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VEHICLE MOTION CONTROL Module 4-part2



TYPICAL CRUISE CONTROL SYSTEM • Automotive cruise control is an excellent example of the type of electronic feedback control system. • The control system generates an error signal constituting the difference between the desired and actual values of this variable. It then generates an output from this error signal that drives an electromechanical actuator. • The actuator controls the input to the plant in such a way that the regulated plant variable is moved toward the desired value.



Cruise Control Configuration



• The configuration for a typical automotive cruise control is shown in Fig above. The momentary contact (push-button) switch that sets the command speed is denoted S1 in above fig . • Also shown in this figure is a disable switch that completely disengages the cruise control system from the power supply such that throttle control reverts back to the accelerator pedal. • This switch is denoted S2 in above fig and is a safety feature. In an actual cruise control system the disable function can be activated in a variety of ways, including the master power switch for the cruise control system, and a brake pedal– activated switch that disables the cruise control any time that the brake pedal is moved from its rest position. • The throttle actuator opens and closes the throttle in response to the error between the desired and actual speed.



Digital Cruise Control



•A block diagram for a typical digital cruise control is shown in Figure 8.4. When the car reaches the desired speed, Sd, the driver activates the speed set switch. At this time, the output of the vehicle speed sensor is transferred to a storage register. •The computer continuously reads the actual vehicle speed, Sa, and generates an error, en, at the sample time, tn (n is an integer). en = Sd – Sa at time tn. •A control signal, d, is computed that has the following form:



(Note: the symbol Σ in this equation means to add the M previously calculated errors to the present error.) This sum, which is computed in the cruise control computer, is then multiplied by the integral gain KI and added to the most recent error multiplied by the proportional gain KP to form the control signal. This control signal is actually the duty cycle of a square wave (Vc) that is applied to the throttle actuator (as explained later). The throttle opening increases or decreases as d increases or decreases due to the action of the throttle actuator.



Throttle Actuator



•The throttle actuator is an electromechanical device that, in response to an electrical input from the controller, moves the throttle through some appropriate mechanical linkage. •Two relatively common throttle actuators operate either from manifold vacuum or with a stepper motor. •The stepper motor implementation operates similarly to the idle speed control actuator. The throttle opening is either increased or decreased by the stepper motor in response to the sequences of pulses sent to the two windings depending on the relative phase of the two sets of pulses. •A pneumatic piston arrangement is driven from the intake manifold vacuum. •The piston-connecting rod assembly is attached to the throttle lever. There is also a spring attached to the lever. If there is no force applied by the piston, the spring pulls the throttle closed. When an actuator input signal energizes the electromagnet in the control solenoid, the pressure control valve is pulled down and changes the actuator cylinder pressure by providing a path to manifold pressure. •Manifold pressure is lower than atmospheric pressure, so the actuator cylinder pressure quickly drops, causing the piston to pull against the throttle lever to open the throttle.



CRUISE CONTROL ELECTRONICS



Cruise control can be implemented electronically in various ways, including with a microcontroller with special-purpose digital electronics or with analog electronics. It can also be implemented (in proportional control strategy alone) with an electromechanical speed governor.



•The physical configuration for a digital, microprocessor-based cruise control is depicted in Figure above . A system such as is depicted in Figure above is often called a microcontroller since it is implemented with a microprocessor operating under program control. •The actual program that causes the various calculations to be performed is stored in readonly memory (ROM). •Typically the ROM also stores parameters that are critical to the correct calculations. Normally a relatively small-capacity RAM memory is provided to store the command speed and to store any temporary calculation results. •Input from the speed sensor and output to the throttle actuator are handled by the I/O interface (normally an integrated circuit that is a companion to the microprocessor). •The output from the controller (i.e., the control signal) is sent via the I/O (on one of its output ports) to so called driver electronics. •The latter electronics receives this control signal and generates a signal of the correct format and power level to operate the actuator.



ANTILOCK BRAKING SYSTEM



•One of the most readily accepted applications of electronics in automobiles has been the antilock brake system (ABS). •ABS is a safety-related feature that assists the driver in deceleration of the vehicle in poor or marginal braking conditions (e.g., wet or icy roads). • In such conditions, panic braking by the driver (in non-ABS-equipped cars) results in reduced braking effectiveness and, typically, loss of directional control due to the tendency of the wheels to lock. •In ABS-equipped cars, the wheel is prevented from locking by a mechanism that automatically regulates braking force to an optimum for any given low-friction condition. •The physical configuration for an ABS is shown in Figure above .In addition to the normal brake components, including brake pedal, master cylinder, vacuum boost, wheel cylinders, calipers/disks, and brake lines, this system has a set of angular speed sensors at each wheel, an electronic control module, and a hydraulic brake pressure modulator (regulator). •In order to understand the ABS operation, it is first necessary to understand the physical mechanism of wheel lock and vehicle skid that can occur during braking. Figure below illustrates the forces applied to the wheel by the road during braking.
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