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Abstract
The following pages examine the design and operation of an automated production tester that dynamically evaluates the performance of automotive alternators under loaded conditions.  This is an actual working tester in use today on several production lines by one of the largest aftermarket manufacturers of alternators in the United States.
I. INTRODUCTION
Because of the rapid development of the world-wide automotive industry, competition among the participants has increased to a frantic 
pace. Customers are demanding more variety 
and higher quality today than at any point in time (GE, 2006).  As computer control and electronic technology increases in today’s automobiles 
so must the technology of the production and 
testing equipment that produce the components 
which make up these vehicles. Due to the 
unique features that each manufacturer has, 
specific testers must be designed and produced 
for many of the automobile’s electrical and mechanical sub-assemblies. The alternator is no exception.

Today’s typical passenger vehicle requires a charging system that is capable of delivering between 100–140 amps of current at 12VDC.  
In addition there are many signals that interface between the alternator’s built-in voltage regulator and the other electronic devices in the vehicle.  These signals comprise of both inputs to the alternator 
and outputs from it.  The number and type of 
signals vary greatly depending on the manufacturer.  For example the Ford 6G series alternator 
has a voltage regulator that requires a 
frequency signal from the vehicles computer 
to establish the voltage level at which it will 
maintain at the output, or commonly known as the Set Point.  As the computer increases the frequency of the square wave signal the alternator reduces the voltage level of the output, and vice versa.  In contrast, the vast majority of other voltage regulators have a fixed Set Point with no frequency input.  Therefore, a tester designed to run GM or Nippon Denso alternators would not be successful testing a Ford 6G.  

To compete in today’s aggressive arena the aftermarket industry supplier must be able to deliver 
all of the major OEM types of alternators, of which 
there are several hundred.  It would be impractical to have several hundred specific testers. On 
the same hand each alternator must be thoroughly tested for every function it has to ensure high 
quality.  Prior to computerized testers 
the manufactures simply tested the amperage 
capacity and the voltage output level but seldom 
gave attention to the various regulator 
signals and functions such as the; Tach, FR, C, 
Lamp, I, Sense, and many more.  The practical solution for testing the complete unit with 
such a wide variety of parameters became 
available with the capability of programmable 
testers.

The advantage of designing and using 
a programmable tester is that many different 
types of alternators can be thoroughly tested 
on the same machine by simply calling a 
program written for that alternator.  Of course 
the hardware must be designed with the 
capability and flexibility as well.  Currently 
most passenger vehicles in the U.S. operate 
on a 12VDC system, although the future is 
leaning toward higher voltage systems.  With 
this in mind most of the signals measured 
during testing will be from 0 to about 
22VDC.  Therefore the data acquisition 
hardware must be capable and scaled to handle 
these levels, with some safety factor for faulty 
units.  A variety of signal connections with 
different physical terminals and plugs needs 
to be managed, and an adaptable fixture to 
hold the unit is required to allow efficient 
transfer of alternators to and from the tester.  
We will next examine a test stand that meets all these needs.
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Fig. 1 The tester with alternator in testing position
II. THE SYSTEM

Let’s begin with a look at the major electrical components and software of the tester.  An Athlon based computer running Windows XP for the operating system was chosen to be the processor and main controller.  The application program is National Instruments LabView.  Lab View is a powerful, graphical development tool.  With LabVIEW, developers interface with real-world signals, analyze data for meaningful information, and share results and applications. Regardless of experience, LabVIEW makes development fast and easy for all (National Instruments, 2006).Both Windows and LabView are widely used in the data acquisition industry and have a proven track record. Support is abundant for each.  The operator interfaces with the tester through a resistive touch screen and LCD display combination.

The above computer is connected by Ethernet to National Instruments FieldPoint distributed I/O modular hardware system.  The I/O system consists of an Ethernet coupler, analog input and output modules, digital input and output modules, and relay output modules.  The Ethernet network is set up with static IP addresses and operates from the standard 10/100Mb network port on the computer.  There are eight analog inputs that have a range of -36VDC to +36VDC which allow the signals to be directly input without signal conditioning.  This is a great advantage over typical 10V limits found on most industrial analog input modules.  Also included are two analog inputs with a full scale of 100mV.  These are used for measuring DC current levels from shunts in series with the alternator output and the rotor field.

The two channel analog output module is capable of producing 0-10VDC.  One channel is used to send a speed reference to the Emerson variable frequency motor drive, running in an open loop vector mode that powers the 10HP motor which rotates the alternator. The drive and motor combination can rotate the alternator’s rotor up to 7500 RPM with an accuracy of .1% speed regulation (Emerson, 2006). The other analog output channel provides a variable signal to certain alternators for testing purposes.

Digital inputs operating at the +24VDC level are used to read proximity switches on a clamping mechanism to ensure safety.  There are also switches on a sliding guard that need to be satisfied to enable the motor to run. To ensure overall safety a hard-wired emergency stop circuit is in place and monitored in the LabView program by a discrete input.

Digital outputs are used to energize various relays, enable the motor drive, operate the pneumatic clamping valve, and turn on and off the 20 solid state DC relays that control the load bank.

The load bank is made up of several power resistors that can be connected to the alternator’s output in parallel via Crydom solid state relays.  The resistors vary in value and can provide a total current demand of 200A at 1A resolution.  

Finally, the remaining hardware consists of; din mount terminals, fusing, a +12VDC 10A current limiting power supply, a +24VDC 3.6A power supply for I/O, and an AC RMS to DC transducer.
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Fig. 2 NI FieldPoint I/O modules
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Fig. 3 Load Bank and drive motor
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Fig. 4 AC motor drive and misc. power components
II. OPERATION

Due to the wide variety of possible test scenarios every detail will not be discussed. Rather a general description is offered for testing the common features for most alternators.

Step 1. The operator will select the part number of the alternator to be tested from a list box on the computer touch screen.  The program then searches a database and imports all of the test specifications for that part number.  The specifications are displayed on the screen, along with set up procedures for that part.

Step 2.  The alternator is placed in a fixture and electrically connected to the tester by a signal harness and the main output cable.  The operator then initiates the test by a touch screen button.  The clamp is activated and +12VDC power is supplied to the alternator simulating the automotive battery. A current leakage and current draw test is performed. If the measurements are within specification the program will continue on to the next step. If the part fails the test will terminate and the operator will be notified by the computer display of the results. The results will also be saved in a filed that can be accessed at any time over the network.

Step 3.  The motor drive begins rotating the alternator at a slow speed of 600 RPM. The speed gradually increases while the program monitors the output of the alternator.  If the alternator produces output prior to reaching a maximum allowable speed parameter, the turn on RPM is recorded and the test continues. If not the test terminates.

Step 4.  Now that the alternator is producing electrical power the +12VDC power supply is disconnected from the circuit.  The motor drive brings the speed up to 2000RPM. A light load is switched on the alternator and the voltage set point is recorded. Several other tests are now done depending on the type of unit under test. 

Step 5.  The program now starts to load the alternator by switching in the resistors of the load bank.  From the specification file the appropriate load is applied for the alternator at the 2000 RPM speed.  The output voltage of the alternator must remain in a proper range through the entire loading process.  The operator may evaluate the performance by monitoring the gauges on the computer display. If the unit passes the test will continue. Again depending on unit type some more tests may be taken at this point including AC ripple amplitude on the output. 

Step 6.  Speed is now increased to 5000 RPM. Even though the vast majority of passenger vehicle alternators will operate at much higher speeds the output curve reaches maximum current capability at no higher than about 5500RPM.  The same loading procedure is now done but this time the unit is loaded to maximum rated output.  Again the output voltage must remain within specification. Most units will then be unloaded to a small value and continue to be tested for the appropriate function they possess.  When finished the RPM will be brought to 0 and the part will be unclamped.

Step 7.  All of the test data is recorded in the results file and can be used for process control and evaluation.  If the tested unit passed and the operator selects the option to print the results a label is printed on a thermal transfer printer that displays all of the tests performed and the actual results.  The label includes time, date and the name of the operator.  This will be shipped with the unit. All of the results are also displayed on the touch screen so that the operator has information to diagnose a failure.
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Fig. 6 Test Label

III. CONCLUSION

The power and flexibility of this computer based tester proved to be a dominant factor toward increasing efficiency and raising quality for the manufacturer.  The National Instruments LabView software allowed extremely fast development and implementation of a large and complex testing process.  The FieldPoint hardware adapted very well to this application and would do well in almost any industrial automation system.  The Emerson AC motor drive is a high performance, robust amplifier that holds very close speed control of the induction motor.  Overall the hardware and software selected for this test system proved to be excellent.  

To remain competitive, increase quality, and raise efficiency, manufactures must continue to develop automated systems such as this tester.  The key to successful automation project implementation starts with thoroughly defining requirements and carefully selecting appropriate hardware and software platforms.  Only with a solid base can a strong system be built.
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