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Abstract— Multispeed right angle friction gear which works 

on the principle of friction gear. This drives enable us to 

have a multi speed output at right angles by using a single 

output at right angles by using a single control lever. The 

design of the drive is based on the principle of friction, 

hence slip is inevitable, but in many cases the exact speed 

ratio is not of prime importance it is the multiple speed that 

are available from the drive that are to be considered. In this 

typical drive the power is transmitted from the input to the 

output at right angle at multiple speed and torque by virtue 

of two friction rollers and an intermediate sphere. The drive 

uses a singular control to effect the speed change, thereby 

making the operation of the drive extremely simple. Another 

important feature of this drive is its compactness, low 

weight and obviously its low cost. 
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I. INTRODUCTION 

In many applications it is desirable to have a transmission at 

right angle but at multiple speeds; in these cases the velocity 

ratio need not be constant .Using bevel gears for such 

application is not possible because each bevel gear pair will 

only give an single output where as it desirable to have 

multiple speeds more ever the design and development of a 

gear box with multiple speeds incurs considerable cost so 

also the speeds available will be in certain steps. In order to 

effect a single speed change one will need a bevel pinion, a 

bevel gear, and a control lever i.e. three parameters per 

speed change. More ever it is also not possible to have an in 

line constant mesh or sliding mesh bevel gear box as in case 

of  spur gears, due to fact that bevel pairs are always 

generated in pairs, hence every new speed ratio will need an 

fresh pair of bevel gears. This makes the construction of a 

multispeed bevel gear box complicated and bulky. Needless 

to say the bevel gear box in this case will be high in weight 

and cost. Hence the need of a multi speed right angle drive 

with a singular control. The solution to the above problem is 

a Multispeed right angle friction gear; which works on the 

principle of friction gear. This drives enable us to have a 

multi speed output at right angles by using a single output at 

right angles by using a single control lever. The design of 

the drive is based on the principle of friction, hence slip is 

inevitable, but in many cases the exact speed ratio is not of 

prime importance it is the multiple speed that are available 

from the drive that are to be considered. In this typical drive 

the power is transmitted from the input to the output at right 

angle at multiple speed and torque by virtue of two friction 

rollers and an intermediate sphere. The drive uses a singular 

control to effect the speed change, thereby making the 

operation of the drive extremely simple. Another important 

feature of this drive is its compactness, low weight and 

obviously its low cost. 

II. PRINCIPLE OF WORKING 

Multispeed right angle friction drive works on the principle 

of friction gear. This drives enable us to have Multi speed 

output at right angles by using a Single input with the help 

of a simple control lever. The output can be obtained in both 

directions (Clockwise & Anticlockwise). In this typical 

drive the power is transmitted from the input to the output at 

right angle at multiple speed and torque by virtue of two 

friction rollers and an intermediate sphere. The drive uses a 

singular control to effect the speed change, thereby making 

the operation of the drive extremely simple.  

 
Fig. 1: Multispeed Right Angle Friction Gear 

Motor is switched on, which makes the motor shaft 

to drive the input shaft. Input shaft rotates the Input friction 

disk at a high speed. The friction disk rotates the friction 

roller which in turn rotates the output shaft. The speed of the 

output shaft depends upon the radius of rotation. This radius 

of rotation can be controlled by regulating the rotation of the 

feed screw. The feed screw when rotated about its own axis 

moves the fork up or down thereby changing the radius of 

rotation. The pitch of the screw is 2mm thus per rotation the 

roller moves by two mm, the working range of the disk is 75 

mm on either side of the center of the disk. The direction of 

rotation of the output shaft can be reversed by moving the 

roller on the opposite side of the center of the input friction 

disk. Important feature of this drive is its compactness, low 

weight and obviously its low cost. 

III. CONSTRUCTION & EFFECTING SPEED CHANGE 

Motor drives input friction disk .The input friction disk is 

horizontally mounted in bearing housing At the other end 

output shaft  carries an circular friction roller  keyed to it. 

This friction disk is lined with friction material .As input 

friction disk is rotated the friction roller starts rotating by 

virtue of friction between the two members thereby the 

output shaft rotates. The speed change is achieved by 

changing the radial position of the friction roller on the input 

friction disk by means of the screw and fork arrangement. 

The construction of this multispeed right angle friction gear 

is analyzed as a complete solution to variable speed 

transmission. It consists of following elements  

A. Input Friction Disk 

Input friction disk is a high grade steel (EN 24 ) construction 

coupled to motor at one end by pulley and belt and  is held 
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in heavy duty ball bearing (6204) and (6203) at the input 

bearing housing end. 

B. Friction Roller 

Friction roller is modified in construction that a spherical 

radius is turned on the face of this disc whose outer surface 

serves as the friction surface. This friction roller is driven by 

the input friction disk and its face is lined with friction 

material. 

C. Fork 

The fork is the member that houses the friction roller and 

moves it up or down with respect to the input friction disk. It 

is mounted on the feed screw. 

3.4 Feed Screw 

The adjuster screw carries the fork and it is held on 

the casing in two bearing housings. The feed screw serves to 

adjust the position between the input friction disk and the 

friction roller, so it serves as a speed changer. 

D. Contact Pressure Mechanism  

The contact pressure mechanism is in the form of an 

adjuster screw held in a nut in the casing and a helical 

compression spring that rests against the output shaft 

bearing housing.   One such set is provided at each end of 

the output shaft. The compression of the spring results in the 

contact pressure between the friction disk and roller. This 

can be duly adjusted by mean of the adjuster screw.       

 
Fig. 2: Assembly drawing 

E. Wear Compensating Mechanism   

This is in the form of a wear compensating screw that is 

mounted in a nut in the casing and it rests against the output 

bearing housing at each end of shaft. This screw is adjusted 

to adjust the wear. 

F. Output Shaft   

Output shaft is a high grade steel (EN24) which is keyed to 

output friction disk at one end and to the load at the ether 

end. It is housed in the heavy duty ball bearing (6203) 

housed in the casing. 

G. Pulleys  

The pulleys are mounted on the input shaft and the motor 

and are connected via v-belt. 

H. Frame 

The frame is an open construction fabricated from ms angle, 

the other members in the form of bearing housing (1, 2, and 

3) and the holding block being welded to it. It is robust 

construction and encloses all moving members inside it. [3] 

IV. TEST & TRIAL ON MSRAFG 

A. Input Data 

1) Drive Motor 

AC230 Volt 

0.35 Amp, 50 watt 

50 Hz, 200 to 4500 rpm 

TEFC COMMUTATOR MOTOR 

2) Diameter (Effective) of Dynobrake pulley = 25 mm. 

B. Procedure 

1) Start motor by turning electronic speed variator knob. 

2) Let mechanism run & stabilize at certain speed (say 

1300 rpm)  

3) Place the pulley cord on dynobrake pulley and add 100 

gm weight into, the pan, note down the output speed for 

this load by means of tachometer. 

4) Add another 100 gm & take reading. 

5) Tabulate the readings in the observation table 

6) Plot Torque Vs speed characteristic 

    Power Vs speed characteristic 

V. OBSERVATION TABLE 

Sr. 

No. 

Loading Unloading 
Mean 

Speed, 

rpm 
Weight, 

gm 

Speed, 

rpm 

Weight, 

gm 

Speed, 

rpm 

1 100 1300 100 1300 1300 

2 150 1250 150 1240 1245 

3 200 1200 200 1180 1190 

4 250 1100 250 1080 1090 

5 300 1000 300 1040 1020 

6 350 970 350 930 950 

7 500 880 500 720 800 

8 600 700 600 600 650 

9 700 550 700 450 500 

10 800 420 800 380 400 

11 1000 300 1000 260 280 

Table 1: Observation Table 
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VI. SAMPLE CALCULATIONS (AT 0.6 KG LOAD) 

A. Mean Speed  

                       N   =         N1 + N2               

                                             2 

                             =     700 + 600       

                                            2 

                       N   = 650 rpm 

B. Input Power 

Input power at rated rpm (9000rpm) is given as 50W 

 

                     Pi/p     =              2 π N Ti/p 

                           60 

                     50      =              2 π ×9000× Ti/p 

                               60 

                     3000   =            56548.66× Ti/p   

                     Ti/p     =                   3000 

                        56548.66 

                     Ti/p     = 0.053 Nm 

But we can’t do experiment & take readings at 

9000 rpm, so we will reduce the motor speed to 1300 rpm 

by turning variator knob. So new power at 1300 rpm will be  

                     Pi/p     =              2 π N Ti/p 

                          60 

                     Pi/p     =          2 π ×1300× 0.053 

                            60 

                     Pi/p       = 7.21 W 

C. Output power Po/p (at 0.6 kg load) 

1) Output torque To/p(at 0.6 kg load) 

         To/p     = Weight in pan x Radius of Dynobrake Pulley 

       = (mg) x 12.5 

                     = (0.6 x 9.81) x 12.5 

        = 73.575 Nmm 

  To/p    = 0.073575 Nm 

2) Output power Po/p (at 0.6 kg load) 

                      Po/p     =              2 π N To/p 

                           60 

                      Po/p     =          2 π ×650× 0.073575 

                                60 

                      Po/p     =        5.01 W 

D. Efficiency η (at 0.6 kg load) 

                             η =    Output power 

                                        Input power 

                            =      5.01 x 100 

                                          7.21 

                             η = 69.48% 

VII. RESULT TABLE 

Sr. 

No. 

Load, 

gm 

Speed, 

rpm 

Torque, 

Nm 

Power, 

W 

Efficiency, 

% 

1 100 1250 0.012 1.669 23.149 

2 150 1200 0.018 2.398 33.255 

3 200 1110 0.025 3.056 42.381 

4 250 1020 0.031 3.499 48.524 

5 300 960 0.037 3.929 54.489 

6 350 900 0.043 4.269 59.208 

7 500 805 0.061 5.136 71.228 

8 600 650 0.074 5.007 69.447 

9 700 510 0.086 4.494 62.324 

10 800 400 0.098 4.108 56.982 

11 1000 350 0.123 3.595 49.860 

Table 2: Result Table 

VIII. GRAPHICAL REPRESENTATION OF RESULTS 

A. Graph Load Vs Speed (FTL097) 

 
Fig. 3: 

B. Graph TORQUE vs SPEED (FTL097) 

 
Fig. 4: 

C. Graph POWER vs SPEED (FTL097) 

 
Fig. 5: 
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D. Graph EFFICIENCY vs LOAD (FTL097) 

 
Fig. 6: 

IX. COMPARISON BETWEEN GEARBOX AND FRICTION GEAR 

Sr. 

No. 
Parameter Gearbox Friction Gear 

1 Cost High Low 

2 Weight High Low 

3 Size Bulky Compact 

4 Slip No 
Significant at high 

torque 

5 

Torque 

Transmission 

Capacity 

High Medium & low 

6 
Exact speed 

ratio 
Yes No 

7 
Number of 

Speed ratio 
Limited Infinite 

8 Speed change Shocking 
Gradual  & 

shockproof 

9 
Dissipation of 

Heat generated 
Simple 

Difficult as dry 

friction 

10 Noise High Low 

11 Application Automobiles 

Conveyor line, 

wire winding, 

balancing m/c, 

assembly line 

Table 3: 

X. FUTURE SCOPE 

A variable speed forward and reverse friction drive 

mechanism composed of a driving disc which has a lateral 

friction surface for selective engagement with either one of a 

pair of driven friction discs, which are supported on an 

output drive shaft for transmittal of rotational driving power 

from the driving disc to the driven discs when engaged by 

the drive disc; the improved construction of the arrangement 

is such that:  

1) Either one or both of the driven discs are shift able 

along the output drive shaft for varying the drive 

engaging position on the driving disc to obtain infinite 

variations in speed ratio,  

2) The driven discs are pivotally supported relative to a 

stationary axis of the driving disc for selective 

engagement of one driven disc at a time and  

3) The driving disc may be pivotally supported relative to 

a stationary axis around which the driven discs rotate 

for selective drive engagement with either one of the 

driven discs. 

4) We can use multispeed right angle friction drive instead 

of Gearbox for low & medium load transmission 

system. 

In a further embodiment of the present improved 

friction drive transmission instead of pivotally moving the 

driven disc into or out of engagement with the driving disc, 

the driving disc is pivotally supported in a stationary 

member and attached to a rod linkage, bell crank linkage, 

push-pull cable or the like, to selectively pivotally move the 

driving disc into or out of engagement with a selected driven 

disc supported on the drive shaft, which is stationary along 

its axis. In this arrangement, likewise, either or both forward 

and/or reverse driven disc can be made shift able along the 

drive shaft for speed ratio change in the forward drive 

direction or in both forward and reverse drive direction. [2] 

XI. ADVANTAGES 

1) Easy to maintain proper pressure between the contact 

surfaces thereby resulting in trouble frees operation. 

2) Multiple speeds can be obtained; where as regular 

clutches are of ON-OFF type where only one speed is 

available. 

3) Infinitely variable speed available over a given range. 

4) Ease of operation; the speed changes are gradual, 

without any shock. 

5) Singular control:-Entire range of speeds is covered by a 

single hand wheel control. 

6) Low cost. 

7) Compact size. 

8) Bi-directional power transmission, thereby enabling to 

also reverse the direction of the drive. 

XII. DISADVANTAGES 

1) Drive is an actually a friction type drives which 

automatically limits the torque that can be transmitted 

by the drive hence it can be used satisfactorily for light 

to medium duty application.  

2) The amount of slip becomes significant of high torque 

conditions, which reduces the velocity ratio making in-

accuracies in power and motion. 

3) Friction surfaces generate a lot of heat, being a dry 

friction drive; proper ventilation preferably forced 

ventilation must be provided for satisfaction application 

at any loads. 

XIII. APPLICATIONS 

1) Speed drives for machine tools spindles:-Machine tool 

spindles are required to be driven at various speeds 

depending upon the size of work and material to be cut 

in such cases the gear less variable speed reducer can be 

used along with all geared head stock to give an 

infinitely variable speed condition. 

2) By combination the Adjustable spherical drive and a 

three stage all gear head stock a still wide range of 

speeds can be obtained for the main spindle of light 

duty machine tools 

3) Feed drives for machine tool slides. Machine tool slides 

can be moved at different speeds to impart feeding 

motion to the cutting tool. 
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4) Variable speed drives for conveyors in assembly line 

and automatic assembly plants. 

5) Variable speed drives in automatic transfer lines and 

pick and place robotic devices. 

6) Variable speed drive for coil winding machines 

7) Variable speed drive for balancing machines in testing 

equipment 

XIV. CONCLUSION 

There are  some advantages that we have observed in 

Multispeed right angle friction drive due to which  it is 

useful in certain applications where exact speed ratio is not 

of prime importance it is the multiple speed that are 

available from the drive  that are to be considered. 

Multispeed right angle friction drive overcomes the 

limitations of normal gearbox such as low cost, light weight, 

compact size, infinitely variable speed ratio, gradual speed 

change without shock, bidirectional power transmission.  So 

these merits are useful in some applications where medium 

and low load capacity is required such as conveyor, 

assembly line, wire winding machine, balancing machine. 

But there are still some limitations which limit its 

applications such as torque transmission capacity, 

significant amount of slip, variable contact pressure, and 

heat dissipation due to dry friction at high speed. Hence it is 

desirable to have this drive in certain applications where 

variable speed is required without much importance of 

torque transmission capacity. 
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