CLUTCHES, BRAKES, COUPLINGS, AND FLYWHEELS

Shigley 8th: Chapter 16

Outline

1. Static Analysis of Clutches and Brakes
A
General analysis procedure

· Estimate, model, or measure the pressure distribution on the friction surfaces

· Find a relationship between the largest pressure and the pressure at any point

· Use the conditions of static equilibrium to find the braking force or torque and the support reactions

B
See example on a door stop (Example 16-1)

2. Internal Expanding Rim Clutches and Brakes

· Examples in class of internal brakes

· Example 16-2.

3. Band-type Clutches and Brakes

· Examples in class of band brake

· Band brake equation.
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Eqn. (16-19)

Where P1 is the tension in the band on the  fixed side and P2   is the band actuation tension.  f is the coefficient of friction and (   is the angle of wrap [see figure 16-13].

Also 
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  Eqn. (16-20 & 16-21)
Where D is the drum diameter, p is the local pressure on the drum, b is the width of the band.

 The maximum pressure occurs on the drum at the fixed end and is 
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Eqn. (16-22)
Where  p   is the maximum pressure.

· Capstan equation (see notes in class).

4. Frictional-Contact axial clutches

· Examples in class

· Uniform Wear Equations [
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Eqn. 16-23

· 
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Eqn. 16-25

Where F is the total normal force, D is the outer diameter, d is the inner diameter, f is the coefficient of friction, T is the torque

· Uniform Pressure Equations
· 
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Eqn. 16-26

· 
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Eqn. 16-28

5. Disk Brakes

· Examples in class

· Governing Axial Wear Equation
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Eqn. 12-27

· Uniform Wear
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Eqn. 16-33
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Eqn. 16-34

· Uniform Pressure
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Eqn. 16-37
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Eqn. 16-38

· See example 16-3 for calculations on disk brakes

· See example 16-4 for calculations on circular (button) brakes

6. Cone or Clutch Brakes

· Read section 16-7

7. Energy Considerations

· Total Energy Dissipated in slowing rotation with a brake (E)
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Eqn. 16-52

· For energy dissipated in heat units
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Eqn. 16-53


Where I ‘s refer to moments of inertia on each side of the clutch or brake
(see figure 16a).  (’s are the angular velocities of the clutch or brake components (again see figure 16a) the difference in (  is the relative velocity.  H is the total heat dissipated in BTU with E in in.-lbf .

8. Temperature Rise

· Simple Temperature Equation rise for a brake or clutch
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Eqn. 16-54

Where    is the temperature rise in   F; Cp   is the specific heat capacity, [BTU/(lbm -(F)]. Use 0.12 for steel or iron. W is the mass of clutch or brake parts, lbm  .
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Eqn . 16-55

Where   T is the temperature rise in (C; Cp  is the specific heat capacity in J/kg- (C  (use 500  J/kg-(C); m is the mass of the clutch or brake parts, kg.

· See example 16-5 

9. Friction Materials  -- Read section 16-10

10. Miscellaneous Clutches and Couplings

· See figures 16-25 and 16-26

11. Flywheels

· Flywheels are used to store energy and carry a system thourgh a cycle such as an automobile engine cycle. It helps to have smooth operation in many cases.

· In terms of kinetic energy, the stored energy in a flywheel is
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and the change in kinetic energy can be written
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Eqn. 16-61

Where E is the kinetic energy, I is the moment of inertia of the flywheel, ( is the angular velocity of the flywheel.  1 and 2 represent different point in the cycle.

· Typically the torque displacement is complicated  so that numerical integration is required evaluate the flywheel requirements. 

· See figure 16-28 for a typical engine torque plot.  See example 16-6.

· Gear trains as flywheels and total moment of inertia of a gear train see problems 16-26 and 16-27.
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