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I. Introduction

The purpose of this report is to characterize and understand the behavior of the motor at steady state. In order to do so, a hypothesis is presented and data is collected and analyzed in order to determine if it can be accepted or rejected. Regardless of these results, the aim of this report is to be able to relate by either equation or lookup table the inputs and outputs of the motor + controller system.

II. Hypothesis
To understand the hypothesis made for this experiment and subsequent analysis, it is first important to understand the current test setup of all components in the motor system. The motor is connected to a Curtis Controller which supplies it three phase AC current dependent on two user-controlled inputs: Load % and Throttle %. Throttle percentage maps to a voltage which is used to determine the speed of the car at a given load. Load percentage maps to the position of a solenoid in the dynamometer which controls the amount of oil being pushed by the motor, therefore setting the speed that the motor spins at. The Curtis Controller is fed a DC current from a high voltage power supply which varies dependent on the parameters of the motor system. The relevant measurable outputs of this system are Motor RPM and Torque. The block diagram below gives a high level picture of this system:

ARMEN BLOCK DIAGRAM

For purposes of using the motor + controller system in a fully integrated car, it is not necessary to understand the intermediary signals between the controller and motor, so it is possible to model the whole system as a black box with the above described inputs and outputs.
The hypothesis for the experiment described below in Section III is that the findings from data collection will prove that the black box system of the motor and controller will exhibit the characteristics of a standard DC motor.
In order to prove this hypothesis true, it will be necessary to show that the data reflects the behavior detailed below in the steady state equation for a DC motor:

Where TL is the load torque (hydraulic torque seen above)
KT is the torque constant
i is the power supply current input
f is the friction constant
w is the motor speed in RPM

Regardless of whether this hypothesis is accepted or rejected, the aim of this report is to provide some way to relate the torque, power supply current, and motor speed I/O of this system.
III. Data Collection
After several preliminary data collection experiments were run in order to shape the hypothesis and direction of this report, a few large, final data collection experiments were formulated in order to obtain all data required for characterization.
A. Experiment 1
The aim of collecting this data was to illustrate a picture of the motor’s behavior across the full range possible in its current setup. At a few set throttle settings, data measurements were taken for a number of parameters which the group determined would be useful in understanding the behavior of the motor at steady state.
For each throttle setting (20% - 35% in increments of 2), the team:
1. Set the load setting to 100% (no load)
2. Recorded the values of power supply current (A), Controller RMS Current (A), Motor RPM, hydraulic torque (ft-lb), power supply voltage (V), and motor controller and motor temperatures (deg C)
3. Decremented load setting by 2% (98, 96, 94…) and repeated step 2
This continued down to high load settings (40 – 60% setting) for each throttle setting.
The analysis of this experiment is detailed below, and led the group to perform a second data collection experiment in order to obtain a more complete picture of the motor + controller’s behavior.
B. Experiment 2
The aim of collecting this data was to choose torque as the static input for data collection rather than throttle setting, viewing motor response at low RPM values (<1000) at constant torque. The same parameters were measured as in the previous experiment.
For each torque setting (5.5, 7.8, 10.5, 11.8, 13.5, 16.2, 19, 22.1, 25, 26.4 ft-lb), the team:
1. Modulated the throttle and load percentages to obtain the given torque value at the highest setting below 1000RPM.
2. Recorded the values of power supply current (A), Controller RMS Current (A), Motor RPM, hydraulic torque (ft-lb), power supply voltage (V), and motor controller and motor temperatures (deg C)
3. Decremented throttle setting by 1% and repeated step 2 (for a minimum of 6 total measurement steps)
The analysis of this experiment is also detailed below, and provided the group with the remainder of data required to characterize the motor + controller setup and determine if the hypothesis could be accepted or rejected.
IV. Data Analysis
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