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[bookmark: _Hlk150100957]Introduction
[bookmark: _Hlk149918635]It is the intent of this technical report to provide an in-depth analysis of centrifugal clutches as they apply to small motor equipment as well as how the centrifugal friction clutch has evolved over time. 
As a result, we will discuss the choice of materials, typical applications, and operating conditions. Throughout this report, I will discuss the advantages and disadvantages of centrifugal clutches. In a later section, I will discuss how electromagnetic clutches can be used to automate manufacturing processes today.

[bookmark: _Hlk150100971]What are centrifugal clutches?
As a result of my research using the (Electricalworkbook,2021) source, I learned that centrifugal clutches use friction between two surfaces, such as single plate clutches or multi-plate clutches. Even so, centrifugal clutches do not require circumferential or radial clutch springs to function.
 Floating clutch plates cause centrifugal force to cause the clutch plates to rotate when the engine speed increases. According to (blm-cm,2022), centrifugal clutches engage when the engine speed increases. An engine's speed decreases, resulting in clutch disengagement.
According to the Eletricalworkbook 2021 source, centrifugal clutches work based on centrifugal force, which states that the magnitude of centrifugal force increases with speed, and vice versa. As a result of centrifugal force, which depends on speed, centrifugal clutches engage and disengage the flywheel. 
After reaching a certain speed, the driven member engages with the driving member automatically. Therefore, a clutch pedal is not required to engage or disengage the drive. As a result, these clutches are used with automatic transmissions. 
According to UBB2020, a clutch should produce friction torque and actuate at an acceptable force. It should be able to dissipate the heat generated by friction without damaging the clutch components, according to (ecoursesonline). 
In addition, it should have a good coefficient of friction and wear resistance for the clutch material. Furthermore, it should be able to transmit more power than the engine's maximum power.
In addition, the(lancereal,2019) source states that the hub, flyweights, springs, linings and housing should be designed properly to transfer centrifugal force.








History of centrifugal clutches?
The first centrifugal clutch was used on railway locomotives in 1858, according to (academic-accelerator 2021). They were first mentioned (in connection with electric motors) in an 1899 patent. The United States issued his patent for an automotive centrifugal clutch in 1898. 
As a result, the source continues to state that the "Automatic Clutch" design was published in the June 1934 issue of Mechano Magazine. As early as 1936, Armstrong Siddeley cars had automatic (centrifugal) clutches. Invention of the centrifugal clutch for balloon catheters is credited to Thomas Fogerty, also known as the inventor of the balloon catheter. In the 1940s, small motors were used for a variety of purposes.

[bookmark: _Hlk150100995]Materials
A (what-when-how-2018) source suggests that clutch friction linings generate heat over relatively short periods of time due to severe rubbing. To withstand the operating conditions, the lining material should have a combination of the following properties. Having a relatively high coefficient of friction under all operating conditions.
 In addition, friction properties must be maintained throughout the entire working life. A relative high level of energy absorption for a short period of time. The plate must be able to withstand high compression loads. Grips and friction characteristics can be maintained despite interface contamination. 
The most common types are sintered iron and bronze based on copper. Metallized semi-metallic linings are composed of metallic and organic materials. A metallic lining material becomes sufficiently adherent and densified during the process of compressing and heating it. 
This process results in the material sintering. Riveted together and ground flat, the metallic rings are riveted to the driven plate. When compared to organic asbestos-based linings, metallic or semi-metallic linings have a higher coefficient of friction, can operate at higher temperatures, and are more torque-tolerant.
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Figure 1- image sourced from Autoprotips 2021 showing Centrifugal clutch.
· SPIDER
Spiders are special hubs that are rigidly attached to driving shafts. There are four equal-spaced radial guides on the spider that are keyed to the driving shaft. Spring connections connect friction shoes to spiders.
· CLUTCH PLATE
Generally, clutch plates have an internal radial friction surface and are cylindrical in shape. No splines are present on the shaft of the clutch plate which is rigidly attached to the driven shaft.
· FRICTION SHOES (SLIDDING SHOES)
 On their outer sides, friction shoes are covered with a frictional material. It is necessary to allow enough clearance for the friction shoes to slide within the spider to perform their function. The clearance between friction shoes and spider guides allows them to slide radially. As a result, friction shoes are also known as sliding shoes.
An assembly of spider and shoe is contained within a coaxial drum mounted on the driven shaft. Drums may also be referred to as cover plates. In the event of accidental damage to the drum, the housing acts as a safety cover. 
· DRUM (COVER PLATE)
The drum is designed to rotate with the shaft and provide extra protection for the assembly. The housing also provides support to the drum, allowing it to rotate smoothly and freely. This helps to minimize the risk of damage due to vibrations or impacts.

An illustration of the centrifugal clutch in stationary or disengaged position can be found in Figure 1. The helical tension springs keep the friction shoes in place. This disengaged position prevents friction shoes from contacting clutch plates.
[bookmark: _Hlk150101012]Application 
According to (theengineerspost2023), centrifugal clutches are commonly used in the following applications. Centrifugal clutches are often used in go-karts because they are easy to operate and provide smooth acceleration. Minibikes often use centrifugal clutches due to their simplicity and dependability. Lawnmowers commonly use centrifugal clutches due to their simple operation and minimal maintenance requirements. 
Some agricultural machines use centrifugal clutches for smooth and reliable power transmission, such as tillers and cultivators. Small power equipment, such as generators and pressure washers, use centrifugal clutches because they are low maintenance. 
Conveyors and material handling systems use these clutches to provide smooth power transmission. Portable power tools such as chainsaws and hedge trimmers are equipped with centrifugal clutches to facilitate stable and low-maintenance operation. For smooth and consistent power transmission, centrifugal clutches are used in some motorized bicycles.

The Advantages and Disadvantages 
A list of advantages and disadvantages is then provided by the source.
The following benefits can be gained when utilizing a centrifugal clutch:
· A centrifugal clutch is simple to design, and it requires little maintenance over time.
· The simple design of centrifugal clutches makes them extremely reliable.
· Automatic clutch engagement ensures smooth acceleration as the engine speed rises.
· Compared to other types of clutches, centrifugal clutches are relatively affordable.
· Centrifugal clutches are easy to install since they don't require adjustments or require installation processes.
Despite this, centrifugal clutches have the following drawbacks:
· As centrifugal clutches only engage at a certain engine RPM, they are not suitable for low-speed applications.
· Heavy-duty applications may not be suitable for centrifugal clutches due to their limited torque capacity.
· The lack of adjustability makes centrifugal clutches unsuitable for tasks that require precise clutch engagement.
· As the engine must keep running even if the transmission isn't engaged, centrifugal clutches lack slippage, which is important in some situations.
· When the engine speed changes frequently, centrifugal clutches have difficulty engaging due to their dependence on engine RPM.





Electromagnetic clutches
According to (Autoprotips 2021), electromagnetic clutches transmit torque mechanically but operate by electric actuation. Once the clutch armature and rotor are engaged, the clutch coil becomes an electromagnet and produces magnetic lines of flux, which results in 100% lock up.
Magnetic clutches are clutches that are operated by electromagnetic actuators. Electrical clutches transmit torque mechanically, but they work electrically. Therefore, it is called an electromagnetic clutch. In addition, electromagnetic clutches have been modified and adapted for use in various clutches. Electromagnetic clutches have windings on their flywheels. A battery or dynamo supplies current to the winding.
Additionally, the source states that when the engine is off, the clutch is disengaged, and the rotor is separated from the hub by an air gap. 
A rotor that is connected to an engine shaft rotates when the engine starts. Battery power is used to supply DC current to clutch windings. This winding is transformed into an electromagnet by DC current to attract an armature towards it. Hub rotates as friction plate is forced towards rotor by armature. As a result, the hub rotates, and the rotor transmits 100% torque when engaged. When the clutch is pressed, the battery shuts off the power supply, thereby disengaging the clutch.
If the battery or dynamo output is low at low speeds, the clutch is not firmly engaged. A pressure plate with three springs also helps to engage the clutch firmly at low speeds.
[image: ]Figure 2 – An image sourced from (Emworks 2023) showing an Electrical clutch. 
The application for the electrical clutch is as follows lawnmowers and conveyor drives use electromagnetic clutches. Additionally, packaging machines, food processing machines, printing machines, and factory automation machines use these technologies. Due to the lack of linkage required to actuate the clutch, they can now be used for remote applications. Copier machines, printing machines, conveyor drives, and manufacturing facility automation use electromagnetic clutches.

Conclusion 
I thoroughly analysed centrifugal clutches as they relate to small motor equipment throughout my report, in addition to providing a brief history of the centrifugal friction clutch.
As a result, you can see how my goal was to discuss materials, typical applications, and operating conditions. I also discussed centrifugal clutches' advantages and disadvantages throughout this report. I also discussed how electromagnetic clutches are used today to automate manufacturing processes in a later section.



























Reference 
what-when-how.com. (n.d.). Clutch Frictional Material (Automobile). [online] Available at: http://what-when-how.com/automobile/clutch-frictional-material-automobile/#:~:text=The%20metallic%20linings%20are%20normally. 
Gómez, M. (2023). Electromagnetic clutches. [online] Eide. Available at: https://eide.net/en/electromagnetic-clutches/  [Accessed 5 Nov. 2023]. 
Kalyani, U. (2021). Electromagnetic Clutch Applications - Pros and Cons. [online] AutoProTips.com. Available at: https://www.autoprotips.com/electromagnetic-clutch-applications/  [Accessed 5 Nov. 2023].
ecoursesonline.iasri.res.in. (n.d.). TS&C: Lesson 10. Working principles of Clutch and its Construction and clutch materials. [online] Available at: http://ecoursesonline.iasri.res.in/mod/page/view.php?id=1368. 
Lancereal. (2019). Centrifugal Clutch Explained – An Engineer’s Guide to a Centrifugal Clutch. [online] Available at: https://www.lancereal.com/centrifugal-clutch-explained/. 
Clutches. (n.d.). Available at: https://www.uobabylon.edu.iq/eprints/publication_7_455_752.pdf    [Accessed 5 Nov. 2023].
Workbook, A.E. (2021). What is Centrifugal Clutch? Working, Diagram, Construction & Applications. [online] ElectricalWorkbook. Available at: https://electricalworkbook.com/centrifugal-clutch/. 
sachin (2022). Centrifugal Clutches: A Selection Guide. [online] BLM Automatic Clutch. Available at: https://www.blm-cm.com/blog/centrifugal-clutches-a-selection-guide/#:~:text=A%20centrifugal%20clutch%20is%20a   [Accessed 5 Nov. 2023].
on, B.T. (2018). How does a Centrifugal Clutch work? What are the pros and cons? [online] EngineeringClicks. Available at: https://www.engineeringclicks.com/centrifugal-clutch/. 
Ram (2019). Centrifugal Clutch - Working, Pros & Cons, Diagram | Auto Pro Tips. [online] AutoProTips.com. Available at: https://www.autoprotips.com/centrifugal-clutch/  [Accessed 5 Nov. 2023]
Anon, (2017). Centrifugal Clutch: Construction, Working, Applications, Advantages, And Disadvantages - Mechanical Education. [online] Available at: https://www.mechanicaleducation.com/what-is-centrifugal-clutche/. 
Yousef (2023). Centrifugal Clutch: Diagram, Parts, Working & Uses [PDF]. [online] The Engineers Post. Available at: https://www.theengineerspost.com/centrifugal-clutch/#:~:text=The%20following%20are%20the%20centrifugal%20clutch%E2%80%99s%20primary%20components%3A   [Accessed 5 Nov. 2023].
EMWorks. (n.d.). All applications. [online] Available at: https://www.emworks.com/application/  [Accessed 5 Nov. 2023]











            TASK B
















[image: A notebook with writing on it

Description automatically generated]
[image: A close-up of a notebook

Description automatically generated]



[image: A notebook with writing on it

Description automatically generated]






























[image: A notebook with writing on it

Description automatically generated]

[image: A screenshot of a computer

Description automatically generated]PART 5

[image: A screenshot of a computer

Description automatically generated]PART 6(A)

[image: A screenshot of a computer

Description automatically generated]PART 6 (B)












 
image1.png
Driven o
autput shat

Frction lining (Ferredo)

Centrifugal Clutch

AutoProTips.com




image2.png
HUB

‘Completely Packaged
& Enclosed Unit
Easy to nstal Low Current Coil

nerates Magneic Field

Inner Rolor Magnetic Powder

Input Shat

Housing




image3.png
AR )

o

W WY

A

A

-
|

!

SRR ey
_!r‘

1

=3 |
|
\

= |
§

i | B ! i
i R H

"i'H

1.

q

o Enp—
H
(1

~ C
At Cleesence




image4.png




image5.png
c

4=

W) =

mRam OO mnmn





image6.jpeg
Pt 4

2

“Torque Torematted 7 =T« F

: (e ")
et e O D

Now Conmder e (0 offienk Richon  acking,
C{D\\,W" e (ruco (025)

=685 « u3a - LU

e e (AR &~ v s E B E m R





image7.png
i@ AutoSave

File  Home

Insert  Page Layout

Font

4 [caitri

e B B I U~

PR =

Clipboard 5
L14 v fe

A

1 |TORQUE OF DRIVING SHAFT
2 -1.659463802
3 1.357696195
4 4.537945923
5 7.88128538
6 11.38771457
7 15.05723348
8 18.88984213
9 22.8855405
10 27.04432861
1 31.36620644
12 35.85117401
13
14 |mass
15 |SPRING FORCE
16 RADIUS
17
18 pI*2
19
20
21
22
23
24
25
26
27

< > Sheetl

Ready % Accessibility: Investigate

2w 10°C
BV e i

CIPAN

Bookl - Bxcel £ search Aubriel Ndlovu (2224770) 0 = o
Formulas Data Review View Automate Help | & comments
) - ) 7 - AutoSum v A [w[w]
S B foener B By @=E Z v 0O B
ST Fill v
= = . @9 <o o0 Conditional Formatas Cell  Insert Delete Format Sort& Find& | Analyze  Add-ins
Merge & Center B % 9 %8 Formatting v Table ¥ Styles v < . . & Clear~ Filter v Select~  Data
~ Alignment ~ Number ~ Styles Cells Editing Analysis | Add-ins
B c D E F G H 1 ) K L M N o P Q R
RPM OF DRIVING SHAFT RPM OVER60  RADIANS FORCE (Fc) FOUR SHOES
450 7.5 47.12380 -3.989096 -15.95638272
475 7.916666667 49.74188 3.2636928 13.05477111
500  8.333333333 52.35988 10.908524 43.63409541
525 8.75 54.97787 18.945398  75.78159019
550 9166666667 57.59587 27.374314 109.4972554
575  9.583333333 60.21386 36.195273 144.7810912
600 10 62.83185 45.408274 181.6330974
625  10.41666667 6544985 55.013319 220.0532741
650  10.83333333 68.06784 65.010405 260.0416212
675 11.25 70.68583 75.399535 3015981389
700  11.66666667 73.30383 86.180707  344.722827
0.275 0 R
67.5 L Torque agaisnt speed
0.104.
30
3.141592654
6.283185307 5
b3
220
g5
g
10
s
0
4% a5 S0 525 S0 575 60 625 650 675 700
s
SpeedinRPM
<
B m - '] +
18:45
2 ) G
pwr w DECEBESOOAEE e

»

»

100%




image8.png
i@ AutoSave B ©v T v Bookl - Excel O Search Aubriel Ndlovu (2224770) 0 = fa]
File  Home Insert Pagelayout Formulas Data Review View Automate Help | & comments
& (can v BwepTed [General B P &= 2 huosum - Ay () =
m~ ) ST Fill v
Paste B I U-~ = =|= 5= . @9 <o oo Conditional Formatas Cell  Insert Delete Format Sort& Find&  Analyze = Add-ins
PR = == Merge & Center B % 9 %8 Formatting v Table ¥ Styles v v v v © Clear~ Filterv Selectv  Data
Clipboard 15 Font [ Alignment ~ Number ~ Styles Cells Editing Analysis  Add-ins
19 ~ fe
A B C D E F G H ! J K L M N o P
1 |TORQUE OF DRIVING SHAFT  RPM OF DRIVING SHAFT RPM OVER 60  RADIANS FORCE (Fc) FOURSHOES TORQUE WITH CO-EFFIECENT FRICTION
2 -1.659463802 450 7.5 47.12380 -3.989096 -15.95638272 -0.497839141
3 1.357696195 475 7.916666667 49.74188 3.2636928 13.05477111 0.407308859
4 4.537945923 500  8.333333333 52.35988 10.908524 43.63409541 1361383777
5 7.88128538 525 8.75 54.97787 18.945398  75.78159019 2364385614
6 11.38771457 550 9166666667 57.59587 27.374314 109.4972554 3.41631437
7 15.05723348 575  9.583333333 60.21386 36.195273 144.7810912 4.517170045
8 18.88984213 600 10 62.83185 45.408274 181.6330974 5.666952639
9 22.8855405 625  10.41666667 6544985 55.013319 220.0532741 6.865662151
10 27.04432861 650  10.83333333 68.06784 65.010405 260.0416212 8.113298583
1 31.36620644 675 11.25 70.68583 75.399535 3015981389 9.409861933
12 35.85117401 700  11.66666667 73.30383 86.180707  344.722827 10.7553522
13
14 MASS 0.275 ith coeffi ¢ friction of
15 |SPRING FORCE 67.5 Torque with coefficient of friction of 0.3
16 RADIUS 0.104. 12
17 3.141592654 o
18 PI*2 6.283185307
19| CO-EFFICIENT OF FRICTION 03 _ ¢
20 Z 6
21 3
22 g
5
23 i
24
25 o
o 450 475 500 525 S50 575 600 625 650 675 700
2
57 Speed in RPM
< > Sheet1 + Ll
Ready % Accessibility: Investigate E] mo- 1 +
o 10°C 18:52
& 2 Q) @
i e R search [ Q e - i ﬁ # @ ﬂ ﬂ ‘ A DD 05/11/2023

»

»

100%




image9.png
Search

|General
v B %

Number

il

F

il

i

4

Conditional Format as
Formatting ¥ Table v

G

Styles

RPM OF DRIVING SHAFT RPM OVER60 RADIANS FORCE (Fc) FOURSHOES TORQUE WITH CO-EFFIECENT FRICTION

-15.95638272
13.05477111
43.63409541
75.78159019
109.4972554
144.7810912
181.6330974
220.0532741
260.0416212
301.5981389

344.722827

with coefficient of friction

i@ AutoSave B ©v T v Bookl - Excel pel
File  Home Insert Pagelayout Formulas Data Review View Automate Help
& \gnbu IR 25, Wrap Text
e @ B I U-~ == == Merge & Center
AR
Clipboard & Font [ Alignment
M19 v fe
A B C D E
1 |TORQUE OF DRIVING SHAFT
2 -1.659463802 450 7.5 47.12380 -3.989096
3 1.357696195 475 7.916666667 49.74188 3.2636928
4 4.537945923 500  8.333333333 5235088 10.908524
5 7.88128538 525 8.75 54.97787 18.945398
6 11.38771457 550  9.166666667 57.59587 27.374314
7 15.05723348 575  9.583333333 60.21386 36.195273
8 18.88984213 600 10 62.83185 45.408274
9 22.8855405 625  10.41666667 65.44985 55.013319
10 27.04432861 650  10.83333333 68.06784 65.010405
1 31.36620644 675 11.25 70.68583 75.399535
12 35.85117401 700  11.66666667 73.30383 86.180707
13
14 MASS 0.275
15 | SPRING FORCE 67.5 Torque
16 RADIUS 0.104. 16
17 3.141592654 1
18 PI*2 6.283185307 -
19| CO-EFFICIENT OF FRICTION 0.4
s 10
20 H
21 s 8
22 g6
23 2 a
24 5
25 o
26 , 4% 4715 500 525 5%
27 Spe:
< > Sheetl +
Ready % Accessibility: Good to go
M f“_';:% £ search

575 600 625
en in RPM

-0.663785521
0.543078478
1.815178369
3.152514152
4.555085827
6.022893393
7.555936852
9.154216202
10.81773144
12.54648258

14.3404696

Aubriel Ndlovu (2224770) 0

| 3 Comments

T > Autosum v A o0
B &= = = ' [mia
Cell Insert Delete Format | L Fill™ Sort& Find&  Analyze Add-ins
Styles v v v - © Clear~ Filterv Selectv  Data
Cells Editing Analysis | Add-ins
H ! J K L M N o P
[ cul) ~
<
B m - ¥ +
18:56
2 ) G
@ (@ D) 05/11/2023

LoCuBaFeOEd

»

»

100%




