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ABSTRACT

AN INVESTIGATION OF POSITIVE ENGAGEMENT,

CONTINUOUSLY VARIABLE TRANSMISSIONS

Ryan R. Dalling
Department of Mechanical Engineering

Master of Science

A Positive Engagement, Continuously Variable Traissian (PECVT) allows
for a continuously variable transmission ratio cagjiven range using positively engaged
members, such as gear teeth, to transmit torghes ré&search is an investigation of
PECVTs to establish a classification system aneguomg principles that must be
satisfied for an embodiment to overcome the noegi@t tooth problem. Results of an
external patent search are given as examplesfefelit concepts and PECVT
embodiments that have been employed to negatdftéutseof the non-integer tooth
problem. To classify all published and unpublisP&CVT embodiments, a
classification system is developed, based on haticplar PECVT embodiments
overcome the non-integer tooth problem. Two clesddECVTs are defined: 1) the

problem correction class and 2) the alternate @esligss. General principles that must






be satisfied for a promising PECVT embodiment tistex each class of PECVTs are
also developed. These principles, along with taesification system, are the major
contribution of this research. The principles diggcwhat an embodiment in each of the
PECVT classes must accomplish to negate the efdétke non-integer tooth problem.

A product development phase integrated with TRIZhodology is implemented
to generate several concepts that satisfy the negugloped general principles and the
product specifications that were also created.cr&ening and scoring process is used to
eliminate less promising concepts and to find tlestwiable PECVT embodiment.  An
embodiment that only operates at preferred trarsamgatios, where no meshing
problems exist, proves to be the most promisingepnbased on the results of this
methodology. The embodiment also utilizes camsaadifferential device to provide the
needed correction to the orientation of the drivimgmbers when misalignment occurs.
This misalignment only occurs while transitioningtlween preferred operating ratios.

A case study of the final embodiment developed bynier Moon Technologies
and Brigham Young University is presented and arelyto show how the final concepts
ensure proper engagement without the effects ofidimeinteger tooth problem. The final
embodiment is not the optimal solution but représanconceptual design of an
embodiment that satisfies the governing principl€ke classification system and the
governing principles that have been establishedalrd for all PECVT embodiments
and will be valuable in future research. Futurekweet to be conducted for this research,

including an involutometry analysis, is discusseavall as other recommendations.
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1 Introduction

This chapter will discuss the background and pwpdghis research. It will also
present the functional decomposition of a standaesthsmission and give a brief
introduction to Positive Engagement, Continuoustyigble Transmissions (PECVT). A
description of the non-integer tooth problem, whekists in the majority of known
PECVT embodiments, will also be provided. The Ifiactions of this chapter will

discuss the objectives and methods of this resegalohg with certain delimitations.

1.1 Background

The primary purpose of an automotive transmiss®roi transmit mechanical
power from the engine to the applied load at theeeldr The mechanical power
produced by the engine is transmitted in the fofnthe engine’s rotational speed and
torque. The transmission couples this power frioengngine to the load at the wheels by
providing a speed (RPM) and torque ratio changiéhofigh the power provided by the
engine is conserved while being transmitted to I, the transmission is able to
transmit the desired RPM and torque values todhd by using different gear ratios. A
basic flow diagram of a functional decompositionaofransmission is shown in Figure
1.1. A functional decomposition begins by breakiing primary function of the product

down into smaller, more specific functions that atdee what a product must do to



achieve its primary function. This is continuediluaach function is small enough to
work with; after which, a function diagram is crect It is important not to specify a
specific method for obtaining or performing the dtian, as each function should include
only what the desired outcome is and not how timetfan is to be achieved [1]. The

importance of this functional decomposition will thecussed later in Chapter 3.

TRANSMISSION

Dresired
RPM &
Torgue
values

v

Rotational Power

Aceept Power

RPM & Torgue
Ratio Changes

Sense Signul

<> Input from Engine

V Cutput to Load

Figure 1.1: Functional Decomposition of a Traditional Traxsmission

Generally, a transmission receives as inputs sama of rotational power along
with a ratio control signal and varies the RPM &mdjue ratios to obtain a desired output
RPM and applied torque value at the load. This RBfb is also called the transmission
ratio, or drive ratio [2]. For any given engineesd converted by the transmission to the
load, there exists a certain transmission ratioctviwill allow the engine to operate at
maximum torque, power, or efficiency. Therefofghe transmission ratio were allowed
to continuously change to that desired ratio as @hgine output speed continually
changes, the engine could operate at optimal torquasver, or efficiency states

depending on which characteristic is desired fotage operating conditions. Because a



standard transmission possesses a finite numlggrasfratios (usually 5 ratios) as seen in
Figure 1.2, the engine is required to vary its dpgeorder to provide a continuously
varying output from the transmission to the loathatwheels. As a result, the engine is
limited to providing maximum performance or effieey over small ranges of output
speed [3]. In addition, the torque applied to tiear sets from the load must be
disconnected in a standard transmission when charfgdm one gear ratio to the next,
also decreasing the overall efficiency and perforceaof the engine and automobile as a

whole.

1st gear
sl

Clutch )
2nd gear

Figure 1.2: Basic Components of a Standard Manual Transission [4]

A Continuously Variable Transmission (CVT) is angenission that allows for a

continuously variable RPM and torque ratio changer @ finite operating range. In

3



traditional manual and automatic transmissionss ttontinuous ratio change is not
possible due to a finite number of gear ratios éxadt in the system. Through its ability
to continuously change the transmission ratio withdisconnecting the load, a CVT
allows for a continuously variable output, whils@lallowing an engine to operate at
optimum RPM ranges or at maximum torque, regardidsthe output speed of the
transmission, thus maximizing vehicle efficiencylgerformance [5].

Many different categories of CVTs exist today irrigas applications based on
basic design components that will be further disedsin Chapter 2. Many CVTs
currently used in ATVs and automobiles rely upautiion driven belts and pulleys to
transmit mechanical power from a power source (e)gio the load (wheels). These
friction-drive CVTs, however, are limited to lowtarque applications where the torque
applied from the load does not exceed the maximilowable torque transmitted by the
belts and pulleys through friction. In applicasonhere higher torque values are applied
by the load, the need for positive engagement,egetrtansmissions found in automatic
and manual transmissions exists to increase thenmiax allowable transmitted torque.
In addition, because many traditional CVTs relyfoation to transmit torque, internal
components often experience excessive wear, whadlices efficiencies and causes
failure in the transmission’s functionality. Thedisadvantages have lead researchers to
develop a new category of CVTs that do not relyfriction to provide continuously
variable speed and torque ratios. This categoln@vn as the Positive Engagement

Continuously Variable Transmission (PECVT).



1.2 PECVT Introduction

The main function of a PECVT is to vary the RPM aondque ratios of the
transmission in a continuous manner, as in a todit CVT, by using positively
engaged members, as shown in Figure 1.3. The congear set shown in the figure
only provides one set gear ratio; however, a PEG@MITuse the same positively engaged
method of transmitting torque while achieving agarof continuously variable gear

ratios.

Figure 1.3: Example of Positively Engaged Members Used PECVT Embodiments (Retrieved from
www.gcseinappliedscience.com)

While conserving popular attributes possessed aditional CVTs, a PECVT
utilizes positively engaged gears or other membierstransmit torque (without
disconnecting the load from the engine). Thisvedldhe transmission to transmit more
torgue than friction-drive CVTs and reduces commpomeear. In addition, the engine is
allowed to operate at maximum performance or @fficy ranges made possible through

a continually variable transmission ratio provideygl the PECVT. Because of these



attributes, the PECVT could be used in more autwaa@tpplications than the traditional
CVT, and if proven viable, the PECVT could also ygado be beneficial in broader
applications than those of the automobile industry.

Many PECVT embodiments currently exist in varioesigns and are published
in patents and other literature; however, an iggabodiment that meets all functional
specifications, or desired characteristics, of &%E has not yet been realized. It is also
necessary to note that in each of the previousllighied embodiments in different
literature sources, there are inherent challengdisndgations that exist which inhibit the
particular embodiments from being ideal. The magballenge which exists in the
majority of published PECVT embodiments, is a geath engagement problem known
as the non-integer tooth problem [3]. An invedima of different PECVT embodiments
that may eliminate the aforementioned non-integetht problem has been proposed at
Brigham Young University in association with a rm@s# sponsor. A functional
decomposition of a standard PECVT is shown in Fdu#, which describes the primary

function of a PECVT as described previously.

PECVT

Continuously Variable
RPM & Torque Ratios o
Agcept Power Desired
RPM &
Torgue
valies:

Rotational Power

v

ittt o g
Eliminate-Non-
—r—.  lmeger Tooth § W

| Problem EHeots ;

Ratio Control

Siimal #| Sense Signal _/
<> Input from Ensine O Primary PECYT Function
V Output to Load iZ ) Secondary PECVT Function

Figure 1.4: Functional Decomposition of a Standard PECVT
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The primary function of the PECVT is to provide @ntinuously variable RPM
and Torque Ratio to the load using positively erglignembers. The secondary function
is to eliminate the effects of the non-integer boptoblem for proper engagement to

occur.

1.3 The Non-Integer Tooth Problem

In transmission embodiments that use a single nméchlainput, the transmission
functions much like a common gear pair relationdikig that shown in Figure 1.3. This
type of embodiment is similar to traditional manaald automatic transmissions in that
one gear acts as the input drive gear while theraybar acts as the driven or output gear.
To achieve an RPM ratio change in single input effithents, the diameter of at least
one of the two gears in the gear pair must chafdpe. RPM ratio is defined as:

RPM,, _D, w.1)
RPM,, D,

Where:
D, = Pitch diameter of the drive, or input, gear
D, = Pitch diameter of the driven, or output, gear
Since the output RPM is generally lower than thautnthis is commonly called

thegear reduction. The pitch diameter, D, of any gear in generalBned as [2]:

D= (1.2)

N
F)d
Where:
N = Number of teeth on the gear

Py = Diametral pitch of the gear
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In order to change the diameter of a gear, eithemumber of teeth on the gear
(N) or the diametral pitch of the gearg(Mnust change, as seen in equation 1.2. To
ensure proper meshing in traditional manual andraatic transmissions, the change in
diameter and effectively the change in RPM ratmachieved by switching to a gear pair
in which the ratio of teeth numbers on the driveltiven gears has been increased. This
is accomplished by rerouting the power throughféemint gear pair. However, some
published PECVT embodiments use the equally viat#éhod of changing the diametral
pitch to achieve the desired change in diameter.

A meshing problem called the non-integer tooth fabexists in PECVTs that
attempt to achieve a step-less change in the tiassm ratio by varying the number of
teeth or the diametral pitch of a gear. This peobl along with many of its
characteristics, is described in detail in rese@eatiormed by Brian Andersen [3]. A full
detailed account, with all of the characteristit$he non-integer tooth problem, will not
be provided in this research. However, a brietdpson of the problem is valuable and
useful in understanding the objectives of this aese, which will be given later in this
chapter. The non-integer tooth problem is besetstdod by considering an example of
the problem shown in Figure 1.5 below.

Figure 1.5 shows two different drive sprocketsdears) with a driven chain that
represents the driven members. The two gears Hdferent diameters, Dand D,
representing two different transmission ratios,heatwhich requires the same circular
pitch to mesh properly with the constant pitch oh@). Each gear’s circumference is a
function of its diameter, Dfor drive gear 1 (b) and LJor drive gear 2 (c). Drive gear 1

(b) has a circumference such that when dividedsogiicular pitch (a) results in an



Gircular Pitch {a) —,

Circular Pitch (a) ——,

Interferance (d)

- =

Drive Gear 2 (¢)

_—

Figure 1.5: Non-integer Tooth Problem That Exists in PE®Ts Requiring a Correction (Retrieved
from http://cvt.com.sapo.pt)

integer number of teeth on the gear. Therefoligedyear 1 (b) meshes properly with the
chain. Drive gear 2 (c) has a circumference shehwhen divided by its circular pitch
(a) results in a non-integer number of teeth, pasdial tooth, on the gear. This partial
tooth causes a collision (d) to occur when the dgeath attempt to reengage with the
chain. Therefore, drive gear 2 (c) will not mesbgerly when engaged with the chain.
This meshing problem is known as the non-integethtproblem.

By definition, a PECVT can continuously vary thartsmission ratio in a step-

less manner over a given range, thus providinghnite number of gear ratios between



that range. To create an infinite number of gedios, there would need to be a
continuous increase or decrease in the numberedh t@f a particular gear, within an

engaged gear pair, to effectively change the geanater. This continuous change in the
number of teeth requires that teeth be added t@elae in non-integer increments. If a
gear was created with a circumference that, wheidehl by the circular pitch, results in

a non-integer number of teeth on the gear, theim@ger tooth problem occurs. Figure
1.6 shows the effect of adding teeth to a geaoiminteger increments as a partial tooth

is formed.

Partial Tooth

e

Figure 1.6: A Gear with a Pitch Diameter that Results in &Non-Integer Number of Teeth [3]

1.4 PECVT Embodiment Description

A conceptual design of a PECVT embodiment is shawrrigure 1.7. This
embodiment will be discussed in detail in chapteas5a case study of a possible final
embodiment. It is presented here for additionalemstanding of how the non-integer
tooth problem manifests itself in similar PECVT esdbnents.
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Virtual Circle (b}

Ball Screws {(f)

Driven Gear (a)

Figure 1.7: Example of PECVT Embodiment

Comparable to the sprocket and chain example sh@meviously, the
embodiment in Figure 1.7 is composed of an effecthput gear, or virtual circle (b),
represented by 6 individual driving teeth (d) amdaautput, or driven, gear (a). The
driving teeth (d) rotate about the central axishef virtual circle (b) providing an input to
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the transmission. Torque is transmitted from theirng teeth (d) to the driven gear (a) in
a positively engaged manner (which is not showtnénfigure due to the transparency of
the driven gear).

To achieve a variable ratio, each driving toothigdattached to individual blocks
(e), which are connected to ball screws (f). Thak $crews (f) will collectively translate
the driving teeth (d) in and out radially, effeely changing the diameter of the virtual
input gear, or virtual circle (b). As the effediinput gear, or virtual circle (b), increases
or decreases in diameter, the transmission rasio \&kries in a continuous manner as at
least one driving tooth (d) is always engaged \thth driven gear (a) at any given time.
As the diameter of the virtual circle (b) increggle driven gear (a) is forced to translate
vertically to maintain engagement with the driviteeth (d), while at the same time
rotating about its own central axis.

The non-integer tooth problem manifests itself dgrtransition of the driving
teeth (d) as the ball screws (f) collectively chatlge diameter of the virtual circle (b),
effectively varying the transmission ratio. Durithgs transition, the virtual drive gear, or
virtual circle (b), possesses characteristics ofjemr with a continuously variable
diameter. However, in several instances duringrueslation of the driving teeth (d) to
different radial locations, the virtual circle (Iossesses a diameter where its
circumference is not equally dividing by the pitchthe driving teeth (d). When the
virtual circle (b) possesses this circumference thiving gears (d) will not mesh
properly with the driven gear (a) due to the naeger tooth problem. The case study in
Chapter 5 will explain in detail how this embodirh@vercomes the non-integer tooth

problem.
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1.5 Research Objectives

This research investigated possible solutions ty@me the non-integer tooth
problem that exists in many Positive Engagementti@oously Variable Transmissions.
The objectives of this research are to:

» Establish governing principles and functional speaiions that must be satisfied
in PECVT embodiments for solutions to the non-ieteigoth problem to exist

» Develop a classification system of classes andliesnbased upon these
principles, to categorize all existing embodimesftPECVTs found in patents and
from other literature review sources

» Demonstrate a methodology for evaluating PECVTsdasand families according
to the established functional specifications thidithve created

» Classify, develop, and analyze new innovative cptecthat are created during this
research in attempt to find the most promising PE@vhbodiment.

The following steps were used to meet these dbgst

1. For each class of PECVT, identify the governinggiples and functional
specifications for possible solution embodiments

2. Generate and develop concepts of possible solutiotige non-integer tooth
problem in the PECVT classes

3. Screen and score the generated concepts to halipfydde most promising
embodiment

4. Create a model of the best embodiment solutioretoahstrate its effectiveness

in meeting the governing principles and functicsyaécifications.
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1.6 Research Approach

To achieve the objectives of this research, a loiéstription of the history of
CVTs is provided in Chapter 2. In addition, a PEHC)assification system is developed
to group different PECVT embodiments into classesfamilies based on the methods
used to attempt to overcome the non-integer toaihlem. Chapter 2 also defines
certain principles that need to be satisfied fanpising PECVT embodiments to exist in
each of the classes and families. Several pat€&t&€VT embodiments are categorized
into the classification system with the advantamas disadvantages of each embodiment
given.

With the classification system and general opegapirnciples defined, a product
development process can be implemented to findbe&t promising PECVT
embodiment. A product development process isiasef steps used to develop the
design of a particular product or alternativelyjable solution to a specific problem.

This process includes many phases that carry anfide initial stages to a widespread
production of a product [1]. One of the phasethis process is called the concept
development phase and is discussed in Chaptethissahesis. The concept development
phase is a conceptual design phase, rather thatah adkesign phase, meaning that the
complete and final specifications are not inclugethis research. The conceptual design
phase, once completed, was very helpful in compétie objectives of this research.

Another popular problem solving method that hagnoto be effective in many
technical problem solving situations is TIPS or ZRI'TIPS" is the acronym for "Theory
of Inventive Problem Solving,” and "TRIZ" is theranym for the same phrase in

Russian, the language in which the methodology seaseived [6]. TRIZ is intended to
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improve design concepts by using a more structarethodology than brainstorming or
other creative thinking techniques. This methodglacan be very useful when
attempting to improve systems where creative canedgesign solutions are needed to
solve a problem instead of using solutions alrdattywn to the industry [7]. A greater
explanation of how TRIZ was implemented in thisegsh is also detailed in Chapter 3.

By integrating TRIZ techniques into the concept elepment phase, the less
effective trial and error approaches often usedh@ concept generation step were
replaced with a more systemic approach to aid mycesy out the objectives of this
research. Chapter 3 also details the manner ichavtiiese two methodologies were
integrated.

Chapter 4 presents a discussion of the resultsnalokdy applying the
methodology described in Chapter 3 to the PECVTilfam

Chapter 5 presents the most promising PECVT embadifiound to satisfy the
general principles and product specifications gghfin previous chapters. The
effectiveness of the final design in satisfyingsia@rinciples is also shown.

Chapter 6 discusses conclusions of the selectidimedinal embodiment as well

as provides recommendations for future work in #nesa of research.

1.7 Delimitations

Other phases in the product design and developpmeagéss including the detail
design phase were not addressed in this rese@naly. a conceptual investigation of
PECVT embodiments was conducted through the corsa@iopment phase. Only the

final concept chosen was analyzed to show its #teal feasibility. A physical
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prototype was not constructed nor tested as pahi®fesearch. Further, more detailed
analyses must be conducted to prove functionatityfaeasibility of the final

embodiment.
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2 CVT Technology and PECVT Development

This chapter provides a brief history of the depeatent of CVT technology over
the last few decades. Certain CVT categoriesrareduced and detailed according to
the design principles that define them. The adyged and disadvantages of the design
principles are also listed. This chapter provides background and motivation for
further development into a separate category of €\HECVTs. The customer needs
and product specifications of an ideal PECVT emivaaiit are also identified to better
understand its necessary operating principles.

A PECVT classification system used to organize amdlyze all PECVT
embodiments are also introduced. A representgimgulation of patented PECVT
embodiments with a detailed functional descriptdsome of these is provided to aid in
developing the PECVT classification system. A fewil-defined governing principles
are also provided as tools to evaluate PECVT cdscapd embodiments during this

investigation.

2.1 CVT History

A CVT is defined as a transmission that allowsdarontinuously variable RPM
ratio, output shaft to input shaft, over a givenga A CVT, therefore, can take on an

infinite number of transmission ratios within thenge. As mentioned in Chapter 1, this
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characteristic of CVTs allows the engine to opeiatenaximum efficiency or power.
The idea of CVTs has been around for hundreds afsyelLeonardo da Vinci sketched
the first known designs of a CVT in 1490 [8]. Tigea was not seriously developed,
however, until the late 1800’s and early 1900’s.1886, the first CVT patent was filed,
but it wasn’t until the early to mid 1900’s that T¥ were being utilized in automobiles
and other applications. In the late 1930’s, Gdndiitors patented their first automated
ratio-controlled traction drive CVT. This was thest of many patented traction drive
CVTs that appeared over the following years [9]D#étch automaker (DAF) first started
using CVTs in automobiles in the late 1950s, bug¢ ¢ limitations caused by their
reliance on friction, CVTs were unsuited for int@rcombustion engines that produced
more than about 100 horsepower [8]. Other autonsake&perienced similar results
during this time.

As engine horsepower increased during the mid X90fhie focus of CVT
development shifted toward the development of trassions with higher torque transfer
capabilities. The movement nearly halted CVT depeient for automobiles in favor of
fixed ratio transmissions, such as today’s manndlautomatic transmissions, which can
meet the needs of high-torque producing enginesly @ the last few decades have
higher-torque CVTs for commercial applications appd [10]. The need for higher
torque transfer capabilities of transmissions festedevelopment of improved CVTs,
some of which do not rely on friction. Currentihhe development of CVTs can be
classified into several categories: belt-drivenstesns, rolling contact systems,
hydrostatic systems, electric systems, and fullghmaical systems which use positively

engaged members and variable geometry to achiaypeitgd 1]. It is useful to describe
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these and other categories in which many CVTs dassified as background and

motivation for this research.

2.2 CVT Categories

The development of CVTs has resulted in numerousoeiment designs with
many different operating principles used for eaeigh. By understanding the basic
advantages and limitations of these operating jpiies, evaluation of new or similar
CVT designs is greatly facilitated. Distinct CVategories exist based on the operating
principles that are utilized by different CVT emloénts. To provide a foundation for
this research, basic CVT categories are descrilwedavith advantages and limitations
of each category type. If the proper category banfound for any particular CVT
embodiment, then the characteristics of that embedt can be understood without
knowledge of all the mechanical details or a comeplenderstanding of the functionality
of the embodiment [12]. The five basic CVT categordescribed are: Friction Drive,

Traction Drive, Hydrostatic, Electric, and Positlzegagement.

2.2.1 Friction Drive CVTs

A friction drive CVT is one that uses static frami between the driving and
driven member to transmit torque. The most comtype of friction drive CVT is the
variable diameter pulley V-belt system. This C\ansists of a driving and driven pulley
that are coupled by a friction-driven composite &tb Each pulley consists of two
separate sheaves that are allowed to spread alacot vary the diameter at which the
belt rides on the pulley. This change in the raldieation of contact of the belt on the

pulley is equivalent to changing the effective diden of the pulley and, essentially, the
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transmission ratio of the CVT. Pulleys are usegairs. As one spreads, creating a
smaller pulley, the other contracts to maintairt bexhsion and to create a larger pulley.
By allowing the sheaves to continuously vary the&tadice between them, a continuously
variable ratio change results. An example of tyye of friction driven CVT is shown in

Figure 2.1.

Qutpit pufiey has opensd up ™S
togive asafier radiva forine 00
=1t o travell droand i

Qe puiey nas coned up,
16 glve & larger radius for e
belt o traval sround 3

Brive pubey
cannapiey

(@ (b)

Figure 2.1: Variable Diameter Pulley V-belt CVT; (a) Driving Pulley Diameter is Smaller than
Driven Pulley Diameter (b) Driving Pulley Diameter is Larger than Driven Pulley Diameter
(Retrieved from http://cvt.com.sapo.pt/scvt/index.htm)4]

There are several variable diameter pulley v-b&T @mbodiments that exist in
the friction drive category. One of these emboditegwhich is very popular and is
currently used commercially in automobiles, is thetal push belt design. This design
increases the torque capacity and efficiency ofstheadard composite V-belt designs by
increasing the coefficient of friction between thetal belt and the pulley sheaves, which
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reduces the inherent slipping of the belt. Theatptish belt design was first designed
by van Doorne Transmissie Company. Currently,pirgh belt design is found in many
different vehicles from companies such as Subarssaw, Ford, and Honda [13]. The

basic driving and driven segments of this type @iTGre shown in Figure 2.2.

Figure 2.2: Basic Embodiment of Metal Push Belt CVT (Retgved from
www.cvt.co.nz/cvt_how_does_it_work.htm)

This embodiment is composed of segmented, thicknma metal V-shaped
blocks that have cutouts on both sides to accomtacstacker steel bands that hold the
V-shaped blocks in place. The blocks, along whth dteel bands, make up the CVT belt,
which can be seen in Figure 2.3. The metal push@®¢T functions similar to the
variable diameter pulley rubber V-belt designs. e TW-shaped blocks decrease the
amount of slipping that occurs between the diskkthe sheaves, while the metal bands

allow the belt to handle high torque loads. Thean of torque that can be transmitted
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by this CVT is dependant on the tensile strengtthefsteel bands as the belt is squeezed

between the two sheaves [13].

Figure 2.3: Metal Discs and Steel Bands that Compose the Bef a Metal Push Belt CVT (Retrieved
from www.cvt.co.nz/cvt