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Centrifugal Clutch Design for Unmanned Helicopter
- Simulation of Optimal Factors —

J. H. Lee Y. M. Koo

Abstract

Aerial application using an agricultural unmanned helicopter was suggested for an alternative against current pesticide
application methods. Centrifugal clutches play important roles in the performance and safety of the helicopter operation.
A previous study analyzed and verified the power transfer theory of the guide type centrifugal clutch. Based on the clutch
theory, optimal designs of the clutch became possible and feasible using a simulation method.

Design criteria of the clutch were the power transfer capacity of 24.66 kW(33.5 PS) at the rated engine speed and the
engaging range speed of 3,000~3,500 rpm. Various designs were accomplished using the simulation. An optimal clutch was
simulated by determining the values of spring constant and mass of friction sector, which were 94,700 N/m and 123.7 g,
respectively. The design performed the power capacity of 24.86 kW(33.8 PS) and engagement speed of 3,069 rpm, meeting
the design criteria. Using the designed clutch, an efficient transfer of the power would be possible for the unmanned
agricultural helicopter.

Keywords : Aerial application, Unmanned helicopter, Friction sector, Centrifugal friction clutch, Power transfer capacity,
Engaging rotation speed
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Fig. 2 Guide type centrifugal clutch and design factors (G': center
of gravity, F,:spring forces, ¢, and ¢, :angles of spring
force and normal direction, x, : Spring engaged length, R
Radius of drum, w: angular velocity).

Table 1 Design factors of the guide type centrifugal clutch (Lee et

al., 2008)
Symbol Design factors
k Spring constant
T Spring free length
T, Spring engaged length
&5 Py Spring force angles
m Friction sector mass
r Radius to the gravity center
A Contact area
P, Allowable pressure
n Number of friction sector
N Number of clutch
I Friction coefficient
R Radius of drum
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Fig. 3 Simulation of power transfer capacity of the widened design
(B) comparing with those of the single (A) and dual (AA)
clutches as well as the experimental results.
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clutches as well as the experimental results.
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Table 2 Comparing the values of the designed guide type centrifugal
clutches with the original clutch (Design A : the original single
clutch, B : widened design, C : slim design, D : k design)

) Simulation and design .
Design factors |Symbol Unit
Spring constant k N/m
Spring length 2 mm
at engagement
Free length

. Ty mm

of spring
Width of sector | w mm
Friction

m 8
sector mass
Center of gravity| r mm
Angle of
spring force 1 il ceree
Angle of
spring force 2 ¢ cgree
Radius of drum R mm
Contact area A mm’
Rotation speed

Wso rpm
at engagement
Power

P kW
@ 6,000 rpm
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