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Introduction
The Automated Actuator Inspection Device (AAID) tests fan clutch actuators produced by BorgWarner, Inc. for proper electrical operation, in the form of voltages, currents, resistances and capacitances. These actuators are responsible for engaging the radiator cooling fan in automobiles that keeps the engine coolant fluid at a proper temperature. The AAID is an integral part of the testing process in ensuring these actuators are operational, in addition to the automobile as a whole.
During development of the AAID, many design issues were taken into account; most importantly, the safety, accuracy, and product lifecycle of the device. These design issues will be addressed in this document; namely, concerns with the device, considerations in place, as well as improvements that can be made in the future.
Safety

The fan clutch actuator is connected to couplings whose measurements can vary in upwards of 6 inches in height, 16 inches in diameter, and 35 pounds in weight. This is a factor in a specific inspection procedure where the clutch is rotated and its speed monitored by the actuator - the AAID implements an automated rotating base to perform this test. Given the large and heavy nature of the couplings, their rotation is a definite safety issue for the user.

To protect the user from rotation of the clutch, the AAID features a wood and Plexiglas shield enclosure. The shield triggers a safety switch that, when depressed, transmits a signal to the device software, signaling that the shield is closed and inspection can proceed. This shield and switch incorporation ensures that the user is protected from the rotating clutch during inspection.

Additionally, great care must always be taken with electronic devices in protecting the user from harmful contact, as well as protecting the device itself from any danger. The AAID features three key electrical components: metering and switching circuitry to conduct inspection, a stepper motor to perform rotation of the clutch, and a power supply that delivers multiple voltages to power these components. Each component is a vital part of the AAID system, and also has the ability to harm the user if coming into accidental contact.

To protect the user from the electrical components, as well as to protect the components themselves, each component is physically isolated from one another with a durable, non-conductive medium, namely wood. This ensures that the components do not create any unintentional conductive paths that may come into contact with the user. This also ensures that the components do not come into danger themselves, more specifically, unforeseen circumstances surrounding the rotating action of the clutch and stepper motor that may physically damage the inspection circuits and power supply.

A further safety issue that still needs to be taken into account is heat. Given the friction generated by rotation of the clutch, heat dissipation from the electronic components, as well as the insulating nature of the wood enclosure, a large amount of heat is generated. Improvements upon the current design can be made by using more efficient circuit components with less heat dissipation. This solution is more ideal than implementing heatsinks, as the heat would just be displaced rather than less being generated. In addition, a more breathable material than wood could be used for the device enclosure; a simple solution would be adding a cooling fan, or holes for ventilation.
Accuracy

The AAID is an inspection replacement for a manual inspection procedure currently in place. This manual procedure uses off-the-shelf digital multimeters to conduct measurements with nano-range accuracy. The AAID uses team-designed metering circuitry and automates the inspection process, increasing efficiency and eliminating potential user error.

The AAID metering circuitry is optimally accurate for the purposes of fan clutch inspection. The circuitry is an intuitive and effective application of available resources and monetary constraints, but not as precise as digital multimeters manufactured by measurement companies with larger budgets. Specifically, the data acquisition module used to interface the AAID metering circuitry with the PC and automation software has a low input impedance that detrimentally affects the measurements.

In commercial digital multimeters, the input impedance is in the giga range, avoiding creating a large divider when measuring voltages. The data acquisition module has an impedance in the kilo range, and interferes with obtaining accurate measurements. An intuitive solution to this issue has been the implementation of an operational amplifier voltage follower circuit. This circuit ensures that only a voltage level comes out, with no impedance in series to create a divider with the data acquisition module.

A better solution to this issue for a future design is to replace the data acquisition module with one of a higher input impedance, eliminating unnecessary workaround circuitry. Specifically, the NI USB-6210 can be used in place of the current design’s NI USB-6008, with little to no hardware or software design changes. The NI USB-6210 features an input impedance in the giga range, for $629 [1].
Product Lifecycle Management

Throughout development of the AAID, the lifecycle of the device has been taken into account. This includes its design, production, distribution, consumption, and retirement. With new automobile designs frequently coming out, fan clutch actuators of varying sizes must be accounted for in order to maintain a modern testing platform. The AAID supports expandability by featuring a base and shield that can accompany up to the largest of clutches produced by BorgWarner.

In addition to size, metering circuit compatibility with newer actuator builds must be considered. This aspect of expandability is difficult, in that the actuator pin interfaces differ from one model to another. For example, current BorgWarner, Inc. front-mounted fan clutch actuators have a five-pin interface, whereas back-mounted actuators have a six-pin interface. In addition, the inspection procedures differ between actuator models, testing different components, with different values.

The AAID has been specifically tailored to interface with BorgWarner’s PEF-188 back-mounted fan clutch actuator, per the company’s priority request. However, much of the actuator’s circuitry is comparable to other BorgWarner actuator models. In addition, the AAID’s software makes the pass determination ranges for component tests easily accessible. As such, despite its specific tailoring, the AAID can still be customized to fit other actuator models.


To lengthen the lifecycle of the AAID, many improvements to its design can be made. A basic framework in terms of metering circuit modules and software has been laid out to give as much customizability as possible. Given a streamlined actuator circuit design, the AAID can be made generalized to inspect BorgWarner’s full line of fan clutch actuators.
Conclusion
The issues of safety, accuracy, and product lifecycle management were taken into account in development of the Automated Actuator Inspection Device (AAID). Considerations have been made to protect the user and the device from harm, as well as to create an accurate and cost-effective digital multimeter replacement that can support current and future fan clutch actuator models. Further improvements regarding heat, circuitry, and expandability issues have been suggested and can be made to the design in the future.
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