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1 Introduction: 

This report covers about a new design for a helicopter swash plate that is cheaper to manufacture and 

easier to maintain.  

 

2 Background: 

There are many helicopter designs in the world. If we consider the common on where; 

Helicopter rotor heads have swash plates which rotate on bearings and are moved up and down along 

a circular section. An illustrated drawing for this is shown below: 
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The 3 dimension (solid work) drawing for the arrangement above is shown below. 
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3 Problem statement: 

The problem statement includes designing of a simple helicopter rotor that can be manufactured 

easily and cheaper using locally available material.  

 

3.1 Significance of the project: 
To reduce maintenance and manufacturing costs per swash plate of a helicopter. This can be achieved 

this by replacing the solid circular section along the shaft with a cylindrical bearing.  

3.1.1 The bearing has advantages in that: 
1. Maintenance : 

Maintenance cost is reduced (made by reducing the downtime and job interval rates) 

because: 

● Maintenance (preventive and breakdown) is made easier since replacing only the 

bearing which can be obtained from numerous stores of companies producing them 

all over the world. 

● Breakdown is reduced because the weak point caused by the connection between the 

circular section and the shaft to the rotor head is removed. 

 

 

2. It would make the manufacturing time and price greatly reduced since a finished bearing will 

just be bought and added onto the shaft. Creating a division of labor through outsourcing or 

buying an already finished product.  

Outsourcing will also help to reduce manufacturing hazards and accidents reducing on 

damages (both physical and monetary). 

Some of the cylindrical bearings companies include: 

1. CONSOLIDATED BEARINGS COMPANY 

Ten Wing Drive, Cedar Knolls, New Jersey 07927-1099. 

Tel: (973) 539-8300                    Toll Free: 1-877-CON-BRG4 (266-2744) 

Fax: (973) 539-5902 

E-mail: sales@consbrgs.com                 Web Site: www.consbrgs.com 

 

2. The Timken Company 

U.S. automotive customer service: 877-484-6536 

U.S heavy-duty customer service: 800-859-3300 

Canada customer service: English: 866-527-5973    French: 866-527-5974 

Website: www.timken.com 
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3. RBC Aerospace Bearings 

400 Sullivan Way, 

West Trenton, NJ 08628-7430, 

Phone: (609)882-5050, 

Fax: (609)882-5533. 

(800)390-3300 

Website: www.rbcbearings.com 

 

3. The weight of the swash plate reduces because the total weight is reduced by using a 

cylindrical bearing instead of the solid circular section that is currently widely used.  

 

Using the table description for the points mentioned above; 

S/N Costs description Relative 
importance 

Current Design 
(A) 

Proposed 
Design (B) 

1 Transportation to assembly point 1 7 7 

2 Cost of material; the cylindrical 
bearing versus the solid steel to form 
the shaft. 

2 8 9 

3 Cost of manufacture of rotor head; 
assembly versus current design 
process including accidents, hazards 
etc. 

2 7 9 

4 Hardware rental; to store the material 
to be used in manufacture 

1 7 7 

5 Ease of manufacture or assembly. 
Considering material availability and 
having to depend on an outside 
product i.e. the bearing. 

2 6 10 

6 Maintainability 2 7 9 

 TOTAL  70 88 

 

 

From above, it is noted that option B is a better design because it scores higher in the 

different criteria considered.  
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3.2 Conceptual design: 
The conceptual and embodiment design are showing the proposed design of the new rotor head 

(swash plate) design. 
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3.2.1 Conceptual design 3d: 
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3.3 Embodiment design: 

Assumptions: 

1. Weight of the helicopter: 2 tones 

2. Number of revolutions per minute: 450rev/min 

3. Radius of the rotor blade: 4.5 meters 

4. Applied force to move the swash plate up: weight of blade + weight to give blade an angle of 

incidence 

 100+156.96=256.96N 

Calculations: 
General: 

/60πnω = 2  

ω = 60
2π×450   

     = 47.12 rad/sec 

The centripetal force: 

rωF c = m 2  
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F
c =16×4.5×47.12    2  

59.86×10 NF c = 1 3  

Consider one half of the hub: 

 

 

 

 

 

 

Where: 

W is the weight of the helicopter 

13 

 



 is the angle the blade makes with the horizontalα  

L is the lift provided by the blade. 

 is the centripetal forceF c  

 is the mass of the blade andmb  

 is the reaction caused by the lift,  and .F R mb F c  

Therefore: 

From the FBD,  

F sin α 2 R = W  

         …………………………………(1)F R = W
2sin α   

L is seen to be twice the weight therefore it is 4000kg = 39,240N. (www.yahooanswers.com How fast 

would the blades of a helicopter have to move to lift 400 lbs of weight - Yahoo! Answers.mht) 

 

Weight of the blade: 

 is found to be 2.5lb per foot = 1.134 kg per footmb  

And 4.5 meters = 14.76 ft 

Therefore =16kg=156.96N.mb   

From the FBD,  cos αL = mb   

osα  c = 156.96
39,240    

and substitute into equation (1) to get      α    = 89.7o  

, 10.1NF R = 2sin 89.9 
2000×9.81 = 9 8  
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The rotor head hub: 

 

Part 03: 

 

The normal stress is considered 

Total Area= 2 (45×20) 1800mm× =   2  

Stress σ .45,   = FR
total area = 1800

9810.1N = 5 N
mm2  

Therefore, Al99.5 soft ( ) is chosen. So s=11.95σ = 6 N
mm2  

 

The bolt used above: 
The bolt experiences only shear stress and no bending since the components it keeps in place have 

only a small tolerance. 

 From Page 121 of the manuscript, 
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M8 1.25-6g, L=80mm, b=22mm.×   

The loading is only shear stress, 

Area A 0.27mm,   = 4
π×82 = 5 2  

Shear stress,  95.15τ = 9,810.1N
50.27mm2 = 1 N

mm2  

Therefore class 4.8 is chosen. (Page 123 of the manuscript) 

The hexagonal nut, s=13, e=15, m=6.5 

Washer, .4mm, D 7mm, S .6mmd1 = 8   1 = 1   1 = 1  

 

PART 04 OF THE HUB: 

 

The cylindrical protrusion of part 04: 
The part experiences only tensile stress loading. 

The area of the cylindrical part,  =132.7A = 4
π×132 mm2  

Stress 1,  =73.9σ1 = 132.7
9810.1 N/mm2  

The main body of part 04: 
The area, 40×40) 32.7 , 67.3mmA = ( − 1 = 1 4 2  
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Stress 2,  =6.69σ2 = 1,467
9810.1 N/mm2  

Therefore for both components 1 and 2, AlMg27Mn (1/4 h),   is used. S=3.3, thus45N/mmσult = 2
2  

notches can’t lead to failure. 

 

Nut and washer at rotor hub: 

 

The area of the drive shaft, 06.86mmA = 4
π×302 = 7 2  

Weight =F =19,620N 

Stress, σ 7.76N/mm  = 2 2   

Class 4.8 is chosen. M30 3.5-7H×  

Hexagonal Nut: 6mm, m 4, e 3.1mm, d 0mm.S = 4   = 2   = 5   = 3  

Washer: .31mm, mm, D 6mm d1= S1 = 4   1 = 5  

 

Bolt at hub head: 
M10 1.5-6H×  

L=100mm, b=26mm 

Hexagonal Nut: 0mm, m 6, e 4.6mm, d 0mm.S = 3   = 1   = 3   = 1  

Washer: .21mm,  S mm,  D 7mm d1=   1 = 3   1 = 3  
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Connecting rods: 

  

The FBD on part 05: 

   

CONSIDER BUCKLING: 

=γ = i
leq l

√  

γ = d
4l  

For l=100mm, d=4mm 

0.   since γ 0, therefore the rod will not fail because of buckling.γ = 4 > 2    

CONSIDER TENSILE AND COMPRESSIONAL FORCES: 
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,F c = σx = 0  

Diameter is 4mm. 

Area, =20.45A = 4
π×42 mm2  

Total force= force to move bade to the angle of attack+ weight of blade and hub components 

                    = 100N + 156.96 = 256.96N 

Stress, σ 0.45N/mm  Y = 2
2  

Al99.5 soft will thus be used, S=3.18 Thus the rod will not fail due to notches.  

 

PART 05: 

 

The part experiences only a reaction 810.1NF R = 9   

Area, A=50 5×2 00mm× = 5 2  

Stress, .9.6202σ = 1 N
mm2  

Al99.5 soft is chosen, therefore s=3.3. thus it won’t fail due to notches and stress raisers. 

The bolts used: 
L=50mm, b=16mm, d=5mm 

4.20mm .      for two bolts thus A ×14.20 8.4mmAs = 1 2 = 2 = 2 2  

Stress, . Therefore class 5.6 is used. S=2.0.45.4σ = 3 N
mm2  

Bolt M5 0.80 H× − 6   
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SHAFT: 

 

ROTATING SWASH PLATE: 

It only has shear loading caused by the connecting rods with force, F=256.96N. 

      

alef f = l − 2 = 8  

.015τ = 2×8×4
256.96 = 4 N

mm2  

From the maximum shear strength theory: 

, for Al99.5 ( )τmax = 2
σyield 5σyield = 6 N

mm2  

2.5τmax = 3 N
mm2  

Therefore, s=8.1. 

Therefore Al99.5 soft will be used. S=6.5 

The thread to hold the connecting rod in place: 
M1.2*0.25-6H, L=13mm, b=9mm 

Hexagonal nut and washer: 

 .mm, m , e .5mm, d .2mm, 1.3mm, S .3mm, D .8mmS = 3   = 1   = 3   = 1  d1=   1 = 0   1 = 3  

The fixed swash plate: 
It will be subjected to the same loading and design thus will have the same effect, dimensions and 

material. 
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The bearings: 
The bearings (spherical plain bearing and the ball bearing), have little lateral loading thus will not be 

affected by loading. Therefore only the dimensions where considered in choosing the bearings. 

 Production requirements for this method: 

● Bearing Heaters 
They provide uniform inner ring heating that helps to reduce bearing mounting time and cost. 
Features: 
1. Even heating without bearing damage 
2. Quick and efficient heating 
3. Clean heating 
 

 
 
 
 
4 The projected price of manufacture: 

Bearing price + transport to assembly point: 
If you consider the price of the cylindrical bearing to be about 100usd including transport for 
each bearing. 
The cost of assembly or mantainance: 
Bearing heater: 
Some of the examples from ebay are listed below: 
Timken VHIS-75-US Electric Bearing heater ≃ $3,199.99 

SKF Induction Heater T1H060 TIH060 460 Volt Ball Roller Bearing Heater ≃ $2,195.00  

BESSEY GCST3480, Bearing Heater, Includes Auto Temp Regulation at 250 Degrees F ≃ $745.25 

BESSEY BC220V, Bearing Heater, Includes 1-1/4 & 3" Crossbars ≃ $2,849.10 

SKF Bearing Induction Heater TIH-060 NSN 3424-01-437-5622 ≃ $1,999.00 

Considering the average price; $2197.66 

5 Organization and Management Plan 

5.1 Form of Business 
Nature of business: 
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It is an engineering design company 

History of Business: 

I have always been fascinated with inventions, science and technology since my childhood. I thus 

came up with many designs on product improvement and inventions over the years. This therefore 

led to me doing a degree in electro mechanical engineering so that I could apply engineering 

principles to the designs I wanted to produce.  

This business is therefore one I intend to use to manufacture different products of all categories that 

will change and make the world a better place to live in. 

 

 

 

 

5.2 Organizational Structure 
The company is organized as shown below: 

 

 

5.3 Business, Managerial Experience and Qualifications of the Entrepreneur 
 

Item Qualification/experience Position Duration 
1 Engineering & managerial courses  Student 2007-2011 
2 Governance and Environmental rights 

trust 
Vice president, board of 
governors 

2013-date 

3 Organization, management Engineer at L&S Company Ltd 2011-2014 
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