
Simulation Lab 9 

Wheel Balance and Speed Controls



Lab overview - W eek  1
We started the semester by controlling our motors with human-operated switches.

This proved to be ineffective as the car turned too fast and was difficult to control with our 
reaction speed.



Lab overview - W eek  2

We added resistor networks that, when properly tuned could make the car drive mostly straight.

With this setup, it was not possible to correct the car’s course as it eventually strayed off course.



Lab overview - W eek  3 
We still wanted to be able to steer our cars so we we created a switched resistor network.

This allowed us to control the direction of the car with a mix of tuned control with human 
control, but this technique still had a low power efficiency.



Lab overview - W eek  4  

To improve the efficiency we moved to a MOSFET-based speed control, but took a naïve design 
that utilized a voltage divider at the “gate” pin. 

We found that the motor would still stall while still requiring direct human intervention to 
change the potentiometer.



Lab overview - W eek  5 

In switching to a PWM input signal at the gate of the MOSFET stalling ceased and the speed of 
each wheel was controlled independently. Eventually, we want to be able to adjust both the 
relative speed of the wheels, the overall car speed, and to have automated control to keep the 
car on route.



Lab overview - W eek  6 

In this lab we improved our motor model and calculated the equivalent Thevenin resistance and 
voltage of the motor using an automated sweep on our power supply. The Thevenin model 
presents a more-accurate estimate of the wheels’ response to stimulus improving our ability to 
do control design.



Lab overview -w eek  7
At this point we moved into a simulation-based platform where we further explored oscillator-
based circuits. In the circuit below, diodes were used to separately control the charging and 
discharging paths of the capacitor. Alteration of resistors 𝑅𝑅1 and 𝑅𝑅2 allowed for tuning of the 
PW M ’s duty cycle.



Simulation Lab 9, 
C on trol th e C a r’s  S peed  a n d  D irec tion

After all of this, we would like to be able to control both the speed and direction of the car. 

Right now, we can turn a MOSFET on and off to alter the speed of a wheel. 

How do we independently control each wheel’s speed? 



Wheel Balance Control
The COVID-19 emergency presented us from 
building the circuit on the right in hardware. 

This design would have allowed us to change the 
direction of the car with a single potentiometer. 
Recall, the inverter is a device that outputs a high 
signal when the input is low and outputs a low 
signal when the input is high. Note how the motor 
on the right is controlled by a PWM signal which is 
an inverted version of the PWM signal on the left. 
This also means that the two motors are controlled 
by complementary duty cycles. If the wheel on the 
right has a 60% duty cycle, the wheel on the left 
will have a 40% duty cycle. Generally speaking, a 
wheel with a higher duty cycle will turn at a faster 
rate. The potentiometer can be adjusted to make 
the car go straight, steer left, or steer right.



Combining Wheel Balance Plus Wheel Speed
To tune speedas well as direction , we will need two different control inputs to the motors. 

W e will achieve this by having the duty cycle of one PW M  oscillator control the speed and another input 
control direction (or wheel “balance”). The duty cycles of each being controlled by one of two 
potentiometers. To combine the effects of two different PW M  signals, we can implement the logical 
“AND” of these two signals when driving each motor. W hen both 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠 and 𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏 have high duty cycles, a 
wheel will turn quickly. If either has a low duty cycle, the wheel will move more slowly.



What is a logical “AN D ”?
And how might we implement this with a circuit?

We know that a MOSFET can work like a switch-
combining 2 of them can work as a logical “AND”, 
meaning that the left wheel, for example, will only 
rotate when the PWM signal of the speed control 
and the PW M  signal of the wheel balance control 
are both “high” voltages. If either (or both) are 
“low” voltages, the wheel momentarily lacks a 
current driver. W hile the wheel may still turn due 
to the high frequencies of the PW M  signals it can 
be significantly slowed without stalling.
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Assignment 
1. Create the circuit shown on the previous page using the 

Si7336ADP NMOS using LTspice and replacing sub-
circuit “C” with our motor model (150𝜇𝜇𝜇𝜇 in series with 
30 Ω) . You will only simulate the left wheel in this lab 
exercise.

2. Use DC  values of 0 V  (ground) or 9 V  for the wheel-
balance signal 𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏,𝑏𝑏 (V _l) and for the overall wheel speed 
signal 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠 (V _speed). M easure the steady-state (DC ) 
motor circuit current via the motor model’s 30 Ω resistor 
for all of the different conditions (each row) shown in 
table 2 on the previous slide. 

3. W rite a brief (2-3 sentence) explanation of why this 
circuit implements the logical “truth table” shown in 
Table 1. That is, explain why the conditions of 𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏,𝑏𝑏 and 
𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠 result in driving the motor current in this manner.



Assignment 
4. Right-click on the voltage source for V_land use the 

“advanced” button to change to a PWM (PULSE) signal 
for V_lthat goes from 0 to 9 volts, with 0 delay, 1u rise, 
1u fall, 6m on, 10m period, and 10 cycles. Use another 
PWM (PULSE) signal for V_speedthat goes from 0 to 9 
volts, with 0 delay, 1u rise, 1u fall, 500u on, 1m period, 
and 100 cycles. Simulate over 100 msand plot V_speed, 
V_l, and the motor current as functions of time. Find four 
snapshots in time that highlight each row of Table 1.



Putting it all together

Combined circuit to control speed and direction



Putting it all together
Using your knowledge of LTspice, create a simulation of the circuit shown in the previous slide.

Note that 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠 is presented as a node label to keep the circuit schematic neat. You can also make 
this connection in LTspice using node labels.

Use the same components we have used in previous sections, including our inductor+resistor
(150𝜇𝜇𝜇𝜇, 30Ω) motor model. 

R eplace potentiometers with a pair of resistors that add to produce the potentiometer’s value.

Use 𝑉𝑉𝐷𝐷𝐷𝐷 = 9 𝑉𝑉 to drive the motors as well as the voltage supply (V high) of the Schmitt-trigger 
inverters.

Suggestion: Just as with hardware, you should build and test in parts. You might begin by 
creating the two oscillators. O nce you have verified that they work properly, use them as inputs 
to the two-M O SFET motor- drive circuit as designed in Lab 9 part 1. 



Putting it all together

● Right motor drive not shown. 
You will include it as well.



Assignment 
5. Provide a screenshot of your circuit schematic in Ltspice

6. Provide a plot that included V_balance(right wheel), V_speed, and the current 
through the right motor (through the motor model ’s resistance).

7. Record the frequencies of V_balanceand V_speed
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