A+CVT
INTRODUCTION

The primary function of a transmission is to transmit mechanical power from a

power source to some form of useful output device. Since the invention of the internal

combustion engine, it has been the goal of transmission designers to develop more

efficient methods of coupling the output of an engine to a load while allowing the engine

to operate in its most efficient or highest power range. Conventional transmissions allow

for the selection of discrete gear ratios, thus limiting the engine to providing maximum

power or efficiency for limited ranges of output speed. Because the engine is forced to

modulate its speed to provide continuously variable output from the transmission to the

load, it operates much of the time in low power and low efficiency regimes. A

continuously variable transmission (CVT) is a type of transmission, however, that allows

an infinitely variable ratio change within a finite range, thereby allowing the engine to

continuously operate in its most efficient or highest performance range, while the

transmission provides a continuously variable output to the load.

The development of modern CVTs has generally focused on friction driven

devices, such as those commonly used in off-road recreational vehicles, and recently in

some automobiles. While these devices allow for the selection of a continuous range of

transmission ratios, they are inherently inefficient. The reliance on friction to transmit

power from the power source to the load is a source of power loss because some slipping

is possible. This slipping is also a major contributor to wear, which occurs in these

devices.

To overcome the limitations inherent in the current CVT embodiments employing

friction, a conceptual, continuously variable, positive engagement embodiment has been

proposed for investigation at Brigham Young University. This concept proposes utilizing

constantly engaged gears which transmit power without relying on friction. Because the

proposed embodiment is new, no engineering analysis has yet been performed to

determine its kinematic and meshing characteristics, an understanding of which are

necessary to validate the proposed concept as a viable embodiment. This research will

investigate both the kinematic and meshing characteristics of this and related concepts.

The objective of this research is also to analyze the family of positive engagement

CVTs. Although the CVT embodiment that has been proposed for investigation is new,

other embodiments belonging to this family have been developed and published. The

embodiments in this family do not rely on friction based power transmission. All

embodiments in this family, however, have been based on overcoming a distinct problem

which manifests itself seemingly regardless of the embodiment and will hereafter be

referred to as the non-integer tooth problem. This research describes the nature of the

non-integer tooth problem and details the occurrence of the problem in the proposed

concept, as well as three published embodiments, and details solutions to the non-integer

tooth problem as embodied in the three published embodiments. The presentation of

some published solutions to the non-integer tooth problem clarifies the nature of the noninteger

tooth problem, as well as aids in the development of characteristics of a general

solution to the non-integer tooth problem applying to all members of the positive

engagement CVT family.

 BACKGROUND

________________________________________________________________________

Continuously variable transmissions have been in use for many years. Near the

beginning of the twentieth century, cars like the Sturtevant, Cartercar, and Lambert

featured friction dependent CVTs (Puttré, 1991). These friction drive CVTs were

common in automotive use until engines capable of producing higher torques became

common and necessitated the move to geared, fixed-ratio transmissions capable of high

torque transfer and having better wear characteristics than friction dependent CVTs.

Only in the past few years, with the advent of advanced materials and technology, have

friction dependent CVTs returned to commercial application in the automotive industry.

To provide a foundation and motivation for the research presented, this chapter

first presents a definition of a continuously variable transmission. For background

purposes, a review of the current literature on CVTs is included. The families in which

various embodiments can be classified are presented, along with a description of the

operating principles in each family. A new family of embodiments of the positive

engagement classification is also presented, along with the principles governing this new

classification. This research focuses most heavily on embodiments in the final

classification.

______________________________________________________

DEFINITION AND TERMINOLOGY

A transmission is a device which allows the transmission of power from a rotating

power source to a rotating load. Conventional transmissions allow for the selection of

discrete gear ratios, thus limiting the engine to providing maximum power or efficiency

for limited ranges of transmission output speed. A continuously variable transmission,

however, is a type of transmission that allows an infinitely variable ratio change within a

finite range, thereby allowing the engine to continuously operate in its most efficient or

highest performance range.

Beachley and Frank, 1979, present a sub-classification of the continuously

variable transmission called the infinitely variable transmission (IVT). While the two

terms are often used interchangeably, there is a distinct difference between them. While

a CVT allows an infinitely variable ratio change within a finite range, an IVT must be

capable of producing an output speed of zero for any input speed, thus giving an infinite

speed ratio.

______________________________________________________

CVT CLASSIFICATIONS

There are several classifications of CVTs. The following five are most relevant to

the current research: hydrostatic, friction, traction, variable geometry, and electric.

HYDROSTATIC

Hydrostatic transmissions are commonly used in off-road vehicles and

agricultural machinery. Many commercial riding lawn mowers commonly employ

hydrostatic transmissions in their drivetrains. These transmissions use high-pressure oil,

commonly at pressures up to 5000 psi, to transmit power. They are composed of a

hydraulic pump and hydraulic motor (see Figure 2.1), which are connected by hydraulic

lines (not labeled in Figure 2.1). The hydraulic pump, which is generally driven by the

engine, provides power to the hydraulic motor, in the form of high-pressure fluid. The

hydraulic motor, in turn, converts the hydraulic power into mechanical power, which is

transferred to a load.

[image: image1.emf]
Figure 2.1: Typical Hydrostatic Transmission (Adapted from Beachley and Frank, 1979)

The continuously variable nature of this transmission comes in the ability of the

hydraulic pump to adjust the pressure and flow of hydraulic fluid that it supplies to the

hydraulic motor by changing its displacement. Hydrostatic transmissions will almost

always have a ratio range of infinity, i.e., be IVT’s. This is accomplished because the

stroke of the pump can be varied from zero to its maximum. Also, because the stroke of

the pump can generally be reversed, the hydraulic motor can have both positive and

negative rotation, thus providing forward and reverse rotations of the output.

An advantage of the hydrostatic transmission is the ability that it has to transmit

high torque from the input to the output, which allows for its application in a wide range

of devices. This is enhanced by the ability hydrostatic transmissions have for precise

speed control. One major disadvantage of hydrostatic CVTs is their moderate efficiency

(between 60 and 80%), which offsets the efficiency gains of allowing the engine to

operate in its most efficient regime.

FRICTION

The friction CVT is one of the most common forms of CVTs in use today. These

CVTs are characterized by the use of friction to transmit power. Traction drives use a

form of friction to transmit power, but are classified separately and will be discussed

later. In the friction CVT family, there are several different embodiments. These include

rubber V-belts, metallic V-belts, flat rubber belts and chain drives.

The common characteristic of the V-belt drives is the use of a drive and driven

sheave, each with variable diameters. The effective diameter of the sheave is adjusted by

varying the distance between the two halves of the sheave (see Figure 2.2). Each sheave

consists of one mobile and one stationary half, and the two sheaves are positioned at a

fixed center distance. As the halves of the sheave move together, the belt is forced up to

a larger diameter on the sheave. As the halves of the sheave move apart, the belt returns
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to a smaller diameter. The ability to continuously vary the diameter of the drive and

driven sheaves allows for a continuously varying transmission ratio.

[image: image2.emf]
Figure 2.2: Typical Rubber V-belt CVT Configuration

The sheave diameters can be varied in several ways, depending on the type of

control desired and the ratio range needed. Figure 2.3 shows a common CVT used in

snowmobile and ATV applications. It consists of two sheaves, referred to as the driver or

primary clutch, and the driven or secondary clutch, and a composite v-belt. In this

application, the control of the CVT is automatic. The primary clutch is actuated by

engine rotation, using centrifugal force on flyweights that produce an axial force on the

mobile half of the sheave, causing it to move toward the stationary half of the sheave.

The secondary sheave is referred to as a torque sensing sheave, and is spring loaded to

maintain proper belt tension.

[image: image3.emf]
Figure 2.3: Typical ATV or Snowmobile CVT

Rubber V-belt CVTs are also commonly used in machine tools. The control in

this case, however, is a mechanical system that determines the spacing of the two halves

of one of the sheaves. Because the belt length remains constant, the second pulley must

be spring loaded, allowing it to adjust automatically.

It is common for slipping to occur in both rubber V-belt CVT applications

presented. This is because the driving force is transmitted through friction between the

sides of the V-belt and the inside surfaces of the sheaves. While this negatively affects

efficiency, it can have a positive safety effect in machine tools, especially when the

machine becomes overloaded.

An advantage of the rubber v-belt CVT is the high ratio range that it can provide,

as well as the ability for automatic speed control, which is what makes it so desirable for

use in ATVs where an expensive control system is not desirable. Some disadvantages of

this type of CVT are its low torque capability and the significant wear that develops due

to belt slipping. This wear inhibits the ability of the CVT to shift ratios properly. Belt

slipping also contributes to the moderate efficiency of the device, which is usually

between 70% and 80%.

Another common belt-type CVT is the metal push belt CVT. This belt driven

CVT is different from the previously mentioned rubber belt versions in that power is

transmitted through the belt by way of compression. The first company to commercially

develop this concept was Van Doorne Transmisse. This metal push belt CVT can

transmit more force, and therefore is better suited to the automotive industry. Figure 2.4

shows the XTRONIC CVT, developed by Nissan, which employs a metal push belt.

[image: image4.emf]
Figure 2.4: Nissan XTRONIC CVT

The construction of the metal push belt is shown in Figure 2.5. The belt consists

of thin, high-strength, segmented steel blocks that are held together by stacked bands of

steel. The bands are stacked into slots on both sides of the blocks, and help maintain the

shape of the belt as it passes through the sheaves. Kluger and Fussner, 1997, stated that

the load path is dependent on the complex interaction and friction between the bands and

block slots, the adjacent blocks, and the block sidewalls and the faces of the sheaves.

[image: image5.emf]
Figure 2.5: Metal Push Belt Design Layout (Taken from http://www.insightcentral.net/

encyclopedia/encvt.html, March, 2007)

The advantage of the metal push belt over the rubber v-belt is its ability to

transmit higher torque, usually up to 350 N-m, which, as stated previously, makes it more

useful in higher torque situations, like in automobiles. It is also more efficient - between

80% and 90% - than the rubber v-belt, due to the reduced amount of slipping that it

allows. A disadvantage of the metal push belt CVT is the high contact stresses in the

sheaves, which requires special materials and special controls to minimize belt slip,

which would otherwise rapidly wear the sheaves.

A third type of friction CVT is the flat belt CVT. Kluger and Fussner, 1997, state

that flat belts are more efficient for transmitting power because more of the allowable belt

tension can be used for transmitting power rather than producing belt to sheave forces.

Developed originally by Kumm Industries, the flat belt CVT is composed of a flat

elastomer belt and two pulleys. The two pulleys are composed of two guideway discs on

each side. These guideway discs have logarithmic spiral guideway slots which support

the ends of the belt drive elements. The set of guideways in one disc have clockwise

curvature and the slots in the opposing disc have counterclockwise curvature (see Figure

2.6).

Actuation and control of the flat belt CVT is accomplished by means of a

hydraulic actuator in each of the two pulleys. This actuator rotates the inner set of discs

of each pulley relative to the outer set of discs. This causes the belt drive elements to be

positioned at a desired diameter (see Figure 2.7). Pressure is set in the hydraulic actuator

to generate the required belt tension at the desired speed ratio.

[image: image6.emf]
Figure 2.6: Guideway Discs (From Kumm and Kraver, 1985)

[image: image7.emf]
Figure 2.7: Radial Positioning of Belt by Drive Elements in Guideway Slots (From Kumm and

Kraver, 1985)

Like the rubber v-belt and metal push belt CVTs, the flat belt CVT is capable of

providing a high ratio range, but its efficiency approaches 95%, which is higher than the

other belt type CVTs. One disadvantage that flat belt CVTs have is that they require

complex controls to maintain belt tension, but when belt tension is maintained properly,

there is little wear in the CVT and its torque transmission capability approaches 450 N-m.

The final friction CVT that will be considered in this work is the steel chain drive

CVT. The steel chain drive CVT, also referred to as the PIV chain drive, is similar to the

rubber V-belt CVT. It also contains a drive and driven sheave composed of a stationary

and mobile half, which halves are moved relative to each other to adjust the effective

diameter of the sheaves. Power is transmitted from the drive to the driven sheaves

through a steel chain, which like the rubber V-belt, transmits power in tension. Figure

2.8 shows an example of the pulleys and chain used in this transmission.

[image: image8.emf]
Figure 2.8: Example of PIV Steel Chain Drive CVT (Taken from Avramadis, 1986)

Because the contact between the sheaves and chain is metal-to-metal, special

precautions must be taken to ensure the elimination of slipping. Any slipping would

reduce power transmission efficiency and accelerate wear. Since force is transmitted

from the sheaves to the chain through compressive forces on the sides of the chain, a

special hydraulic-mechanical torque sensing device must be employed to regulate the

clamping force, especially during torque spikes (Avramadis, 1986).

When chain slipping is eliminated, the steel chain drive CVT is about 90%

efficient, and is capable of providing a high ratio range. A disadvantage that the chain

drive CVT has is the noise it generates due to the cyclic interaction of successive links of

the chain with the sheaves.
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TRACTION

Traction drives were one of the earliest forms of CVT concepts ever developed.

A traction drive is a transmission that transmits power through rolling contact. The 1906

Cartercar, powered with a 12-hp engine, was developed with just such a transmission.

Many current applications employ traction drives. These include applications such as

machine tools, low-power yard equipment, and recently some automotive applications.

Figure 2.9 shows several transmissions of the traction type.

There are some discrepancies in the definition of traction drives. Some authors,

such as Beachley and Frank (1979), and Chana (1986), categorize V-belt drives and

traction drives together in the friction drive category. Hewko (1986), however, and Singh

and Nair (1992), categorize them separately. For the purposes of this work, we will

consider the definition of a traction drive presented by Hewko (1986). A generic traction

drive is “a power transmission device which utilizes hardened, metallic, rolling bodies for

transmittal of power through an elastohydrodynamic fluid film.” This definition

distinguishes traction drives from variable-sheave drives because sheave contact is static,

while traction drives employ rolling contact. This means that sheave contact does not

exhibit significant elastohydrodynamic fluid film phenomena.

In properly designed traction drives, power is transferred from the driving roller

to the driven roller through the shearing of the fluid film between them, not through

body-to-body contact. This happens because the contact between the rolling bodies,

which generally happens over a finite area in the shape of an ellipse, traps the fluid and

subjects it to extreme compressive stress, usually on the order of 100,000 to 500,000 psi.

This extreme stress increases the instantaneous viscosity of the fluid by several orders of

magnitude, thereby increasing its shear strength. It is the shear strength of the fluid at

this increased viscosity that determines the amount of torque that can be transmitted.
Anderson CVT
It is a technology invented by Larry Anderson, under US patents 6,575,856 and 6,955,620. Two parallel cones have "floating sprocket bars" mounted in longitudinal grooves around the circumference of each cone.

A specially-designed chain meshes with the floating sprocket bars, and is free to slide along the length of cones, changing the gear ratio at each point. The floating sprocket bars make the Anderson CVT positive-drive, non-friction-dependent. Another advantage of the Anderson CVT is the simplicity of its design, as it consists of far fewer components than other transmissions. The technology is also adaptable to a variable diameter pulley-type CVT, by mounting the floating sprocket bars on the inner face of the pulley sheaves
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PROBLEM DEFINITION

The above design uses conventional spring loaded rubber sprocket bars , made from poly nitrile rubber . These sprocket bars are kept floating in the radial grooves along the generators of the cones mentioned above. These sprocket bars at their lower end carry a spring that keeps them floating where as the top profile engages in an special roller chain which acts as the transmission element.

a.These sprocket bars  are subjected to heavy wear and tear while in running condition, hence may have to be replaced frequently , 
b. So also the manufacturing cost of the above device is slightly on the higher side .

c. Due to the floating nature of the sprocket bars the drive has inhehrent vibrations, leading to    noise and chatter

D. Chain required for transmission is an special roller chain , required to be manufactured specially hence higher cost.

 Hence considering the above problems a modified  Anderson A+ CVT is proposed in the following document.
SOLUTION:

The A+ CVT is modification of the above Anderson CVT with the following objectives:

A) The sprocket bars are made round in shape and are made integral with the cone, this reduces the problem of vibration and chatter.

B) The simple round shape of the sprocket bars make engagement and disengagement of the transmission belt easy, and vibration free so also offering an positive engagement, unlikely of any slip.

C) The simple shape of the sprocket bars makes the manufacturing process easy and at low cost.

D) The transmission element of the A+ CVT is PIX ‘X’ treme Classical Synchronous belt with the following features 

1. Trapezoidal tooth profile

2. High efficiency due to positive engagement between belt teeth and sprocket bars

3. No- re-tensioning required

4. Free from maintenance

5. No high tension required.

Thus by choosing the above objective features of the A+ CVT the problems mentioned in the Anderson CVT have been overcome, and lower manufacturing cost, simplicity of operation and compactness with low weight is achieved in the A+ CVT 

[image: image12.jpg]BASEFRAME  oUTPUTCONE
TRANSMISSONBELT

L || ovrwrascmovanve
ouTrTSEAFT %’

lspEED ADUSTER scREW [—]

B o iomspmseny:
L \r =

=]

‘GUIDE ROLLERS. -
SPEED ADUSTER NUT- REDUCTION PULLEY
[NeUT ERG HOUSING %
INPUTSHAFT
BaLT
SPROKETBARS
[ e
RUT CONE || 1 || MoTorpuLLEY
MoTOR ‘

ASSEMBLY OF ANDERSON CVT





CONSTRUCTION OF A+ CVT
The A+ CVT comprises of the following parts :

1. MOTOR : 

Motor is an single phase AC motor , capacitor run three lead motor with the following specifications:

Power = 50watt

Speed = 0 to9000 rpm (variable)
2. OPEN BELT DRIVE :

 
The open belt drive is used to transmit power from the input source that is the motor to the input cone shaft. Motor pulley is 20mm diameter where as the input cone shaft pulley is 110 diameter. The reduction ratio is thus 5.5 between the motor and input cone shaft. The power is transmitted by an FZ- section belt between the motor pulley and input cone shaft pulley :

3. INPUT CONE SHAFT :

The input cone shaft is basically an sub assembly of the base shaft, two sprocket bar holder rings on either side and the sprocket bars. The sprocket bars are solid round bars 4mm diameter held in radial holes in the holder rings. Holder rings are keyed to the base shaft and the sprocket bars are located on an radial pitch along the generators of the cone. The base shaft is held in heavy duty ball bearings at either ends, and carries the input pulley at one end.

4. OUTPUT CONE SHAFT :

The output cone shaft is basically an sub assembly of the base shaft, two sprocket bar holder rings on either side and the sprocket bars. The sprocket bars are solid round bars 6mm diameter held in radial holes in the holder rings. Holder rings are keyed to the base shaft and the sprocket bars are located on an radial pitch along the generators of the cone. The base shaft is held in heavy duty ball bearings at either ends, and carries the dynobrake pulley at one end.

5. INPUT/OUTPUT BEARING HOUSINGS

The input and output bearing housings hold the ball bearings for respective base shafts and they are bolted to the base frame.

6. TRANSMISSION BELT : 

The transmission element of the A+ CVT is PIX ‘X’ treme Classical Synchronous belt with the following features 

· Trapezoidal tooth profile

· High efficiency due to positive engagement between belt teeth and sprocket bars

· No- re-tensioning required

· Free from maintenance

· No high tension required.

7. SPEED ADJSTER MECHANISM

The speed adjuster mechanism is in the form of an screw and nut arrangement, where in the screw is held in ball bearings at either ends and carries a nut which holds the belt guide mechanism in the form of free rotating rollers . The screw carries the hand wheel at one end for speed change.

8. BASE FRAME :

Base frame is the structural element  that supports  the entire assembly of drive and the motor.

WORKING OF A+CVT

When the motor is started the motor pulley rotates the input pulley by means of the FZ section V-belt. The input pulley drives the base input shaft which in turn rotates the holder rings and the sprocket bars engaged in the holder rings. The sprocket bars engaged in the teeth of the transmission belt give motion to the transmission belt. The transmission belt is guided in the rollers mounted on the speed change nut. The belt teeth engaged in the sprocket bars of the output cone shaft drive the sprocket bars and thereby the holder rings and the base output shaft. The output shaft drives the dyno brake pulley mounted at its end.

EFFECTING SPEED CHANGE.

The speed changes are effected b means of the speed adjuster mechanism. When the hand-wheel of the speed change screw is turned the screw freely rotates in ball bearings making the speed change nut to translate either to left or right depending upon whether speed is to be increased or decreased. The translation of nut will translate the belt by roller arrangement thereby changing the radii of contact on input and output cone hence speed change is achieved.

Design

Design consists of application of scientific principles, technical information and imagination for development of new or improvised machine or mechanism to perform a specific function with maximum economy & efficiency  .


Hence a careful design approach has to be adopted . The total design work , has been split up into two parts;

· System design

· Mechanical Design.
System design mainly concerns the various physical constraints and ergonomics, space requirements, arrangement of various components on main frame at system, man + machine interactions, No. of controls, position of controls, working environment of machine, chances of failure, safety measures to be provided, servicing aids, ease of maintenance, scope of improvement, weight of machine from ground level, total weight of machine and a lot more.

In mechanical design the components are listed down and stored on the basis of their procurement, design in two categories namely,

· Designed Parts

· Parts to be purchased

For designed parts detached design is done & distinctions thus obtained are compared to next highest dimensions which is readily available in market.  This amplifies the assembly as well as postproduction servicing work.  The various tolerances on the works are specified.  The process charts are prepared and passed on to the manufacturing stage.

The parts which are to be purchased directly are selected from various catalogues & specified so that any body can purchase the same from the retail shop with given specifications.

SYSTEM DESIGN:
In system design we mainly concentrated on the following parameters: -

1) System Selection Based on Physical Constraints
While selecting any machine it must be checked whether it is going to be used in a large-scale industry or a small-scale industry.  In our case it is to be used by a small-scale industry.  So space is a major constrain.  The system is to be very compact so that it can be adjusted to corner of a room.

The mechanical design has direct norms with the system design.  Hence the foremost job is to control the physical parameters, so that the distinctions obtained after mechanical design can be well fitted into that.

2) Arrangement of Various Components
Keeping into view the space restrictions the components should be laid such that their easy removal or servicing is possible.  More over every component should be easily seen none should be hidden.  Every possible space is utilized in component arrangements.

3) Components of System

As already stated the system should be compact enough so that it can be accommodated at a corner of a room.  All the moving parts should be well closed & compact. A compact system design gives a high weighted structure which is desired.

4) Man Machine Interaction

The friendliness of a machine with the operator that is operating is an important criteria of design. It is the application of anatomical & psychological principles to solve problems arising from Man – Machine relationship.  Following are some of the topics included in this section.

· Design of foot lever

· Energy expenditure in foot & hand operation

· Lighting condition of machine.

4.Chances of Failure 

The losses incurred by owner in case of any failure is an important criteria of design. Factor safety while doing mechanical design is kept high so that there are less chances of failure.  Moreover periodic maintenance is required to keep unit healthy.

5) Servicing Facility

The layout of components should be such that easy servicing is possible.  Especially those components which require frequents servicing can be easily disassembled.

6) Scope of Future Improvement 

Arrangement should be provided to expand the scope of work in future.  Such as to convert the machine motor operated; the system can be easily configured to required one.  The die & punch can be changed if required for other shapes of notches etc.

7) Height of Machine from Ground

For ease and comfort of operator the height of machine should be properly decided so that he may not get tired during operation.  The machine should be slightly higher than the waist level, also enough clearance should be provided from the ground for cleaning purpose.

8) Weight of Machine

The total weight depends upon the selection of material components as well as the dimension of components.  A higher weighted machine is difficult in transportation & in case of major breakdown, it is difficult to take it to workshop because of more weight.

Mechanical design

Mechanical design phase is very important from the view of designer .as whole success of the project depends on the correct deign analysis of the problem.


Many preliminary alternatives are eliminated during this phase. Designer should have adequate knowledge above physical properties of material, loads stresses, deformation, failure. Theories and wear analysis , He should identify the external and internal forces acting on the machine parts

These forces may be classified as ;

a) Dead weight forces

b) Friction forces

c) Inertia forces 

d) Centrifugal forces

e) Forces generated during power transmission etc

Designer should estimate these forces very accurately by using design equations .If he does not have sufficient information to estimate them he should make certain practical assumptions based on similar conditions 

which will almost satisfy the functional needs. Assumptions must always be on the safer side.

Selection of factors of safety to find working or design stress is another important step in design of working dimensions of machine elements. The correction in the theoretical stress values are to be made according in the kind of loads, shape of parts & service requirements.

Selection of material should be made according to the condition of loading shapes of products environment conditions & desirable properties of material.

Provision should be made to minimize nearly adopting proper lubrications methods.

In ,mechanical design the components are listed down & stored on the basis of their procurement in two categories 

· Design parts

· Parts to be purchased

For design parts a detailed design is done & designation thus obtain are compared to the next highest dimension which is ready available in market.


This simplification the assembly as well as post production service work. The various tolerance on the work are specified. The process charts are prepared & passed on to the work are specified.

The parts to be purchased directly are selected from various catalogues & specification so that any body can purchased  the same from the retail shop with the given specifications.

DESIGN OF OPEN BELT DRIVE

Motor pulley diameter = 20 mm

IP _ shaft pulley diameter = 110 mm

Reduction ratio = 5

Coefficient of friction = 0.23 

Maximum allowable tension in belt = 200 N

Center distance = 120

 = 180 – sin-1 (D-d)/2C

 = 180 – sin-1 (110-20)/2x200

 = 1360
 = 2.37c

Now ,

eμ/sin(θ/2)  = e0.2 x 2.37sin (40/2)  = 4

width  (b2) at base is given by 

b2 = 6-2(4 tan 20) = 3.1

Area of cross section of belt = ½{6 + 3.1}x 4

A = 18.2 mm2

Now mass of belt /m length = 0.23 kg/m

V = ПDN/(60 x 1000) = 4.188m/sec

Tc = m V2
 Tc = 4.034 N

T1 = Maximum tension in belt – Tc 

T1= 195.966 = 196 N

T1 / T2 = eμ/sin(θ/2)  =4

T2 = 49 N

Result Table

Tension in tight side of belt (T1) = 196 N

Tension in slack side of belt (T2) = 49 N

I) DESIGN OF INPUT SHAFT.

MATERIAL SELECTION : -

Ref :- PSG (1.10 & 1.12) + (1.17)

	DESIGNATION
	ULTIMATE TENSILE

STRENGTH

N/mm2
	YEILD STRENGTH

N/mm2

	EN 24
	900
	700


ASME CODE FOR DESIGN OF SHAFT.


Since the loads on most shafts in connected machinery are not constant , it is necessary to make proper allowance for the harmful effects of load fluctuations 


According to ASME code permissible values of shear stress may be calculated form various relation.

fs max 
= 0.18 fult



= 0.18 x 900



= 162 N/mm2
OR

fs max
= 0.3 fyt



=0.3 x 700



=210 N/mm2
considering minimum of the above values ;

    (    fs max   = 162 N/mm2
           Shaft is provided with key way; this will reduce its strength. Hence reducing above value of allowable stress by 25%

    (    fs max   = 121.5  N/mm2
         This is the allowable valve of shear stress that can be induced in the shaft material for safe operation.

TO CALCULATE INPUT TORQUE

POWER =    2 ( NT



     60

( T   =        60  x  P   

                  2 x ( x N

          =           60 X 50



2 X ( X N

Assuming operation speed = 800 rpm.

=           60 x 50


2 x ( x 800

( T = 0.5968 N.m

Assuming 100% overload.

( T design   = 2 x T

 = 2 x 0.5968 x 103
 = 1.19 x 103  N.mm. 
CHECK FOR TORSIONAL SHEAR FAILURE OF SHAFT.

Assuming minimum section diameter on input shaft = 16 mm

( d = 16 mm

Td = (/16 x fs act x d3
( fs act  =
 16   x Td 



  (  x d 3

=             16 x 1.19 x 10 3


         ( x (16) 3
( fs act  = 1.47 N/mm2
 As 
fs act   < fs all
( I/P shaft is safe under torsional load

Selection of RH_Bearing_IP SHAFT
Shaft bearing will be subjected to purely medium radial and axial loads; hence we shall use ball bearings for our application.

Selecting ; Single Row deep groove ball bearing as follows.

Series 62

	IsI No
	Bearing of basic design No (SKF)
	d
	D1
	D
	D2
	B
	Basic capacity

	17AC03
	6003


	17
	19
	35
	33
	10
	2850
	4650


P = X Fr + Y F a
For our application F R  =Belt Tension =196+49 = 245 N

(P = X Fr+ Y F a
As;  F a/ Fr <   e (  X =1,Y=1
(P = Fr



Max radial load = Fr  =245 N.

(
P= 245 N

Calculation dynamic load capacity of brg 

L= (    C    ) p , where p= 3 for ball bearings


P

When P for ball brg

For m/c used for eight hr of service per day;

LH = 12000- 20000hr

But ;    L=            60 n LH

                    10 6
L=19.2 mrev

Now; 19.2 = (C) 3


     245

(C= 656 N.

(As the required dynamic capacity of brg is less than the rated dynamic capacity of brg;

Selection of LH_Bearing_IP SHAFT
Shaft bearing will be subjected to purely medium radial and axial loads; hence we shall use ball bearings for our application.

Selecting ; Single Row deep groove ball bearing as follows.

Series 62

	IsI No
	Bearing of basic design No (SKF)
	d
	D1
	D
	D2
	B
	Basic capacity

	20AC04
	6004


	20
	23
	42
	36
	12
	4500
	7350


P = X Fr + Y F a
For our application F R  =Belt Tension =196+49 = 245 N

(P = X Fr+ Y F a
As;  F a/ Fr <   e (  X =1,Y=1
(P = Fr



Max radial load = Fr  =245 N.

(
P= 245 N

Calculation dynamic load capacity of brg 

L= (    C    ) p , where p= 3 for ball bearings


P

When P for ball brg

For m/c used for eight hr of service per day;

LH = 12000- 20000hr

But ;    L=            60 n LH

                    10 6
L=19.2 mrev

Now; 19.2 = (C) 3


     245

(C= 656 N.

(As the required dynamic capacity of brg is less than the rated dynamic capacity of brg;

I) DESIGN OF OUTPUT SHAFT.

MATERIAL SELECTION : -

Ref :- PSG (1.10 & 1.12) + (1.17)

	DESIGNATION
	ULTIMATE TENSILE

STRENGTH

N/mm2
	YEILD STRENGTH

N/mm2

	EN 24
	900
	700


ASME CODE FOR DESIGN OF SHAFT.


Since the loads on most shafts in connected machinery are not constant , it is necessary to make proper allowance for the harmful effects of load fluctuations 


According to ASME code permissible values of shear stress may be calculated form various relation.

fs max 
= 0.18 fult



= 0.18 x 900



= 162 N/mm2
OR

fs max
= 0.3 fyt



=0.3 x 700



=210 N/mm2
considering minimum of the above values ;

    (    fs max   = 162 N/mm2
           Shaft is provided with key way; this will reduce its strength. Hence reducing above value of allowable stress by 25%

    (    fs max   = 121.5  N/mm2
         This is the allowable valve of shear stress that can be induced in the shaft material for safe operation.

TO CALCULATE INPUT TORQUE

POWER =    2 ( NT



     60

( T   =        60  x  P   

                  2 x ( x N

          =           60 X 50



2 X ( X N

Assuming operation speed = 800 rpm.

=           60 x 50


2 x ( x 800

( T = 0.5968 N.m

Assuming 100% overload.

( T design   = 2 x T

 = 2 x 0.5968 x 103
 = 1.19 x 103  N.mm. 
CHECK FOR TORSIONAL SHEAR FAILURE OF SHAFT.

Assuming minimum section diameter on input shaft = 16 mm

( d = 16 mm

Td = (/16 x fs act x d3
( fs act  =
 16   x Td 



  (  x d 3

=             16 x 1.19 x 10 3


         ( x (16) 3
( fs act  = 1.47 N/mm2
 As 
fs act   < fs all
( I/P shaft is safe under torsional load

Selection of RH_Bearing_OP SHAFT
Shaft bearing will be subjected to purely medium radial and axial loads; hence we shall use ball bearings for our application.

Selecting ; Single Row deep groove ball bearing as follows.

Series 62

	IsI No
	Bearing of basic design No (SKF)
	d
	D1
	D
	D2
	B
	Basic capacity

	17AC03
	6003


	17
	19
	35
	33
	10
	2850
	4650


P = X Fr + Y F a
For our application F R  =Belt Tension =196+49 = 245 N

(P = X Fr+ Y F a
As;  F a/ Fr <   e (  X =1,Y=1
(P = Fr



Max radial load = Fr  =245 N.

(
P= 245 N

Calculation dynamic load capacity of brg 

L= (    C    ) p , where p= 3 for ball bearings


P

When P for ball brg

For m/c used for eight hr of service per day;

LH = 12000- 20000hr

But ;    L=            60 n LH

                    10 6
L=19.2 mrev

Now; 19.2 = (C) 3


     245

(C= 656 N.

(As the required dynamic capacity of brg is less than the rated dynamic capacity of brg;

Selection of LH_Bearing_OP SHAFT
Shaft bearing will be subjected to purely medium radial and axial loads; hence we shall use ball bearings for our application.

Selecting ; Single Row deep groove ball bearing as follows.

Series 62

	IsI No
	Bearing of basic design No (SKF)
	d
	D1
	D
	D2
	B
	Basic capacity

	20AC04
	6004


	20
	23
	42
	36
	12
	4500
	7350


P = X Fr + Y F a
For our application F R  =Belt Tension =196+49 = 245 N

(P = X Fr+ Y F a
As;  F a/ Fr <   e (  X =1,Y=1
(P = Fr



Max radial load = Fr  =245 N.

(
P= 245 N

Calculation dynamic load capacity of brg 

L= (    C    ) p , where p= 3 for ball bearings


P

When P for ball brg

For m/c used for eight hr of service per day;

LH = 12000- 20000hr

But ;    L=            60 n LH

                    10 6
L=19.2 mrev

Now; 19.2 = (C) 3


     245

(C= 656 N.

(As the required dynamic capacity of brg is less than the rated dynamic capacity of brg;

DESIGN OF SPROCKET BARS.

     MATERIAL SELECTION :-


Ref :- (PSG 1.10, 1.12 & 1.17)

	DESIGNATION 
	TEXTILE STRENGTH N/mm2
	YEILD STRENGTH N/mm2

	EN 9
	600
	480


SPROKET BARS are located in holder ring on driver disk at an PCD of 122 mm . These bars engage in the belt placed as the transmission link and act as transmission elements.


They can be designed similar to the bush pins in the bush pin type flexible flange coupling .

’40 bars’ transmit the entire torque;

These pins are located at PCD (Dp) = 122mm

Tangential force on each bolt (Fb) =      T





            Dp x n


            

            2

Now; 

Shear stress = Shear force 



Shear area

 fs act =
Fb

(/4 x d2
( Fb  =  fs act x  (/4 d2

(T = n x
 ( fs act  x  (   x   d2   )     x 
 Dp
                                      4                                  2


Assuming Pin diameter = 4 mm

(    1.19 x 103 = 40 x ( fs act  x   (  x    (4)2) 
 x  122

4         2


( fs act  
= 0.04 N/mm2
As  fs act  <  fs all 

(Pins are safe under shear load.

DESIGN OF   SLIDE SCREW

     Power screw is mechanical device meant for converting rotary motion into translation motion and for transmitting power.

The main application of  power screw are ;

· To raise load, eg. screw jack .

· To clamp a work piece eg. Vice, etc.


Power screws are simple to design , easy to manufacture and give smooth  & noiseless service.

They provide large mechanical advantage and highly accurate motion.

Square thread profile is favorably  used in applications like vices; clamps etc, due to its property of maximum efficiency and minimum radial or bursting pressure on nut.

We shall design a screw jack having a single start , square threads screw with no collar friction.

Data:-


MOTOR SPECIFICATIONS

60 WATT , 500 RPM

T = 1.14 N-m

Assuming an transmission ratio of 1:55between motor and the screw using gear box

Tdesign = 55 X 1.14 = 63.0 N-m

Therefore,




(Mt) = 63 N-m---------(A)


(
W X T = 63N-m

Where ; T = (dm/2) tan (( + ()

Initially assuming dimensions of screw , which we shall check under the given system of forces.

Selecting material combination for screw and nut

 (Ref:Pg. No. 170,Design of Machine elements ,V B Bhandari)

	Material Combination
	Coefficient of friction(starting)
	Coefficient of friction(running)

	Soft steel-Bronze
	0.10
	0.08


Basic dimensions for square threads 

(Ref:Pg. No. 5.69,PSG-Design Data)

	Nominal

Dia
	Major 

Dia(bolt)
	Major 

Dia(nut)
	Minor

dia
	Pitch
	Area of

Core(mm2)

	16
	16
	16.5
	10
	3
	78.5


Design Check

d = Nominal /outer diameter (mm) = 16mm

dc = core / inner diameter (mm) = 10mm

dm = mean diameter (mm) = 13mm

 Mt = W x (dm/2) tan (( + ()    

Where , W= Axial load


   Ø = friction angle


   ( = Heilx angle

Helix angle:-    

   tan ( =   L

                 ( dm


For the single start sq. thread lead is same as pitch=3

tan( =   3


       (  x 13

( ( = 4.20


                             Friction Angle: Ref :- R.S.Khurmi (Table17.5)
Coefficient of friction under different conditions 

	C                             Condition
	Average coefficient of friction

	
	Starting
	Running

	
Average quality of material & workmanship & average running conditions
	0.18

0.18
	0.13

0.13


(
 ( = tan Ø

 0.18 = tan Ø

( Ø  = 10.2 

Mt = W X13/2 x tan (10.2 + 4.2)

Mt = 1.68 X W N-mm --------(B)
Equating (A) & (B)
W =37.5 Kn

Note : The maximum weight of system components on the slide is 10 Kg = 100 N
Material selection:
For screw :- 




Ref :- (PSG – 1.12)
	Designation 
	Tinsel Strength N/mm2
	Yield Strength

 N/mm2 

	EN9
	600
	380


Direct Tensile or Compressive stress due to an axial load :-


fc act   =           

 

fc act  =



( fc act  = 1.3 N/mm2
As  fc act  <  fc all ;     Screw is safe in compression.

Mt = torque required at screw to move slide = 100 x 8 = 800 N-mm

a) Torsional shear stress :-

          T = Mt  = (/16 x fs act   x dc3
0.8 x 10 3  =  ( / 16 fs act x(10)3

fs act = 4.0 N/mm2
As fs act < fs all ;  the screw is safe in torsion.

C) Bearing Pressure :-


Pb    = 

Where ; P b  = Bearing pressure (N/mm2)

 N = No of threads in contact.

Limiting values of bearing pressure:-

Ref :- V B Bhandari. (Table 6.3)

	Application of screw
	Material
	Safe bearing pressure
	  Rubbing  speed

	
	Screw
	Nut
	(N/mm2)
	

	Screw jack
	Steel
	Bronze
	11-17
	Low speed 



P b
=

n = 

n = 0.59 

( n = 1

Selecting length of nut =13 (n=2)

b) Shear stress  due to axial load :-

fs act  =    

t = width thread = p/2

t= 1 mm


fs act   = 



fs act  = 4.24  N/mm2
As  ;  fs act < fs all  , the screw threads are safe  in shear.

DESIGN OF NUT

In design of nut the major dimension is the height or length of the nut. It is decided by considering the bearing criterion. Nut is also required to be safe under shearing . The failure of nut in shearing takes place at its core diameter and the area of core diameter of screw resisting shear is less than the area at the core diameter of nut.


Secondly the materials for nut & screw are different to avoid greater friction at contacts.

Material Selection

	Material
	Allowable tensile stress N/mm2
	Allowable shear stress

 N/mm2

	 Phospher bronze
	400
	210


Design the nut

f bearing  
=       

W 



     (/4 (d2 – dc2)x n



=         
0.8x103



(/4 (162-102) x 10

       n = 0.59

AS ; n = no of the threads in contact.


ln = length of nut. 


P = Pitch.



n =  


      (
Ln = n x p



       = 1 x 6

 


         ln = 6

Normally it is recommended that ratio of length or height of nut (n) to core diameter (dc) should be between 1.2 to 2.5 for solid nuts.
ln = 1.2 x 10


=12 mm

Considering length of nut = 13 mm

b) Shear stress due to axial load.

fs nut (act) =               w

                        ח dc x(ln/p)


         = 


fs nut (act) = 11.78 N/mm2
 As  fs act < fs all the nut is safe in shear.

	PART NO :   ACVT-04
PART NAME :  INPUT SHAFT


	Sr.

No
	Description of  Operation
	
	Tools
	Time in minutes

	
	
	Jigs & Fixture
	M/c

Tools
	Cutting

Tools
	Measuring Instrument
	Setting

Time
	M/c

Time
	Total

Time

	1
	Clamp stock
	Three jaw chuck
	Lathe
	-
	-
	20
	-
	20

	2
	Facing Both side to total length 273mm


	Three jaw chuck 
	Lathe
	Facing

tool
	Vernier
	-
	5
	5

	3
	Turning OD Ø 26mm through length
	
	
	Turning tool
	
	5
	10
	15

	4.
	StepTurning OD to Ø 20mm through length 10

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20

	5.
	StepTurning OD to Ø 22mm through length263

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20

	6.
	StepTurning OD to Ø 21mm through length250

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20

	7.
	StepTurning OD to Ø 19mm through length84

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20

	8.
	StepTurning OD to Ø 17mm through length70

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20

	9.
	StepTurning OD to Ø 16mm through length60

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20


	
PART NO :   ACVT-05

PART NAME :LH_ IP_BRG_HSG

	Sr.

No
	Description of  Operation
	
	Tools
	Time in minutes

	
	
	Jigs & Fixture
	M/c

Tools
	Cutting

Tools
	Measuring Instrument
	Setting

Time
	M/c

Time
	Total

Time

	1.
	Clamp stock
	M/C Vice
	Milling
	-
	-
	15
	-
	15

	2.
	Facing All Sides Sq. to total length 50x25x63mm 
	--”--
	--”--
	Facing cutter
	Vernier
	5
	14
	19

	3.
	Clamp stock on lathe
	4 jaw chuck
	Lathe
	-
	-
	25
	
	25

	4.
	Drilling Ø 18.5 through thickness
	--”--
	--”--
	Twist drill
	Vernier
	15
	10
	25

	5.
	Boring Ø 30through thickness
	--”--
	--”--
	Boring tool
	Vernier
	15
	10
	25

	6.
	Counter Boring Ø 35 through 10thickness
	--”--
	--”--
	Boring tool
	Vernier
	15
	10
	25


	
PART NO :   ACVT-06

PART NAME :RH_ IP_BRG_HSG

	Sr.

No
	Description of  Operation
	
	Tools
	Time in minutes

	
	
	Jigs & Fixture
	M/c

Tools
	Cutting

Tools
	Measuring Instrument
	Setting

Time
	M/c

Time
	Total

Time

	1.
	Clamp stock
	M/C Vice
	Milling
	-
	-
	15
	-
	15

	2.
	Facing All Sides Sq. to total length 50x25x63mm 
	--”--
	--”--
	Facing cutter
	Vernier
	5
	14
	19

	3.
	Clamp stock on lathe
	4 jaw chuck
	Lathe
	-
	-
	25
	
	25

	4.
	Drilling Ø 18.5 through thickness
	--”--
	--”--
	Twist drill
	Vernier
	15
	10
	25

	5.
	Boring Ø 36through thickness
	--”--
	--”--
	Boring tool
	Vernier
	15
	10
	25

	6.
	Counter Boring Ø 42 through 12thickness
	--”--
	--”--
	Boring tool
	Vernier
	15
	10
	25


	PART NO :   ACVT-07
PART NAME :  OUTPUT SHAFT


	Sr.

No
	Description of  Operation
	
	Tools
	Time in minutes

	
	
	Jigs & Fixture
	M/c

Tools
	Cutting

Tools
	Measuring Instrument
	Setting

Time
	M/c

Time
	Total

Time

	1
	Clamp stock
	Three jaw chuck
	Lathe
	-
	-
	20
	-
	20

	2
	Facing Both side to total length 273mm


	Three jaw chuck 
	Lathe
	Facing

tool
	Vernier
	-
	5
	5

	3
	Turning OD Ø 26mm through length
	
	
	Turning tool
	
	5
	10
	15

	4.
	StepTurning OD to Ø 20mm through length 10

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20

	5.
	StepTurning OD to Ø 22mm through length263

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20

	6.
	StepTurning OD to Ø 21mm through length250

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20

	7.
	StepTurning OD to Ø 19mm through length84

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20

	8.
	StepTurning OD to Ø 17mm through length70

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20

	9.
	StepTurning OD to Ø 16mm through length60

	Centers supports & carrier
	Lathe
	Turning tool
	Vernier
	-
	20
	20


	
PART NO :   ACVT-08

PART NAME :RH_ OP_BRG_HSG

	Sr.

No
	Description of  Operation
	
	Tools
	Time in minutes

	
	
	Jigs & Fixture
	M/c

Tools
	Cutting

Tools
	Measuring Instrument
	Setting

Time
	M/c

Time
	Total

Time

	1.
	Clamp stock
	M/C Vice
	Milling
	-
	-
	15
	-
	15

	2.
	Facing All Sides Sq. to total length 50x25x63mm 
	--”--
	--”--
	Facing cutter
	Vernier
	5
	14
	19

	3.
	Clamp stock on lathe
	4 jaw chuck
	Lathe
	-
	-
	25
	
	25

	4.
	Drilling Ø 18.5 through thickness
	--”--
	--”--
	Twist drill
	Vernier
	15
	10
	25

	5.
	Boring Ø 30through thickness
	--”--
	--”--
	Boring tool
	Vernier
	15
	10
	25

	6.
	Counter Boring Ø 35 through 10thickness
	--”--
	--”--
	Boring tool
	Vernier
	15
	10
	25


	
PART NO :   ACVT-09

PART NAME :LH_ OP_BRG_HSG

	Sr.

No
	Description of  Operation
	
	Tools
	Time in minutes

	
	
	Jigs & Fixture
	M/c

Tools
	Cutting

Tools
	Measuring Instrument
	Setting

Time
	M/c

Time
	Total

Time

	1.
	Clamp stock
	M/C Vice
	Milling
	-
	-
	15
	-
	15

	2.
	Facing All Sides Sq. to total length 50x25x63mm 
	--”--
	--”--
	Facing cutter
	Vernier
	5
	14
	19

	3.
	Clamp stock on lathe
	4 jaw chuck
	Lathe
	-
	-
	25
	
	25

	4.
	Drilling Ø 18.5 through thickness
	--”--
	--”--
	Twist drill
	Vernier
	15
	10
	25

	5.
	Boring Ø 36through thickness
	--”--
	--”--
	Boring tool
	Vernier
	15
	10
	25

	6.
	Counter Boring Ø 42 through 12thickness
	--”--
	--”--
	Boring tool
	Vernier
	15
	10
	25


· BILL OF MATERIALS:-

	SR NO.
	PART CODE
	DESCRIPTION
	QTY
	MATERIAL

	1. 
	ACVT -1
	MOTOR 
	01
	STD

	2. 
	ACVT -2
	BELT
	01
	STD

	3. 
	ACVT -3
	REDUCTION PULLEY
	01
	MS

	4. 
	ACVT -4
	INPUT  SHAFT
	01
	EN24

	5. 
	ACVT -5
	LH_IP BRG HSG
	01
	EN9

	6. 
	ACVT -6
	RH_IP_BRG HSG
	01
	EN9

	7. 
	ACVT -7
	OUTPUT SHAFT
	02
	EN24

	8. 
	ACVT –8
	OP_LH_BEARING HOUSING
	01
	EN9

	9. 
	ACVT –9
	OP_RH_BEARING HOUSING
	01
	EN9

	10. 
	ACVT –10
	LH_SCREW BEARING HOUSING
	01
	EN9

	11. 
	ACVT –11
	RH_SCREW BEARING HOUSING
	01
	EN9

	12. 
	ACVT –12
	SPEED ADJUSTER KNOB
	01
	EN9

	13. 
	ACVT –13
	SPEED ADJUSTER NUT
	01
	EN9

	14. 
	ACVT –14
	SPEED ADJUSTER SCREW
	01
	EN24

	15. 
	ACVT –15
	SPEED VARIATOR BELT
	02
	POLYMER

	16. 
	ACVT –16
	BELT HOLDER
	02
	EN9

	17. 
	ACVT –17
	BEARING 6005ZZ
	01
	STD

	18. 
	ACVT –18
	BEARING 6201ZZ
	02
	STD

	19. 
	ACVT –19
	BREARING 6003 ZZ
	02
	STD

	20. 
	ACVT -20
	BREARING 6016ZZ
	01
	STD

	21. 
	ACVT -21
	FRAME
	01
	MS

	22. 
	ACVT -22
	BELT GUIDE PLATES
	04
	EN9


MATERIAL PROCUREMENT 

Material is procured as per raw material specification and part quantity. Part process planning is done to decide the process of manufacture and appropriate machine for the same.

GENERAL MATERIAL USED

EN24- ALLOY STEEL

EN9- PLAIN CARBON STEEL

MS-MILD STEEL

STD- STANDARD PARTS SELECTED FROM  PSG DESIGN        DATA/MANUFACTURER CATALOGUE
MATERIAL PROCUREMENT 

Material is procured as per raw material specification and part quantity. Part process planning is done to decide the process of manufacture and appropriate machine for the same.

GENERAL MATERIAL USED

EN24- ALLOY STEEL

EN9- PLAIN CARBON STEEL

MS-MILD STEEL
GM- GUN METAL
STD- STANDARD PARTS SELECTED FROM  PSG DESIGN        DATA/MANUFACTURER CATALOGUE

APPLICATIONS OF A+ CVT
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	Light electric vehicles (LEVs) 
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	Automobiles
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	All-terrain vehicles (ATVs)
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	Machine tool drives
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	Agricultural equipment


ADVANTAGES OF A+CVT

A) The sprocket bars are made round in shape and are made integral with the cone, this reduces the problem of vibration and chatter.

B) The simple round shape of the sprocket bars make engagement and disengagement of the transmission belt easy, and vibration free so also offering an positive engagement, unlikely of any slip.

C) The simple shape of the sprocket bars makes the manufacturing process easy and at low cost.

D) The transmission element of the A+ CVT is PIX ‘X’ treme Classical Synchronous belt . Belt being standard element low cost and easy availability .

E) More than 150 gear ratios possible.

F) Speed changing is single lever control, hence easy .

G) Step-less speed variation hence instant acceleration possible

H) Neutral position can be achieved with minimal modification

I) Compact in size, low in weight

J) Low cost and easy to apply.

K) Can be applied both to automobile and mechanical industry.

Refferences :

1. Mechanisms –Linkages- and Mechanical Drives –

· I A Chironis
2. Modern transmission systems 

· A W Judge

3. PSG design data.

4. MACHINE DESIGN
:- R S KHURMI

5. DESIGN OF MACHINE ELEMENTS  :- V B BHANDARI
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MATERIAL SPECIFICATION : EN 9
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MATERIAL SPECIFICATION : EN 9


RAWMATERIAL SIZE:  70X30X60


QUANTITY :- 01 NO’S.																																											
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