 Formulation Exercise
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1) A Two-mass System: Suspension Model

   Figure 1.1 Automobile suspension


      Figure 1.2 The quarter-car model


Figure 1.1 shows an automobile suspension system. Write the equations of motion for the automobile a wheel motion assuming one-dimensional vertical motion of the one-quarter of the car mass above one wheel. A system comprised of one of the four-wheel suspensions is usually referred to as a quarter-car model. Assume the model is for a car with a mass of 1580 kg including the four wheels, which have a mass of 20 kg each. By placing a known weight  

(an author) directly over a wheel and measuring the car’s deflection, we find that 
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 = 130,000 N/m. Measuring the wheel’s deflection for the same applied weight, we find that 
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1,000,000 N/m. By using the results from the experiment, we conclude that 
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= 9,800 
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2) Flexibility: Flexible Rea/Write for a Disk Drive
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Figure 2.1 Disk read/write mechanism

Figure 2.2 Disk read/write head schematic for 






modeling


In many cases a system, such as the disk-drive read/write head shown in 
Fig. 2.1, in reality has some flexibility, which can cause problems in the design of a control system. Particular difficulty arises when there is flexibility, as in this case, between the sensor and actuator locations. Therefore, it is often important to conclude this flexibility in the model even when the system seems to be quite rigid. 

Assume there is some flexibility between the read head and the drive motor in Fig 2.1. Find the equations of motion relating the motion of the read head to a torque applied to the base.
3) Modeling a DC Motor
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Figure 3.1 DC Motor
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Figure 3.2 DC motor: (a) electric circuit of the armature, (b) free-body diagram of the rotor


A common actuator based on these principles and used in control systems is the DC motor to provide rotational motion. A sketch of the basic components non-turning part (stator) has magnets which establish a field across the rotor. 

The magnets may be electromagnets or, for small motors, permanent magnets. The brushes contact the rotation commutator which causes the current always to be in the proper conductor windings so as to produce maximum torque. If the direction of the current is reversed, the direction of the torque is reversed. The motor equations give the torque, T, on the rotor in terms of the armature current, 
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, and express the back emf voltage in terms of the shaft’s rotational velocity 
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 . In consistent units the torque constant 
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 equals the electric constant 
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, but in some cases the torque constant will be given in other units such as ounce-inches per ampere and the electric constant may be expressed in units of volts per 1000 rpm. In such cases the engineer must make the necessary translation to be certain the equations are correct. Find the equations for a DC motor with the equivalent electric circuit shown in Fig. 3.2 (a). Assume the rotor has inertia 
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 and viscous friction coefficient 
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4) Equations for Modeling a Heat Exchanger
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Figure 4.1 Heat Exchanger


Normally the material properties are given in tables follows:

1) The specific heat at constant volume 
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, which is converted to heat capacity by 
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  where m is the mass of the substance;

2) The thermal conductivity 
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, which is related to thermal resistance 
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, where A is the cross-sectional area and 
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 is the length of the heat-flow path. 


In addition to flow due to transfer as expressed by 
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= temperature 
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, heat can also flow when a warmer mass flows into a cooler mass, or vice versa. In this case, 
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 is the mass flow rate of the fluid at 
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 flowing into the reservoir at 
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A heat exchanger is shown in Fig. 4.1. Steam enters the chamber through the controllable valve at the top, and cooler stream leaves at the bottom. There is a constant flow of water through the pipe that winds through the middle of the chamber so that it picks up heat from the steam. Find the differential equations that describe the dynamics of the measured water outflow temperature as a function of the area, 
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, of the steam-inlet control valve when open. The sensor that measures the water outflow temperature, being downstream from the exit temperature in the pipe, lags the temperature by 
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seconds.
5) Incompressible Fluid Flow
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                Figure 5.1 Water-Tank


Fluid flows are common in many control systems components. One example is the hydraulic actuator, which is used extensively in control systems because it can supply a large force with low inertia and low weight. They are often used to move the aerodynamic control surfaces of airplanes, to gimbal rocket nozzles, to move the linkages in earth-moving equipment, farm tractor implements, and snow grooming machines, and to move robot arms. The physical relations governing fluid flow are continuity, force equilibrium, and resistance. The continuity relation is simply a statement of the conservation of matter: 
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 where 
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= fluid mass within a prescribed portion of the system, 
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= mass flow rate into the prescribed portion of the system, 
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= mass flow rate out of the prescribed portion of the system. Determine the differential equation describing the height of the water in the tank in Fig 5.1
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