ECE 480 DESIGN TEAM 6

Automated Inspection Device for Electric Fan Clutch Actuators
For BorgWarner, Inc.
Jacob H. Co

Joshua S. DuBois

Stephen J. Sutara

Codie T. Wilson
Dr. Virginia M. Ayres – Facilitator
Progress Report
Friday, April 16th, 2009
Team Activity
Since the last report on March 20th, 2009, ECE 480 Design Team 6 has made extensive progress in the design of the Automated Actuator Inspection Device (AAID). The power supply is complete, while the device enclosure, metering circuitry and LabVIEW interface are nearing completion. A setback occurred on April 14th, 2009, where the data acquisition module that interfaces the metering circuitry to the PC failed.

After speaking with BorgWarner, it was thought best to cancel the team’s scheduled meeting the next day. While the old data acquisition module is undergoing warranty repair, a new data acquisition module has been ordered to expedite AAID development. The meeting with BorgWarner has been rescheduled for April 20th, 2009, where the AAID, in its finalization stages, will be demonstrated.
Project Progress

Listed here is ECE 480 Design Team 6’s progress on the key components of the Automated Actuator Inspection Device, as of April 16th, 2009:

Device Enclosure Design

An Oriental Induction Motor has been purchased by BorgWarner for automated rotation of the fan clutch actuator. This motor was selected due to its abilities and cost advantage. Table 1 below lists the Oriental Induction Motor’s specifications:
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Table 1. Oriental Induction Motor Specifications
Notable specifications begin with the power supply. Its ability to be plugged directly into the wall outlet makes for seamless integration with the team’s current power supply. It possesses enough torque to rotate every fan clutch in BorgWarner’s inventory, with the capability to handle larger loads for future designs. However, one tradeoff for price is acceleration. The motor operates at 15 rpm, and as the weight increases, so does the time to reach this speed. For fifteen-pound BorgWarner fan clutches, the acceleration time will be just a few seconds. However, for thirty-five pound clutches, the time is much longer. 
While at first this seems like a problem, the benefits outweigh the costs. First, only the heaviest of fan clutches will require increased acceleration times; most tests will see no noticeable difference. Also, the actual rotation speed is not a factor during the test, only the fact that the clutch is rotating. A motor capable of spinning every fan clutch with the same acceleration time would have a 30% increase in price. Also, the test sequence can be modified to conduct rotation-related test lasts, providing plenty of time to reach the 15 rpm mark. 
The physical layout for the AAID is far along in development. The shield to protect users from the fan clutch actuator as it rotates is complete. The bottom section, which will house the motor, turntable and circuitry, has been sent to the MSU ECE Shop for fabrication. Figure 1 below shows a model drawing of the physical layout:
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Figure 1. AAID Physical Layout Model Drawing

Plexiglass will be inserted in the open areas to allow viewing of the inside layout. The two sections will be joined together via screws to ensure stability. The entire structure measures 20 by 20 inches in surface area and 23 inches in height. Although this may seem large, the size provides many advantages, foremost being stability. Since the layout will have a sufficient center of gravity, the potential for tipping decreases significantly. It also provides space for every model and size of fan clutch actuator, as well as larger models in the future.

Power Generation

The power supply has been upgraded significantly since the last progress report. New LM 317 regulators have been installed to allow for higher current use and a +24V DC supply.

From multimeter testing, the new design appeared to operate correctly. When it was attached to the measurement circuitry, it was discovered that the output of the regulators was oscillating. This oscillation caused the switching relays to malfunction. The oscillations were quick and could not be detected by the multimeter, but once the output of the regulator was hooked up to an oscilloscope, they became evident.

This issue was resolved by using a bigger capacitance at the regulator input. This helped to control the output of the rectifier, but created yet another issue: heat. The capacitors were too small for our application, and kept heating up. This issue was resolved by increasing the capacitance, such that it was large enough to contain the voltage passing through. Figure 2 below shows final power supply design:
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Figure 2. AAID Power Supply Design

Metering Circuitry
At the time of this report, 14 of the 19 tests for the PEF-188-model fan clutch actuator have been physically wired and can be controlled from the module. Two other tests are operational, but are undergoing maintenance for a failing current sensor, of which we have replacements. The printed circuit board layout is in development, and will be printed by the MSU ECE Shop, free of charge. Additionally, a C++ application for metering circuitry calibration is being made.
Figure 3 below shows a rough circuit schematic of the metering circuitry:
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Figure 3. AAID Metering Circuitry Schematic

PC Interfacing

The start graphical user interface (GUI) for the AAID is complete. It contains actuator serial number fields that must be entered manually, as well as a drop-down menu to select actuator models. Currently, the software has support for the PEF-188-model fan clutch actuator, designated a priority by BorgWarner. Expandability for other models has been kept in mind; however, this is difficult considering the varying circuit nature of actuator models, as well as the layout of the AAID’s metering circuits.   
Figures 4 and 5 below show the AAID start and PEF-188 GUIs:
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Figure 4. AAID Start GUI
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Figure 5. AAID PEF-188 GUI
Project Completion to Date

	Task
	Completion

	Initial Organization Phase (1/3/09 – 2/16/09)
	100%

	Project Research (2/10/09 – 3/11/09)
	100%

	Design Phase (3/12/09 – 4/6/09)
- Device Enclosure

- Power Generation

- Metering Circuitry

- PC Interfacing
	78.75%

- 65%

- 100%

- 85%

- 65%

	Prototyping Phase (4/7/09 – 4/24/09)
- Integrate all pieces

- Test prototype

- Compare results with project specifications

- Refine final design and make needed changes
	5%

- 20%

- 0%

- 0%

- 0%


Table 2. AAID Progress Completion
Budget to Date

	Qty.
	Item
	Cost

	2
	NI USB-6008 Data Acquisition Module
	$304.20 

	2
	Voltage Regulators
	$1.76

	1
	F-91X Power Supply Transformer
	$23.64

	1
	PCB Fabrication (MSU ECE Shop)
	$0.00

	1
	Induction Motor (BorgWarner)
	$292.00 

	
	Device Enclosure Supplies
	$100.00

	
	Various Circuit Components (MSU ECE Shop)
	$0.00

	
	Total Cost (Team Cost)
	$721.60 ($429.60) 


Table 3. AAID Expenditures
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