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1.0 Introduction

Belt drives are used in vast range of machines, they have been used in washing machines, cars.  They are an effective solution of transmitting power from one machine to another.  Flat belt are made of synthetic rubber and can utilise composite steel in there design,  when using belt drives consideration needs to be made as these belt tend to slip, the co-efficient of friction plays a vital role between the pulley and the belt, the co-efficient of friction needs to be high enough in order to stop any slipping occurring during in operation. (Grosjean, 1986).
 

The aim of this lab session is to investigate the relationship between the tensions in a slipping pulley system and compare these with any theoretical valves calculated.


2.0 Objectives 

This experiment has three objectives:

· To show that a constant angle of lap θ  has a constant tension ratio of 
· To verify the relationship of   
· To determine the friction  between the Cast Iron pulley and the belt.
(Lab sheet handout).


3.0 Theory

As given in the lab sheet;

For a flat belt drive:  

T1 = Tight side tension
T2 = Slack side tension
µ = Coefficient of friction
θ = Angle of lap (radians)



If a dependence of T1 is plotted against T2 for a constant angle of lap θ then a straight line should pass through the origin because  is constant.       

    or         T1 = k.T2


The slope k can be measured, and it can yield a value for the coefficient of friction .

                        ln k =                    = 


If ln  is plotted against θ then the resulting curve should be a straight line that passes through the origin. 

The slope for this line equals µ: ln 

(Lab sheet handout).



3.1 Derivation of capstan equation

For a flat belt drive:  
[image: ]
Let,

T1 = Tight side tension of the belt
T2 = Slack side tension of the belt
µ = Coefficient of friction between belt and pulley
θ = Angle of lap of belt over the pulley(radians)

Consider a short length of belt subtending an angle  at the centre of the pulley as shown in Fig(1).

Let,Fig (1): Tensions in Belt. (Fawcett and Burdess, 2011)



N = Normal reaction between the element length of a belt and pulley.
 = Increase in tension in tight side that that of slack side.
 Tension on the tight side of the element.


Resolve tangential forces,



As,
 is very small, 

       or           (Equation 1).

Resolve radial forces,



As,
 is very small, 




Neglecting the product of two small quantities,

 	(Equation 2).

From Equations (1+2).

 Or 

Integrating, we get

  	             

(Fawcett and Burdess, 2011).




4.0 Apparatus

Below is a list of the Apparatus needed for the experiment to be completed:

· Belt friction rig
· Dial test indicator
· Weight carrier
· 2 – 25 kg weights
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Fig(1): Dial test indicator	Fig(2): Belt friction rig with weight
 carrier and weights			
(Lab sheet handout).			


5.0 Procedure

As given in lab sheet;

5.1 Cantilever calibration

1. Turn angle of lap protractor to 0.
2. Hang belt and weight carrier on the cantilever.
3. Set the dial test indicator to 0.
4. Measure the deflection of the cantilever for masses from 0 – 24kg in steps of 3kg.
5. Plot T2 against deflection for the cantilever.
6. Use the plot as a calibration curve to determine T2 on the slack side against deflection.
(Lab sheet handout).
5.2 Constant angle of lap

1. Set lap θ to 90⁰, attach the belt and set the dial indicator to 0.
2. Switch the pulley motor on.
3. Measure the deflection for masses 0-20kg.
4. Using the calibration curve compute T2 and plot T1 against T2.
5. Calculate µ using first method in theory section.
5.3 Variable angle of lap

1. Attach belt and set the test indicator to 0.
2. Attach 20kg to the belt.
3. Switch pulley motor on.
4. Measure deflection for angle of lap θ from 240⁰ to 10⁰.
5. Determine T2 for each angle with aid of the calibration curve.
6. Plot  against θ, rad.
7. Record µ from the slope of the curve.
(Lab sheet handout).

6.0 Results

[image: ]6.1 Cantilever calibration
Table 1: Cantilever calibration results.(Lab results).









6.1.1 Calculations

Example (1)

					 N

Example (2)

N


6.1.2 Graph


           Fig (3) Graph for slack side Vs. Deflection. (Excel).
          

6.2 Constant angle of lap
[image: ]
Table 2: Constant angle of lap results(Lab results).

6.2.1 Graph


              Fig (4) Graph for T1 Vs. T2. (Excel).


6.2.2 Calculation



  				    


K = 











Using Equation from lab sheet;















For flat belt, since , compare to 



Because the graph is T2 against T1, thus the gradient of the graph will be .

(Fawcett and Burdess, 2011).









6.3 Variable angle of lap

[image: ]
Table 3: Variable angle of lap results(Lab results).


6.3.1 Graph


             Fig (4) Graph for T1/T2 Vs. Angle of lap (.(Excel).

The above graph allows you to get values for T1/T2, this is represented by row 5 table: (3).

           Fig (4) Graph for lnT1/T2 Vs. Angle of lap () (Excel).

The above graph allows you to get values for T1/T2, this is represented by row 6 table: (3).

If ln  is plotted against θ the angle of lap (θ) the resulting curve should be a straight line that passes through the origin. The graph shows this linear relationship which relates to y=mx+c.
6.3.2 Calculations

To calculate sliding coefficient,  for a flat belt, since:


		           	  	                 
			                        

				          		        





(Fawcett and Burdess, 2011).
7.0 Conclusion

Throughout the experiment I realised several things could have been improved so the results were more accurate:

· Apparatus error could be minimised by utilising more accurate measurement devices, or maintaining equipment more often
· In-order to aid better results each experiment should be completed 3 times and average readings taken.
· An electronic device could have been used to aid more accurate results.
· Hysteresis may have occurred within the experiment this could have been prevented if a new belt were used.
· Random human error could have played a part during the experiment.
(Belt Drive | Belt (Mechanical) | Physics & Mathematics, 2020)

7.1 Is tension ratio of  constant for the given lap angle?  Confirm relationship between  is constant?

From table 2 you can see the tension ratio for a given lap angle is constant, this was solidified further during experiment 2.  The coefficient of friction remained constant for all masses used.   confirms that  is indeed constant.  Graph 2 confirms this further that there is a relationship between and  as the straight line is linear. However, with experiment 3 when the angle is changed the ratio of  reduces as the lap angle increases. (Belt Drive | Belt (Mechanical) | Physics & Mathematics, 2020).


7.2 Determine the friction  between the Cast Iron pulley and the belt?

As you can see from experiment 2 and 3 the value  has a slight percentage error.  However, they should be the same.  This error can be improved by implementing changes/ improvements and completing the experiment once again. (Belt Drive | Belt (Mechanical) | Physics & Mathematics, 2020).
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nbTask II:  Gear trains
 Introduction

Gear trains refer to a mechanism with two or more gears meshed in series to transmit power from from one shaft to another. The nature of the train used depends upon the velocity ratio required and the relative position of the axis of the shafts. A gear train may consist of bevel, spur or spiral gears.(Handout).

Research 

Discribe in detail the the following types of gear trains, giving typical applications in industry. (1000 words)

Simple gear train
A simple gear train generally consists of only one gear on any shaft fig(1).  The gears have pitch circles, when there is a small distance bewteen any two gears is small, gear 1 and gear 2 mesh together in order to transmit motion to the other shaft. Gear 1 will be known as the driver gear as it transmits motion to gear 2, gear 2 will be known as the driven or follower.  The driven gear will have opposite rotation from driver gear unless a idler gear is implimented in order for the driver and driven to have the same orientation of motion. (Iitism.ac.in. (2020); Moodlearn.ariel.ac.il. (2020)).

[image: ]
Fig(1): Simple gear train. (Moodlearn.ariel.ac.il. (2020)).



Simple gear train is a system which consists of gears with different module are meshed together to provide max torque can be transmitted without slip.  If a simple gear train is used to give a large speed reduction, the last gear must be very large. (Bird, 2015).

 
Some of its applications in industry include gearbox of automobiles, heavy press machine and lathe machine. (Moodlearn.ariel.ac.il. (2020)).

Compound gear train

A compound gear train consists of more that one gear on any given shaft.  Idler gear are useful in bridging a given distance bewteen the driver and driven gears.  When the distance bewteen the driven and driver has to be bridged over by intermediate gears and at the same then speed ratio is needed, the advantage of ultilzing intermataite gears is intensified by providing compound gears on intermediate shafts.  This system setup will have two gears fixed on it so they have the same speed.  One of the two gears will mesh together with the driver and the other will attached to the next gears shaft as shown in fig(2).  The advantage of using a compound gears system over a simple gear train system is a much larger speed reduction can be obtained, normally if the speed reduction is in excess of 7:1 then a compound gear train is used. (Iitism.ac.in. (2020); Moodlearn.ariel.ac.il. (2020)).
[image: ]Fig(2): Compound gear train. (Moodlearn.ariel.ac.il. (2020)).



Some of its applications in industry include gearbox of automobiles, lathe machine, gear levers, clocks and watches; A device which needs extremely low rate of rotation in it. (Bird, 2015).



Reverted gear train
A reverted gear is shown in Fig(3).  The axes of first gear  (driver 1) and the last (driven) are co-axial.  We can see that first gear  drives second gear in the opposite direction.  Secondly and third gear are mounted on the same shaft, they form a compound gear and the third gear will have the same orientation as that of the second gear.  The third gear is now the scond driven gear it drives the forth gear which is driven in the same orentation of that of the first gear.  This allow the motion of the first and last gear to be like. (Iitism.ac.in. (2020); Moodlearn.ariel.ac.il. (2020)).

[image: ]








Fig(3): Reverted gear train. (Moodlearn.ariel.ac.il. (2020)).



Epicyclic gear train
In an epicycle gears train the axes of shafts wich are connected to the gear can move relative to a fixed axis.  A epicycle gear train is shown in fig(4). Gear A and the arm C rest on the same axis which they can rotate about 01.   As you can see gear A meshes with gear B has its axis on the arm at 02 which allows rotation at that point.  If the arm is fixed then gear A can drive gear B or vice-versa. However if gear A is fixed then arm arm will rotate about this gear axis(01), which forces gear B to rotate around that gear.  This motion is known as epicycle, gear trains are arrange so that one or more of their members move around or upon another member, these conbined are known as an epicycle gear train.  They can be simple of compound.  The advantages of using such a system is for trainsmitting high velocity ratios with gears of a standard size in a reletivity small space.  (Iitism.ac.in. (2020).      


[image: ]
Fig(4): Reverted gear train. (Moodlearn.ariel.ac.il. (2020)).


These  gear train system is used in many application some of these include: gear of lathes, hoists, pilley blocks and watches. (Iitism.ac.in. (2020).


Problem solving

1. The gearing of  a machine tool is shown in Figure 1 below. The motor shaft is connected to gear A and rotates at 1000r.p.m The gear wheels B,C,D and E are fixed to parallel shafs rotating together. The final gear F is fixed on the output shaft. What is the speed of gear F?. 

[image: ]






Fig(5): Gear train.




From Fig(5) we see that gears A, C and E are drivers while gears B, D and F are driven or followers.  Let the gear A rotates in clockwise direction.  Since the gears B and C are mounted on the same shaft, therefore it is a compound gear and the direction or rotation of both these gears is same (e.g. anticlockwise). Similarly, the gears D and E are mounted on the same shaft, therefore it is also a compound gear and the direction of rotation of both these gears is same (e.g. clockwise). The gear F will rotate in anticlockwise direction. (Iitism.ac.in. (2020))

The numbers of of teeth are given on each gear are shown in the table below.
 
	Gear
	A
	B
	C
	D
	E
	F

	No. Of teeth
	20
	50
	25
	85
	28
	65


Fig(5a): Gear teeth Number’s.

Given:

Let, 		

Thus,


Thus,

So,



So,



(Iitism.ac.in. (2020)).


2 i.  What type of gears are the best for applications that require speed reduction and torque multiplication?

Compound gears

2 ii. Two parallel shafts, about 800mm apart are to be connected by spur gears. One shaft is required to run at 360r.p.m and the other at 140r.p.m. Design the gears, given that the pitch is to be 25mm.

Given: 

Let 	.

We know that speed ratio,

             ........(1)

Centre distance between the shafts (x),

           or           		.....(2)

From equation (1) and (2), we find that

					










Since the number of teeth on both gears need to be complete whole numbers, we shall take first gear 57mm and second gear 146mm.
Calculate pitch circle diameter of first gear,



Pitch circle diameter of second gear,



 Exact distance between the two shafts,



Thus,

First gear must have 57 teeth, second gear 146 teeth.  Pitch circle diameter of first gear must be 453.59 mm and second gear must be 1161.83 mm.  The exact distance needed bewteen the two shafts must be 807.71 mm. (Moodlearn.ariel.ac.il. (2020)).






3.A riverted gear train is to be designed such that its speed ratio is 12, as shown in Figure 2.The module pitch of gears A and B is 3.13mm and of geras C and D is 2.5mm. What are the suitable numbers of teeth for the gears? No gear should have less than 24 teeth.


[image: ]200mm

Fig (6). Reverted gear train.


Given:

Speed ratio, 

Let,
		      



We know that circular pitch,





		.......(1)



From equation (1),




Since the speed ratio bewteen the gears are equal, therefore,



Also the speed ratio of any pair of gears is the inverse of their number of teeth, therefore,





We know that the distance bewteen the shafts,

Or,


					{}


	….(2)

        	   ….(3)

From equation (1), . Substituting this value of 







Again from equation (1), 








Check:



The value of 11.87 is very close to the value given in the question 12 proving that the answer is highely likely to be correct slightly off due to rounding errors.
(Fawcett. and Burdess (2011); Moodlearn.ariel.ac.il. (2020)).
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Slack side (T2) Vs. Deflection (𝛿)
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T1 = MG (n)
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Figure15.5 Tensions in Belt
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Simple Gear Train:

‘When there is only one gear on each shaft, as shown in Fig. 13.1, it is known as
simple gear train. The gears are represented by their pitch circles. When the distance
between the two shafts is small, the two gears 1 and 2 are made to mesh with each
other to transmit motion from one shaft to the other, as shown in Fig. 13.1 (a). Since
the gear 1 drives the gear 2, therefore gear 1 is called the driver and the gear 2 is
called the driven or follower. It may be noted that the motion of the driven gear is
opposite to the motion of driving gear.
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Fig. 13.1. Simple gear train.
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Fig. 13.2. Compound gear train.
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13.4. Reverted gear train.
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Fig. 13.6. Epicyclic gear train.
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Gear Train

1. The speed ratio of a reverted gear train is to be 15. The module of gears 1 and 2 is
3 mm and that of gears 3 and 4 is 2.5 mm. Calculate the suitable number of teeth
for the gears. The centre distance between gear shafls is 250 mm.

2. Two parallel shafts are to be connected by spur gearing. The approximate distance
between the shafs is 600 mm. If one shaft runs at 120 r.p.m and other at 360
r.p.m. find number of teeth on each wheel if module is 8 mm. Also determine the
exact distance apart of the shafts.

3. The speed ratio of the reverted gear train, as shown in Fig. 13.5, is to be 12. The
module pitch of gears A and B is 3.125 mm and of gears C and D is 2.5 mm
Caleulate the suitable numbers of teeth for the gears. No gear is to have less than
24 teeth.

s

. A four speed sliding gear box of a motor car is required to give speed ratios from
the driving shaft to driven shaft of 4:1, 2.5:1, 1.5:1, and 1:1 approximately in the
first, second, third and top gears respectively. The pitch of gears in module is 3.25
mm and centre to centre distance between mating gear is 7 cm. find suitable
number of teeth on various gears, if the minimum number of teeth on pinion of
14,

B
C
200 mm
Driver Driven
A
D

Fig. 1
5. A compound train consists of six gears. The numbers of teeth on the gears arc as
follows:
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