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Abstract 
 
An Active suspension system is a feedback control system that is used to stabilize the position of 
a vehicle chassis or passenger seat through the use of actuators, sensors, and electronic 
controllers. Passive suspension systems, which use only springs and dampers, are currently the 
most widely used system because of their low cost and lack of dependence on power.  However, 
the active suspension system has recently become a popular subject of research because of its 
performance enhancing potential.  As Research and Development teams are discovering new 
ways to reduce cost and power consumption, the active suspension system could soon become 
the new standard suspension technology for many applications.  
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Introduction 

Active suspension systems are intended to respond to rough terrain in real time to ensure a 
smooth ride for passengers. This function is achieved by using a linear actuator to adjust the 
height of the supported mass relative to the portion of the system receiving disturbance inputs. 
Any vertical displacement due to external disturbances (such as bumps in a road while a car is 
traveling) will be attenuated. From its perspective, the vertical position of the mass will move a 
negligible amount compared to the disturbance. Such active suspension systems can be used in 
applications such as cars, tractors, or other vehicles.  

Review of Previous Work 
In 2006, Blake Boe and Tyson Richards worked on a similar project. The 2006 design team 
successfully built an active suspension control system that reduced input disturbances by 75% 
with a load of 30lbf, and by 87.5% without a load using a proportional control algorithm. In 
order to complete the project, the previous group also located parts for the project that matched 
the design specifications. This year’s design team selected several different parts for the design 
to improve safety and reliability. The different parts used for this year’s design are indicated as 
boldface type in Table 17-1.  
 
The previous group selected an Equipment Monitor and Control (EMAC) Micropac 535 as the 
microcontroller on which to implement their control system. This year’s team selected an Atmel 
ATmega128 microcontroller as the control platform since all team members have much more 
experience with it and already have some libraries developed from previous course work. The 
ATmega128 microcontroller meets design specifications in processing power, onboard memory, 
and digital I/O ports. The previous group also used a 4N25 optical isolator, a relatively old and 
very slow device. This year’s team selected the 6N137 optical isolator chip instead because it has 
a low input current requirement capable of being driven by a microcontroller, and it has a 
logic-level output voltage that matches the logic-level input of the H-bridge integrated circuit. In 
addition, the chip has a much faster switching speed of 10MBd, a higher isolation voltage of 
5300V, and was readily obtained from ECE department stock. 
 
Most of the recycled components were retrofitted into a frame developed by an older active 
suspension system designed and constructed in the 1990-1991 iteration of the project which used 
pneumatic valves and cylinders instead of a linear actuator. The 2006 design group selected the 
MSK-4227 H-bridge, the IDC EC2-H Electric Cylinder, two P1613 position sensors, a 
Maxi-Torq 4Z394 three-phase AC motor, a three-phase AC Variable Frequency Drive (VFD), 
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and a VPLE-212 camshaft. The completed Active Suspension System from the 2006 group is 
shown below in Figure 3-1. 

 
Figure 3-1: Functional Active Suspension System Developed by Tyson Richards and Blake Boe in 2006 

Patents  
There are over 200 patents related to active suspension systems.  However, since there are so 
many patents that include this system, a general design of the active suspension system itself can 
be legally duplicated.  After examining a few individual patents, this year’s design team found 
that every patent investigated used actuators, sensors, and some sort of electronic controller. 
However, each patent offered some additional innovation.  Some of these innovations have 
included a method of reducing power consumption [3], addition of a user alert system [4], and 
impact harshness reduction [5].  
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Subsystem Level Functional Requirements  

Modes of Operation 

This year’s project is designed with 4 modes, “run with control,” “run without control,” 
“extend,” and “retract”.  In the “run with control” mode,  the vertical position of a mass on a 
platform is controlled by comparing the current platform position with a predetermined set point. 
As the position of the lower platform changes, the system responds and the upper platform 
maintains at a nearly static vertical position.  The disturbance is introduced on the lower platform 
by a rotating cam shaft. The vertical displacements of the upper and lower platforms are 
measured using position sensors, sending the upper position signal back into the control system 
as a feedback input. The “run without control” mode is for testing purposes. This mode moves 
the upper platform up and down, keeping the platform with in predetermined boundaries. 
“Extend” will extend the upper platform by one centimeter. “Retract” will retract the upper 
platform by one centimeter.  

 
Figure 4-1: Active Suspension System 
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Figure 4-2: Software Flowchart 

System Block Diagram 

 
Figure 4-3: Block Diagram of System 
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Subsystem Block Diagram 

Fig 5-1: Block Diagram of Subsystems 

Subsystem Functional Descriptions 

Three-Phase AC Motor and Camshaft 

The three-phase AC motor and camshaft were used to introduce the position disturbance into the 
system. The motor rotates the camshaft, which is essentially an off-set cylinder on a rotating rod. 
An independent ball bearing equipped wheel mounted to the lower platform rests on the off-set 
cylinder. As the rod turns, the wheel is pushed up and down following the curvature of the 
camshaft. This results in the lower platform being forced up and down in a sinusoidal motion. 
The ultimate objective of this senior project is to minimize the effect of this disturbance on the 
upper platform. 

Keypad 

The keypad is connected to the microcontroller and is used to select the desired mode of 
operation.  

Lower Position Sensor  

This vertically-mounted linear potentiometer is connected to the lower platform and measures 

 



 
 
 

9 

the direct disturbance from the camshaft. This is currently not used in the project.  

Upper Position Sensor  

This sensor is connected to the upper platform and measures its position. This sensor is used to 
report any and all changes in upper platform position. The microcontroller uses this information 
as position feedback to the control system. 

Linear Actuator 

The linear actuator is one of the main components of the system. The linear actuator extends or 
retracts at high speeds so that the upper platform stays in one place despite any incoming 
disturbance from the camshaft. The speed and direction of the linear actuator is controlled with 
several PWM signals from the microcontroller applied to the power electronics. 

Power Electronics 

The power electronics are used as an intermediate step between the control signals from the 
microcontroller and the voltage levels applied to the linear actuator. The power electronics block 
consists of optical isolation chips and an H-bridge. The optical isolators are used so that 
high-voltage spikes on the output side of the optical isolator chip are completely separated from 
the low-voltage input side. Therefore, any voltage spikes resulting from rapidly changing the 
current through the inductor inside the motor cannot harm the microcontroller outputs. This 
year’s design team has taken extra precautions when switching the direction of current in the 
linear actuator by turning both sides of the H-bridge off and allowing any remaining stored 
inductor energy to safely dissipate. The inputs of the H-bridge are connected to the outputs of the 
optical isolators and use the PWM and direction signals generated by the microcontroller to 
control speed and direction of the linear actuator. The MSK-4227 H-bridge can drive a 
continuous load current of 20 Amps at 200 Volts (with adequate heat-sinking). 

Microcontroller 

The fundamental role of the microcontroller is to provide a rudimentary position control system 
intended to exercise the various components of the active suspension system. The 
microcontroller constantly takes the information from the upper position sensor, runs it through 
the control system, and produces output signals that tell the linear actuator what direction to 
move and at what speed. The E-Stop signal is controlled through an on-board switch and external 
relays connected in series with the DC and AC power lines to the system. Figure 7-1 below is a 
conceptual flowchart to help understand the microcontroller portion of the control system. 
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Conceptual Code Flowchart 
 

 
Figure 7-1: Flowchart for Microcontroller Code 

 
The flowchart depicted in Figure 7-1 is merely a high-level overview of how the rudimentary 
control system functions. 

Work Completed 

Testing the Optical Isolators 

During the design team’s work this semester, numerous tasks have been accomplished. The first 
goal was to test the optical isolators (see Figure 8-1). Each of the four chips in Figure 8-1 will be 
connected to one of the logic-level H-bridge inputs. After referencing the datasheet 
specifications, the 6N137 optical isolator chips were designed to use  620Ω resistors to limit the 
input diode current. To ensure the 6N137 output stage functions properly, the minimum current 
needed to drive the output control LED is 5mA. Using KVL and Ohm’s law, the maximum 
resistor size was calculated to be about 1kΩ. Since it was imperative that the design ensured that 
the output control LED was not on the verge of turning the LED on or off, the team decided to 
use a resistor value of 620Ω to provide an adequate factor of safety in the design. The resulting 
current using this resistor size is approximately 8mA, adequate to ensure the output control LED 
has been turned on while remaining within specifications for the microcontroller’s 20mA 
maximum output port current. On the output side of the 6N137 optical isolator, a separate 
LM7805 voltage regulator was used to power the gate-drive side of the chip.  
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Figure 8-1: Optical Isolator Test Circuit 

Testing the H-bridges 

Once the design team had confirmed that the 6N137 optical isolators were functional, work was 
started on the MSK4227 H-bridges. Two different MSK4227’s were available in the ECE 
department labs, so both were tested to check for functionality. The first unit tested proved to be 
non-functional, apparently the result of incorrect use by a previous senior design team. However, 
the second MSK4227 was thoroughly tested and functioned properly. 
 
However, before testing the H-bridges, the design team needed to understand the fundamentals 
associated with H-bridge operation.  
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Figure 8-2: Pinout for MSK4227 

 
After a thorough lecture from Professor Gutschlag and additional research, the team gained a 
solid understanding of  H-bridge functionality A basic H-bridge is made up of four transistors, 
usually consisting of four N-channel MOSFETs (or IGBT’s) as modeled in Figure 9-1. A load is 
attached to the connection points between the upper MOSFET source terminal and the lower 
MOSFET drain terminal on each side of the H-bridge. Note that the load is modeled by a pure 
resistor in Figure 9-1. When the MSK4227 H-bridge HINA(H) and LINB(L) inputs are 
activated, and HINB(H) and LINA (L) are de-activated, current flows from Vdd through 
MOSFET AH to point A0, across RL to B0, and down through MOSFET BL to the chassis 
ground. When operating in this state, it is assumed current flows through the load in the positive 
direction. 
Alternatively, when the MSK4227 H-bridge HINA(H) and LINB(L) inputs are deactivated, and 
HINB(H) and LINA(L) are activated, current flows from Vdd through MOSFET BH to point B0, 
across RL to A0, and down through MOSFET AL to the chassis ground. When operating in this 
state, it is assumed current flows through the load in the negative direction. This configuration of 
MOSFETs permits the operator to control the direction of the linear actuator by manipulating the 
four MSK4227 MOSFET HIN and LIN inputs. 

 



 
 
 

13 

Figure 9-1 H-Bridge Overview 
 

Before testing the H-bridges, the team had to gather basic information from the MSK4227 
H-Bridge datasheet. From the pin descriptions, the team learned that LSTTL logic-level voltages 
can be applied to the HIN and LIN gate driver input pins, and internal logic will drive the various 
MOSFETs. In addition, it was discovered that HINA(H) and HINB(H) use active-high logic, and 
therefore high-level LSTTL voltages turn their respective gates on. The datasheets also specified 
that the HINA(H) and HINB(H) inputs must be driven with an oscillating signal no greater than 
5.2MHz. Conversely, LINA(L) and LINB(L) are both active-low inputs, and therefore low-level 
LSTTL voltages turn their respective gates on.It should also be noted that the LINA (L) and 
LINB(L) input pins are tolerant of an applied DC (non-oscillating) input signal. 
 
To test HINA(H), Vdd was connected to 15V and a load resistor of 1kΩ was connected from A0 
to the chassis ground. Inputs LINA(L), HINB(H), and LINB(L) were all de-activated by 
applying input voltages of 5V, 0V, and 5V respectively. Finally,  the sync output of an Agilent 
function generator was connected to the HINA(H) gate input pin, and the function generator 
ground terminal was connected to the common ground. The voltage at A0 was measured using 
an oscilloscope. To verify MOSFET AH functioned correctly, it was verified that the voltage at 
A0 was switching in phase with the function generator sync output, but with a 15V signal instead 
of a 3V signal. Figure 10-1 depicts the oscilloscope signals from the A0 pin, the output from the 
6N137 optical isolator chip driving the HINA(H) input, and the input signal coming from the 
function generator sync output. From  Figure 10-1, it can be clearly seen that all of the signals 
are synchronized correctly, and the A0 output is showing a 15V signal instead of a 3V signal 
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Figure 10-1: Scope Image of Working H-bridge Output 
 

To test MOSFET BH,  the same steps as above were applied, but the 1kΩ load resistor was 
connected from B0 to ground and the output voltage was measured at B0 instead of A0. To 
check the low-side MOSFETs MOSFET AL and MOSFET BL, a 1kΩ load resistor was 
connected from A0 and B0 to Vdd,, and the output voltages were measured at A0 and B0 
respectively. When testing any single MOSFET, the sync output of the function generator was 
connected to the gate drive input for that particular MOSFET while the gate drive inputs to all 
other MOSFETs were de-activated. With this strategy, the team was able to test all eight 
MOSFETs on the two H-bridges and accurately determine that one was non-functional, and the 
other was working properly. It should be noted, however, that the team found a replacement 
H-Bridge if the remaining functional MSK4227  should fail in the future.  
 

Testing the Position Sensor Potentiometers 

The potentiometers used for position sensing were thoroughly tested to ensure they were 
functional. The potentiometers were disconnected them from the active suspension frame, and 
connected to a multimeter set to measure resistance. As shown in Figure 11-1, measurements 
confirmed that the resistance of the potentiometers changed in a linear fashion relative to the 
extended lengths. 
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Figure 11-1: Potentiometer Measurements 

Creating Voltage Regulation Circuits 

Linear voltage regulation circuits to provide  3.3V, 5V, 12V, and 15V were designed, 
constructed, and tested to provide the various sub-systems with the specific voltages required for 
proper operation. The LM317 adjustable linear voltage regulator was used in four different 
regulator circuits. The four different designs each required two resistors; one connected from the 
regulator output to the “Adj” terminal on the regulator, and one connected from the “Adj” 
terminal on the regulator to ground. Based on design equations in the LM317 datasheets, the 
resistance values were computed to obtain the desired voltages. The datasheets recommended 
specific capacitor sizes to be placed from the input and output terminals to ground to reduce 
noise.  

  
Figure 11-2: Picture of Voltage Regulation Circuits 

 



 
 
 

16 

 

Snubber Circuit Design 

Snubber circuits were included in the design to protect the H-bridge MOSFETs from transient 
over-voltages due to the forward recovery time associated with the “fly-back” diodes (integrated 
into the H-Bridge MOSFETs) when switching the MOSFETs off. The following equations were 
used to determine snubber component values.  
 

 
Eq. 12-1  

 
 
The current flowing into the drain of the MOSFET when it begins to turn off (ID0) is the same as 
the current flowing through the motor at that instant in time.  The time for the MOSFET to turn 
off (tF) was found in the MSK4227 datasheet to be 100ns.  The voltage drop across the MOSFET 
when it has completely turned off (Voff) equals the high-side (or low-side) supply rail voltage 
plus the voltage drop across the fly-back diode in the current path. The fly-back diode voltage 
drops can be found in the MSK4277 datasheet to be 1.2V each, and the high-side supply rail for 
this design is 120V. The sum of these yields 122.4V.  Substitution of those values into Eq. 12-1 
yields an optimal capacitor value of approximately 8.17nF.  To minimize costs to the ECE 
department when building the circuit, three 3.3nF capacitors were connected in parallel to obtain 
9.9nF, or approximately 10nF.  Note that 10nF is used for the value of CS in the following 
equations. 
 

 
Eq. 12-2 

 
 
The minimum PWM duty cycle (Dmin) was assumed to be 0.1 with a switching frequency of 
2140Hz.  Then with the snubber capacitor value determined with Eq. 12-1 as 10nF, Eq. 12-2 
yields a snubber resistance value of less than 1565Ω.  However, that value must be compared 
with the value of resistance needed to keep the MOSFET from exceeding its breakdown voltage 
when the current that was flowing through the MOSFET before it is switched off is re-directed 
through the snubber resistor,   RS .  Hence, the lower of the two snubber resistors computed with 
Eq. 12-2 and Eq. 12-3 must be used for the design.  
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 Eq. 12-3 
 
 
 
The breakdown voltage for the MSK4227 can be found in the datasheet to be 200V. Then with 
20A for ID0, Eq. 12-3 yields a snubber resistance value of less than 10Ω.  Since Eq. 12-3 yields 
the lower resistor value, that value was used for the  The final circuit implementation used three 
22Ω resistors in parallel to produce an equivalent resistance of 7.33Ω.  The parallel arrangement 
also divided the power dissipated to each resistor by three, so the team could save the ECE 
department money by using the resistors available in the ECE laboratories.  
 
Equation Eq. 13-1 provides the required power rating of the snubber resistor,and  yields a 
resistor power rating of approximately 0.16W.  The resistors provided in the ECE laboratories 
are rated at a quarter watt, and will therefore be adequate for this design.The snubber diodes used 
were FR603 power diodes, which can withstand reverse voltages of up to 200V, and forward 
currents of up to 6A.  

 
Figure 13.1: Picture of Snubber Circuit 
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PSpice Simulations 

 
Figure 17.1: H-Bridge with Snubber PSpice Model 

 
The team ended up using two 1N4500 (80V) diodes in series because zener diode models rated 
above 120V could not be found in the libraries available.  Switches U1 and U4 are used to switch 
the configuration from M5 and M7 on to M6 and M8 on.  By activating these switches at 
t=20ms, a simulation can be performed with current applied in the positive direction through the 
load for 20ms and current applied in the negative direction through the load for 20ms.  A resistor 
and inductor were used to model the actuator motor in locked rotor condition.  The values for 
these components were found to be 6.4Ω and 19mH by the 2006 team.  The 1kΩ resistors placed 
between the gate and source terminals of the M5 and M7 MOSFETs are necessary because of 
capacitance that charges between these terminals when the transistor is on.  The resistor allows 
this capacitance to discharge so that the transistor does not stay on when switched off.  A 
snubber circuit is placed on each end of the H-Bridge to protect the two MOSFETs that switch 
off at the same time.  The following simulations were run using a 120V supply rail and a 
2.14kHz PWM at 80% duty cycle.  
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Figure 18-1: H-Bridge Load Current 
 

Figure 18-1 shows that as the PWM is applied to the load in the positive orientation, the current 
gradually rises to about 13A.  At 20ms, the PWMs are switched off and the current rapidly 
discharge through the fly-back diode network.  At 30ms, the PWMs are applied in the negative 
orientation, and the current rises to about -13A.  In reality, the current drawn by the motor will 
fluctuate based on the motor’s load.  This model simply represents the current drawn when the 
rotor is not turning at all.  This at least confirms that the polarity is correct and that current will 
rise and fall when switched on and off.  

Figure 18-2: H-Bridge Load Voltage 
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Figure 18-2 shows that as our PWM is applied to the load in the positive orientation, the load 
voltage is 120V during the high portion of the PWM and -120V during the low portion of the 
PWM.  The -120V can be explained by the nature of an inductor.  As current through an inductor 
changes, it will generate a voltage in the opposite direction to keep current continuous.  At 20ms, 
the transistors are switched off and the voltage remains at about -120V to keep continuous 
current flow.  At around 21.5ms, the inductor current has finished dissipating its energy through 
the fly-back diodes and the remaining voltage then oscillates between the snubber circuits and 
the inductor until completely discharged.  This creates the under-damped oscillation seen 
between 21.5ms and 25ms.  At 30ms, the PWM is applied in the negative orientation, and the 
voltage is at -120V during the high portion of the PWM and 120V during the low portion of the 
PWM.  Like the current simulation, the voltage simulation also demonstrates the correct polarity. 
This simulation cannot, however, account for forward recovery time of the fly-back diodes.  In 
reality, when the transistors are switched off, there will be a voltage spike at the load due to such 
a large change in current through the inductor before the fly-back diodes can conduct.  The 
snubber circuit will, however, suppress these voltage spikes and allow the diodes time to 
conduct.  By suppressing these voltage spikes, the snubber circuit protects the switching 
transistors from potential damage.  
 

Snubber Circuit Verification 

Figure 19-1: Scoped Image of Snubber Circuit Behavior at B0 
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Figure 19-1 demonstrates how the snubber circuit is behaving in the actual circuit when the 
system is running.  As soon as LINB(L) changes to 5V to turn the lower right transistor off, the 
voltage at B0 rises to just under 150V.  After around 2us, the forward recovery time has been 
reached and the fly-back diodes begin to conduct.  The voltage stored in the snubber capacitors 
then begins to oscillate between the inductor and snubber circuits until completely discharged, 
leaving b0 at a steady state voltage of 40V.  The snubber circuit is operating correctly in the 
actual circuit implementation, however, it is allowing the voltage spikes to reach up to 150V. 
This is still under the 200V MOSFET breakdown voltage, but if the supply rail is increased to 
120V, the spike could reach voltages above 200V.  If the system is to be run at 120V, the 
snubber circuit should be redesigned with a higher value capacitor.  

Software Development 

To reduce the time required to generate software needed to operate the system, the design team 
used code previously written in ECE322  as a baseline for the project. The team was able to 
modify some of the previously written code developed to use the microcontroller’s analog to 
digital converter (ADC), external interrupts, and the keypad and LCD. 
 
The ADC code was used to process the feedback signal from the potentiometer used as the 
position sensor, And permitted calculating the distance the actuator had extended or retracted. 
After performing several tests, it was determined that the potentiometer had a linear relationship 
with resistance (and thus voltage) as it extended and retracted. The control system uses the upper 
position sensor to determine an appropriate distance for the linear actuator to move. The design 
team also implemented software safety features that prevent the actuator from over-extending or 
over-retracting, thereby possibly damaging the actuator mechanism.  
 
The basis for the user interface is the keypad and LCD available on the microcontroller used on 
the system. A menu system was designed that enables users to operate the system, extend or 
retract the actuator 5mm, or stop the system. It should be noted, however, that the software used 
to stop the system was  not intended as an emergency stop (or E-Stop). 
 
The design team also used interrupt code from ECE322 that permitted choosing modes as well as 
menus in the user interface.  The interrupt code was also used as a basis for setting up an 
interrupt for generate required PWM code. 
 
The control system operates using PWM signals to control which transistors in the H-bridge are 
active and for how long. The actual calculations, counting, and matching operations are done 
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continuously within the Timer 1 registers, resulting in concise and easy to follow interrupt 
generated PWM signals. 
 
Finally, the team developed software to implement the various operating modes of the system. 
The controller accepts user inputs from the keypad to determine which mode is desired., As 
mentioned previously, the different operating modes are running, actuator extend or retract, and 
stop. Each mode is implemented as separate functions, and generates appropriate PWM signals 
to drive to the H-bridge. 
 
One major consideration the design team had to account for was to ensure that the H-bridge was 
not accidentally shorted out by incorrect PWM signals. To avoid damage to the H-bridge, the 
team designed control software to ensure that when a PWM signal was sent to the high-side of 
the H-bridge, the low-side of the same half of the H-Bridge was disabled. Therefore, it was 
impossible for the power supply to be short-circuited by two (conducting) series-connected 
MOSFETs. 

Simulink Simulation 
The previous senior capstone project group that had worked on the active suspension system 
developed a Simulink program that included a base design for modelling the linear actuator. 
However, it was discovered that several minor components were missing from the design. The 
linear actuator model shown in Figure 16-1 was used to run simulations to help estimate current 
draw and actuator speed under steady state and transient conditions, and helped to verify that the 
selection of 2.14kHz was reasonable for the system. 
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Figure 15-1: Linear actuator model in Simulink 

Safety Design 

Designing for safe operation was ultimately made a major part of the project. Previous groups 
who worked on this project were fundamentally unconcerned with the many safety hazards 
associated with the system. Therefore, this year’s design team devoted significant time to 
designing safety features that would ensure the system would be safe for future senior capstone 
project groups. 
 
As instructed by the team’s advisor,  the system was designed to be compatible with actuator 
voltage levels ranging from 40VDC to 160VDC. Using low voltages applied to the linear 
actuator would prevent the upper platform from responding too quickly to changes which could 
lead to component damage in early stages of development. In addition, the team would be able to 
operate the system at low voltages safely without the advisor present. As previously mentioned, 
the linear actuator was modeled in Simulink to permit simulations to calculate the average 
current the power electronics had to support. This simulation results were then used to find 
suitable components that could safely handle the required current draw associated with the 
system. As shown in Figure 16-1, the linear actuator could draw an average of 13.5 Amps when 
connected to the 160VDC voltage source specified in the actuator’s data sheet. Note that the max 
voltage that could be applied to this system was used to ensure that future groups would not be 
harmed or damaged components when operating the system. 
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The team also designed a safety circuit that would instantly disable the system in the event the 
actuator attempted to exceed its permissible operating range.. The design utilized two limit 
switches, an emergency stop switch (E_Stop), and several relays. This safety system was 
rendered completely independent of the microcontroller so that functionality was not dependent 
on any processing delays or errors in code to disable moving components. Since it was 
discovered that the displacement of the actuator was severely limited by the linear 
potentiometers, the limit switches were placed near the minimum and maximum extension points 
of the potentiometers so that the limit switches can trigger a system shutdown before damage 
occurs to any components. The limit switches trigger when a small, flexible lever extending from 
the upper platform presses against the switch. The limit switches are wired in series with an the 
emergency stop button mounted on the exterior of the system electronics enclosure. If any of the 
switches become active, three relays will become disengaged and turn off power applied to the 
linear actuator and camshaft motor, and will also engage the actuator motor mechanical brake. 
 
The original design used small acrylic levers to activate the limit switches. However, the team’s 
advisor suggested that much more flexible plastic material should be used so that in the event of 
a runaway motor, the plastic lever on the upper platform would not break the limit switches. 

 
 

 
Figure 16-1: Simulation of average current for linear actuator with PWM frequency 2.140kHz 
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Figure 17-1: Image of Limit Switches        Figure 17-2: Image of safety circuit enclosure  

Finding Parts 

Work began on this project using many parts from a previous group. However, as the design 
team discussed the project and consulted with the group’s advisor, it was discovered that several 
additional parts needed to be ordered to fulfill safety requirements. Significant time was spent 
finding parts that would fit our design specifications. After our parts list was created, the project 
advisor was consulted before proceeding with ordering components. The parts we used are 
described in Table 17-1. 

Parts List 
Table 17-1 Parts List 

Part Description Quantity Cost ($) Supplier Purchased 

Atmega128A Dev Kit Microcontroller and 
Development Board 

1 39.99 Waveshare Y 

Keypad Keypad 1 7.49 Vetco Y 
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LCD (HD44780) LCD Display 1 5.28 Ebay Y 

AVR Dragon Atmega128 Programmer 1 53.75 Mouser Y 

MSK4227 H-Bridge 1 Unavailable MSK N 

PS21A79 Replacement H-Bridge 2 73.47 Digikey Y 

6N137 Optical Isolator 4 0.49 Mouser N 

IDC Electric Cylinder 
EC2H 

Linear Actuator 1 540.00 Amazon N 

Maurey Linear Motion 
Sensor P1613 

Position Sensor 2 300.00 Process Industrial 
Surplus Corp 

N 

Maxi-Torq 4z394 3-Phase Motor 1 535.00 Amazon N 

VPLE-212 Camshaft 1 83.10 Motion Industries N 

ADXL335 Accelerometer 1 9.90 Digikey Y 

51-256.025 Emergency Stop  23.91 Newark Y 

HEV2AN-P-DC24V Power Relay 1 66.47 Newark Y 

MY4N-D2-DC24 4 Pole Relay 2 30.73 Digikey N 

NBF-32016 Enclosure 1 22.20 Amazon Y 

LM317 Voltage Regulator 2 0.71 Digikey N 

7805 Voltage Regulator 1 0.62 Digikey N 

7815 Voltage Regulator 1 0.64 Digikey N 

EE80251S2-000U-999 Cooling Fan 1 3.42 Digikey N 

Division of Labor 
Table 18-1 Division of Labor 
 
Task Worked on by Completed 

Research All Yes 
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Write Testing Code Xander, Chase Yes 

Test Actuator Rhydon, Josh No 

Test H-Bridge All Yes 

Test Position Sensors Josh, Rhydon Yes 

Test Motor Rhydon, Josh No 

PSpice Simulations Josh Yes 

Develop Rudimentary Control System Xander, Chase Yes 

Simulink Model  Chase Yes 

Convert Control System to a DT algorithm Chase, Xander No 

Assemble System All Yes 

Run Test Cases on System All No 

Documentation All Yes 

Deliverables All Yes 

Conclusion 

As the project quickly came to a close, several recurring themes were noticed. First, no matter 
how long work continued on this project, additional features were discovered that could be 
added. The project was started with the intention of quickly implementing the work from a 
previous group and moving on to improve it, but the team found many weaknesses in the 
previous project design that needed to be remedied before work on the project could continue. 
The team began the project with two H-bridges, but had to determine which one was functional 
before continuing. The team also needed to have a replacement H-bridge on-hand before 
performing any high-load testing in case the H-bridge was damaged. Before the system could be 
assembled, the team needed to design and find parts to ensure a safe system.  
 
Safety was a major concern in this project. The team developed several aspects of the project that 
help protect users from all electrical hazards, but physical danger is still a concern. Users are 
currently protected from shock, overextension, and runaway motors.  However, the team did not 
have time to complete the design with regard to physical safety. When controlling a moving 
metal platform, there is always a need to keep fingers out of harm’s way. The group’s advisor 
had several ideas for mounting a plexiglass shield at the front of the system to prevent physical 
injuries, but we were not able to implement that feature due to time constraints. While the shield 
is not necessary for the system to perform its primary function, future groups should certainly 
design more physical barriers to prevent injury when testing this project. 
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The team is aware that the control system is lacking in functionality.  Although a Simulink 
model of the linear actuator was finalized, the team was unable to include the depth of detail 
required for the control system in the final design.  
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