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Dear. Dr. Labossiere, 

 

On behalf of Team 6 in the 2014 MECH 4860 class, I am submitting to you our 

report entitled “Breathing Mannequin Pump System.” This report describes the 

pump system we designed that will enable Price Industries Ltd. to build a 

prototype that accurately replicates human respiration in their indoor testing 

environments. The design was developed to meet our Client’s needs, as 

established at the initial meeting with our Client on Sept. 18, 2014.  For more 

information about consultations with our Client and the process of selecting the 

concept for our design, refer to our Phase I and Phase II reports, respectively.  

For information regarding our working schedule we have included our Gantt chart 

and work breakdown structure in Appendix A. 

 

If you have questions regarding the content presented in this report, please 

contact me at any time.  

 

Sincerely, 

Katherine Trotter 

Team 6, Project Manager 

Phone:  

Email:  



Executive Summary 

Over the past three months, Team 6 has worked with Price Industries Ltd. to develop a pump system 
that accurately simulates the breathing of a human in an indoor environment. The objective of our 
project was to replicate human respiration in terms of flow rate, temperature, CO2 composition and 
exit velocity. To develop our design, we studied the breathing thermal mannequin project completed 
by the 2013 design team. 

To create a suitable design, we outlined our objectives; target specifications; requirements, 
constraints and limitations; and developed a project schedule. Subsequently, we proceeded to 
determine ways to meet our Client’s needs. The potential solutions were screened and scored, which 
enabled us to determine the most feasible solution. Finally, we completed the project by producing a 
bill of materials (BOM), as well as 3D models and engineering drawings of our design.  

Our final design consists of a pump, a pressure tank with a CO2 injection system, a timed solenoid 
valve, a heating system, and a nozzle. Ambient air enters a diaphragm pump that has a displacement 
of 6 L/min, thus replicating the flow rate of human respiration. Air from the pump then mixes with 
CO2 inside a 1-gallon pressure tank. After mixing, the air and CO2 then leave the tank via a solenoid 
valve. This valve is programmed electronically to open for 2.5 seconds at 5 second intervals to 
replicate the exhalation rate of a human. The air then moves through a heating system which 
consists of a copper tube wrapped with a heat cord with a length of 10 ft. and an outer diameter of 
1/2” to reach the target air temperature of 33°C. The heating system is supplemented with thermal 
insulation and a PID controller. Finally, the air exits at the required velocity via a nylon wye 
connector, which serves as a nozzle that separates the flow. The flow separation permits the air 
mixture to have the same exit velocity as that in human respiration. The velocity characteristics 
replicated are the velocity magnitude of 1.41 m/s; and the exit angles of 60° and 69° below the 
horizontal relative to front and side views, respectively. All components of our system are available 
off-the-shelf as requested by our Client, with a total cost of $1570.57 CAD. 

Initially, part of our project scope included building a prototype. Although we did not build a 
prototype due to time constraints, we have created a complete model of a system. By using our 3D 
model, engineering drawings and BOM, the Client can readily procure the required components and 
build the system.  
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1 Introduction 
Price Industries Ltd. (the Client) is an industry leader in air distribution products and services. The 
goal at Price Research Center North (PRCN) is to accurately represent the indoor environments in 
which its products operate. The problem the Client wishes to resolve is that they are currently 
unable to accurately simulate humans breathing in an indoor environment. To create more accurate 
test data for the research conducted at PRCN, it is critical to be able to model environments to more 
accurately replicate real life situations in the laboratory. One step being taken to accomplish this goal 
is to replicate humans being present in an indoor environment. PRCN currently uses thermal 
mannequins to simulate how skin temperature influences air in the ambient environment. Next, 
PRCN would like to examine how CO2 generated from a human is ventilated out of a testing 
environment. To replicate the presence of humans in an indoor environment, the Client wishes to 
integrate the use of the thermal mannequins with a system that simulates a human’s breath.  

In the fall of 2013, an Engineering Design team was hired to perform research and provide a report 
on the necessary specifications and requirements of a pump system that accurately replicates a 
human breathing. The next step in the process was for our design team to study the work done by 
the previous team, and develop a model for a pump system that meets the needs of the Client. We 
were also required to provide manufacturing plans to replicate the design.  

1.1 Project Objectives 
The purpose of this project was to design an air pump for Price Industries Ltd. that accurately 
replicates human respiration. Categories of our project objectives are listed below and include 
timeframe and deadline; funding; and size and weight. 

• Timeframe and Deadline 
 Design to be completed by December 1st, 2014. 

• Funding 
 Project to be fully funded by Price Industries with a flexible cost of $1,000-$2,000 

CAD. 
• Size and Weight 

 No size restriction outlined. Prototype to be mobile. 
 Maximum weight of 50 Ib. Prototype to be lightweight. 

1.1.1 Requirements, Constrains and Limitations 
The scope of the project has been refined from 2013, and changes to the constraints and limitations 
have been adapted accordingly. The current list of limitations and constraints was outlined by Price 
Industries’ research and development manager, Tom Epp, P. Eng on September 18th, 2014 [1]. 

Our Client has recommended that overly complex solutions be avoided. A significant change is that 
the apparatus is not required to be internal to the mannequin; this removes a major size constraint. 
The objectives of the project are discussed in the following subsections and are grouped by function; 
environment; size and weight; and cost and manufacturing. 
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1.1.1.1 Function 
The functional features of human respiration that our prototype must replicate are identical to last 
year’s. These parameters include the following: 

• Exhale temperature 
• Exhale velocity 
• Exhale flow rate 
• Exhale carbon dioxide (CO2) content 

Inhalation of the mannequin and production of moisture content is outside the scope of this project. 
Furthermore, an analysis of the design’s lifespan is not necessary, as specified by Tom Epp [1]. 

1.1.1.2 Environment 
The breathing simulator will be used in an indoor testing environment at Price Industries Ltd. 

1.1.1.3 Size and Weight 
When the project was proposed in 2013, the pump system was initially intended be contained within 
the mannequin. Due to a change in the 2013 project scope, the pump system may be external to the 
mannequin’s body. Therefore, the system has no size limitation, but should be designed for easy 
mobility.  Specifically, the design must not exceed a weight of 50lbs so that it can be easily 
transported between lab rooms. 

1.1.1.4 Cost and Manufacturing 
The Client has stated that there is flexibility in the prototype’s cost; however, the total budget should 
not exceed $2,000 CAD. The Client has also stated that “off-shelf” components are to be used for the 
design. In addition, the Client requested that custom machining be avoided due to extra costs and 
time [1]. The 2013 design recommendation did not satisfy the requirement for “off-shelf” 
components; therefore, after discussion with the Client, a further constraint was imposed in order to 
seek an off-shelf pump as noted in subsection 2.1.1. 

1.2 Target Specifications 
To ensure that the project was completed to the Client’s satisfaction, the team generated a 
comprehensive list of target specifications to which the pump system should adhere. This list was 
initiated by the 2013 design team and revised as instructed by the Client. The specifications are listed 
in TABLE I. This table is composed of the customer needs, the level of importance of each need, the 
metric by which the need is measured, the unit of measurement of the metric, and the acceptable 
and ideal values of the need. The levels of importance are defined and ranked by the team as 
follows: necessary (5), very important (4), important (3), somewhat important (2), and not important 
(1).  
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TABLE I: A WEIGHTED LIST OF TARGET SPECIFICATIONS FOR THE HUMAN BREATH REPLICATING AIR PUMP SYSTEM 

Ref. # Need Weight Metric Units Acceptable 
Value 

Ideal 
Value 

1 

System intakes and 
outputs the same 
volume of air as a 
human 

5 Flow rate L/min 5.4-6.6 6 [3] 

 
2 

System outputs air at 
the same temperature 
as that in human 
exhalation 

5 Temperature °C 31-35 33 [2] 

 
3 

System outputs the 
same gas composition 
as human exhalation 

5 Gas 
composition 
(CO2) 

% mass 3.1-4.1 3.6% 
CO2 
[3] 
 

 
4 

System outputs the 
same discharge velocity 
magnitude as in human 
exhalation 

5 Bulk velocity m/s 1.27 – 1.55 1.41 

 
5 

System outputs the 
same discharge velocity 
direction as in human 
exhalation 

5 Angle ° below 
horizontal 
from side, 
° from 
centerline 

55-65, 64-74 60, 69 
[2] 

 
6 

System is compatible 
with the current CO2 
emission system 
available at Price 
Industries 

5 Uses existing 
equipment 

Subjective Most All 

 
7 

System is made from 
purchased parts 

5 Number of 
parts 
available for 
purchase vs. 
total number 
of parts 

Binary Pass Pass 

 
8 

System is easily 
transported 

4 Size, mass Binary Pass Pass 

 
9 

System is easily 
assembled 

4 Time to 
assemble, 
assembly 
tools 
available 

Hours, 
binary 

0-2, pass 1, pass 

 
10 

System is easily 
maintained 

3 Time to 
disassemble 

Hours 0-2 1 

 
11 

System maintains an 
acceptable noise level 

3 Noise level 
criterion 

NC 25-35 [5] 25 [5] 
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Ref. # Need Weight Metric Units Acceptable 
Value 

Ideal 
Value 

 
12 

The cost of the system 
is low 

2 Cost CAD 0-2,000 1,000 

 
13 

The weight of the 
system is low 

2 Mass Kg 0-27 23 

 

The team used this list of weighted needs to develop and filter design concepts to arrive at a final 
design. 

1.3 Project Management 
To ensure that we completed the design prior to the Dec. 1st deadline, we developed a work 
breakdown structure and a Gantt chart. These documents are located in the appendix. Initially, the 
project scope included building a prototype. However, due to time constraints, our Client modified 
the scope to only include 3D models and engineering drawings of the system. Although we did not 
build a prototype, our Client can readily procure the required components and assemble the pump 
system from our 3D models, engineering drawings and BOM. 

2 Details of the Design 
Our final design consists of a flow generation system, a pressure tank with a CO2 injection system, 
and a heating system. The design’s operation is as follows.  

Ambient air enters a diaphragm pump that has a displacement of 6 L/min, thus replicating the flow 
rate of human respiration. Next, CO2 is injected into a 1-gallon pressure tank that receives air from 
the pump for mixing. The air and CO2 mixture then exits the tank through a solenoid valve. This valve 
is programmed electronically to open for 2.5 seconds at 5 second intervals to replicate the 
exhalation rate of a human. Accurately timing the valve allows for the flow rate, frequency, and 
composition of human respiration to be replicated. The air then moves through a heating system 
which consists of a copper tube wrapped in heat cord, with a length of 10 ft. and an outer diameter 
(OD) of 1/2” to reach the target air temperature of 33°C. The heating system is supplemented with 
thermal insulation and a PID controller. Finally, the air exits at the correct velocity through a nylon 
wye connector, which serves as a nozzle for separating the flow. Each branch of the system 
replicates a nostril, and enables the air to exit at the same exit velocity as that in human respiration. 
The velocity characteristics replicated are the velocity magnitude of 1.41 m/s; and the exit angles of 
60° and 69° below the horizontal relative to front and side views, respectively. An overall schematic 
of the system is shown in Figure 1. 
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Figure 1: An overall schematic of the breathing system. 

All components of our system are available off-shelf as requested by our Client, with a total cost of 
$1570.57 CAD. A complete cost break down is provided in subsection 2.5. 

In the following subsections, we discuss the details of our flow rate generation system, pressure tank 
and heating system. We will also present individual renders of each system, engineering drawings 
and a cost summary.  

2.1 Flow rate generation 
The purpose of the flow rate generation system is to simulate the flow characteristics of human 
breath in terms of volumetric flow rate, exhale frequency and exhale velocity. The average human 
breathes air at a flow rate of 6 L/min, inhaling and exhaling for durations of 2.5 seconds at a 
frequency of 12 times per minute and with an exhale velocity of 1.41 m/s. The flow generation 
system must accurately replicate each feature of the human breath, with the exception of the 
inhalation frequency since it is outside the scope of the project as stated by the Client[1]. The flow 
generation system is composed of three primary parts: the pump, the solenoid valve and the nozzle. 
Each of these components is described in detail in the following subsections.  

2.1.1 Pump 
The primary constraint for choosing a pump was the 6 L/min flow rate requirement. However, 
because the pump and solenoid valve both have to operate at the same pressure, the choices for 
these components were interdependent. As the solenoid valve only passes air during the exhalation 
period, it operates under an equivalent flow rate of 12 L/min. A solenoid valve was sized to operate 
at 12 L/min under a pressure of 6.5 psig. In order to match these flow conditions, the BTC-IIS, low 
noise diaphragm pump with a long stack brushless motor was selected. An illustration of the pump is 
shown in Figure 2. 
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Figure 2: An illustration of the BTC-IIS, low noise diaphragm pump with a long stack brushless motor used in the pump 
system. 

In addition to meeting the basic flow generation requirements, the pump is oil and grease-free with 
sealed bearings in order to ensure that its operation does not result in the release of contaminating 
particulates into the environment. Clean operation is necessary in order to maintain the integrity of 
the testing environment. 

The pump system meets the needs of the Client as it moves air at a flow rate of 6 L/min, with 12 
discrete exhalations per minute, each lasting 2.5 seconds. The need of developing a system using 
solely off-shelf components is met, as are the design goal of clean operation. 

2.1.2 Solenoid Valve 
The solenoid valve that was selected was the Series 11 model 20 valve from Parker-Hannifin. The 
valve has an orifice size of 0.102” which will allow for a flow of 12 L/min with 6.5 psig in the tank. The 
valve will be timed with a 12 V repeat cycle relay switch that is set to open the valve for 2.5 seconds 
at 5 second intervals, meaning that a net flow of 6 L/min will be met. This valve allows the system to 
meet the needs of the Client in terms of the frequency and flow rate of human exhalation.  

2.1.3 Nozzle 
The purpose of the exhale nozzle system is to split the air flow to replicate the flow out of human 
nostrils. The air flows from the heating system in a flexible 3/8’’ inner diameter (ID) high pressure 
PVC tubing connected to a 3/8’’ nylon barbed tube wye fitting.  The exhale nozzle system directly 
meets the required exit velocity of 1.41 m/s. The nozzle is shown in Figure 3. 
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Figure 3: A render of the wye-joint nozzle system used to provide the correct exhale velocity. 

2.2 Pressure Tank 
A 1-gallon ASME horizontal steel pressure tank purchased from McMaster-Carr is used in the design 
as a mixing chamber for the inlet ambient air and the CO2. The purpose of having a mixing tank is to 
replicate the chemical composition of human breath. The mixing chamber has two inlets, one outlet, 
and one pressure gauge for monitoring pressure within the tank.  One inlet takes ambient air 
supplied from the pump with a 3/8’’ hose to 3/4’’ NPT male barbed adapter. The other inlet injects 
CO2 directly into the system through a 1/4’’ tube to 3/4’’ NPT male barbed adapter. The mixing tank 
used is shown in Figure 4. 

 

Figure 4: A render of the pressure tank used to facilitate the mixing of air and CO2. 

 

2.2.1 CO2 Injection 
The purpose of the CO2 injection is to maintain the required chemical composition of human breath. 
Replicating human breath requires a composition of 3.6% CO2 by mass, which is met by a constant 
injection rate of 0.198 L/min into the mixing tank from the source supplied at Price Industries. The 
CO2 injection system at Price Industries uses a 1/4’’ barbed-tube fitting that connects to the tank 
with a 1/4’’ hose to 1/2’’ male NPT straight adapter. This adapter is shown in Figure 5. 
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Figure 5: A render of the adapter used to connect the CO2 input at PRCN to the tank. 

2.3 Heating system 
The purpose of the heating system is to raise the bulk temperature of the air moving through the 
system to 33°C at the system outlet, which corresponds to the typical bulk temperature reached 
during human exhalation. The heating system is composed of a flexible copper tube around which 
heat cord is wrapped, a thermocouple accompanied by a PID controller, and a layer of thermal 
insulation around the tube and heat cord apparatus. The heating system uses the basic elements of 
the 2013 design, however, the length of the heating cord was shortened and fittings were changed 
to integrate into our design.  

2.3.1 Heat Chamber 
The heating chamber is an apparatus that facilitates the transfer of heat to the air within the system. 
The team used a flexible copper tube with an inner diameter of 22.1 mm, thickness of 1.65 mm and 
length of 1.304 m. Copper was chosen because of its high thermal conductivity, which allows the 
system to quickly reach ‘steady-state’ conditions and operate as designed. Furthermore, copper is 
flexible, so it can be bent to reach the desired outlet location. The diameter was chosen based on the 
maximum diameter of copper tubing available from the supplier, McMaster-Carr. The length was 
chosen in order to allow for the volume of one breath to fit inside the heating chamber for the 
purpose of uniform heating. 

The heat chamber meets the needs of the Client as it allows for the rapid heating of air while having 
a low cost and an easy installation process. 

2.3.2 Heat Source 
The heat source is the mechanism used to supply heat to the air in order to increase its bulk 
temperature. We used the Wraparound Heating Cord by Omega as the method of supplying heat to 
the heat chamber. This heating cord was chosen due to its flexibility and functional operation around 
tubes of small diameter. The heating cord used in the system is shown in Figure 6. 
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Figure 6: A render of the heating apparatus is shown. The system is composed of a heating cord, a copper tube and 
the necessary fittings. 

The heating cord operates by applying a constant heat flux along the cord that is proportional to the 
current supplied. This system allows for the cord to be wrapped around a tube in order to achieve a 
desired heat flux at the outside of the tube. The cord must be wrapped around the tube with a 
constant pitch to ensure a uniform heat flux is provided throughout the heating chamber. This type 
of cord may provide power of up to 260 W, and is therefore well equipped to provide the necessary 
heat rate of 1.54 W. The design team selected the shortest available cord length of 0.9 m. This choice 
was made because the cord can provide up to 64 W, and any greater heat rate would unnecessarily 
increase the cost of the design. 

In performing the calculations for the heat flux required to bring the air temperature to the desired 
outlet temperature, several assumptions were made. The heat transfer was assumed to be steady, 
which is valid if the heat system has been operating for a period of time. The mass of the CO2 was 
assumed to be negligible, as CO2 accounts for just 3.6% of the total mass flow. The ambient air was 
assumed to be at room temperature, 20°C. The properties of air were taken at 26.5°C, an average of 
the inlet and outlet temperatures. Finally, the insulation was assumed to prevent all heat loss, which 
may introduce a slight error. The use of a controller will minimize the error introduced by the 
assumptions. 

The heat source meets the needs of the Client as it provides the heat flux necessary to achieve an 
outlet temperature of 33°C. 

2.3.3 Controller/Thermocouple 
In order to maintain the outlet temperature at exactly 33°C, the CSi32 Series Miniature Benchtop 
Controller from Omega is used. This device uses a PID controller paired with a thermocouple in order 
to maintain the temperature of the user’s choice. After an outlet temperature is specified, the 
controller receives continual input of the temperature from the thermocouple. If the desired and the 
measured temperature differ, the controller adjusts the current through the heating cord, and thus 
the heat flux, so that the specified outlet temperature is reached. The specified thermocouple works 
between temperatures of 0 and 50°C, and maintains the temperature accuracy to within ± 0.4°C 
when used with a J-type thermocouple, which is well within the ± 2°C as targeted in our 
specifications. 
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The thermocouple will be placed just before the nozzle in order to maintain an exhale temperature 
of 33°C. 

This control system meets the needs of the Client, as it ensures the outlet bulk temperature 
requirement is met to a high degree of accuracy. Furthermore, the heat transfer rate at room 
temperature requires only 1.54 W, so the variability in total heat transfer from the cord will allow the 
system to operate in a wide range of ambient conditions.   
 
2.3.4 Insulation 
Thermal insulation is placed around the outside of the heating cord and copper tube. The thermal 
insulation of the heating components serves to minimize heat loss and prevent the heating 
mechanism from interfering with the mannequin. The current mannequin setup uses heat tape to 
simulate the skin temperature of a human. The main purpose of the insulation is to prevent 
interference with the skin temperature of the mannequin. 

The design team selected the Thermo Guard FR Heat and Sound Insulation by Thermo Tec due to its 
ability to maintain proper temperature. This insulation blocks 90% of radiant heat and possesses a 
thickness of 1/4”.  
 
2.3.5 Component Summary 
TABLE II outlines the different systems along with the associated components and purposes in the 
design. 

TABLE II: COMPONENT SUMMARY OF THE DESIGN INCLUDING PURPOSE 

Component Summary 
System Component Purpose 
Flow 
Generation and 
Control 

Pump Generate air flow rate and pressure inside the tank 
Solenoid Valve and 
Relay 

Control exhale breath by repeat cycle relay 

Exhale Nozzle Exhale breath leaves system with required velocity 

CO2 Injection Control constant flow for mixing into the tank to 
accomplish 3.6% CO2 composition 

Mixing 
Composition 

Mixing Tank Regulates pressure tank for mixing air and injected 
CO2 

Temperature 
Generation 

Heating Element Heat transfer through the copper pipe to achieve 
required exhale temperature 

Thermocouple and 
Sensor 

Control heat flux to copper tube from sensor and 
thermocouple 

Insulation Minimize heat loss  
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2.4 Engineering Drawings 
The following are engineering drawings of the pump system. These drawings include a full assembly 
of our system, the exhale nozzle, the pressure tank, and the heating system.  
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Figure 7: Assembly drawing of Pump Apparatus. 
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Figure 8: Bill of materials for pump apparatus. 
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Figure 9: Reference drawing of the BTC-IIS pump to be ordered from Parker-Hannifin. 
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Figure 10: Reference drawing of nylon wye nozzle from McMaster-Carr. 
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Figure 11: Reference drawing of 1-gallon ASME steel pressure tank from McMaster-Carr. 
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Figure 12: Drawing of copper heating tube and heat coil. 
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2.5 Cost Summary of Materials 
The following is a cost summary of the materials to be purchased for the final recommended design. 
The design was below the budget $2000.00 CAD having a total of $1570.57 CAD without taking 
labour or manufacturing costs into account. 
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Table III: COST SUMMARY OF FINAL RECOMMENDED DESIGN. 
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3 Design Summary and Recommendations  
We were tasked by Price Industries to design a pump system that replicates the breathing of a 
human in an indoor environment. The purpose of the project was to accurately simulate human 
respiration so that Price Industries Ltd. can engineer energy efficient air distribution systems to 
ensure the comfort of their customers. To develop a working design, we studied and refined the 
breathing thermal mannequin project undertaken by the 2013 design class. 

Due to the inability to procure materials in the given time frame, the original scope was modified to 
eliminate building and refining a prototype as per the Client’s instructions. We have developed a 
complete model of a system to meet the Client’s target specifications. By using the 3D model, 
engineering drawings and BOM, our Client can readily order the required components and assemble 
the design.   

The system functions as follows. Ambient air enters a diaphragm pump that has a displacement of 6 
L/min, therefore replicating the flow rate of human breathing. Subsequently, air leaving the pump 
and injected CO2 (supplied by Price Industries Ltd.) flows into a 1-gallon pressure tank. The air and 
CO2 mixture then leaves the tank through a solenoid valve. To imitate a human’s exhalation rate, the 
valve is programmed to open for 2.5 seconds at 5 second intervals using a 12 V repeat cycle relay. 
Timing the valve with precision allows for the flow rate, frequency, and composition of human 
respiration to be replicated. The air then passes through a heating system that consists of a 4.3 ft. 
copper tube with an OD of 1/2” wrapped in a heat cord to achieve the target air temperature of 
33°C. The heating system is supplemented with thermal insulation and a PID controller. Finally, the 
air leaves the system at the correct velocity via a wye connector, which serves as a nozzle that 
separates the flow. The separation of the flow permits the air mixture to have an exit velocity and 
distribution similar to exhalation through human nostrils. The velocity parameters replicated are the 
velocity magnitude of 1.41 m/s; and the exit angles of 60° and 69° below the horizontal relative to 
front and side views, respectively. All components of our system are available off-shelf as requested 
by our Client, with a total cost of $1570.57 CAD without taking labour or manufacturing costs into 
account.  
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3.1 Recommendations 
Given more time to refine our design, a list of recommendations that may improve the accuracy of 
human respiration is as follows: 

• Incorporation of a system for replicating moisture content in a human’s breath. 
• System could be engineered to replicate inhalation. One possible method is to use a 

negative pressure tank at the pump’s inlet. 
• System could be altered in order to capture the sinusoidal pattern of human breathing. 
• Pressure switch for the pump to maintain more constant pressure in the tank.  

By incorporating the above recommendations, a pump system could be developed to match human 
respiration to a finer resolution. As a working model is developed and refined, incorporation of these 
recommendations would help PRCN achieve their goal of increasing their test data accuracy by 
simulating humans in their testing environments.  

Although our design can be further refined, we have developed a pump system that meets the 
Client’s needs. Our system was designed to replicate the required features of human respiration, and 
it is fabricated from “off-shelf” components. Furthermore, our design is under the budget of $2,000 
CAD, is not “overly-complex,” and will be easy to assemble due to the manufacturing plans we have 
provided.  
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Appendix A 
Information about the project schedule is given below. Included in this section are the Gantt chart 
and work breakdown structure 
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Figure 1: Work breakdown structure 
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Figure 2: Gantt chart 



ID Task Name Duration Start Finish

1 Phase 1 26 days Mon 14‐09‐08 Fri 14‐10‐03

2  Team Formation 2 days Mon 14‐09‐08 Tue 14‐09‐09

3  Establish Roles & 
Expectations

1 day Mon 14‐09‐08 Mon 14‐09‐08

4  Discuss Projects 
with Advisors

1 day Mon 14‐09‐08 Mon 14‐09‐08

5  Meet with Client 1 day Tue 14‐09‐09 Tue 14‐09‐09

6  Project Definition 
Report

22 days Mon 14‐09‐08 Mon 14‐09‐29

7  Distribute Report 
Tasks

1 day Thu 14‐09‐18 Thu 14‐09‐18

8  First Draft 3 days Fri 14‐09‐19 Sun 14‐09‐21

9  Editing/Compiling 3 days Mon 14‐09‐22 Wed 14‐09‐24

10  Final Draft 5 days Thu 14‐09‐25 Mon 14‐09‐29

11  Phase 1 Oral Report 10 days Wed 14‐09‐24 Fri 14‐10‐03

12  Distribute Oral 
Report Tasks

1 day Wed 14‐09‐24 Wed 14‐09‐24

13  First Draft 3 days Thu 14‐09‐25 Sat 14‐09‐27

14  Editing/Compiling 1 day Sun 14‐09‐28 Sun 14‐09‐28

15  Practice 
Presenting

1 day Sun 14‐09‐28 Sun 14‐09‐28

16  Presentation 5 days Mon 14‐09‐29 Fri 14‐10‐03

17 Phase 2 25 days Tue 14‐09‐30 Fri 14‐10‐24

18  Preliminary 
Prototype Creation

20 days Tue 14‐09‐30 Sun 14‐10‐19

19  Concept 
Generation & 
Research

20 days Tue 14‐09‐30 Sun 14‐10‐19

20  Brainstorming 3 days Tue 14‐09‐30 Thu 14‐10‐02

21  Idea 
Refinement

9 days Fri 14‐10‐03 Sat 14‐10‐11

22  Concept 
Selection

9 days Sat 14‐10‐11 Sun 14‐10‐19

23  Perform Cost 
Analysis

1 day Sun 14‐10‐19 Sun 14‐10‐19

24  Conceptual Design 
Report

9 days Thu 14‐10‐16 Fri 14‐10‐24

25  Distribute Report 
Tasks

1 day Thu 14‐10‐16 Thu 14‐10‐16

26  First Draft 5 days Thu 14‐10‐16 Mon 14‐10‐20

27  Editing/Compiling 2 days Tue 14‐10‐21 Wed 14‐10‐22

28  Final Draft 2 days Thu 14‐10‐23 Fri 14‐10‐24

29 Phase 3 37 days Mon 14‐10‐27 Tue 14‐12‐02

30 Design Refinement 10 days Mon 14‐10‐27 Wed 14‐11‐05

31   Make Incremental 
Changes

7 days Mon 14‐10‐27 Sun 14‐11‐02

32  Verify Final design 3 days Mon 14‐11‐03 Wed 14‐11‐05

33  Develop Final Model 4 days Tue 14‐11‐18 Fri 14‐11‐21

34   Prepare Engineering 2 days Tue 14‐11‐18 Wed 14‐11‐19

35   Perform Final Cost 
Analysis

2 days Thu 14‐11‐20 Fri 14‐11‐21

36  Final Design Report 31 days Sat 14‐11‐01 Mon 14‐12‐01

37   Distribute Report 
Tasks

1 day Sat 14‐11‐01 Sat 14‐11‐01

38   First Draft 19 days Sun 14‐11‐02 Thu 14‐11‐20

39   Editing/Compiling 2 days Fri 14‐11‐21 Sat 14‐11‐22

40  Submit draft 1 day Mon 14‐11‐24 Mon 14‐11‐24

41 Finish Report 2 days Thu 14‐11‐27 Fri 14‐11‐28

42  Poster & Final Oral Rep 12 days Fri 14‐11‐21 Tue 14‐12‐02

43 Make and refine 
poster

8 days Fri 14‐11‐21 Fri 14‐11‐28

44   Distribute Oral 
Report Tasks

1 day Mon 14‐11‐24 Mon 14‐11‐24

45   First Draft 3 days Tue 14‐11‐25 Thu 14‐11‐27

46   Editing/Compiling 1 day Fri 14‐11‐28 Fri 14‐11‐28

47   Practice Presenting 1 day Sat 14‐11‐29 Sat 14‐11‐29

48   Presentation 1 day Tue 14‐12‐02 Tue 14‐12‐02

49

50

51
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Figure 2: Gantt chart
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