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MDSP 7000 Series Dynamometer Tests

In this lab, a hybrid electric vehicle will be subjected to two types of dynamometer tests: a power curve test and a programmed force test. The test vehicle is a 2008 Ford Escape Hybrid.  
Section 4.1
Introduction to the Ford Escape
This type of SUV is a full hybrid (also called a strong hybrid) which uses idle-stop regenerative braking and can run on just the engine, just its batteries, or a combination of both.  Along with the Escape, other types of full hybrid vehicles are the Toyota Highlander, Toyota Prius, Toyota Camry, Ford Fusion Hybrid, and Kia Optima Hybrid.  The Ford Escape uses a parallel configuration hybrid drive train (fig. 1). The key of this configuration is that two mechanical powers (from the engine and electric motor) are added together in a mechanical coupler. The IC engine is the primary power plant, and the batteries and electric motor drive constitute the energy bumper. The power flows can be controlled only by the power plants: the engine and electric motor. The smaller engine, using a more efficient cycle and often operating in the favorable region of the brake specific fuel consumption map, contributes significantly to the higher overall efficiency of the vehicle. The Escape Hybrid's 133 horsepower (99 kW) gasoline I4 engine and electric motor combine to give 155 hp (116 kW), which gives the Hybrid Escape has nearly the same acceleration performance as the conventional 200 hp (150 kW) V6 Escape due to the electric motor's torque being available from zero rpm.
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Figure 1: the architecture of the parallel hybrid vehicle
Dynamometer Test 1:  Power Curve Test
Purpose 
The purpose of this test is to perform a power curve test on the hybrid Escape. The Horsepower Curve Test accessible from the menu (fig.2) allows the operator to perform a sweep-type power measurement test (fig.3) on the vehicle. In this test, the vehicle will be driven at just below a specified starting speed, and then accelerated at full power until reaching a specified stopping speed. 
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Figure 2: Menu for accessing performance testing routines
This test supports: 
1) A fixed-time mode: this mode can be used for comparing against test-stand dynamometer values.
2) A vehicle-simulation-loading mode: this mode will most accurately reflect the actual power that the vehicle will deliver in use. 
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Figure 3: Power Curve Test
Intended Test Procedure 
The general testing procedure is outlined below. 
1) Edit Curve Ranges: sets the power and torque averaging ranges and the absolute range for data collection during testing. Recommended settings for the by-MPH values are 1.0 MPH ranges with 0.5 tolerances, and for the by-RPM values are 250 RPM ranges with 125 RPM tolerances. The lowest and highest band center values should be set to the minimum and maximum values expected to be encountered during testing.

2) Start Speed: this field should be set to the lowest speed at which the vehicle is to be tested.  If the vehicle is being tested in a single gear, this is the lowest speed at which the vehicle will run cleanly in the selected gear.

3) Stop Speed: set to the highest speed at which the vehicle is to be tested. This should be the highest speed at which the vehicle can be operated in the highest gear that will be used during testing. The test will end when the speed reaches this speed.


4) Stop after Test: Check this box to stop the dynamometer after the power sweep is complete to save wear on the vehicle’s brakes.


5) There are additional settings depending on the test mode selected:
Control Sweep Rate

Running time: the running time of the sweep test. Using the longest running time that the vehicle can comfortably tolerate will enable additional data collection during the sweep.
Vehicle Simulation

Vehicle Wt, Pwr @ 50 and Simulated Inertia: 
The values will default to the values entered for the vehicle currently selected for testing. It is recommended that the Simulated Inertia option always be left on. 

6) Set the Save Results and Save Trace check boxes. If the Save Trace check box was checked, charts will be generated for the data from all input channels. Trace data cannot be saved unless the Save Results is also checked.

7) Click the Start Test button to begin the test. The screen will indicate to the driver when the test is complete.


8) The test automatically terminates once the dynamometer is stopped. The Stop Test button may be used to cancel a test which you do not wish to complete.

9) After the test, saved test results will be available for viewing or printing.

Results Obtained
If the Save Results check box is checked, a record of the test results will be saved to the application’s database.  Information saved to the test record includes the following:
1) [bookmark: OLE_LINK10][bookmark: OLE_LINK11]The date and time the test was performed on the currently selected vehicle.

2) Maximum torque and power values with the speed (MPH/KPH) at which they were measured. 

3) Maximum torque and power values with the engine speed (RPM) at which they were measured. 

4) A series of data points representing the torque and power measured during testing, ordered by ground speed (MPH/KPH). 

5) A series of data points representing the torque and power measured during testing, ordered by engine speed (RPM). 

6) Strip-chart style trace data for all input channels if the Save Trace option was selected.

Special considerations for this test:
1) Torque values recorded as a function of vehicle speed (MPH/KPH) are in terms of dynamometer roll shaft torque, not engine crankshaft torque.

2) Torque values recorded as a function of engine speed (RPM) are in terms of engine crankshaft torque.

3) The by-speed and by-RPM values may not exactly agree because the measured power and torque values are averaged into MPH/KPH and RPM ranges. Size of the averaging ranges may be significantly different depending on the user-specified settings.

4) Because of the averaging of the power and torque values, the power curve test specific curves may not show torque and power crossing at exactly 5252 RPM.

5) A longer sweep time should generate higher power and torque readings, since a lower acceleration rate means that less power is absorbed by the vehicle’s drive-train.








Section 4.2
Dynamometer Test 2:  Programmed Force Test
Purpose
In the Programmed Force Test (fig. 1), the user will apply a time-based force loading profile to the hybrid Escape. The profile is a series of points that describe a load to be applied and the time duration for which to apply it. This test can be used for durability or performance testing, or to simulate real-world loading profiles.
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Figure 1: Programmed Force Test

Intended Test Procedure
The general testing procedure is outlined below. 

1) Select Test Profile: choose the directory and file location of the test profile to follow.  Refer to the Programmed Force Editor section at the end of this document for how to create a new profile.

2) Number of Loops: enter the number of times to repeat the selected test profile.

3) Set the Save Results and Save Trace check boxes.

4) The driver should start driving the vehicle at the desired testing speed.

5) When the vehicle at the testing speed, click the Start Test button.

6) The load on the vehicle will be controlled by the selected test profile.  The vehicle should continue to be driven until the test completes. 


7) The test ends when the final data point of the profile is completed for the last loop of the test profile.

8) Any saved test results may be viewed and/or a test report printed.

Results Obtained
If the Save Results check box is checked, a record that this test was performed on the currently selected vehicle along with the date and time the test was performed will be saved.

If the Save Trace check box is checked, this test generates strip-chart style trace data for all input channels, at the sampling speed specified in the Trace Data Collection Speed from found under the database menu. 


Programmed Force Editor
This form (fig. 2) allows the user to edit or create time-based force loading profiles to be used for this test.
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Figure 3: Force Editor Form


Each point in these profiles specifies a target loading value, and the number of seconds for which the specified loading should be maintained. 

File:  files may be read, written and imported using this menu. Creating a new file or editing an existing file is a outlined below. 

Throttle (%): The column is used with an integrated throttle controller. If a value is entered, and the optional throttle controller is connected, the vehicle’s throttle will be controlled to the specified position (in %).  




To Create A New Profile
1) Select New from the File menu.

2) Loading (lbs): Click in the box, and enter the loading force you wish to apply.

3) Duration (seconds): Click in the box, and enter the number of seconds for which you wish the load to be applied.

4) Click the Add/Insert button.

5) Repeat as necessary


To Edit an Existing Profile
1) Select Load from the File menu, and select a file to load

2) Edit the existing profile data as described above.
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