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Date: November 29, 2007 
To:  Sophomore Clinic Faculty 
From: Section 5, Team 5: Matt Smith, Ali Smith, Dave Smith, Chris Smith, Mike Smith 
Subject: Progress Report on the Crane Project 

 
Overview  

Summary of Goal 
The goal of the project is to construct a truss design that maximizes the amount of weight the 
crane can lift while minimizing the cost.  The performance of the crane is measured by the 
performance ratio, which compares the weight lifted to cost incurred as expressed in the 
following equation:    
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The objective is to maximize the performance of the crane based on this ratio.    

Criteria and Constraints 
The truss is supported by an I-beam and uses two pulleys to lift the weight.  A steel cable runs 
the length between the two pulleys and is connected to a motor.  The horizontal length of the 
truss must be 48 inches from the I-beam to the lower pulley.  The height of the truss is 72 inches 
with the upper pulley at the top of the truss. The holes on the I-beam have a diameter of 0.5 
inches.  The two pulleys used have a diameter of 5 inches.  The bottom of the truss must be at 
least 36 inches above the ground.  The crane must successfully lift a minimum weight of 70 
pounds without collapsing. There are 20 of these weights total. They are used are in increments 
of 70 pounds.  The maximum length of any given member must not exceed 48 inches.  The 
widths of the members can only be 0.75, 1, 1.25, or 1.5 inches.  The members can only be 
constructed of the aluminum and plastic that is provided.  

Management  

Team Members 
The team consists of five members: Matt Smith, Ali Smith, Dave Smith, Chris Smith, and Mike 
Smith.  These members are of different engineering disciplines and each brings unique 
knowledge to the group.  Each member has specific responsibilities to assist in achieving the 
goals of the project (Table 1).         
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Table 1.  Team member majors and responsibilities. 
Team Member Major Key Responsibilities 
Matt Smith Mechanical Machine Parts, Draw trusses in SolidWorks, Assist 

in MATLAB coding, Analysis of truss design 
Ali Smith Mechanical  MATLAB coding, Analysis of trusses by hand  
Dave Smith Electrical/Computer

 
Assist in MATLAB coding, Analysis of truss 
designs 

Chris Smith Chemical Assist in MATLAB coding 
Mike Smith Electrical/Computer

 

Assist in MATLAB coding, Draw sketches by hand, 
Construct Gantt Chart 

 

Matt Smith 
Matt Smith has been learning how to machine the pieces of the truss.  Mr. Smith has also been 
brainstorming ideas for new trusses.  He has also been assisting Ms. Smith and Mr. Smith with 
implementing some of these trusses in MATLAB.  Mr. Smith will also be responsible for 
drawing the final truss assembly in SolidWorks.  

Machining pieces has been communicated to the rest of the team by instilling confidence in them 
that Mr. Smith is capable of building the final truss.  Drawing the truss in SolidWorks has been 
illustrating to the rest of the team what truss designs may look like.  The schematics of each truss 
were also drawn by Smith in SolidWorks.  

Machining pieces will provide the team with the ability to actually build the truss.  This is critical 
to the project in that the results of the project rely on the final truss and its ability to lift a large 
amount of weight.  This relates to the trusses being evaluated in MATLAB by Smith and Smith.  
The drawing of the final truss design will appear in the Appendix section of the report.  

Ali Smith 
Ali Smith has been involved in the design and analysis of the truss designs.  She attended the 
MATLAB sessions during the lab periods.  Each one of these lectures enhanced her knowledge 
of MATLAB and helped her to write the final code needed to analyze the families of trusses.  
The analysis of trusses in MATLAB is essential to the project because it performs calculations 
almost instantly.  Some of the programs written both during and after the lectures can be used in 
the analysis of any family of trusses.  This is a powerful tool because it saves both the time and 
energy that would have gone into rewriting similar codes or calculating forces by hand.  
Moreover, MATLAB graphs the data generated in the programs.  The graphs show which 
instances of a family would result in the best performance ratio, which needs to be maximized 
through parametric design.  With the help of Smith and Smith, Smith wrote the MATLAB code 
used to analyze the truss families.  The MATLAB programs were posted on the wiki, making 
them available to everyone on the team.  A more detailed description of the programs used to 
analyze the truss families is included in the Progress section.  Also, the graphs generated by 
MATLAB are included in the Progress section of this report.  

MATLAB is a powerful tool; however, faulty programming could cause a poor analysis of 
trusses.  In order to ensure the MATLAB code is correct, Smith analyzed one instance of each 
truss family by hand.  The forces in each member were found and compared to the forces that 
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MATLAB declared to be in each member.  Other team members reviewed the calculations, 
confirming their accuracy.  The calculations, included in Appendix B, confirm the MATLAB 
code, as the results from each analysis are identical.    

Dave Smith 
During the course of the last few weeks, Dave Smith has completed a few tasks individually 
since the beginning of the crane project. Thus far, Smith has learned to use two machines, one 
used to slice metal (a truss in this case) and the other machine to drill holes into the metal. Smith 
has used these machines without assistance and can use one with ease and the other somewhat 
comfortably. In the future, Smith will be proficient in using the machinery. Having a good 
knowledge of using these machines assists greatly in working toward the goal of finishing the 
project, since the team will need to cut out trusses with the machines. Also, each member of the 
team learned how to use MATLAB to accomplish tasks needed to complete the report.  

Smith has also developed a working knowledge of statics. Since two of the teams members had 
already learned statics from another class, they taught Smith, along with the remaining members 
of the team, how to use statics to draw free body diagrams and to figure out truss equations to 
later put into MATLAB into matrix form. Smith figured out equations that were used for one of 
the teams three truss designs.  

Communication with the rest of the team was important since certain members know how to use 
the machines. When any upcoming machine work comes up, each team member knows to turn to 
Smith and/or Smith to work on them. Currently the team only needs one member to work on the 
machines, which is currently Smith. However, in case of an emergency, Smith will be able to get 
some machine work finished if necessary. Communication played a big role in helping the team 
learning statics as well. With the assistance of Smith and Smith, Smith was able to learn statics, 
which Smith was unable to learn in the small lecture given during class. This helped the team get 
work done much faster, which was beneficial in the long run since we have more work done in a 
shorter amount of time.  Also, we can all rely on each other to use MATLAB if needed. Smith 
learned how to use MATLAB much easier by following along with his teammates as they were 
working on it. More complex programs used in MATLAB would have taken much longer to 
complete without good communication, especially since a lot of debugging was required. While 
Smith doesn t have the best knowledge of MATLAB programming as compared to most of the 
group members, he has a better knowledge of using the machine work. Since there is too much 
for everyone to learn individually in such a short amount of time, it is best for each team member 
to learn about some aspects of the project more than others. Communication is important for this 
reason, since everyone s knowledge of work on the project combined comes together to help 
finish all of the work in a more efficient and productive manner.   

Chris Smith 
Smith has performed and contributed to the following tasks so far.  He has done work regarding 
the calculation of the forces on a preliminary truss structure in order to create a matrix that 
MATLAB could solve.  These calculations were reviewed and checked by other members in the 
team.  Smith has attended the lectures regarding the work done in MATLAB, as well as 
contributing to the corresponding assignments.  This includes using MATLAB to evaluate a 
family of trusses.  Some of this work was during a group discussion concerning the equations 
that were placed in the MATLAB file.  Also, Smith has helped with the development of the 
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Gantt chart used to show how far from completion the group is based on tasked that are and have 
yet to be completed.  

Smith and Smith were responsible for completing the Overview section of the progress report.  
For the first part of this task, they summarized the main goal of the project.  Then, Smith and 
Smith described the constraints as well as the specifications of the crane being developed.  Smith 
and Smith also developed their own truss design.  They created a program in MATLAB to 
calculate the forces within the truss.  These forces are based on calculations relating to the forces 
that would be on each member, etc.  

The tasks Smith has completed and contributed to relate to the overall project in that they are 
part of the work being done to develop a truss that maximizes the performance ratio.  By 
developing one of several different trusses and comparing different families of trusses, the truss 
design with the best relative performance can be found.  By using the program that Smith and 
Smith created in MATLAB, they can find the amount of weight that the truss can handle before 
failing.  After comparing this data to the data from the other trusses designed, the group will be 
able to decide what truss structure is the best based on which can handle the largest load at the 
lowest cost.  

Mike Smith 
In the Hoistinator Crane Project, as an individual Mike Smith has updated the wiki, made 
detailed, three dimensional drawings using SolidWorks as well as drawings by hand, has 
constructed the Gantt chart using Microsoft Project, has written a fair amount of the progress 
report, and has performed a lot of the MATLAB coding. He has informed all of his teammates of 
these tasks within a day of completion and these tasks, when integrated, will make the overall 
project much easier. By continuously updating the wiki, all of the team members are constantly 
kept up to date with the progress of the team and the data that has been collected. This will 
provide a paper trail to check for errors in later stages of the project as well as make all the 
collected data available anywhere, so that the data hardcopies do not need to be carried around at 
all times. This will also help prevent the extreme case of data becoming lost. The three 
dimensional drawings will allow the team to see what the final truss will look like and it will 
provide the group with all of the truss dimensions, eliminating a handful of the calculations. 
They will specify a constraint and visualize what that specific truss will look like as that 
constraint is changed. The hand-drawn sketches display families of trusses and their constraints. 
They present all of the forces acting on the truss families at each joint, matrices of these forces, 
and whether or not the trusses are being considered in the final design. The Gantt chart, done in 
Microsoft Project, lists all of the tasks that must be done by the end of the project and the 
progress of each of these undertakings. Each criterion is assigned a start date and an end date and 
the progress of each task is represented by what percentage of the task the team has completed. 
The sections of the progress report that Mike has worked on are the Management, Progress, and 
Next Steps sections, as well as the Appendix section which everyone in the team has contributed 
to. Lastly, Mike s contribution to the MATLAB coding allows the team to evaluate a family of 
truss designs and calculate all of the forces acting on each truss. By allowing the computer to 
perform all of the tedious calculations it saves a lot of time and provides the team with many 
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more results because the computer can perform the calculations that will take hours by hand 
within seconds.  

Gantt Chart 
The project consists of several steps, all of which need to be completed in an orderly fashion in 
order to construct the truss by lift day.  The team constructed a Gantt chart to organize all the 
tasks (Figure 1).  The chart visually depicts the time frames in which the tasks must be 
completed in order to complete the project on time.  Also, each bar is shaded to show what 
percent of a specific task is complete.  The chart was last updated on Wednesday, November 28, 
2007.  

 

Figure 1.   Gantt Chart.  

Progress 
Over the past few weeks, the team has brainstormed and developed equations for multiple truss 
designs that are consistent with the equation   

3M  2J = DOF (1)  

where M is the number of members the truss is composed of, J is the number of joints, and DOF 
is degrees of freedom (which must always be zero for the structure to be considered a truss). 



 

6

 
While brainstorming, sketches of the trusses were made and then all the forces acting on each 
joint were calculated in order to determine the forces on each member (Appendix A).  These 
forces were all calculated using statics, which was learned both inside and outside of class. Out 
of the many truss options that were considered, three truss designs were selected as the most 
efficient and thus were pursued. Next, MATLAB programs were created that calculated all of the 
forces acting on each of the three trusses so that many calculations could be performed quickly 
and could either check calculations done by hand or eliminate the need for them. However, 
before the team entered many of the forces in MATLAB, the team made sure that everyone 
could do it by hand if necessary. These computer programs were continuously modified and 
updated to account for new trusses and new truss functionalities. To date, MATLAB programs 
are available that, when integrated, calculate all the forces on a truss, calculate the necessary 
width of each bar, calculate the cost and performance of the truss, make a drawing of the truss as 
it is being parameterized, and plot any dependent variable (such as member force or cost), or 
even two dependent variables, versus any specified parameter.  

MATLAB Programs 
Several programs were written in MATLAB in order to facilitate the analysis of each truss.  
There is a program for each truss that calculates the forces in the individual members of the 
trusses.  The programs utilize the positive sign convention in which each angle is given as the 
angle from the positive x-axis to the particular member.  By using this convention, each element 
of the equations written to find the forces in each member is positive, reducing the possibility of 
error.  Moreover, the angles are defined based on the positions of joints.  As these joints vary 
with the parameter, the angles also change accordingly.  To verify the accuracy of these 
programs, one instance of each truss was calculated by hand (Appendix B).  

Also, a setup file exists for each truss that determines the forces in the members for each 
family of trusses.  The file loops through the given parameter and calculates the forces in the 
members, the total cost of building the truss and performance ratio of the given instance.  Also, it 
displays a diagram of each truss instance.  For this loop to run, the weight being lifted by the 
truss must be input.  However, the amount of weight that can be lifted by the truss varies and 
affects the performance of the truss.  Thus, to find all the possible performances of a truss family, 
the weight must be varied for each instance of the family.  A second loop varying the weight 
runs the loop of the parameter multiple times for each instance, each time inputting a different 
weight (Figure 2).  Then the program compiles a 3-dimensional graph comparing the parameter 
to the weight lifted and the performance ratio (Figures 6, 10, 14).  The program also creates 
graphs of the total force in each member against the parameter.  However, these graphs are only 
for one specific weight (Figures 4, 8, 12).  To view the total performance of the truss, the total 
cost of the truss is graphs against each instance (Figures 5, 9, 13).   
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Inputs: xy matrix with points of initial 
instance, Connectivity matrix, fixed 

points, pulley points 

  

Loop through all possible weights 

Loop through all possible instances in 
the family of trusses 

Calculate forces on the members 

Draw a diagram of the truss 

Calculate the lengths of each member 

Calculate total cost, member cost, 
material type, and width of each member 

Calculate Performance Ratio

 

Plot total cost v. parameter for all 
possible instances 

Plot member force v. parameter for all 
instances 

Plot weight v. score v. parameter 

END 

Figure 2. Flow chart of setup file for a family of trusses.  The program uses a 
double loop in order to include all possible performances of a family of trusses.  
A different setup file exists for each family. 
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Other functions are universal in these set of programs.  One function calculates the minimum 
widths of each member needed in order to ensure the member will not fail when the load is 
added to the truss.  Since the actual width of the members constructed is constrained by the 
available widths of the materials, another function changes the widths of each member to one of 
the standard widths.  The lengths of each member are calculated through a simple function 
consisting of the distance formula.  The function calculating the widths of each member also 
determines what each member should be constructed from.  The function determines the member 
to be constructed from plastic if it is in tension and aluminum if it is in compression.  It 
calculates the costs of each member and the total cost of the truss using the length and width of 
each member, material density, and material cost.  

Truss Family 1 
Each truss in Truss Family 1 consists of four members.  The parameter that is being changed is h, 
where h is the distance between the lower bar and the upper bar (Figure 3).  The lower bar, 
Member 1, is horizontal, 48 inches long, and 36 inches off of the ground.  The upper bar, 
Member 4, is horizontal, 32 inches long, and is h inches above the lower bar.  Members 1 and 4 
connect the truss to the I-beam.  One of the other two members, Member 3, extends from the 
right end of Member 4 to the right end of Member 1.  The final member extends from the right 
end of Member 4 to the left end of Member 3.  The lengths and angles of inclination of Member 
2 and 3 are dependent on h.  

 

Figure 3.  Schematic of Truss Family 1.  The parameter that changes is h, the distance between 
the lower and upper bars.     
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Figure 4.  Graphs of forces in each member of Truss 1.  The weight being lifted is 700 lbs.  Each 
graph depicts the total force in the member as the parameter h increases.  

 

Figure 5. Total cost of Truss.  The graph depicts the increase in total cost as the parameter h 
increases. 



 

10

   

Figure 6.  Graph of Score v. Weight v. Height.  This graph displays the changing performance 
score of the truss as both the weight lifted and height h increase.  

Truss Family 2 
Each truss in Truss Family 2 consists of eight members.  The parameter that is being changed is 
h, where h is the height of the pulley compared to the height of the lower members (Figure 7).  
Members 1 and 2 are horizontal, 18 inches long, and 36 inches off of the ground.  Members 3 
and 4 extend to the pulley location.  Their lengths and angles of inclination are dependent on h.  
Members 5 and 6 extend from both ends of Member 7 and meet at the intersection of Members 1 
and 2.  They are both on a 45° angle with the horizontal.  Member 8 is vertical, 18 inches in 
length, and connects the rightmost ends of members 2 and 7.  Members 1, 6, and 7 connect the 
truss to the I-beam.  



 

11

  

Figure 7. Schematic of Truss Family 2.  The parameter is h, the height of the pulley above the 
lower bar.  The overall height of the truss remains at 18 in.  

 

Figure 8. Graphs of forces in each member of Truss 2.  The weight being lifted is 700 lbs.  Each 
graph depicts the total force in the member as the parameter h increases. 



 

12

  

Figure 9. Total cost of Truss.  The graph depicts the increase in total cost as the parameter h 
increases.  


