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[bookmark: _Toc70066695]Introduction

This report is comprised of two tasks, ‘Task A’ will focus primarily on research and ‘Task B’ will be analytical answers to a given set of questions. The first half of ‘Task A’ will discuss the development of the centrifugal clutch, an explanation will be given on how the clutch works. Following that, research will be carried out to find the advantages and disadvantages associated with them. Developments with these clutches will then be discussed alongside any considerations that should be made when using them. 

In the latter half of ‘Task A’, research will be continued into electromagnetic clutches, similar areas will be discussed as in the first half, however the focus will be on how they are used within modern automation and manufacturing processes.

Within ‘Task B’, technical data has been provided of a centrifugal clutch, accompanying this are seven questions relating to it. Key information will be derived from the data to assist in tackling the problems and to create appropriate graphs and tables to compare the required information. The workings out and the excel formulas will then be compiled within the appendices for reference.
















[bookmark: _Toc70066696]Centrifugal Clutch Discussion

Centrifugal clutches (also known as friction clutches) are a type of clutch that drives a shaft, chain, or belt (BLM, 2019). Sitting between the flywheel of an engine and the transmission mechanism these clutches link two shafts through the aid of centrifugal force produced by the driving member (engine or motor) (Engineer, 2020).

[image: ]
[bookmark: _Toc69318079][bookmark: _Toc70011682]Figure 1 – Centrifugal Clutch (Lancereal, 2019)

The clutch will engage at a certain speed, which is determined by the following 5 components (Lancereal, 2019):

1. Shoes: These are sliding shoes that roll over the guideways. It has a friction lining at the end that allows contact with the drum during engagement.

2. Spring: As the engine rotates at a lower rpm, the clutch is disengaged by the spring.

3. Spiders or guides: Spiders are attached to the driver (engine) shaft or the motor shaft. The spiders are evenly distributed. Equally spaced means that if there are four guides, each one is 90 degrees apart from the others. Each guide holds a spring, and the sliding shoes are held in between these guides.

4. Friction lining: Sliding shoes have friction lining on the outer surface. It aids in gaining a grip on the drum's inner surface.

5. Drum: The clutch's drum serves as a housing for all the clutch's components, such as sliding shoes, guides, and springs. It is attached to the transmission system's driven shaft, chains, or belt. (Engineer, 2020)

These components can be seen clearly in (Figure 2).
[image: ]
[bookmark: _Toc69318080][bookmark: _Toc70011683]Figure 2 – Components of a Centrifugal Clutch (Engineer, 2020)

[bookmark: _Toc70066697]Working Conditions & Applications

As the engine begins to rotate, a centrifugal force is created, causing the sliding shoes to shift outward. The friction lining of the shoes will then connect to the drum's inner surface, causing it to move. The power is transferred from the engine shaft to the transmission shaft, and then to the load since the drum is attached to the driven shaft (Figure 2) (Engineer, 2020). Due to the transfer of torque from the drive to the driven equipment, it allows for a "soft start" with no load engagement. This means the operator can run the engine at a fixed idling speed without having to drive the machinery, enabling the engine to achieve its full torque before being loaded (Lancereal, 2019). Having a high starting inertia means that most centrifugal clutches can commonly be found on mobile equipment that has rotating parts, these can be seen in the list below:
[image: ][bookmark: _Toc69318081][bookmark: _Toc70011684]Figure 3 - Chainsaw showing Clutch housing location (O'Keefe, Mechanical Power Transmission – Centrifugal Clutch Shoe Wear, 2012)

· Chainsaws
· compressors
· Vibratory plate compactors and rollers
· Rammers
· Compressor/vacuum/fan drives
· Compact road/street cleaners
· Mobile water pumps
· Ground care equipment –mowers, turf cutters 
· Go-karts
· Woodchippers/stump grinders/milling cutters
[bookmark: _Toc70066698] Developments

[image: ]One area that has seen development has been in friction materials (Figure 4). The role of friction material is to maintain a relatively high and stable coefficient of friction (COF) as well as good wear resistance during service (KHOLIL, 2021). Preventing slippage is key to the build of a clutch, as the amount of power that the engine can efficiently transfer to the drive shaft is reduced by slippage (O'Keefe, clutch-shoe-lining, 2012). They must be able to withstand the setback, impact, and centrifugal force produced by frictional heat (KHOLIL, 2021). [bookmark: _Toc70011685]Figure 4 (O'Keefe, clutch-shoe-lining, 2012)



For this reason, a good friction lining should have: a high COF, high heat resistance against rubbing, slipping action and high gripping at high speed. To find improvements for a centrifugal clutch (Virmani, Madhogaria, & Baskar, 2021)  used Ansys Software to find the thermal and stress analysis of two separate designs (Figure 6) for each design new materials were compared to conventional ones (Table 1) (Virmani, Madhogaria, & Baskar, 2021).

Table 1 Friction materials  (KHOLIL, 2021)
[image: ]
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[bookmark: _Toc70011686]Figure 5 - Design 1 (left) and 2 (right) of friction lining (Virmani, Madhogaria, & Baskar, 2021)

(Virmani, Madhogaria, & Baskar, 2021) findings showed that the induced heat between the friction disc and the flywheel, can be reduced by removing the convection restriction at the disk's outer diameter. Along with this, the theoretical analysis revealed that the new materials effectively manifest their use as a friction material for clutches, with Ceramic (with reinforced organic material) proving to be the best candidate in terms of weight, cost. (Virmani, Madhogaria, & Baskar, 2021)

Where asbestos fibres were once the most common form of friction materials the need to move to a more organic based materials were also identified by (KHOLIL, 2021) due to the health risks associated with them. (Frictionmaterials, 2018). (KHOLIL, 2021) created a study of the use of wood powder, coconut fibre, and green mussel shells as clutch pads. The aim of the research was to find out the composite's hardness, wear, COF, and microstructure (KHOLIL, 2021). Three specimens were created with different compositions (Table 2) (KHOLIL, 2021).


Table 2 - The composition of specimens (KHOLIL, 2021)
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[bookmark: _Toc69297836][bookmark: _Toc69318082][bookmark: _Toc70011687]Figure 6 - Specimen of composites (KHOLIL, 2021)

[image: ]Using the testing means of Vickers FV-300e (Figure 7) to screen all specimens for hardness in accordance with ASTM E92, OGOSHI test machine (Figure 9) was used for wear resistance in accordance with ASTM G99 and the theory of friction on an inclined plane (Figure 8) were used to test friction coefficients (KHOLIL, 2021). [bookmark: _Toc70011688]Figure 7 – Digital Vickers Hardness Tester (FV-300) (Tech, 2013)


[image: ][image: Comparison between diode laser and TIG cladding of Co-based alloys on the  SUS403 stainless steel - ScienceDirect][bookmark: _Toc70011689]Figure 8 – Theory of friction (KHOLIL, 2021)

[bookmark: _Toc70011690]Figure 9 – OGOSHI test machine set up (Xu, 2006)


The data for each specimen was compiled and compared (Figure10,11,12).

[image: ][image: ][bookmark: _Toc69297838][bookmark: _Toc69318084][bookmark: _Toc70011691]Figure 10 - Wear Resistance (KHOLIL, 2021)
[bookmark: _Toc69297839][bookmark: _Toc69318085][bookmark: _Toc70011692]Figure 11 - Hardness Value of Composites (KHOLIL, 2021)



 


[image: ][bookmark: _Toc69297840][bookmark: _Toc69318086][bookmark: _Toc70011693]Figure 12 - Friction of coefficient (KHOLIL, 2021)





Out of the three, Specimen 3 was found to have the highest hardness, wear, and coefficient of friction, so it can be used for the centrifugal clutch (KHOLIL, 2021). Not only this but comparative to the coefficient of friction of asbestos as seen in (Table 1) specimen 3 would also allow for a much more efficient material compared to the more traditional materials.


[bookmark: _Toc70066699]Advantages and disadvantages

The simplicity of the centrifugal clutch is one of its greatest strengths. When compared to other types of the clutches, the centrifugal clutch has less components to deal with resulting in low maintenance requirements as there is less risk that the clutch will break or wear (BLM, 2019). This allows for a more cost-effective solution than other clutches on the market. Equally the very nature of using centrifugal force brings with it some advantages. 

As they engage automatically, there is no need for any kind of control system (BLM, 2019). This means that the engine can be started even when there is no load and the drive will stay disengaged while the engine is idling, the drive will only be fully connected when the engine rpm approaches or exceeds the set engagement parameter (Lancereal, 2019). This helps decrease the chance of engine stalling as it prevents unnecessary torque from being transferred back through to the flywheel while equally allowing for grater torque transfer from the engine to the load (BLM, 2019) (Lancereal, 2019).

With the simplicity of the design bringing with it some advantages it is worth highlighting some of the negative aspects also. Since centrifugal clutches are strictly mechanical and engage at a predetermined speed, each application will necessitate a unique configuration. This means that without adjusting internal components, the pre-set engagement pace cannot be changed (Lancereal, 2019). If a higher speed or power is required, it would require changing the clutch as a centrifugal clutch's peak speed is determined by the clutch size. Another issue that could arise is when using engines with a lower rpm, a lower rpm means more friction that could heat up the clutch drum resulting in loss of power (BLM, 2019).


[bookmark: _Toc70066700]Application of Electromagnetic clutches in modern automation and manufacturing (600)
[image: electromagnetic clutches][bookmark: _Toc69318088][bookmark: _Toc70011694]Figure 13 – Electromagnetic Clutches (jbj, 2020)

Unlike centrifugal clutches, electromagnetic (EM) clutches transfer torque mechanically, due to this there are less friction losses associated with them due to being able to engage at the same speed as the power input (jbj, 2020).


[bookmark: _Toc70066701]How They Work

An EM clutch consists of a metal housing with an electromagnetic coil, a rotor that connects to the input source, and an armature that connects to the output source (Figure 14). (mikipulley, 2021) 


[image: Components of electromagnetic clutch]
[bookmark: _Toc69318089][bookmark: _Toc70011695]Figure 14 – Components of EM clutches (emworks, 2017)

To engage an E.M. clutch, a magnetic field is generated by energising the coil, which draws the armature friction plate to the rotor friction plate, this then allows for torque to be transmitted through the friction surfaces (mikipulley, 2021) (emworks, 2017). The duration of engagement is determined by the frequency of magnetic fields, inertia, and the air distance between friction plates. When the coil's voltage is removed, the link is lost, a recessed flat spring pulls the armature back into its default location when there is no magnetic field present (emworks, 2017). This action effectively disengages the output armature and stops torque transmission by creating a small air gap between the rotor and armature plates (mikipulley, 2021).
[bookmark: _Toc70066702]Applications of Electromagnetic clutches

Since EM clutches do not need a connection to actuate the clutch, they can ideally be used to work with remote applications (emworks, 2017).  For this reason and with their ability to provide a zero-backlash connection means they can commonly be found in packaging machines, food processing equipment, industrial mixers, and cash counting machines (jbj, 2020) (mikipulley, 2021). In (Figure 15) (MikipulleyCO, 2019) shows the use of such a clutch on a conveyer belt. The greatest benefit for the use of an EM clutch here is to enable the ability to completely control the speed at which the belt moves (MikipulleyCO, 2019). 

[image: ]
[bookmark: _Toc70011696]Figure 15 – Video still of conveyor belt (MikipulleyCO, 2019)

Having this option allows manufacturing lines to be adjusted while in operation. This could be beneficial when companies are looking to make their manufacturing process leaner. Within the manufacturing principle of ‘KANBAN’ (Table 3) the EM clutch could aid in regulating the flow of goods on a manufacturing line according to customer’s needs (Trout, 2019). In turn this can reduce the need for storing large inventory and potentially limit waste (Trout, 2019).
Table 3 – Benefits of Kanban (Trout, 2019) 
[image: ]

[image: EM Micro clutch and brake lineup]
With the EM clutch being utilised in numerous applications, the clutches themselves can come in numerous forms:
[bookmark: _Toc70011697]Figure 16 – Micro Clutch (mikipulley, 2021)

Electromagnetic Micro-Clutches: Electromagnetic Micro-Clutches are smaller in size to fit into smaller precision equipment such as office copying machines, packaging systems, and sorting machines. (mikipulley, 2021).

[image: Electromagnetic Actuated Clutches][bookmark: _Toc70011698]Figure 17 – Actuated Clutch (mikipulley, 2021) 

Electrically Actuated Clutches : Electrically Actuated (E.M.) Clutches are like Micro Clutches in nature but are larger in size. These clutches are more suitable for automatic gates, paper processing machinery, printing machines, factory automation. (mikipulley, 2021)


[image: Tooth Clutch]Electromagnetic Tooth Clutches: Interlocking teeth in electromagnetic tooth clutches offer more precise timing and positioning, as well as higher torque transmission than friction-based electric clutches. Tooth Clutches are a great option for multi-station machinery such as lathes and milling machines because they can work in both wet (oil) and dry environments (mikipulley, 2021) (jbj, 2020).
[bookmark: _Toc70011699]Figure 18 – Tooth Clutch (mikipulley, 2021)


[image: EM Clutch/Brake Combo Units]Electromagnetic Clutch/Brake Combo Units: These offer a turnkey solution for more complicated mechanical applications. When an output needs to be engaged, disengaged, or stopped, this clutch / brake system is used. (mikipulley, 2021). These clutches can be found in applications that require robotics or to regulate the winding and unwinding of cloth, carbon fibre, and other materials during processing. (jbj, 2020).[bookmark: _Toc70011700]Figure 19 – Clutch Brake combo (mikipulley, 2021)


























[bookmark: _Toc70066703]Task B

[image: ]
[bookmark: _Toc69297842][bookmark: _Toc69318095][bookmark: _Toc70011701]Figure 20 - Task B clutch operating conditions

[image: ]Before the first question is addressed all units will be converted to SI units:[bookmark: _Toc70011702]Figure 21 - Sketch including dimensions

Mass of the shoe =  
Spring Stiffness value =   
Coefficient of friction  = 0.35
Centre of mass from shaft centre = 
Clearance between drum and show in rest position = 
Outer Drum wall thickness = 

[bookmark: _Toc70066704] Outer Drum diameter

[image: ]
[bookmark: _Toc70066705]Results

Assuming that the centre of mass is at the outermost edge of the shoe (Figure 21), then the radius to the inside of the drum would be:

Radius of rotation = 
And the diameter for inside the drum would be = 
And then for the outer drum diameter =  


[bookmark: _Toc70066706]Engagement speed of the centrifugal clutch

[image: ]

[bookmark: _Toc70066707]Results
At engagement speed, Spring force = centrifugal force = 
Spring force can be calculated using Hooke’s law:

Thus:
 x 
∴  
So, if  

then at engagement,


Using the formular for centrifugal force  
Re arranging to make :







For RPM: 


Thus, engagement speed of the clutch =  


[bookmark: _Toc70066708]Radial force acting on the clutch face

[image: ]

[bookmark: _Toc70066709]Results
Changing the RPM to rad/s: 


So, using  the centrifugal force will be found.



And,


So,



Thus, the Force acting on the clutch face will be equal and opposite to this value.




[bookmark: _Toc70066710]Value of torque transmitted to the driven shaft
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[bookmark: _Toc70066711]Results
Where, 
Torque = Friction Force  radius

And,
Friction Force = Coefficient of friction  Normal force


This will need to be multiplied by the number of shoes





So, for torque,




[bookmark: _Toc70066712]Transmitted torque Table and Graph
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[bookmark: _Toc70066713][bookmark: _Hlk69224741][bookmark: _Hlk69320831]Results - Transmitted Torque against RPM

Table 4 – Transmitted torque against RPM
	RPM
	μ (0.35)

	
	Torque (Nm)

	450
	-0.58

	475
	0.48

	500
	1.59

	525
	2.76

	550
	3.99

	575
	5.27

	600
	6.61

	625
	8.01

	650
	9.47

	675
	10.98

	700
	12.55









	







[bookmark: _Toc70066714]Graph - Transmitted Torque against RPM

[image: ]
[bookmark: _Toc69297845][bookmark: _Toc69318097][bookmark: _Toc70011703]Figure 22 – Scatter graph of transmitted torque

[bookmark: _Toc70066715]Transmitted torque with a coefficient of friction of 0.3 and 0.4

[image: ]

[bookmark: _Toc70066716]Results – Torque Comparisons with Different Coefficients of Friction


Table 5 – Torque compared against coefficient of frictions
	RPM
	μ (0.3)
	μ (0.35)
	μ (0.4)

	
	Torque (Nm)

	450
	-0.50
	-0.58
	-0.66

	475
	0.41
	0.48
	0.54

	500
	1.36
	1.59
	1.82

	525
	2.36
	2.76
	3.15

	550
	3.42
	3.99
	4.56

	575
	4.52
	5.27
	6.02

	600
	5.67
	6.61
	7.56

	625
	6.87
	8.01
	9.15

	650
	8.11
	9.47
	10.82

	675
	9.41
	10.98
	12.55

	700
	10.76
	12.55
	14.34












[bookmark: _Toc70066717]Graph - Torque Comparisons with Different Coefficients of Friction

[image: ]
[bookmark: _Toc69297847][bookmark: _Toc69318098][bookmark: _Toc70011704]Figure 23 – Coefficient of friction comparison
[bookmark: _Toc70066718][bookmark: _Hlk69978248]Discussion

The data in figure shows a linear relationship with each coefficient of friction. While each share the same engagement speed, as the RPM increases, the difference in torque produced by each variable grows incrementally. At 500RPM the difference in torque produced by  is 0.47Nm at 700RPM this difference grows to 3.58Nm. This shows that a higher COF will result in a higher torque at each RPM. This Is supported by the research by (KHOLIL, 2021) in (3.3) where the highest COF was desired for friction pads. 


[bookmark: _Toc70066719]Angular acceleration of the drum to achieve the maximum possible torque

[image: ]
[bookmark: _Toc70066720]Results
To calculate angular acceleration of the maximum possible torque, the following equations should be used:


With the mass of the drum being 
And the diameter of the outer drum being = 
The moment of inertia  can be found as follows:


Where,

So,
[bookmark: _Hlk69228813]


Then for angular acceleration:

Applying this to the max torque of each coefficient of friction

Table 6 – Angular acceleration for max torque
	
	μ 0.3
	μ 0.35
	μ 0.4
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‘spider’. Each shoe with its friction lining has a mass of 275 grams and is attached by means of a
linear mechanical spring with a stiffness value of 7.5 kN/m. The coefficient of friction of the
material attached to the shoes is 0.35. The centre of mass of each of the shoes is at a radius of
95 mm from the shaft centres in the rest position shown above and has a clearance distance of 9
mm to the outer drum. The outer drum has a wall thickness of 4 mm.
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1) What is the diameter of the outer drum?
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2) Determine the engagement speed of the centrifugal clutch. You should provide your
answer in RPM (revolutions per minute) and rounded to the nearest whole value of RPM.
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3) Calculate the radial force acting on the clutch face when the driving shaft is rotating at a
speed of 550 RPM.
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4) At the driving shaft speed of 550 RPM, what will be the value of torque transmitted to the
driven shaft?
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5) Using either MatLab or MS Excel, calculate and plot on a suitable graph the transmitted
torque at the driven shaft against driving shaft speed, from 450 RPM to 700 RPM in
increments of 25 RPM.
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6) Undertake the same analysis as in point 5 above but adopt a coefficient of friction of 0.3
and 0.4. Discuss the effect of changing the coefficient of friction of the shoe material on the
torque transmitted when comparing the three values of coefficient of friction.




image33.png
Driven Shaft Torque (NM)

16

Coefficient of Friction Comparison

—e—11-035 —e—y=03 —e—p=04

475

500 525 550 575 600 625 650 675 700

Drive Shaft Speed (RPM)





image34.png
7) For the maximum possible transmitted torque determined from either point 5 or 6 above,
and given that the mass of the drum is 750 grams and can be considered as a solid disc,
what is the angular acceleration of the drum to achieve the maximum possible torque?
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Centrifugal force μ (0.35)

 (Nm) Torque (Nm)

450 47.12 2220.66 63.51 -0.58

475 49.74 2474.25 70.76 0.48

500 52.36 2741.56 78.41 1.59

525 54.98 3022.57 86.45 2.76

550 57.60 3317.28 94.87 3.99

575 60.21 3625.71 103.70 5.27

600 62.83 3947.84 112.91 6.61

625 65.45 4283.68 122.51 8.01

650 68.07 4633.23 132.51 9.47

675 70.69 4996.49 142.90 10.98

700 73.30 5373.45 153.68 12.55

 RPM rad/s rad/s^2
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Centrifugal force μ (0.35)

 (Nm) Torque (Nm)

450 =SUM((B4)*(PI()*(2))/60)=POWER(C4,2) =SUM(0.275)*(D4)*(0.104) =SUM((E4-67.5)*(0.35))*(4)*0.104

475 =SUM((B5)*(PI()*(2))/60)=POWER(C5,2) =SUM(0.275)*(D5)*(0.104) =SUM((E5-67.5)*(0.35))*(4)*0.104

500 =SUM((B6)*(PI()*(2))/60)=POWER(C6,2) =SUM(0.275)*(D6)*(0.104) =SUM((E6-67.5)*(0.35))*(4)*0.104

525 =SUM((B7)*(PI()*(2))/60)=POWER(C7,2) =SUM(0.275)*(D7)*(0.104) =SUM((E7-67.5)*(0.35))*(4)*0.104

550 =SUM((B8)*(PI()*(2))/60)=POWER(C8,2) =SUM(0.275)*(D8)*(0.104) =SUM((E8-67.5)*(0.35))*(4)*0.104

575 =SUM((B9)*(PI()*(2))/60)=POWER(C9,2) =SUM(0.275)*(D9)*(0.104) =SUM((E9-67.5)*(0.35))*(4)*0.104

600 =SUM((B10)*(PI()*(2))/60)=POWER(C10,2) =SUM(0.275)*(D10)*(0.104) =SUM((E10-67.5)*(0.35))*(4)*0.104

625 =SUM((B11)*(PI()*(2))/60)=POWER(C11,2) =SUM(0.275)*(D11)*(0.104) =SUM((E11-67.5)*(0.35))*(4)*0.104

650 =SUM((B12)*(PI()*(2))/60)=POWER(C12,2) =SUM(0.275)*(D12)*(0.104) =SUM((E12-67.5)*(0.35))*(4)*0.104

675 =SUM((B13)*(PI()*(2))/60)=POWER(C13,2) =SUM(0.275)*(D13)*(0.104) =SUM((E13-67.5)*(0.35))*(4)*0.104

700 =SUM((B14)*(PI()*(2))/60)=POWER(C14,2) =SUM(0.275)*(D14)*(0.104) =SUM((E14-67.5)*(0.35))*(4)*0.104

 RPM rad/s rad/s^2
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Centrifugal force μ (0.3) μ (0.35) μ (0.4)

 (Nm)

450 47.12 2220.66 63.51 -0.50 -0.58 -0.66

475 49.74 2474.25 70.76 0.41 0.48 0.54

500 52.36 2741.56 78.41 1.36 1.59 1.82

525 54.98 3022.57 86.45 2.36 2.76 3.15

550 57.60 3317.28 94.87 3.42 3.99 4.56

575 60.21 3625.71 103.70 4.52 5.27 6.02

600 62.83 3947.84 112.91 5.67 6.61 7.56

625 65.45 4283.68 122.51 6.87 8.01 9.15

650 68.07 4633.23 132.51 8.11 9.47 10.82

675 70.69 4996.49 142.90 9.41 10.98 12.55

700 73.30 5373.45 153.68 10.76 12.55 14.34

 RPM rad/s rad/s^2

Torque (Nm)
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Centrifugal force μ (0.3) μ (0.35) μ (0.4)

 (Nm)

450 =SUM((B5)*(PI()*(2))/60) =POWER(C5,2) =SUM(0.275)*(D5)*(0.104) =SUM((E5-67.5)*(0.3))*(4)*0.104 =SUM((E5-67.5)*(0.35))*(4)*0.104 =SUM((E5-67.5)*(0.4))*(4)*0.104

475 =SUM((B6)*(PI()*(2))/60) =POWER(C6,2) =SUM(0.275)*(D6)*(0.104) =SUM((E6-67.5)*(0.3))*(4)*0.104 =SUM((E6-67.5)*(0.35))*(4)*0.104 =SUM((E6-67.5)*(0.4))*(4)*0.104

500 =SUM((B7)*(PI()*(2))/60) =POWER(C7,2) =SUM(0.275)*(D7)*(0.104) =SUM((E7-67.5)*(0.3))*(4)*0.104 =SUM((E7-67.5)*(0.35))*(4)*0.104 =SUM((E7-67.5)*(0.4))*(4)*0.104

525 =SUM((B8)*(PI()*(2))/60) =POWER(C8,2) =SUM(0.275)*(D8)*(0.104) =SUM((E8-67.5)*(0.3))*(4)*0.104 =SUM((E8-67.5)*(0.35))*(4)*0.104 =SUM((E8-67.5)*(0.4))*(4)*0.104

550 =SUM((B9)*(PI()*(2))/60) =POWER(C9,2) =SUM(0.275)*(D9)*(0.104) =SUM((E9-67.5)*(0.3))*(4)*0.104 =SUM((E9-67.5)*(0.35))*(4)*0.104 =SUM((E9-67.5)*(0.4))*(4)*0.104

575 =SUM((B10)*(PI()*(2))/60) =POWER(C10,2) =SUM(0.275)*(D10)*(0.104) =SUM((E10-67.5)*(0.3))*(4)*0.104 =SUM((E10-67.5)*(0.35))*(4)*0.104 =SUM((E10-67.5)*(0.4))*(4)*0.104

600 =SUM((B11)*(PI()*(2))/60) =POWER(C11,2) =SUM(0.275)*(D11)*(0.104) =SUM((E11-67.5)*(0.3))*(4)*0.104 =SUM((E11-67.5)*(0.35))*(4)*0.104 =SUM((E11-67.5)*(0.4))*(4)*0.104

625 =SUM((B12)*(PI()*(2))/60) =POWER(C12,2) =SUM(0.275)*(D12)*(0.104) =SUM((E12-67.5)*(0.3))*(4)*0.104 =SUM((E12-67.5)*(0.35))*(4)*0.104 =SUM((E12-67.5)*(0.4))*(4)*0.104

650 =SUM((B13)*(PI()*(2))/60) =POWER(C13,2) =SUM(0.275)*(D13)*(0.104) =SUM((E13-67.5)*(0.3))*(4)*0.104 =SUM((E13-67.5)*(0.35))*(4)*0.104 =SUM((E13-67.5)*(0.4))*(4)*0.104

675 =SUM((B14)*(PI()*(2))/60) =POWER(C14,2) =SUM(0.275)*(D14)*(0.104) =SUM((E14-67.5)*(0.3))*(4)*0.104 =SUM((E14-67.5)*(0.35))*(4)*0.104 =SUM((E14-67.5)*(0.4))*(4)*0.104

700 =SUM((B15)*(PI()*(2))/60) =POWER(C15,2) =SUM(0.275)*(D15)*(0.104) =SUM((E15-67.5)*(0.3))*(4)*0.104 =SUM((E15-67.5)*(0.35))*(4)*0.104 =SUM((E15-67.5)*(0.4))*(4)*0.104

 RPM rad/s rad/s^2

Torque (Nm)
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