you for your efforts to continuously improve the quality and content of the UFWDA
4WD Awareness Manual.
Tom Sheppard
Thank you for sharing your knowledge of four wheel drive vehicle operations in your book,
Off- Roader.
United Four Wheel Drive Associations Four Wheel Drive Instructors
Thank you for your constant advice, feedback and efforts to improve the UFWDA 4WD
Awareness Program.

We would also like to thank the following Associations and Clubs for their loyal
support.
Arizona Association of 4-Wheel Drive Clubs
Promoting UFWDA 4WD Awareness Clinics since 1992. Tempe, AZ
Baltimore 4Wheelers Club, Inc. and the Mid-Atlantic Four Wheel Drive Association
Promoting UFWDA 4WD Awareness Clinics since 1991. Baltimore, MD
Four Wheel Drive Association of British Columbia
For your continued support of UFWDA Awareness Clinics.
Georgia Bounty Runners 4WD Club, Inc. and The Southern Four Wheel Drive
Association
Promoting UFWDA 4WD Awareness Clinics since 1994. Atlanta, GA
Nevada United Four Wheel Drive Association
Promoting UFWDA 4WD Awareness Clinics since 1994. Las Vegas, NV
Great Lakes Four Wheel Drive Association
For your continued support of UFWDA Awareness Classes.

2|Page

CHAPTER 1
INTRODUCTION
Owning a four-wheel drive vehicle opens the door to a world of adventure. It
allows one to discover and explore the outdoors in a way many people will never
see: the unparalleled beauty of watching the afternoon sun dip behind a remote
mountain top, or waking up to the sound of a fast running stream. This sense
of peace and tranquility is one of the great rewards of owning and driving a fourwheel drive vehicle. Members of United Four Wheel Drive Associations
(UFWDA) share this spirit of independence, adventure and freedom.
www.united4wd.org
UFWDA is dedicated to bringing together four-wheel drive owners to share
these stimulating experiences through organized events such as camping and
weekend rallies. However, driving off-highway requires a knowledge,
understanding and skill different from driving on a highway. It is for this reason
that the Association developed the United Four Wheel Drive Associations
Four Wheel Drive Awareness Program.
This program teaches the fundamentals of off-highway driving and recovery
techniques, four-wheel drive vehicle components, accessories and equipment,
and provides individuals with the opportunity to meet other off-highway
enthusiasts who share a passion for the outdoors and for four-wheeling.
In this program, UFWDA follows the principles put forward by Tread Lightly!,
(www.treadlightly.org) a non-profit organization dedicated to the responsible
use of off-highway vehicles on public and private land. Tread Lightly! unites
federal and state land management agencies with manufacturers, publishers,
environmentalists, user groups, and individuals who share a basic commitment
to care for our natural resources.
The United Four Wheel Drive Associations Four Wheel Drive Awareness
Program is designed to introduce the new four wheeler to the sport. This guide
is intended to make the student aware of the wide variety of material involved
in four-wheeling. Please use this guide to start your learning process in fourwheel drive education. Because of the short time available for this course, this
guide can not cover in full detail, every aspect of four wheel drive driving
techniques or equipment. There is no replacement for experience. Seek out
advice from experienced 4x4 club members or from reputable 4x4 shops.
HISTORY OF ORGANIZED FOUR-WHEELING
During World War II, GI’s developed a love for the life saving, simplistic fourwheel drive Jeep. After the war, surplus Jeeps were used in the backcountry
around the world. These “Jeepers” would be the pioneers of a new sport that
millions would eventually enjoy. https://www.jeep.com/history.html
As the popularity of recreational four-wheel drive vehicles grew in the 1950’s,
the owners came together in events such as the “Jeeper’s Jamboree”. This
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event, founded by four-wheel drive legend Mark Smith, as a fundraiser for the
Georgetown VFW post, was the forerunner of similar events around the United
States and the world.
As a result of this increasing interest, individual clubs formed and held family
4X4 events and trail rides. Working together with the U.S. Forest Service and
Bureau of Land Management, these groups developed and maintained offhighway roads and trails.
In 1976 the United Four Wheel Drive Associations was formed to unite the
various clubs and organizations, so that one group would represent all its
members. Since then UFWDA has represented over twenty associations and
more than 20,000 family members throughout the U.S.A. and Canada, plus the
national 4x4 organizations in Australia (https://4wda.com.au/ ), New Zealand
(www.nzfwda.org.nz) and Southern Africa
Today, UFWDA is redoubling its efforts to educate the public in the sport of
four-wheeling, in order to meet the challenge posed by the dwindling areas of
public land and the almost daily closing of rural roads and trails.
Continued cooperation with the U.S.Forest Service (https://www.fs.usda.gov/ ),
Bureau of Land Management (https://www.blm.gov/ ), private land owners and
the promotion of responsible use of four-wheel drive vehicles, following the
guidelines of Tread Lightly!, will keep our trails open and perhaps open new
trails for years to come.
OFF-ROAD vs. OFF-PAVEMENT
Driving a four-wheel drive vehicle in the backcountry has traditionally been
referred to as driving off-road. However, if that means going off the trail, it is
unacceptable. Forging new trails through the wilderness and bounding over
obstacles is reckless, damaging to the environment, and visually destroys the
backcountry experience for the next person.
Although driving off-highway or offpavement may be less exciting terms, they
are more accurate.
In the United States there are hundreds-ofthousands of miles of off-pavement trails. So
when we leave the pavement, we go four
wheeling, off-highway, off-pavement, trek,
boon-dock, wheel or whatever. We do not
go off-road. Gravel roads, dirt roads or muddy, rocky trails, are all considered
off-highway and can provide a wonderful off-pavement experience.
https://staythetrail.org/
Please follow the rules of Tread Lightly! and travel only where permitted. Stay
on existing, marked trails.
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Remember, when driving your four-wheel drive vehicle, the future of fourwheeling lies in your hands. Please be a responsible four wheeler and always
Tread Lightly!

THE UNITED FOUR-WHEEL DRIVE AWARENESS PROGRAM
In 1991 UFWDA, with its State and regional 4WD organizations, recognized a
need for 4WD education clinics. Today, as a result of the Four-Wheel Drive
Awareness Program, these clinics with their UFWDA instructors are now a
reality. Through their instruction, 4WD drivers learn proper off-highway driving
and safe vehicle recovery techniques, as well as an understanding of 4WD
vehicle components.
Students are taught the benefits of belonging to an organized four-wheel drive
club and/or association and through UFWDA, will have the opportunity to meet
other off-highway enthusiasts who share their passion for the outdoors and
four-wheeling.
Participants are made aware of many of the environmental concerns and land
use issues through the teachings of Tread Lightly! as they pertain to offpavement use.
UFWDA instructors are experienced four-wheelers whose mission it is to impart
responsible driving skills, through education and instruction, to novice 4WD
vehicle owners. They must also meet the following requirements:
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CHAPTER 2
LEARNING ABOUT YOUR VEHICLE
Compared to a standard two-wheel drive automobile, a four-wheel drive vehicle
is rather unique. This chapter covers the components that make up a four-wheel
drive vehicle.
WHAT IS FOUR-WHEEL DRIVE?
http://en.wikipedia.org/wiki/Four-wheel_drive
A four-wheel drive vehicle employs both front and rear tires for traction and to
deliver power to the ground, providing improved overall capability, compared to
a two wheel drive passenger car. The benefits of a four-wheel drive system are
numerous. When driving in rain, snow and ice, a four-wheel drive vehicle is
capable of delivering power to all four wheels instead of just two, providing
better grip and control for the vehicle.
Four-wheel drive simply makes better use of a vehicle’s available power by
putting power to the ground through four wheels instead of two.
WHEELBASE http://en.wikipedia.org/wiki/Wheelbase
The wheelbase measurement of a vehicle is the distance between the front and
rear axle. Many 4WD vehicles are designed with a wheelbase shorter than a
standard passenger car. A short wheelbase allows better manoeuvrability, with
the ability to negotiate rough, tight terrain. However, it may also contribute to a
rougher, choppier ride, as well as lowered load capacity and towing ability. More
importantly, such a vehicle reacts very quickly to steering input so there is less
time for correction if the driver makes an error.
The shorter wheelbase combined with a higher center of gravity, due to the
vehicles height, will make a 4WD vehicle respond rapidly to slight steering
changes. Become familiar with the handling characteristics of each vehicle. Do
not expect it to handle the same as a standard passenger car.
VEHICLE CLEARANCE
Every vehicle has a different amount of
ground clearance. Before driving offhighway, look underneath the vehicle
to check ground clearance. Look at the
amount of clearance under the
differential and axle. Be sure to note
the location of both the front and rear
differentials. In addition, check the
clearance of the fuel tank, transfer case
and suspension components.
For all vehicles, especially cars, variations in clearance represent a trade-off
between handling and practicality. A higher ground clearance means that the
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center of mass of the car is higher, which makes for less precise and more
dangerous handling characteristics (most notably, the chance of rollover is
higher). However, it also means that the car is more capable of being driven on
roads that are not level, without the road scraping against and likely damaging
the chassis and underbody. Higher ride heights will typically adversely affect
aerodynamic properties. This is why sports cars typically have very low
clearances, while off-road vehicles and SUV's have higher ones.

APPROACH / BREAKOVER / DEPARTURE ANGLES
These angles are critical when driving in rough terrain and are influenced by a
number of factors. Just because the front of the vehicle clears an obstacle, does
not mean the middle or the rear will clear.

Approach Angle is the measurement of a slope that a vehicle can approach
and drive up without hitting the bumper or undercarriage components. It
represents the steepness of a ramp, slope or obstacle that a vehicle may
negotiate without striking bodywork. Off-highway, this angle is a good indication
of a vehicle’s ability to climb over rocks and logs without hitting and potentially
damaging the front part of the vehicle’s body, chassis, front bumper or spoiler.
When viewed from the side, this is the angle between the ground and a line
running from the base of the front tire to the lowest hanging point directly in
front of it, which is usually the front bumper.
Breakover Angle is the steepest angle that a vehicle can safely BREAK over,
such as when cresting a hill. If the chassis or bottom of the vehicle drags on the
ground, the vehicle does not have enough breakover angle to clear the
particular obstacle.
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Departure Angle is the measurement of a slope that a vehicle can depart and
drive off without hitting the rear bumper, chassis or other low components. It
represents the steepness of a ramp, slope or obstacle that a vehicle can leave
without hitting the rear bumper, quarter panel or trailer hitch.
The angle may be measured by placing a straight-edge, e.g. a sheet of
plywood, at the back base of the rear tires and lifting it up until it contacts the
bumper or underbody. To determine the distance, measure vertically from the
plywood to the ground. Become aware of the angle the vehicle can
accommodate.
Remember, these three angles are never constant. For example, five
passengers in a vehicle will decrease all three angles as the vehicle suspension
is compressed, while reduced tire pressure will lower the vehicle, which will
affect ground clearance. The angles will vary depending on how much the
suspension is compressed and the speed at which the obstacle is attempted.
Water wading limits
Water and vehicles can create many problems but if these are recognised they
can usually be managed.
Most seals on moving parts are designed to keep oils in. When the pressure on
the outside is more than that inside, then water can get past the seals and ruin
the oil. This can occur when a warm axle is immersed in cold water and the
warm air inside cools and contracts, sucking water past the oil seals. Effective
breathing systems to balance pressures can minimize that risk.
Water does not compress, so if it is drawn into an engine cylinder it is likely
to destroy the part trying to compress it, such as the piston or connecting rod.
With the higher compression of a diesel engine, the effects can be dramatic.
Knowing how high and the placement of a vehicle air intake, is essential to the
depth of water that can be driven through. By fitting a sealed extension (a
snorkel) to the air intake, the risk of inhaling water is reduced.
Electronics and water don’t mix well, so knowing where the vehicle engine
management electronics are mounted is important. Diesel engines have no
ignition system so they are not affected by the problems that a gasoline engine
can have with maintaining a spark in wet conditions.

TRANSMISSIONS
http://en.wikipedia.org/wiki/Transmission_(mechanics)
4WD vehicles come with either an automatic or manual transmission. Both
perform equally well. Therefore it comes down to driver preference. The
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transmission allows the engine to operate in its optimum torque range at varying
road speeds. It is located behind the engine and before the transfer case.
Automatic transmission:
http://en.wikipedia.org/wiki/Automatic_transmission
An automatic transmission does not require the driver to operate a
clutch. It will also select the appropriate gear for the conditions
automatically. An automatic transmission provides a smooth start,
especially for the novice driver, and is well suited for towing. It provides
good control on inclines and when rock crawling.
The downside to an automatic is that it typically is not geared as low as
a manual transmission and therefore provides less engine or
compression braking on descents. A vehicle equipped with an
automatic transmission may require some use of foot brakes when
coming down a steep hill.

Manual transmission:
http://en.wikipedia.org/wiki/Manual_transmission
A manual transmission is generally equipped with lower gearing, which
aids in engine and compression braking when descending a steep hill or
when crawling uphill.
However, it is not as smooth as an automatic and can be intimidating to
the novice; often even a lot of work for the experienced driver. In
addition, proper gear selection is crucial with a manual transmission in
order to successfully negotiate obstacles on the trail.
Regardless of using an automatic or manual transmission, driver skill is the
major factor in the proper operation of a 4WD. Trial and error and plenty of
experience can make an excellent operator, with either transmission.
TRANSFER CASE
https://en.wikipedia.org/wiki/Transfer_case
The transmission receives power from the engine. In a 4WD vehicle that power
is then transmitted to the transfer case. Think of the transfer case as a
secondary or auxiliary transmission. The transfer case’s primary job is to
transfer power to both of the front and rear axles, providing four-wheel drive.
The majority of transfer cases are the two-speed type and provide high and low
range.
High range is the mode normally used for highway driving and everyday road
use. Low range provides a lower set of gears typically giving between a 2:1 and
3:1 reduction. Low range allows the vehicle to travel very slowly with added
control for rough off-highway terrain. Top speeds are limited, but the vehicle
has the additional power needed for hill climbing, pushing through deep mud or
snow, or crawling over rocky terrain.
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To engage low range, stop the vehicle, shift the transmission into neutral, and
set the transfer case into low range.
CAUTION: Never attempt to engage low range while the vehicle is moving as
transfer case damage may occur. It is important to understand how to shift a
particular transfer case and operate it properly. Consult the owner’s manual or
someone who has experience with the same vehicle type for the correct
procedure.
The transfer case is the heart of the 4WD system. The components that make
up the transfer case determine the type of 4WD system on the vehicle and will
also determine when selection of 4WD high/low should occur.
FOUR-WHEEL DRIVE SYSTEMS
http://auto.howstuffworks.com/four-wheel-drive.htm
There are three types of four wheel drive systems: part time, full time and
permanent. Each operates differently.
Part-time systems have been the most common. They require the driver to shift
to 4WD for off-pavement use. This system cannot be used in normal pavement
driving. Many older part-time systems require the front wheel hubs to be
manually engaged and the transfer case to be Transfer case modes typically
include:
2WD High: For normal on-pavement driving. Power is sent to the rear
wheels only.
4WD High: A locked mode for high speed driving on slippery surfaces
such as snow or mud.
Neutral: A freewheeling mode. The driveline is disconnected from the
engine. Generally used for flat towing.
4WD Low: A locked mode for slow speed travel on slippery surfaces.
Part-time systems may have manual or automatic locking or freewheeling hubs.
http://en.wikipedia.org/wiki/Locking_hubs After the transfer case is placed in
the four-wheel drive mode these hubs must be engaged to provide power to the
front wheels.
As the name implies, manual-locking hubs must be turned or engaged
manually. On the other hand, automatic locking hubs automatically engage the
front wheels when four-wheel drive is selected from inside the vehicle.
However, automatic locking hubs may not engage or disengage right away.
Before proceeding always be sure to allow the hubs enough time to engage
and disengage.
Full-time systems have a 2WD mode yet may be driven in 4WD all of the time.
As with the newer part-time systems, many of the full-time systems have
automatic locking hubs to engage the front wheels. Full-time system transfer
case modes typically include:
2WD High: For use in normal on-pavement driving conditions. Power
goes to the rear wheels only.
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4WD High: A full-time 4WD mode that allows 4WD to be used on-andoff-highway.
4WD High lock: A locked mode used for high speed driving on slippery
surfaces such as snow or mud.
Neutral: A freewheeling mode. The driveline is disconnected from the
engine. Generally used for flat towing.
4WD Low A locked mode for slow speed travel on slippery surfaces.
Permanent systems are always in 4WD; they have no 2WD mode. The driver
needs only to choose between high or low range. Permanent systems typically
have the following transfer case modes.
4WD High: For normal on-pavement use and higher speed offpavement driving. Power is available to all four wheels all
the time.
Neutral: A freewheeling mode. The driveline is disconnected from the
engine. Generally used for flat towing.
4WD Low: A low range 4WD mode for slow speed travel and slippery
surfaces.
Although all four-wheel drive systems may seem similar, it is important to fully
understand the correct operation of each system, its capabilities and more
importantly, its limitations

Anti lock brakes (ABS), traction control (TCS) and electronic stability
control (ESC)
http://en.wikipedia.org/wiki/Anti-lock_braking_system
http://en.wikipedia.org/wiki/Electronic_stability_control
A skidding wheel (where the tire contact patch is sliding relative to the road)
has less traction than a non-skidding wheel. By keeping the wheels from
skidding while you slow down, anti-lock brakes benefit you in two ways: You'll
stop faster, and you'll be able to steer while you stop.
In modern vehicles, traction-control systems utilize the same wheel-speed
sensors employed by the antilock braking system. These sensors measure
differences in rotational speed to determine if the wheels that are receiving
power, have lost traction. When the traction-control system determines that one
wheel is spinning more quickly than the others, it automatically "pumps" the
brake to that wheel to reduce its speed and lessen wheel slip. In most cases,
individual wheel braking is enough to control wheel slip. However, some
traction-control systems also reduce engine power to the slipping wheels. The
TCS may also cut engine power to help control the wheel slip. Many times this
can be disabled by pressing the ESC button (see owner’s manual for details
and location.)
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Traction control on some 4WD vehicles now extends to systems that help
control descents through engine and wheel braking coordinated by computer.
In modern vehicles, shifting into 4WD Low changes many of the operating
parameters of the vehicle. For instance, in the 2007+ Jeep Wranglers (JK), the
throttle response is changed while in 4WD Low, allowing for better vehicle
control. The ESC is disabled, and the traction control system is limited to only
the brakes allowing the engine to produce the requested torque.
VEHICLE MODIFICATIONS
TIRES AND WHEELS
www.bfgoodrichtires.com/
There are a wide variety of tires and wheels available. The type of terrain will
determine the best tire or wheel for the vehicle. In most situations it is wise to
use the tires and wheels recommended by the manufacturer; however, there
may be times when oversize or more aggressive tires can be used to an
advantage. http://en.wikipedia.org/wiki/Wheel_sizing
Different size tires and/or wheels (typically larger) may affect the other
components on a vehicle, add stress to the drive-train, and/or may cause
performance or cooling system problems. Different size tires and/or wheels
will directly affect braking and handling. Before changing to different wheels
or tires, talk to the experts or 4x4 club members with similar vehicles to
determine what modifications may be required to handle different wheels and
tires. www.net-comber.com/tirecalc.html

Different Types of Tires for Different Types of Terrain
HT- Highway Terrain
HT tire types are suitable for limited off-highway use. Designed primarily for
commercial applications such as construction vehicles, buses etc., these tires
offer a long tread life, quiet, comfortable rides, and good traction in bad weather
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conditions. For a lot of highway travel and occasional, light off-pavement use,
this tire is a wise selection.
AT- All Terrain
“All Terrain” tires are the most popular off-highway tires on the market. These
are the standard tire put on the 4WD vehicles by many manufacturers and they
offer a great combination of off-pavement and on-road capabilities. The AT,
also called mud and snow tires, provide excellent traction, long tread life and a
fairly quiet ride. On the trail they perform well in many environments: desert, dry
hilly terrain, light rocky trails and snow. AT’s also perform well in light mud,
although the combination highway and off-highway tread may lead to some
difficulties in very muddy conditions as they do not self-clean as well as the
specially built mud terrain tire.
MT- Mud Terrain
Mud Terrain tires feature an aggressive tread with large cleats to provide the
maximum traction in muddy conditions. The self-cleaning treads are designed
to clean themselves of mud as the tires rotate. While Mud Terrain’s are an
excellent off-highway tire, they offer less highway traction with limited tread life
and can make for a very noisy and uncomfortable ride.
Each manufacturer’s version of the three tires mentioned above may vary in
tread life, noise and road comfort. It is best to observe various types of tires in
different terrains, talk with owners, get their perspectives and if possible, test
drive the different products. Tires are an expensive item, so it is best to prepare
before purchasing.
https://www.tirerack.com/tires/tiretech/techpage.jsp?techid=33

SUSPENSION MODIFICATIONS
Suspension modifications are done for a variety of reasons. The primary reason
for the change is to provide room for larger tires, in order to get more ground
clearance. It also lifts the body of the vehicle so it has less chance of receiving
body damage, and it gives the vehicle a look some owners prefer.
However, suspension modifications do have a downside. They may raise the
vehicle’s center of gravity, which can increase the chances of a rollover. Certain
modifications to the suspension may also alter ride, braking and handling
characteristics. There are two options of lift modifications available: Suspension
Lifts and Body Lifts.

SUSPENSION LIFTS
www.superlift.com

www.jksmfg.com

The most popular lift is the suspension lift. This type of lift will raise the body
and frame of the vehicle by utilizing new or re-arched springs, larger coils, and
longer shocks. Some suspension lifts may require additional parts such as
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extended Pitman arms, redoing the front end alignment, and extended brakelines and other cables. The suspension lift offers less stress on the suspension
system, better handling off-highway, and less wear and tear. A suspension lift
is the more costly way to lift a vehicle, but if one plans on doing a lot of trail
riding, this is the preferred method.
There are an infinite number of ways to modify your 4x4’s suspension and to
create a vehicle suitable for a variety of four wheeling conditions.
The following kits are available for most vehicles.
An add-a-leaf kit will raise the vehicle, providing room for larger tires and more
ground clearance. Depending on the vehicle, it may increase the load carrying
capability of the vehicle but will also create a stiffer ride.
Extended spring shackles provide a modest lift. They are generally longer
than stock units, allow for more wheel travel and increase the vehicle’s trail
capability. Unfortunately, they will decrease your approach & departure. Quality
components will also add to the vehicles durability.
Complete suspension kits are available and provide added lift for more
clearance as well as more wheel travel. These modifications will increase the
vehicle’s trail capabilities by allowing more wheel travel and the use of larger
tires.
WARNING: It is important to remember that changes in the suspension
can affect the handling and load carrying ability of each vehicle. Changes
may also add stress to unmodified components such as the steering
system and drive-train. Always be sure that modifications to the
suspension will work in all the conditions you may encounter.

BODY LIFTS
The installation of a body lift is the quickest and most inexpensive way to lift a
vehicle to provide clearance for larger tires and to increase body ground
clearance. The body lift consists of taller body mounts, which replace the stock
factory body mounts. They come in a variety of sizes – from 1” to 3”. This type
of lift raises the body of the vehicle from the chassis, so larger tires may be
installed.
Body lifts are good for slow or light off-highway driving. Another advantage is
that the owner can often install them in just a few hours. However, they are not
recommended for a lot of challenging off-highway use, because this type of lift
can put so much stress on the contact points of the mounts that the body’s
sheet metal will start to weaken and possibly tear.
Warning:
Many states and provinces have certain restrictions on vehicle lift heights or
“Bumper Heights”. Prior to investing the money in a lift kit, check the local
vehicle codes on lift laws.
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Be sure to check the vehicle manufacturer warranty before making any
modifications. Modifications may void your warranty.
SKID PLATES
To protect components under your vehicle such as the transfer case,
transmission, radiator and fuel tank, a skid plate may be installed. Typically this
steel plate bolts to the chassis and is designed to protect components from
contact with rocks, logs or other obstacles encountered on the trail.
ACCESSORIES
www.4wd.com www.quadratec.com

From tires, body armour and lift kits, to custom axles and engines, there is a
large supply of after-market accessories available to the off-highway
enthusiast. When purchasing accessories, add them for purpose, rather than
for looks. Vehicle weight means more fuel used. Be sure they are quality
products and will serve the needs for which they were intended.
TOW HOOKS
Check your vehicle for tow and or attachment points front and rear, before
traveling off-highway. If you do not have any, consult your dealer for factory
available options. There are also after-market accessories available to aid in
recovery. Be sure to attach securely to an approved location on the vehicle
frame.
Be aware that some attachment points are not designed for towing but are only
tie-down points when transporting the vehicle. They will not stand the loads
created by winches or tow straps.
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CHAPTER 3
Off-Highway Driving Skills
Any discussion of off-highway driving will more than likely touch on the
contradiction between responsible off-highway driving and the images we see
on television and in magazine advertisements. More often than not,
manufacturers depict their vehicles as rugged and tough, which is correct
because traditionally the components, which make up a 4WD vehicle, are
stronger than a passenger car. However the images portrayed on television and
in magazine advertisements – vehicles flying through the air, crashing through
ditches, etc - are often misleading.
Of course there are a number of famous off-highway races, but keep in mind
the vehicles used are specially designed and driven by trained drivers. Often
these vehicles with their special suspensions and drive components cost in
excess of $100,000. These events may be helpful to the general public in the
long run because they serve to advance automotive technology, but this type
of driving should be left to the experts.
Please remember, never try to imitate the skills exhibited by professional stunt
or competition drivers. In the backcountry this type of behavior is completely
irresponsible.

USE OF SEATBELTS
Seatbelts should be used at all times when the vehicle is in motion, with the
driver and each passenger secured. Statistics show that restraint systems
reduce injuries, especially in an open-body vehicle.
When buying a vehicle make sure it is equipped with seatbelts. State laws
require that vehicles manufactured after January 1, 1968 have an equal number
of seatbelts as there are seats. If there are no belts or restraints, have them
installed. Replace belts showing signs of weakening or wear.
Even if the vehicle is equipped with a rollbar, seatbelts should still be worn at
all times. A rollbar offers additional protection but should not be used as a grab
handle or in lieu of seatbelts.

PROPER HAND PLACEMENT ON THE STEERING WHEEL
Ideally, two hands should always be on the steering wheel. Placed at roughly
the 9 and 3 o’clock position, two hands will help hold the driver in place while
negotiating difficult terrain and will help to keep control of the vehicle.
Thumbs should not be wrapped around the steering wheel rim; instead they
should be placed on the rim, out of harm’s way. Also, hand-over-hand
manoeuvres should be avoided to prevent arms from being in front of a
deploying airbag.
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Although most vehicles are equipped with power steering, rough terrain can
place a lot of strain on the front wheels and steering system. A sudden kickback
induced by a wheel hitting a rock, stump or ditch can feed back through the
steering system, power or manual, and violently jerk the steering wheel,
possibly catching and injuring the driver’s thumbs.

AIR BAGS
http://en.wikipedia.org/wiki/Airbag
Air bags supplement the safety belt by reducing the chance that the occupant's
head and upper body will strike some part of the vehicle's interior. They also
help reduce the risk of serious injury by distributing crash forces more evenly
across the occupant's body.
For four-wheel driving it can be useful to be able to shut off the airbag systems
as their deployment from a sudden impact on a rock or other object while offhighway, can be undesirable.

THE IPDE STRATEGY FOR DRIVING
On-road driver training performance classes use a concept called IPDE –
Identify, Predict, Decide & Execute. It is a method which when learned and
applied, give the driver automatic decision making capabilities. The concept of
IPDE is helpful off-pavement as well and should be used at all times.
IPDE means:
Identify:

A driver IDENTIFIES critical objects or conditions in
the driving environment that may cause trouble.

Predict:

A driver PREDICTS, based on these critical objects
or conditions, what the result might be when they
are encountered.

Decide:

A driver DECIDES what the most effective (lowest
risk) action is based on their prediction of possible
outcomes.

Execute:

A driver EXECUTES the action decided upon in a
skilled timely manner.
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USE OF A SPOTTER
Using someone outside the vehicle to help
guide a driver through difficult terrain can be
an invaluable asset to safe off-highway
driving. Only someone outside the vehicle
can see all four wheels, where they are
going, and can judge proper ground
clearance for the entire vehicle.
Guidance by a spotter should be done using
hand signals rather than voice. One person
should be in charge and the driver should
follow the directions of that individual and no
one else. If the driver is unsure or has a
question of the spotter then he or she should
stop and get clarification of the situation.
However, once moving, the driver must
follow the directions of the spotter
completely. To second guess the spotter could lead to an unsafe situation.
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CHAPTER 4
Off-Highway Challenges
This chapter covers the different types of terrain that may be encountered offhighway and the driving techniques required for various situations. Keep in
mind that every situation is unique. The first vehicle down the trail may have the
most difficult time getting through, or it may have the easiest. Conditions
constantly change and each vehicle will perform differently in the same
situation. There is no substitute for experience and practice.
PROPER GEAR SELECTION FOR SLIPPERY CONDITIONS
Whether in ice, snow or mud, choosing the proper gear will often make the
difference between getting stuck or not.
In general, it is best to choose as high a gear as the vehicle will comfortably
pull. This rule applies to both automatic and manual transmissions. An
automatic transmission will choose the gear it needs. However, if too low a gear
st

is selected, for example 1 or low, the transmission can not shift up and as a
result may put out too much power which will lead to wheel spin.
With a manual transmission, too low a gear may also provide too much power
and lead to wheel spin. Often in very slippery terrain such as snow and ice,
4WD in high range may provide better traction than low range.
OVERSTEER
http://en.wikipedia.org/wiki/Oversteer
Oversteer refers to a rear wheel skid. This occurs when the rear wheels lose
traction from sudden braking or throttle lift and begin to slide. To regain traction,
add throttle to transfer weight back to the rear wheels. At the same time, gently
steer in the direction of the skid to straighten out the vehicle. All of these actions
must be done smoothly in order not to overcorrect and start a skid in the
opposite direction.
UNDERSTEER
http://en.wikipedia.org/wiki/Understeer
Understeer refers to a front wheel skid. This may occur as a result of steering
too quickly or the sudden application of brakes. The front wheels begin to skid
and the vehicle will not steer in the desired direction. In order to regain traction,
release the throttle and add some gentle braking to transfer weight to the front
wheels. As the weight transfers to the front wheels, grip should be regained. At
the same time, a slight momentary decrease in the steering angle (by
straightening the wheels) may help to regain grip and steering.
Remember a tire can only provide so much traction. This traction can be used
for acceleration, steering or braking. In slippery conditions try to do one at a
time, in order to allow the tire to provide the most grip for the task. For example,
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when approaching a slippery turn yet still going straight, apply the brakes before
the turn to slow the vehicle. Release the brakes right before the turn and then
begin the turn with your foot no longer on the brake. This action allows the tire
to use all of the available traction for braking only. As you release the brakes
and begin the turn the tire can then use its entire available grip for turning.

WINTER DRIVING ON SNOW AND ICE
Many 4WD vehicles are bought for the purpose of driving in foul weather, such
as snow and ice. While a 4WD system allows one to drive in conditions which
may otherwise stop a 2WD car, it
does not necessarily provide better
braking or turning in snow. More than
anything else, this is determined by
tires, driving skill and the laws of
physics.
Slippery conditions require very
smooth control over the vehicle. A
4WD vehicle can provide a false
sense of security in these conditions,
so use caution at all times. Drive with
a light touch on the steering wheel and don’t make sudden moves. Avoid hard
use of the brakes or radical changes in the throttle, for this can break traction
and result in a skid.
ROCKING THE VEHICLE
If the vehicle gets stuck, carefully shift the transmission into reverse and then
into an appropriate forward gear in order to rock the vehicle back and forth. The
rocking motion can help knock down the deep snow or mud that may be holding
back the vehicle.
Be careful not to shift too quickly or aggressively as this action could damage
the transmission or driveline. The use of momentum to free the vehicle should
be very smooth and deliberate.
BE PREPARED
When traveling off-pavement in snow and winter-like conditions, always be
prepared. Carry a shovel to remove snow from the path or to dig out a stuck
vehicle. In addition, carry a first aid kit, appropriate tool kit, blanket or sleeping
bag, flashlight, water and food, cell phone, etc. You can never be too prepared.

DRIVING IN MUD
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Techniques used to drive in mud are similar to those used when driving in snow.
Never drive into terrain about which there is some uncertainty. Mud holes can
be very deceiving. They can be soft like quicksand, almost as hard as cement,
or dried on top with mush beneath. Take the time to get out and look at the
obstacle. Check the depth and consistency of the mud. Look for rocks, ruts or
other obstructions that may be under the surface.
Remember IPDE.
When sure of the terrain ahead, select the proper gear for the obstacle and
drive through it at a steady pace. Some momentum may be needed to carry the
vehicle through, however use caution. Driving too quickly into the mud may
result in a situation where forward and backward motion is no longer possible.
Always drive at a pace that will provide the option of reversing back out, if going
ahead is no longer possible.

Once in the mud, it is best to stay in the gear initially selected. Trying to shift,
either up or down, may result in a missed gear and loss of all momentum. Again,
pick as high a gear – automatic or manual - as the vehicle will comfortably pull.
If forward motion slows, start to work the steering wheel back and forth at a
quick pace. This allows the sidewalls of the tires to grip the sides of the ruts as
well as transfer power back and forth through the front differential. This
movement of the front wheels may also clear a path through the mud. This is
commonly known as Poor Man’s Posi or Walking the Vehicle!
Remember, once through the mud, ride the brakes for a few car lengths to clear
them of any mud or water. This applies to water crossings as well.
WATER CROSSINGS
Similar to driving in snow, ice and mud,
driving through water presents elements of
the unknown. The small drop-off that looks
harmless might actually be a drop of several
feet. Likewise the bottom of a stream or river
may not be visible. If it is murky, someone
should walk across or use a stick to check
the depth. If the water is clear, watch for big
rocks or stumps. If it is too deep then find
another place to cross. If it looks OK and has
a solid bottom drive straight across. If there
is a strong current, try to drive upstream at
an angle against the flow.
When crossing water, move at a steady pace and try not to stop mid-crossing
as moving water may wash out the footing under the tires and make it difficult
to start again. Spinning wheels in water can also do the same thing and may
result in getting the vehicle buried deeper.
While in water, avoid using the clutch on a manual transmission to minimize the
risk of water and grit contamination. Chose a suitable gear before entering the
water.
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Be sure to follow the Tread Lightly!
principles when crossing water. Do not
purposely drive up or down a water
source for any length of time.
Continuous vehicle movement can stir
up too much dirt and silt disturbing the
stream’s ecology.
Brakes may be less effective after
traveling in mud or deep water because
they are wet. To remedy this, while
driving at slow speeds apply the brakes
lightly to generate heat to dry them out.
Later, clean brakes thoroughly to wash out any remaining dirt or grit. In extreme
cases this may require the removal of the wheels to get to the brake drums or
rotors. Additionally, excessive exposure to mud and water may affect other
vehicle components. Proper and continual maintenance is a must.
Water can destroy engines, especially diesels, as if it gets into the cylinders, it
will not compress and just breaks things! Know where the air intake is and how
high it is. If water is crossed frequently, consider fitting a snorkel to raise the air
intake point. Water can also contaminate lubricants in differentials and
bearings.
Know where the vehicle “computer” electronics are mounted, as water will
rapidly affect the engine management systems and cause problems.

DRIVING IN SAND
Driving in sand is similar to snow and mud,
therefore proper gear selection is important.
Sometimes high range 4WD may work better
than low range, because low range may
provide too much power, thereby causing
wheelspin. The wheels may have a tendency
to dig down into the sand rather than travel
on the surface.
Smooth inputs to the steering, the
accelerator, and the brakes are essential.
Sudden movement will break the surface of
the sand and decrease flotation and traction.
As in snow, apply just enough power to keep
moving but not so much that the wheels start to slip.
Lowering tire pressure – also known as airing down - will give the vehicle a
wider footprint and better distribute the vehicle weight over soft sand. However,
lower tire pressures will also decrease the ground clearance and make the
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sidewalls of the tires bulge and become more vulnerable to damage. Less
aggressive tire tread patterns are preferred too, for they are less likely to dig
into the sand.
Always inflate tires back to the required specification when returning to onpavement driving conditions.

ROCK CRAWLING
Rough country driving generally refers to “rockcrawling.” This type of offhighway driving can be very hard on a vehicle. Be sure your 4X4 is up to the
task. Typically, low gearing, long
travel suspension and tall tires
are the basic modifications made
to a “rockcrawler”.
Rough terrain requires driving at
extremely
slow
speeds.
Excessive speed through the
rocks will damage the vehicle and
could leave the driver stranded.
If possible, avoid rocks. If not, use
them to your advantage. Placing
a wheel on top of a rock will increase the ground clearance allowing the vehicle
to clear the obstacles. Be particularly careful when coming off of a rock not to
drop off too quickly and possibly catch the undercarriage. This is a sure way to
high-center and incur damage to the vehicle. Use some braking to ease the
vehicle over the rock in full control.
Let the vehicle do the work. In a vehicle equipped with a manual transmission
avoid “slipping” the clutch. It is better to stall the vehicle on an obstacle instead
st

of slipping the clutch. If the vehicle stalls, simply restart the vehicle in 1 gear,
low range. This will be easier on the vehicle and can actually provide a
smoother, more controlled start over the obstacle. However, be careful not to
overwork the starter on difficult obstacles. In some cases it may be better to
reverse away from the tough obstacle and pick a better line. (Some vehicles
come equipped with a neutral safety switch which does not allow them to start
in gear without depressing the clutch.)
Vehicles equipped with an automatic transmission often have an advantage in
these situations as they are easier to drive and power can be fed in gradually,
allowing smooth easy progress.
As with any trail, obstacles on narrow trails should be kept close to the driver’s
side as there is less of a blind spot on this side. It is human nature to keep
closer to the obstacle on the passenger side but damage may occur as a result
of forcing the far side wheels into blind obstacles. It is much easier for the driver
to maintain control of the vehicle simply by looking out the window at the
wheels. It is far more difficult to see the passenger side wheels.
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Remember, keep those tires away from trouble. The best way to clear an
obstacle is to avoid it!

RUTS
Driving in or avoiding ruts, depends on a number of variables. If there is
sufficient ground clearance, it is often best to drive in the rut. While it may feel
a bit odd, if there are muddy and slippery conditions, driving in the ruts may
prevent us from sliding off the trail. Similar to a roller coaster, once the vehicle
is in the ruts it will tend to follow them. Keep in mind that deep ruts with slippery
sides can mask steering feedback. For this reason it is important for the driver
to keep the wheels pointing the direction of the ruts. If the ruts are deep, turning
the wheels left or right will have little effect, as the walls of the ruts prevent the
vehicle from exiting. However, if the vehicle reaches level ground or a spot
where traction permits it to respond to the steering lock applied, the vehicle
could suddenly lurch off the track.
If the ruts are too deep - and as a result there isn’t sufficient ground clearance
– then it is best to try and straddle or completely avoid the ruts.
V-GULLIES
Try not to steer up one side of the gully, for
doing so could lead to the vehicle getting
trapped against the gully wall or slipping one
side of the vehicle down into the gully. For this
reason, it is best to try and straddle a gully. If
one side of the vehicle begins to dip into the
gully, steer in the same direction as the lower
side. This will allow the vehicle to work back
up the wall and level out. If necessary use a
spotter.
DITCHES
Crossing ditches should be done slowly and at an angle, with one wheel
dropping into the ditch at a time. This technique allows the other three wheels
with traction to help pull the vehicle out if the ditch is too deep to cross, or to
push through the obstacle.
If the ditch is too deep, dropping two wheels into a ditch at once could hang up
or high center the vehicle. If the trail allows, try to cross the ditch as close to a
45 angle as possible.
OFF-CAMBER / SIDE TILTS
When driving off-highway, one often encounters off-camber terrain or side tilts.
In some instances the vehicle can tilt to fairly steep angles.
Any number of things can determine the maximum side tilt that one may safely
negotiate in each situation. Tire height and pressure, suspension lift and
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stiffness, roof-rack load, vehicle cargo and passenger load, as well as vehicle
speed, all contribute to the maximum side tilt that is safely achievable.
It is very important to consider the terrain on which one is driving as well. Is it a
soft hillside that may allow the downhill wheels to sink in? Is it very rocky which
could raise the high side wheels? Is the terrain slippery enough to allow the
vehicle to slide sideways and possibly roll the vehicle?
Each situation is different and each vehicle varies as to how much it can safely
lean. If the owner’s manual states that a particular vehicle may lean to 35
degrees, remember this number was obtained in ideal conditions. Do not rely
on inclinometers. Each situation must be treated individually. The best
measuring device is common sense. If you feel uncomfortable, do not attempt
the side slope!
If you are driving and feel the vehicle begin to tip on its side, immediately turn
down the slope and accelerate to transfer weight to the uphill side. Do not use
the brakes!
If you are outside the vehicle never risk personal or physical injury. Stay on the
uphill side of the slope and do not hang on to the side of a vehicle in an effort
to prevent it from rolling over. If it should begin to roll, do not try and stop it.

HIGH-CENTERING
High-centering a vehicle occurs when the
under-carriage of the vehicle gets hung
up on an obstacle so that one or more of
the wheels is not in firm contact with the
ground. This occurs as a result of picking
the wrong line or sliding off a rock.
Sometimes just rocking the vehicle is
enough to free it; another option might be
to build up the trail beneath the wheels
with rocks or logs to lift it over the
obstacle. If these methods don’t work, a
Hi-Lift jack or a winch may be required to free the vehicle.

ARTICULATION
Articulation refers to the amount of vertical axle movement. Articulation is the
amount by which one axle can move – left wheel up, right wheel down or vice
versa – relative to the chassis or the other axle. An axle is on full articulation
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when one wheel is pushed up into the
wheel arch as far as it will go and the other
wheel is hanging down as far as it will go.
A vehicle with greater articulation can stay
in contact with the ground and thus retain
traction on rough terrain. Less wheel travel
or articulation will result in one or more
wheels losing contact with the ground and
a loss of traction.

HILL CLIMBS
When attempting a hill climb, always be sure of the terrain. If unable to see over
the crest or top of a hill, take the time to get out and scout the obstacle. If unsure
about successfully negotiating up or down the hill, do not attempt it. It’s not
worth getting stuck or into trouble. Get a feel for the available traction. It is
extremely important for a hill climb and descent.
Proper techniques for hill climbing include gear selection, choosing the right
line, keeping the vehicle as parallel to the fall line as possible and if necessary,
using the right amount of momentum.
The fall line is the natural path a ball or a stream of water would take down the
slope of the hill. The vehicle should remain as parallel to this line as possible.
This will keep the vehicle balanced and provide equal traction to both front and
both rear wheels. Straying from this line will unbalance the vehicle, cause it to
lose traction and possibly lead to a side roll down the hill.
Choose as high a gear as the vehicle will comfortably pull using a manual or an
automatic transmission. Too low a gear will cause wheel spin and not allow the
building of momentum required to climb some hills.
On a hill climb be sure it is clear at the top and no surprises are waiting on the
other side. Find the smoothest path or line up the hill. The rougher the terrain
the more difficult it will be to keep wheels in contact with the ground to maintain
traction and directional control.
Initially, try to climb the hill at a slow pace. If unsuccessful on the first attempt,
back down the hill and try again, this time with a bit more momentum. Just as
the vehicle approaches the top, ease off the gas. It is never a good idea to crest
a hill at full speed, for there is the threat of loosing control or encountering a
situation not visible before.
In the event of a failed hill climb, the proper technique requires stopping the
vehicle with the brakes. Do not depress the clutch. It is better to let the vehicle
stall and hold itself in place with the transmission in gear and foot on the brake
than it is to freewheel back down the hill out of gear. Hold the brakes and stall
the engine.

26 | P a g e

At this point, with the engine still turned off, it is OK to slowly depress the clutch.
Select reverse, make sure the front wheels are straight and release the clutch.
Now, while releasing the brake, turn the key to start the vehicle. This method
will start the vehicle in gear and at the same time provide control. (Some
vehicles are equipped with a starter interrupt switch that requires the clutch to
be depressed before the starter will engage.)
Never let the vehicle coast down the hill with a foot on the clutch or the
transmission in neutral. Allow the engine to brake down the hill. As you back
down, try to use as little foot braking as possible, preferably none at all. Braking
may lock the front wheels and create a skid leaving little or no steering control.
While the vehicle may come down the hill a bit faster then initially comfortable,
in the long run not using the brakes will provide better control. These techniques
apply to a vehicle equipped with an automatic transmission as well.
On the next try up the hill, use a little more momentum. As the vehicle nears
the top, let off of the throttle a bit to avoid wheel spin. Too much throttle may
launch the vehicle over the top faster than necessary and with less control.

HILL DESCENTS

Hill descents should always be done in low gear in low range. The same criteria
for picking a line up a hill, apply when going down.
st

When approaching the crest of the hill, select 1 gear and be sure it is fully
engaged. Let the vehicle come down the hill using engine braking, rather than
applying the foot brake to control the speed. If the transmission does not
provide adequate braking then some foot braking may be used, but engine
braking should be applied first.
With 4WD engaged in a locked mode, as is typical of most vehicles when low
range 4WD is engaged, the front and rear wheels are mechanically locked
together. As such, if the rear wheels want to lock up, the front wheels will be
there to control their speed and ideally prevent them from doing so. Remember,
the foot brake reacts to each wheel separately and therefore may cause wheel
lock up.
Once descending the hill, do not shift gears until clear of the hill. A missed shift
or shifting to too high a gear could be very dangerous at this point.
On the other hand, a driver may also experience a slide from too much engine
braking. In this case the rear wheels will most likely slide first as they have the
least weight and traction on them. To correct the slide, use a touch of throttle
to bring the wheels back up to road speed. The tires should regain grip and
allow the driver to continue down using controlled engine braking.
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Never use the brakes when the
vehicle begins to slide. The slide
started because the tires lost their
grip. At this point using the brakes
will only increase the slide by
locking
the
wheels.
When
descending always be sure to have
adequate run-out room at the
bottom in case the vehicle comes
down faster than expected.
Many 4x4 makers are fitting Hill
Descent Control (HDC) which
allows a smooth and controlled hill
descent in rough terrain without the
driver needing to touch the brake
pedal. This is accomplished
through the traction control
mechanism.

RIGHT-OF-WAY ON HILLS
In general, the vehicle travelling up a hill has the right-of-way because if
stopped it is more likely to have trouble re-starting.
Overall, whoever has the most room and the safest place to pull over should
stop. Always consider the situation of the vehicle going uphill. Will it be able to
stop safely? Can it re-start easily?

GRAVITY
The center of gravity on any vehicle will be
influenced by how it is loaded. The higher the
load is positioned above the axles, shifts the
effective center of gravity higher, which can
increase the potential to tip over.
Only light objects should be carried on roof
racks.
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CHAPTER 5
Vehicle Recovery Tools and Techniques
RECOVERY STRAPS

Recovery straps, also known as snatch straps or kinetic energy recovery straps,
are a very useful recovery device because of their ability to stretch. Made of
nylon webbing, they have a sewn loop at each end that is used as an
attachment point. The straps vary from 2-4 inches wide and are generally 30
feet in length.
When used to recover a stuck vehicle, the strap will stretch like a rubber band.
It is the kinetic energy stored in the strap when it stretches, that pulls the stuck
vehicle free. This type of recovery takes two vehicles; a recovery strap is not
very useful for self-recovery.
When using a recovery strap, always attach the ends of the strap to designated
tow hooks, designed by the manufacturer as attachment points. Avoid using
tow ropes fitted with tow hooks as recovery straps. They are intended to tow or
pull, not to snatch out a vehicle.
Do not wrap a recovery strap around bumpers, brush bars, spring shackles,
trailer balls or steering components. These straps store too much energy and
can easily pull off or damage any of these components. Wrapping them over
sharp edges may also damage the strap and allow it to break under load.
Be cautious of dry rotted straps. Do not use torn or frayed straps.
CHAINS
Many recovery kits come with chains. Unlike a recovery strap, chains should
not be used to pull a stuck vehicle free. A chain has little or no give to it and
places a severe load on both the chain and the vehicle if used to recover
another vehicle.
Chains should be used as an anchor point or to hold a vehicle in place. They
can also be used to attach a tow strap to the frame of a vehicle.

WINCHES
www.warn.com
There are a variety of different winches available for recovery purposes. They
may be hydraulically powered, driven by a Power-Take-Off (PTO), or by an
electric motor. In simple terms a winch is a drum with a cable wrapped around
it. When the drum rotates, it winds the cable onto the drum and at the same
time pulls in the load.
Typically, most 4WD vehicles use an electric winch. As a rule of thumb, a winch
should be rated at 1.5 to 2 times the Gross Vehicle Weight of a vehicle. Most
electric winches are rated to pull 8-10,000 pounds. This rating is based on the
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pulling power of the first wrap on the winch drum. As each additional layer of
cable is added to the drum, the capacity or strength the winch can provide,
decreases. With each additional wrap of the cable on the drum, the estimated
power loss of each layer is approximately 15%. Because of this power loss, it
is best to pull as much cable off the drum as possible before pulling. This allows
the winch to have more pulling power and it is also easier on the winch motor
and the vehicle’s electrical system.

©Warn Industries, Inc. and used with permission

1 Motor
4 Fairlead
7 Clutch

2 Winch Drum
5 Gear Train
8 Control Pack

3 Winch Rope
6 Braking System
9 Remote Control

The Warn Zeon winch is described in this document, along with proper
mounting of the winch.
http://www.warn.com/truck/winches/images/oldFiles/2254/83449A0_rs.pdf

There are a number of items that together make up a winch kit. These items
are crucial and should accompany the winch at all times: a pair of sturdy leather
gloves, a couple of D-shackles or clevis pins, a tree protector strap, and a pulley
block or snatch block. It is important to understand the proper use of a winch
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and kit. Become familiar with all the equipment and its usage before going out
on the trail and before getting stuck.

A winch cable is a wire rope made up of multiple wire strands. Even a new cable
in good operable condition may have a loose strand sticking out. These strands
are very sharp and can easily cut hands. Never handle a wire winch cable
without gloves. Synthetic rope is available for winches too and while having
great strength, is much lighter and easier to handle. Synthetic ropes may be
affected by sunlight and grit, which can reduce the rope strength.

©Warn Industries, Inc. and
used with permission

D-shackles are used to anchor and secure the cable
to the vehicle or to a recovery point. They should
never be fully tightened, as they tend to lock under
load and will be difficult to loosen when the job is
complete. Before placing a load on the shackle,
tighten it all the way down and then turn it back a
quarter-to-a-half a turn.

The tree protector strap is a nylon strap about six feet in length with a loop at
each end. Its primary purpose is to protect the tree when using a tree as an
anchor point. Wrapping the cable around a tree will cut into the tree and
damage it. Additionally, the winch cable
should never be wrapped around an
anchor point and hooked onto itself as this
will cause damage to the cable and
weaken it. Always secure the winch cable
©Warn Industries, Inc. and
used with permission
to its anchor by using the tree protector
strap.
The pulley or snatch block is a simple pulley device. When used with a winch it
can redirect the direction of the pull as well as increase the pulling capacity,
while at the same time effectively decreasing the load on both the winch and
the vehicle’s electrical system. Remember it is best to pull as much cable off
the drum as possible, in order to have the
strongest pulling power. It is also a good idea to
use the pulley block on a short pull in order to
use as much cable as possible. Running the
cable to an anchor point, through the pulley
block and back to the winch equipped vehicle
will double the pulling power of the winch, as
well as decrease the load on and power
©Warn Industries, Inc. and
required by the winch.
used with permission
Although a winch is an incredibly useful tool, it is also a potentially dangerous
piece of equipment and if not used properly can cause great damage. When
operating a winch, safe handling and preparation are of the utmost importance.
The forces generated by a winch are enormous. Keep a safe distance from a

31 | P a g e

winch cable that is under load. Never step over the cable whether it is under a
load or not. Instead develop safe habits and walk around the cable.
As the winch begins to pull on the cable, the cable stretches and stores energy.
Just like a rubber band, if the cable were to break it would snap back with
incredible force. Severe or grave injury can occur!
It is hard to predict when a cable may snap, or the
direction in which it will travel. Be sure that spectators
are clear of the winching area. The operator of the
winch should be cautious as well. If the cable breaks it
©Warn Industries, Inc. and used
with permission
will probably pivot around the winch itself. To lower this
possibility, it is a good idea, and a protective measure, to drape a blanket, floor
mat or jacket over the cable. If the cable were to let go, this would help to deflect
the force of a broken cable toward the ground. This is a preventative measure
only. It is not a guaranteed method to keep the cable from snapping back.
A winch will always be operated by remote control. If it is necessary for there to
be a driver in the vehicle, another safety precaution is to raise the vehicle’s
hood to provide protection from a broken or detached cable.
In general, the power, strength and capability of a winch are to be respected.
Be sure to understand how to safely operate all of the equipment. If more than
one person is operating a winch, establish a common form of communication
and be sure it is understood between all parties. Hand signals are the most
common means used to communicate. There are standard signals that
communicate instructions to “winch out”, “winch in” and “stop”. Be sure these
signals are clear to everyone prior to using the winch.
A winch is a tool, not a toy. Use it safely and only when necessary!
Warn has their winching techniques manual on their web site as a PDF
download.:
http://www.warn.com/truck/winches/pdf/62885A7_rs.pdf

32 | P a g e

WINCH PULLING FOR SAFETY
• Never step over or straddle a winch cable or rope under tension.
• Never touch the winch cable or rigging when under tension.
• Never use the winch as a tow strap.
• Be sure everyone is clear of the winch, cable and the load that
is being pulled.
• To make sure the backlash of a snapped winch line does not
cause severe injury or death, drape a jacket or blanket midway
on the cable to snub the backlash. If it is necessary for a
person to be inside the vehicle, raise the hood to protect him
or her.
• Take the time to make sure the anchor is secure.
• Always use a clevis or D-shackle. Never hook the winch back
onto itself or on to steering or suspension components. Do not
hook it on to a tow ball.
• Un-spool as much cable from the drum as possible to get full
strength from the winch. The first layer of cable has the most
pulling capacity.
• Do not winch with less than five wraps of cable around the drum.
The cable could pull loose from the drum under a heavy load.
• Do not allow the cable to build up on one end of the drum.
Serious damage to the cable and winch can result.
• Never exceed the rating capacity of the winch.
• Always wear heavy leather gloves when handling the winch and
cable. Do not slide a wire cable through your hands. Instead
walk the line hand-over-hand. Be sure to keep hands away
from fairlead, use a hook strap.
• Carefully rewind the cable after each use. Neat, even wraps will
prolong the life of the cable.
• Do not use the winch to support or lift a person.
• Do not run over the winch line.
• Regularly inspect the wire cable or synthetic rope for broken,
crushed or frayed strands.
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• Be sure rigging equipment is in good condition. Do not use a
tree protector or snatch strap if it is torn or frayed.
• When switching from steel cable to synthetic rope, inspect the
drum and snatch block for any burrs and file smooth.
• Always keep the engine running while winching.
• Inspect the winch before each use. If the winch has a brake
check, adjust as necessary. Follow the winch manufacturer’s
specifications for maintenance and oil changes. If the winch is
not sealed, drain and replace oil after it has been in water.

HI-LIFT JACK and COME-A-LONG
When used properly, the Hi-Lift jack (https://hi-lift.com/ ) and the Come-A-Long
/Tirfor can both be effective in helping to recover a stuck vehicle.

The Hi-Lift jack is a tall, bumper-type jack available
in 48” or 60” heights. If a vehicle becomes high
centered, the Hi-Lift may be used to jack the vehicle
above the obstacle. The added height compared to
that of a standard vehicle jack is a benefit in rough
terrain and when working with a vehicle which is
taller than standard height. Not all 4x4 vehicles have
suitable lifting points for using a Hi-Lift jack.
In addition, when used in conjunction with recovery
straps and chains, the Hi-Lift acts as a manual winch.
The Come-A-Long is a manual winch and thus a less
expensive alternative to a powered one. However, because it is a manual winch
it will take more time and effort to operate. Another type is the Tirfor winch
https://en.wikipedia.org/wiki/Come-along
https://www.tractel.com/en/catalogue/lifting-handling
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CHAPTER 6
Basic Maintenance & Mechanical Operations
Driving off-highway takes one off the beaten path and away from help that
would otherwise be available around town. This chapter provides a simple
overview of the basic mechanical operations of a vehicle. It is not intended to
be a technical source. However, learning the basics of automobile operation
could prove valuable when faced with a mechanical problem far away from
help.
VEHICLE MAINTENANCE
Vehicle maintenance is critical to ensure proper operation of any automobile. A
4WD vehicle used frequently off-highway should be kept in top condition and
requires additional preventative maintenance above and beyond the standard
requirements of the manufacturer. Off-highway use places added stress on the
vehicle and subjects it to dusty, muddy and generally rough conditions. Even if
not mechanically inclined, there are several routine checks and maintenance
procedures that owners can perform.
Begin by reading the owners manual thoroughly. This will explain the features
and operations of the specific vehicle and show the basic preventive
maintenance schedule that should be followed.
Auto part stores, car dealers, libraries and the internet have a wide selection of
books available to provide additional information on general auto repair and
maintenance. Look into auto maintenance classes available through local
community colleges. In addition, don’t hesitate to ask for information and advice
from other off-highway enthusiasts and local 4WD clubs. Many have years of
experience and are happy to share their knowledge.
AUTOMOTIVE SYSTEMS
A vehicle is a collection of basic systems that together provide a reliable, safe
and smooth handling ride. Thinking about these systems individually will make
it easier to diagnose a problem when something goes wrong.
ENGINE
An engine is made up of a number of sub-systems which must all be working
in order for the engine to run properly. These sub-systems are ranked in a
progressive order, similarly to the way a vehicle operates.
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• Fuel system
• Air intake system
• Fuel/air mixing system
• Ignition system
• Exhaust system
• Lubricating system
• Cooling system
First there has to be a source of energy to provide the power which makes the
engine run. This is the fuel. Most fuels such as gasoline cannot burn unless
they have oxygen. The oxygen is provided by the air intake. The fuel/air mixer
is either a carburettor or a fuel injection system. In many cases the proper
mixing may be controlled by a computer.
Once the correct mixture of fuel and oxygen is available, it is channeled into
each of the engine cylinders at the proper time. The mixture is drawn into the
cylinder by the piston during the intake stroke. A system of valves for each
cylinder controls the amount of mixture that can get in or out. Once the cylinder
is fueled with the fuel/air mixture, the valves close so that nothing can get out.
The piston is driven upward by the power of the other cylinders in the engine.
This is called the compression stroke. At this time, the fuel/air mixture is
th

compressed to about 1/9 of its previous volume. The ignition system – a
precise electrical timing system – ignites the compressed mixture as the piston
begins to go down. This is achieved via the application of high voltage to a
spark plug that projects into a chamber at the top of the cylinder.
The exploding fuel/air mixture drives the piston downward and adds its energy
to the other cylinders that are going through the same cycle but at slightly
different times. The rapid series of explosions and synchronization of all the
engine’s cylinders creates a smooth and constant flow of power.
Once the fuel/air mixture is completely burned, the mixture must be expelled so
the process can begin again. The exhaust system is responsible for
dispensing these burned gases. This takes place during the next upward travel
of the piston. While moving up, a valve in the cylinder head opens and the
forces the exhaust gases out of the cylinder. The exhaust valve closes and just
as the piston begins to go down, the intake valve opens so that a fresh fuel/air
mixture can be drawn in for the next power cycle. The exhaust gases are
channelled through an exhaust pipe emission control system and muffler that
reduce the explosive sound and release the gases into the atmosphere.
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The systems described above, collectively create the four cycle internal
combustion engine. With all of the moving parts, a huge amount of friction is
created. Without the use of lubricants the engine would rapidly heat up and all
the parts would expand and bind together causing severe damage.
The lubricating system reduces the friction to a safe level by forcing a special
blend of lubricating oil through all the moving parts of the engine. If the flow
stops for just a few seconds, damage may occur. A warning light located on the
dash board will glow if there is not enough oil pressure. If this light appears any
time after the engine is turned on, immediately stop the engine. Do not try to
drive even for a few feet. In addition to the warning light, an oil pressure gauge
will measure the pressure and indicate whether the pressure is fluctuating or
falling.
As the engine operates, only a fraction of the energy of the exploding fuel/air
mixture is converted to mechanical energy for running the vehicle. The rest of
the energy remains in the form of heat. Unless the heat is removed from the
engine as rapidly as it is created, the engine will heat to a point where the parts
will expand so much that even the best lubricant won’t be able to save it. The
removal of heat is the job of the cooling system.
Cooling takes place through a system of channels that surround the cylinders
and the cylinder head. A coolant such as water or an antifreeze/water mix is
forced through these channels. As the coolant circulates, it picks up the waste
heat and then circulates through the radiator where a stream of air created by
the cooling fan extracts the heat and dumps it into the atmosphere.
Similar to the oil pressure gauge, there is a warning light and temperature
gauge on the dashboard that indicates if the temperature in the engine is getting
too hot. A temperature gauge is helpful because it lets the driver know of
changes ahead of time, and provides the opportunity to act before there is a
critical “boil over” situation. Turn off the engine before the warning light comes
on.
Unlike a loss of oil pressure, one has a bit more time to react to changes in the
cooling system. As long as there is water surrounding the cylinders and cylinder
head, it will remove heat by boiling. The cooling system is designed to operate
at a slightly higher pressure than normal atmospheric pressure. This allows the
coolant to become a little hotter without boiling.
Warning: When the radiator cap is loosened the pressure is released, allowing
the coolant to boil and spew out. This super-heated fluid can cause severe
burns; never try to remove the radiator cap if the engine is hot or even warm.
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THE DRIVE TRAIN SYSTEM
The drive train takes the power from the engine and delivers it to the wheels.
There are a number of components that allow this transfer of power to take
place in a controlled and smooth manner. The parts of the drive train are:
• Clutch (if a manual transmission)
• Transmission
• Transfer case
• Drive shaft
• Differential
• Axle
• Wheel
Most of the drive train components are sealed to contain their lubricating fluids.
Be sure that all lubricating fluids are at the proper levels at all times. The
owner’s manual will provide instruction on measuring and changing these fluids
as well as recommendations on how often the lubricating fluids should be
changed and what type of fluids should be used.
Some parts of the drivetrain require that grease be injected into them at regular
intervals. This is usually done when the vehicle goes in for service; however if
driving through water or deep mud, these lubricants should be checked more
often because there is always the threat of contamination.
THE BRAKING SYSTEM
When power is applied to the wheels, the result is vehicle motion. The braking
system is designed to allow the driver to stop the motion. It consists of brake
drums or disks and a pad that rubs against them to produce friction, which turns
the motion back into heat. Brakes are not designed for prolonged usage. Their
temperature can get too hot and the result may be a decrease in braking ability
or complete failure and burning of the brakes.
The brake pads or shoes rub against the brake drums or disks by means of
hydraulic pressure being applied evenly to the brake on all four wheels.
Pressure on the brake pedal activates the master hydraulic cylinder. Since fluid
in the system cannot be compressed, the force on the brake pedal transmits
via small tubing (brake lines) to cylinders on each of the four brakes.
Be sure to check the brake fluid level in the reservoir before and after a trip.
Inspect the brake lines and cylinders for leaks. Leaks will show up as moistlooking spots or streaks around the brake parts.

After driving through sand, mud or water, wash the brakes to remove any grit
which might damage them. Brakes must be dry to be effective. If it is necessary
to drive while they are wet, lightly apply the brakes while driving. The heat
generated will dry the brake linings.
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CHAPTER 7
VEHICLE CHECKLISTS
VEHICLE PRE-TRIP CHECKLIST
Whenever you plan to take your vehicle off-pavement, it is a wise idea to
perform a pre-trip inspection. The following is a recommended pre-trip checklist
which should be reviewed prior to driving off-highway.
Air Cleaner
Battery (check water level, charge level, corrosion, lose cables, secure mounting)
Brake fluid
Brakes (pedal play, fluid level, leaking cylinders)
Emergency brake
Cooling system hoses and connections
Drive belts (fan, alternator, wear and tension)
Engine oil levels and filter
Exhaust pipes, muffler and mountings
Fuel lines and fuel filter (check for leaks and clogged filter)
Fuel supply
Lighting (head and tail lights, brake, backup as well as turn signals)
Power steering fluid
Radiator coolant level
Shock absorbers (bounce test, leaks, shock mounts)
Tires (check in advance for pressure, damage, wear)
Spare tire (tire pressure should be at least as high as the highest recommended
pressure)
Steering system (linkage, ball joints, power steering pump, fluid and belts)
Trip Plan
Wheel bearings
Wiring (check for lose, dirty or broken wire)

• MAKE SURE ALL LOOSE ITEMS INSIDE OF
A VEHICLE ARE SECURELY TIED DOWN.
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TOOLS AND ACCESSORIES CHECKLIST
When out on the trail, an auto parts store is not around the corner and cell
phone and/or radio contact is never guaranteed. Depending on the length and
type of trip, it is important to be properly equipped with the following:
Axe
Bailing wire
Clevis / D-shackles
Complete tool kit (wrenches, pliers, screwdrivers, etc.)
Drain pan plug with washer
Extra fluids (oil, fuel, brake, power steering, antifreeze, differential)
Fuel hose, clamps and spare fuel filter
Fuses
Hand cleaner
Hi-Lift jack (2 pieces of plywood should be included – 2’x2’x3/4”)
JB weld (2 part epoxy)
Jumper cables – heavy duty
Leather gloves
Light bulbs
Lug wrench (including wheel locks if fitted)
Oil filter with drain pan
Pick
Radiator (stop leak)
Shop rags
Shovel
Snatch block
Spare belts and hoses
Spare electrical parts (solenoid, cap, rotor, coil, etc)
Spare tire
Spare u-joints
Snatch strap or Tug-em
Tape (electrical, duct and Teflon)
Tarp
Tire gauge (should be able to read below 10psi)
Tire repair kit (plug kit) & sealant
Tow hooks (at least one in the front and rear; secure with grade 8 bolts)
Tree protector (if vehicle is equipped with a winch)
Tube of silicon
Valve stems
Vehicle Jack
WD-40
Wheel bearings and seals & grease
Wire connectors and spare electrical wire
Zip ties

HIGHLY RECOMMENDED EMERGENCY EQUIPMENT
Basic First-Aid Kit
Compass
ABC fire extinguisher
Flashlight with extra batteries
Flares
Spare ignition key
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RECOMMENDED BASIC TRIP ITEMS & EMERGENCY EQUIPMENT
Aspirin

Blanket
Bug repellent
CB or Ham radio, Cellular phone
Clothing - appropriate for changing weather conditions
Collapsible bucket
Eating utensils
Extra food and water
Maps - local area terrain
Matches or lighter
Permits – if necessary
Personal Locater Beacon (PLS)
Pocket knife or multi-tool
Prescription medication
Spare eyeglasses and/or sunglasses
Sun screen
Toilet Tissue (biodegradable)

POST TRIP VEHICLE INSPECTION CHECKLIST
After a trip on the trail, it is recommended that you check the following vehicle
components before getting back on-pavement:
Alternator and starter
Air filter
Axle air vents
Brakes – check for water damage, sand and grit
Car Wash – clean brakes, undercarriage, lights, radiator & drive train components
Exhaust system
Front wheel bearings – repack if necessary
Ignition wiring
Tires
Steering components
Water in the engine oil
Winch
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CHAPTER 8
Off-Highway Information and Guidelines
Before you depart, source out the proper topographic maps and four-wheel
drive guidebooks for the area in which you will be traveling. Develop a trip plan
before departing and be sure to tell someone in advance your planned route
and estimated time and date of return.
Common sense is the best guide when traveling off-highway. Acknowledge the
vehicle’s, as well as your own limitations and never let others pressure you into
something which is beyond your skill level. Most off-highway mishaps, problems
and accidents are caused by overconfidence.
Out on the trail, whether traveling with only one other vehicle or in a group,
communication is very important. If any of the vehicles are stuck, broken down
or damaged, a Citizen’s Band (CB), two-meter (Ham) radio or cellular phone
may be used to summon help and/or prevent disaster. It is strongly
recommended that you carry at least one of these units when traveling in the
backcountry.
CITIZEN’S BAND (CB) RADIO
https://www.fcc.gov/wireless/bureau-divisions/mobility-division/personal-radioservices

The Citizen’s Band (CB) radio is a popular tool among four-wheel drive
enthusiasts because it is a practical addition to a vehicle. In a flat, open
environment it has a range of up to five miles. It is simple to use, does not
require a FCC license, and is readily available at a variety of stores for a
reasonable price. Its only limitation is one of range. On a hilly, winding, trail
communication may not be clear or possible.
Family Radio Service (FRS)
Family Radio Service (FRS) is one of the Citizens Band Radio Services. It is
used by family, friends and associates to communicate within a neighborhood
and while on group outings and has a communications range of less than one
mile.
https://www.fcc.gov/wireless/bureau-divisions/mobility-division/familyradio-service-frs
In some countries outside North America, this UHF radio system has wider use,
as regulations may allow higher transmission power.

2-METER RADIO (Ham)
The 2-Meter radio, otherwise known as a Ham radio, while a bit more expensive
than the CB radio, has a number of advantages which some people believe
make it worth the extra cost. The Ham radio is not a line-of-sight wave radio
and therefore has a superior range. However, one must have an FCC license
and call sign to use it.
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CELLULAR PHONES
Although cellular phones are not traditionally used as a two-way communication
device, when used in conjunction with a CB or Ham radio they can serve a
useful purpose in case of a medical or vehicle emergency. Keep in mind that
connections may be sporadic depending on the distance to a cellular tower.

Personal Locator Beacons (PLBs)
Personal Locator Beacons operating on 406 MHz must be registered. PLBs
should not be used in cases where normal emergency response exists (i.e.
911.)
When activated, such beacons send out a distress signal that, when detected
by non-geostationary satellites, can be located by triangulation. In the case of
406 MHz beacons which transmit digital signals, the beacons can be uniquely
identified almost instantly (via GEOSAR), and furthermore, a GPS position can
be encoded into the signal (thus providing both instantaneous identification &
position.) Often using the initial position provided via the satellite system, the
distress signals from the beacons can be homed by SAR aircraft and ground
search parties who can in turn come to the aid of the concerned persons.
GLOBAL POSITIONING SYSTEM (GPS)
http://en.wikipedia.org/wiki/Global_Positioning_System
While not a communication device, the GPS is an important tool in the outdoors.
It is a worldwide navigational system which enables the receiver to calculate
coordinates through its interaction with 24 satellites. A GPS unit will pull the
strongest signals from 6 to 12 satellites to let you know to within 300 feet or
less, your precise longitude and latitude. It lets you know where you are, where
you’ve been and where you are going. It can be hand held or mounted in a
vehicle. Many driving enthusiasts are using a GPS to map off-highway trails
and provide exact points and areas of interest.
CALLING FOR HELP
In the outdoors there is always an element of risk. While there are a number of
ways to prevent trouble, sometimes a call for help is necessary.
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RADIO CONTACT
If a CB radio is available, use channel 9 to broadcast a distress call. When using
a Ham radio, scan for verbal activity on any one of the channels. In both cases,
speak slowly and be ready to give clear and concise information about your
location.
http://en.wikipedia.org/wiki/Mayday_(distress_signal)
Pan-pan (from the French: panne - a breakdown) indicates an urgent situation
of a lower order than a "grave and imminent threat requiring immediate
assistance", such as a mechanical breakdown or a medical problem.

MANUAL SIGNALS FOR HELP
If radio contact is unavailable, the following manual methods may be used to
signal for help.
During daylight hours, a mirror or polished surface can be used to reflect
sunlight. If a special signalling mirror is unavailable, the vehicle’s side
mirror is an option. A flashlight, flares and/or headlights may be used at
night.
Spell out the letters “HELP” with cloth, clothing, rocks or anything which
may be visible from an aircraft.
A well thought out trip plan is the best insurance in case of an emergency. Be
sure to tell someone in advance your planned route and estimated time and
date of return.
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SAFE OFF-HIGHWAY PRACTICE GUIDELINES
• Whenever possible travel with another vehicle.
• Stay on established routes and adhere to trail closures.
• Follow Convoy rules for traveling. Stop at intersections and wait for the
vehicle behind. This serves two purposes. The vehicle behind will follow the
proper trail and not get lost. In addition, if the vehicle behind needs to stop
for any reason, then the vehicle in front will find out about the problem right
away.
• Always use seat belts and shoulder straps (lap/diagonal). Be prepared for the
unexpected bump, jolt or drop-off. Persons not belted securely in their seat
are in danger of injury and/or death.
• Be prepared for changing weather conditions.
• Unlike pavement, off-highway terrain is constantly changing, never
predictable. Drive in control. IPDE - Identify, Predict, Decide and Execute.
• Become familiar with the general rules and regulations of the off-highway area
in which you are traveling. Please follow these rules as they are designed
to protect you, others and/or the environment.
• Always Tread Lightly! Excessive speed in the backcountry is inappropriate
and dangerous. Approach intersections with caution; pass only when safe.
• Do not follow too closely to the vehicle in front of you as you may not be able
to see important obstacles. In addition, allow the vehicle in front of you to
complete and clear an obstacle before moving ahead.
• Uphill vehicles have the right-of-way. Loss of climbing momentum on a very
steep incline could result in a difficult and possibly dangerous situation.
• When leaving a vehicle, park it in a safe place off the main part of the road.
Be sure parking brake is engaged.
• Do not drink and drive. It is a dangerous combination. Off-highway trails are
public roads; traffic and DUI laws apply off-road as well.
• Approved muffler spark arresters are required on vehicles driven on public
lands. A factory installed muffler is considered adequate, however a custom
tailpipe may not be. Check your equipment before going out. A badly
deteriorated or inadequate exhaust system can pose a severe fire risk.
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TRAIL ETIQUETTE
• Travel on designated trails and/or off-highway vehicle areas. Do not blaze a
new trail or make a trail wider than it already is. Others may see your tracks
and assume it is OK to follow.
• Do not cut switchbacks. Cutting across a switchback creates a “false trail”.
Erosion can follow this new path, destroy the old trail and damage the
surrounding environment.
• “Pack it in – Pack it out.” Do not litter. Always clean up after yourself and, if
possible, others as well.
• Do not drive on private property without permission. Leave gates as you find
them.
• Try not to disturb wildlife. Excessive noise can upset the natural environmental
balance; fire can destroy their home; human garbage can kill them.
• Leave the land and vegetation as you find it. Leave rocks, flowers, wood and
artifacts in their natural state for others to enjoy. Limiting travel to
established roads will minimize damage to soil and plant life.
• Preserve our heritage. Do not disturb old mining camps, ghost towns or other
historical areas.
• Respect the rights and property of miners, recreationists, ranchers, fishermen,
hunters and others who live, work and appreciate the outdoors.
• For the safety of your pet, other animals and people, please leave your pets
at home. Pets are a danger to other animals and in certain situations are in
danger themselves.
• Respect others and their desire to enjoy the solitude of the outdoors. Keep
excess noise to a minimum.
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CHAPTER 9
TREAD LIGHTLY!
United Four Wheel Drive Associations is proud to be a founding and voting
member of TREAD LIGHTLY!
I PLEDGE TO:

Travel only where motorized vehicles are permitted.
Respect the rights of hiker, skiers, campers and others to enjoy their activities
undisturbed.
Educate myself by obtaining maps and regulations from public agencies,
complying with signs and barriers, and asking owners permission to cross
private property.
Avoid streams, lake shores, meadows, muddy roads and trails, steep hillsides,
wildlife and livestock.
Drive responsibly to protect the environment and preserve opportunities to
enjoy my vehicle on wild lands.
• Set up camp at least 100 feet from stream banks and lakeshores. Whenever
possible camp in existing campsites. Camp on durable surfaces and, if
possible, place tent on a non-vegetated area. Do not dig ditches around tent.
• Dispose of human waste properly. In areas without toilets, carry a digging tool
and bury your waste. Human waste should be disposed of in a hole 6”-8” deep
and at least 200 feet from water sources, camp sites or trails. Use toilet paper
sparingly. Dispose of it in the hole or pack it out.
• Do not wash with soap in streams or lakes. Detergents, toothpaste and soap
harm fish and aquatic life. Wash with biodegradable soap 200 feet from a
stream or river and scatter wash water so that it filters through the soil.
• For cooking, use a camp stove. They are always preferable to a campfire in
terms of impact on the land. Observe all fire restrictions. For campfires, use
existing fire circles and gather firewood well away from camp. Do not cut
standing trees or branches but use fallen wood. Be sure all embers, coals and
sticks are wet. Check under the fire circle for any remaining burning embers.
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Glossary
Approach angle
The maximum slope that a vehicle can approach and drive up without hitting
the bumper or undercarriage components. The angle is expressed as a
measurement in degrees.

Articulation
Refers to the amount of vertical axle movement. It is the amount by which one
axle can move – left wheel up, right wheel down or vice versa – relative to the
chassis or the other axle.

Black ice
A very thin sheet of nearly invisible ice that forms on pavement.

Body Lift
A type of vehicle modification. This type of lift raises the body of the vehicle
from the chassis.

Breakover Angle
The angle that a vehicle can safely break over, such as a hill or a ridge, without
dragging or hitting the bottom of the vehicle.

Citizens Band Radio
A special band of radio frequencies devoted to use for two-way communication.
The unit does not require the operator to have a license. Channel 9 is reserved
for emergencies and many police agencies monitor it.

Chock the Wheels
To place a block of wood or a rock on the downside of the wheels to prevent
movement.

Clevis
Also called a screw pin anchor shackle, or more commonly a D-shackle. A
secure device for attaching recovery equipment such as a tree protector for
winching or a recovery strap.

Come-A-Long
A manual winch.

Departure Angle
The maximum slope a vehicle can drive down or off of without hitting the
chassis, bumper, tow hitch etc. The angle is expressed as a measurement in
degrees.
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Drive-Train
The drive-train consists of the engine, transmission, driven axle(s), and in the
case of a four-wheel drive vehicle, a transfer case. These are all of the
components that are used to propel or drive the vehicle.

Full-time 4WD
A four wheel drive system equipped to provide on road as well as off-highway
use of four wheel drive. This system uses a center differential, viscous coupling,
multi-plate electronic clutch or some device that prevents drive line wind up
when four wheel drive is engaged on pavement.

Gear Ratio
A ratio or comparison of gear sizes measured by the count of teeth on each
gear as they interact with each other. Gear ratios are expressed as a ratio
comparing one gears number of rotations to one full rotation of the other gear.

Global Positioning System (GPS)
An electronic receiver developed and operated by the U.S. military that
communicates with satellites. It determines locations through triangulation from
signals transmitted by the satellites.

High-Centered
When the under carriage of a vehicle gets hung-up on an obstacle which results
in one or more of the wheels not having firm contact with the ground. A result
of insufficient “breakover angle”.

Hi-Lift Jack
A tall, bumper-type jack used to jack a vehicle above an obstacle.

IPDE
A driving strategy that consists of four skills to be perfected: Identify, Predict,
Decide, and Execute.

Locking Hubs
Allows the front wheels to be disengaged from the front axle to allow free
wheeling.

Oversteer
Refers to rear wheel skid. This occurs when the rear wheels lose traction from
sudden braking or throttle lift and begin to slide.

Part-time 4WD
A four wheel drive system that can only be used off-road or on low traction
surfaces. Part time four wheel drive can not be used in four wheel drive on the
pavement.
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Permanent 4WD
These systems are always in 4WD; they have no 2WD mode.

Power to weight ratio
The amount of horsepower available to move each pound of weight of a vehicle.

Shift on the fly
The ability to shift from 4WD high to 2WD high without stopping the vehicle.

Skid plate
A plate mounted below the chassis of a vehicle to protect the vehicle from
damage caused by rocks, etc.

Snatch block
A pulley used for winching. Used to double a winch line for more pulling power,
change the direction of pull, or allow a maximum of cable length to be used
when the anchor point is close to the vehicle.

Snatch strap
Made of nylon webbing, it is also known as a recovery strap or kinetic energy
recovery strap because of its ability to stretch. Used to recover a stuck vehicle.

Suspension
A spring system used to “suspend” the chassis of the vehicle. The suspension
isolates the chassis from bumps as it traverses difficult or uneven terrain. The
wheels and axles transmit bump shock to the suspension which absorbs the
bump shock and smoothes out the ride for the vehicle.

Suspension Lift
A type of vehicle modification. This type of lift will raise the body and frame.

Switchback
A sharp "U" turn in a road or trail that gains or drops altitude while turning. Used
in a situation where a straight climb or decline would be unsafe or damaging to
the environment.

Tires
Highway Terrain – Designed for limited off-highway use.
All Terrain – Also called mud-and-snow tire. The most popular off-highway tire,
offering a great combination of off-pavement and on-road capabilities.
Mud Terrain – A tire featuring an aggressive tread with large cleats to provide
the maximum traction in muddy conditions.

Traction Aiding Devices
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A mechanically, electrically and/or hydraulically activated system that directs
power to the wheel and/or wheels with the most available traction.

Transfer Case
A gearbox which transfers power to both the front and rear axles, providing fourwheel drive. (The majority are the two-speed type typically providing high and
low range.)

Tread Lightly!
A series of guidelines designed to encourage responsible behavior when
traveling in natural areas in an effort to protect the environment.

Turning radius
The smallest circle in which a vehicle can turn.

Understeer
Refers to a front wheel skid. Occurs when the front wheels begin to skid (usually
the result of steering too quickly or the sudden application of brakes), and
results in the vehicle not steering in the desired direction.

Wheelbase
The measurement of distance between the front and rear axle.

Winch
A mechanical drum that is operated either hydraulically, electrically or by the
engine of the vehicle. The drum is used to spool or wind in a cable to pull or
recover a vehicle that can no longer move under its own power. Most winches
are electrically driven.
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