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Section 1 General Information

1.1 Test Set up
Figure-1 shows the test set up for testing the final hardware and evaluating performance. Machine under test (MUT) will be coupled to a dynamometer via torque transducer. Dynamometer will work in speed control mode and will be capable of operating in all four quadrants. 
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Figure 1. Functional Block Diagram of Test Set up
1.2 Test Methodology

There are three key areas of qualitative assessments:

· Capability to start under 30 Nm load as starter

· Reach the speed up to 3000 RPM as starter

· Smoothly transition from starter to generator and charge the batteries at 3000 rpm

Since we are trying to emulate an engine load for an actual starter-alternator, it is very important to co-ordinate MUT and Dynamometer operations.  Figure-2 shows a suggested test profile which can be used to evaluate MUT performance under different operating modes. It has three regions to exercise three key areas of qualitative assessments, which are discussed in details here under.
1.2.1 Region – 1: Start under Load

During the beginning of the test, dynamometer will be set up with zero speed command and a torque limit of 30 Nm. MUT controller has to overcome this load torque of 30 Nm and to operate as starter, preferably in torque control mode. Due to 1 kW power limit, however, it will not reach full speed of 3000 RPM until dynamometer load is decreased (by gradually ramping up speed command on the dynamometer).
1.2.2 Region – 2: Reach the Speed up to 3000 RPM

At the beginning of region-2, speed command on dynamometer is increased gradually up to 3000 RPM. During this region, MUT is still operating as starter. After reaching a cut-off speed, which is shown to be 2500 RPM in figure-2, MUT will have to transition from starter to generator.
1.2.3 Region – 3: Generating at 3000 RPM

Once reaching a cut-off speed, this is shown here at 2500 RPM, MUT will need to be a generator. Assuming MUT controller operates in torque control mode, MUT controller should generate an internal signal to accomplish this transition in to generating mode.
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Figure 2. Speed Profile for Testing

It is very important to realize that dynamics of dynamometer and MUT will be quite different, so will be their output power capabilities. It might be difficult to operate both of them in desired equilibrium if care is not taken to understand how they affect overall testing. Test methodology discussed above is best accomplished when MUT is operating under torque control model. Please notify us immediately if competition specifications are otherwise.
1.3 MUT Interfacing

The main purpose of this section is to provide enough details for interfacing MUT with the dynamometer and other equipments. Please notify us immediately if competition specifications are otherwise.
1.3.1 Electrical Interface

Figure-3 shows a block diagram and wiring scheme for electrical connections. Prototype (student team hardware) has three electrical connections for: (A) 200V DC power source positive terminal with a series diode to block any regenerative energy back to the power source (B) 200V DC power source negative terminal and (C) dynamic braking resistor.
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Figure 3. Electrical Interfacing

Assuming screw type terminal strips on prototype (student team hardware), these connections will be flying leads without any termination with appropriate cable size suitable to the power ratings. Please notify us immediately if competition specifications are otherwise for these electrical interfacing. DC bus voltage monitoring and control and brake IGBT/MOSFET are part of the prototype. 
1.3.2 Mechanical Interface

As shown in figure-1 above, MUT and dynamometer are coupled through a torque transducer through flexible couplings. It is very important to have proper mounting and accurate alignment for safe operation of the whole set up. MUT mounting dimension should be in accordance with NEMA 56 frame size for foot mounting configuration. MPC test set up shall have matching dimensions to couple MUT confirming NEMA 56 frame size with foot mounting configuration. It is very important to observe these dimensions and verify that MUT dimensions match NEMA 56 frame size because any deviation may cause the MUT not to mount on MPC test set up. Such a situation may lead to being unable to test the MUT. 
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