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Abstract:


The purpose of this paper is to inform the reader about the procedures used to design and manufacture a yeast cultivator.  This includes the design process, beginning with the need statement and ending with the final manufactured product.  Also covered is the development of  the Web Page and an Operations Manual.   

Introduction:


The goal for the second semester in EML 4043 II was to develop the Yeast Cultivator designed in the first semester.  This included obtaining the necessary materials and components in which the system would be manufactured.  Upon receiving the materials each part was to be manufactured through precise machining.  The next step was to assemble the parts according to the assembly procedure.  After the cultivator was assembled the light and temperature tests were performed.  An operations manual was created to provide step by step procedures to set up and perform the desired experiments.  The information in this report and in previous reports can be viewed on the project web page.  

Scope:

Our sponsor, Dr.Haik, requested that a device be designed and built in order to cultivate yeast under a variable magnetic field.  This device must be able to measure the luminescence emitted as well as the CO2 released by the yeast while growing.  Constant temperature observation of the medium is another measurement requirement of the device.

In order to accomplish Dr.Haik’s objectives, certain device specifications must be met.  First, the environment where the yeast is growing must be “light tight” in order to insure that the photo sensor will not be influenced by external light and, thus, provide for an ideal growing environment.  Next, the temperature of the medium must be kept constant to better analyze the system.  An increase in temperature will optimize yeast growth and a decrease in temperature will minimize the background count rate.

Background:

Quickenden and Que Hee were inspired from a long-standing controversy dating back to 1937 debating the existence of a weak UV luminescence emitted by organisms that are not normally classified as bioluminescence.  In 1974, Quickenden and Que Hee designed an instrument to determine whether the emissions are due to reactions associated with fermentation or respiration.  Experiments were also designed to ascertain whether the luminescence arises from within the yeast itself or from substances secreted into the nutrient medium by yeast growth.

Dr.Haik has previously experimentally demonstrated that yeast grows 30% faster when placed in a high magnetic field.  A question arises; does the increased growth rate due to the magnetic field increase the luminescence given off by the yeast?  Furthermore, do the combined growth rates increase similarly?  Our project is to build a device that will allow yeast to grow in a high magnetic field and take measurements of the luminescence emitted by the yeast as it grows.  This device will demonstrate weather or not there is a relationship between the increased growth rate of yeast and the luminescence it produces.   By designing and producing this device, allows Dr. Haik to continue with his testing to determine solutions to previous questions and offer valuable assistance to the pharmaceutical profession.

WBS/Schedule:

In order to meet the milestones and insure the completion of the yeast cultivator, a work breakdown structure (WBS) and a schedule were created.  The WBS breaks the down the design process into to tasks, which are then assigned to each individual member.  The distribution of tasks was determined by the group members experience and interest. The duration of particular tasks was decided according to the difficulty of the assignment.  From the WBS a more detailed structure was produced in order to provide a guideline for feature events.  This detailed structure is known as a schedule, which incorporates task duration, starting dates, milestones, and current.  A copy of the WBS is in the appendix (Table 1). The WBS is an outline of the six main tasks for the completion of the project, three of which will be finished by the end of the semester. 

Need Statement:

A light tight device for growing yeast is desired. The device must be operated in a resistive magnet with variable high magnetic field. The device must also be able to measure the luminescence produced by the yeast outside of the test chamber of the magnet.  The temperature of the environment for the yeast must be 23 degrees Celsius.     There should be a way to take samples of the yeast while remaining in the bore of the magnet (81.93 cm below the top of the magnet) without disturbing the controlled environment.  The device must have an outer diameter no greater than 19.5 cm.  The experiment must be able to run a minimum of 15 hours; the environment must be supplied with oxygen throughout the test.

Specifications: 

Along with the needs given in the need statement there are also other requirements (specifications) that may be met.  The development of specifications may be considered the last step in defining the problem.  The specifications are set in terms of precise limits to quantify what the design must achieve.  The specifications for this design project are found in the appendix (Table 2).

Quality Function Deployment Method (QFD):

The quality function deployment method is defined as the strategic arrangement throughout all aspects of a product of appropriate characteristics according to customer demands.  The QFD is essentially concerned with the translation of customer requirements into engineering characteristics.  The QFD method involves identification of the customer requirements in terms of product attributes and then determining the level of importance of each one.  Drawing a matrix of product attributes against engineering characteristics and rating the relationship between them will complete this area of the process.  Engineering characteristics may have relationships between each other, this is called the house of quality.  Table 3, found in the appendix, illustrates the QFD for the yeast cultivator. 

Function Analysis:

It is important to break up the design problem into several functions in order to gain a better understanding of the problem.  Function analysis was used to decompose the cultivator problem into three main functions: environment, sampling, and structure.  These were then broken down further into many individual sub-functions.  A function tree was then used to display these functions and sub-functions because it was a clear way to identify the relationship/interdependency between each sub-function.  This function tree is displayed in the appendix (Figure 1).

Morphological chart:

Developing a design requires that the design problem be increased into several different concepts before the final design is narrowed to one solution.  A method for accomplishing this task is by forming a morphological chart.  A morphological chart is a list of means to achieve the function desired.  As many methods as possible for each function should be entered.  Once finished, the morphological chart contains the complete range of all theoretically possible different concept forms for the product.  This complete range of concepts consists of the combinations made up by selecting one function at a time.  The morphological chart for the yeast cultivator is illustrated in Appendix.  From the morphological chart different conceptual designs were generated.

Concept Generation:

Generating conceptual designs is achieved by selecting a mean for each function and combining them to form concepts.  These combinations are existing solutions; some new solutions, and some impossible solutions.  During the process it is necessary to identify potential solutions for further consideration.  Using this method three concepts for the cultivator were developed.  A schematic drawing of each concept was then created to grasp a better understanding of each individual concept.  The final concept can be viewed in the appendix ( Figure 2 )

Concept selection (Pugh Method):

Our concept selection utilized a decision matrix method (Pugh method) which is based on comparing the needs or wishes with the concepts.  Concepts chosen for this matrix must meet two requirements.  First the concept must be feasible to both the customer and engineering group.  Second the concept must satisfy all of the customer’s needs.  After the concepts has passed the two screening requirements they are evaluated with respect to each other using a fixed reference (datum).  The Pugh method tests each concept for completeness and helps invent new concepts from preexisting ones.

Using this method, the concept chosen for the yeast cultivator was concept number  #2.  After carefully inspecting the negative aspects of this concept using the pugh chart modifications to the design were required.  The pugh chart for the yeast cultivator can be seen in Table 4.

Final concept selection:

Through further analysis of the concept, several negative aspects were found to be inappropriate for the design.  Positive aspects from other concepts were incorporated in this concept to produce the best possible design.  Another reason for modification to this concept was due to revisions made in the need statement and in the specifications.

There were several drawbacks in the selected design in which altercations were needed.  The Photon Multiplier (PM Tube) found in the bottom of the system was discovered to be very sensitive to magnetic fields and was subsequently removed from the bore of the magnet. By removing the PM Tube the shutter was eliminated.  This required that fiber optic cable be used to relay the luminescence signal from the yeast to PM Tube. One feature that was modified was in the sampling tube.  A constraint on the amount yeast being tested and the vertical magnetic field variation led to the redesign of the tube.  The new tube design consists of two concentric tubes in which one is allowed to slide within the other.  A small suction on the inner tube allows a regulated sample to be taken; then the inner tube can be extracted from the device in order to externally test the sample for contamination.  Insulation was added due to a large temperature gradient between the medium and surface of the magnet bore.  The insulation was installed on the inside surface of the water jacket.  A detailed schematic drawing of this concept is shown in Figure 3 and a complete schematic of the entire system is in Figure 4.

Working Environment:

A resistive magnet will be used to produce a variable magnetic field in which to grow the yeast.  With this constraint, a better understanding of the resistive magnet was necessary.  In the appendix is the schematic for the magnet used in this experiment (Figure 5).  The maximum magnetic field strength of this magnet is 20 tesla.  The axial location of the center of this field is 81.93 cm below the top of the magnet and it remains constant for approximately 3.00 cm above and below the center point.  The radial field decreases exponentially with respect to the distance away from the axis of the bore.  The operating temperature inside the bore of the magnet is approximately 8 degrees Celsius and the diameter of the bore is 19.56 cm.  The magnet is stored in cell #4 at the National High Magnetic Field Laboratory (NHMFL) in Tallahassee, Florida. 

Material Selection:

A vital decision in our design process involved an investigation in selecting the proper materials.  Selecting the material for the shell casings and the tubing of the device included several constraints due to the working environment.  The casings required a material with particular properties such as: nonmagnetic, low density, high ultimate tensile strength, low cost and low thermal conductivity.  The three possibilities chosen for this material were stainless steel, aluminum, and copper.  From Table 5 (in the Appendix) aluminum was decided to be the most practical for this application primarily due to the difference in price.  In determining the inner tubing, many attributes were taken into consideration.  The primary concern was preventing oxidation of the tubing and contamination to the medium.  Stainless steel was the obvious choice for this function because of its high corrosion resistibility.  The main external tubing requirements consisted of flexibility, low cost and high thermal resistivity.  Length and location of this tubing led to the previous requirements.  The tubing selected for this application was a poly material, which will be easily obtained from any hardware store.  The medium container (cuvett), which sits inside the inner casing, requires Spectrosil grade silica (transparent) and an optically flat base.  The size of the container must not exceed 4-cm diameter with maximum durability.  From these constraints a beaker made from Pyrex was chosen to be most suitable. 

Thermal Analysis:

The system model was analyzed using energy balance. It was broken into two separate models. The first model was used to determine the energy supplied to the system Qin (watts). The second model was used to determine the temperature of the water after it leaves the water bath and the its' mass flow rate. The output temperature of the water should not be less than the temperature of the sample, 23 C. Model 1 and 2 can be view in the Appendix.

Components:

Components were researched individually and chosen depending on the design constraints. A critical obstacle in selecting the components was adjusting theoretical component parameters to the existing manufacturer specifications.  Extensive research and analysis produced the most feasible solution for each element of the design.

Engineering Drawings:

The purpose of generating the engineering drawings was to insure the feasibility of the system and provide help to the machinist in developing the components.  By producing the drawings it will also give a better visual conceptualization of the design of the system.  The drawings were created using Pro E due to the extensive knowledge, simplicity, and easily manipulated properties of the program.  The components produced to date are listed in the appendix.
Obtaining materials/components:


The materials needed to produce the yeast cultivator were acquired from various locations.  The first materials obtained were the shell casings from the Metal Supermarket.  Aluminum tubing was purchased from the hobby shop in Tallahassee.  Gasket material, ½ “ rod, 1” square tubing, epoxy, PVC, a valve was obtained from the Cash and Carry.  The Magnet Lab donated materials for the top and bottom plate, ½ “and ¼” 304 stainless steel tubing, bolts, and some spare G-10.  The insulation (Great Stuff) and the water-bath supply/return tubing were bought from Lowes’.  A syringe, surgical tubing, 3 stoppers, and a culvett (beaker) were purchased from Chem.-Lab of FSU.  The Physics Lab donated the aluminum and PVC stock.  The Fiber Optics and connections were ordered from Thor Labs.  A thermocouple display unit was acquired from Fisher Scientific.  After all materials and components for part production were obtained, the machining stage began.

Machining: 

Custom parts were needed to provide a sufficient system.  These specific parts were machined using the mill and lathe in the COE machine shops.  Taps, saws and sanders were also used in order to produce the desired components.  Upon completion of the part manufacturing the assembly procedure was created.

System Operation:


An operations manual is developed to provide the user with the means to operate the system.  This manual consists of 4 main topics to follow for easy operation. Step by step procedures used to assemble, operate, and setup the yeast cultivator are listed in the appendix. 

Testing:

The system had to perform two main functions. The first was that it must remain light proof throughout the experiment. The second was that it must provide a temperature-controlled environment. Two tests were preformed on the Yeast-cultivator to verify that it met these requirements. 

The systems’ temperature control was tested by submerging it in an ice bath. The ice bath was used to simulate the cold temperatures of the magnet bore. The yeast was simulated with powdered cheese mixed with water. The powered cheese was chosen to simulate the yeast because of its texture.  During this test the temperatures of the sample and water bath were monitored. The sample started with a temperature of 21 degrees Celsius and the water bath temperature started at 47 degrees Celsius. The first goal of this test was to bring the sample to 23 degrees Celsius, the temperature at which it should be during the actual experiment. The sample reached this temperature after approximately twenty-five minutes. The next goal was to maintain the target temperature of 23 degrees for the sample. This was not easily accomplished at first. When the sample got to its target temperature it tried to over shoot it due to the high water bath temperature. The thermal calculations suggested a water bath temperature of about 31 degrees Celsius. At the time the target temperature, for the sample, was reached the water bath was at 48 degrees Celsius. The water bath temperature needed to be brought down to 31 degrees Celsius to see if the sample would remain at 23 degrees Celsius. This was done by not pumping the outlet water from the system back into the water bath. This water was replaced with cooler however this process was very tedious because the pump was heating the water bath by 0.1 degrees Celsius every three minutes. The best way to maintain the required water bath temperature would be to chill with ice and discard the return water. 

The second test performed on the system was to ensure the test chamber was light tight. For this test the use of a spectrometer was required. An appointment was setup with Dr. Wei at the NHMFL to use his spectrometer. Again the system was assembled, as it would be for an actual yeast experiment. The spectrometer was first calibrated to determine its’ dark current. After this the spectrometer was then ‘zeroed-out’ to give the proper reference for the light measurements. The fiber optic cable was attached to the spectrometer and several light readings were taken. From the initial measurement it appeared as if the fiber optic cable was not attached properly because no light was detected. After testing the cable separately and inserting a light into the test chamber, to get a non-zero measurement, it was determined that the system was completely dark.

Web Page:

A web page detailing all the work on the senior design project was created. It contains all the information gathered to build the Yeast Cultivator. It was written in html with the program 1st Page. This software was found on the Internet and proved to be very versatile.

Conclusion:

The engineering design process was utilized to produce a final design.  The scope provided the Sponsor’s objectives and related experimentation, which laid the foundation for further research.   By creating a schedule and WBS,  a clear concise direction was now apparent.  Specifications are desired  to set boundaries for the design.  For a better understanding of the specifications a QFD chart is deployed.  Function analysis is a common way to view an overall illustration of the device including function dependencies and a revealing  breakdown of the entire system.  A morphological chart was used to conceptualize each function.  From the morphological chart several concepts were generated and subsequently selected using the Pugh method.  Implementing the Pugh method aids in the selection of the final concept.  The final concept was put through a rigorous analysis to insure a successful design.  

Upon selection of the final design, material/components were purchased and custom parts were machined.  The components were then assembled and the entire system was tested to insure it met the desired constraints.  To provide the operator with a step by step operation procedure,  an operation manual was created.  Finally a WebPage was developed to illustrate the entire process used to manufacture a Yeast Cultivator.

Special Thanks: 

There are several steps in the design process. For theses steps to be completed by a team of students it requires the help of a lot of outside assistance. The design and production of the Yeast Cultivator required help from professors, machinists, technicians, and other specialists. The sponsor of the project, Dr. Haik  along with Dr. Shih  helped setup the thermal analysis to model the system. Carolyn (MDTC) helped purchase and locate many items. Tim and John, from the machine shop, was extremely helpful in welding, material donations, and machining components. Bill Kincanon also helped by donating his time, materials, and use of his shop. Bob Walsh and Mike Haslow(NHMFL) also donated several vital components to the group. Dr. Wei (NHMFL) help chose, locate, assemble, and test the fiber optic components for the system.   

Appendix:

Table 1:This table shows the individual work bread down of each person and approximately how long each task will take.

Activity

Responsible
Input
Output
Time

1.0 Projects Assignments
Team
Customer Requirements
Specification Table
14


1.1 Need Statement         
"





1.2 Clarification of Needs 
"






1.2.1 Specifications                          
"




2.0 Research & Conceptualization
Team
Specification Table
Preliminary Design
7


2.1 Concept Generation   
"






2.1.1 Morphological Chart                 
Kevin






2.1.2 Concept Selections (1-3)          
Team






2.1.3 QFD                                        
Andrew






2.1.4 Concept Selected                     
Team




3.0 Design of Concept
Team
Preliminary Design
Design Details
27



Activity

Responsible
Input
Output
Time


3.1 Material Selection     
"






3.1.1 Heat Transfer Calculations        
Kevin






3.1.2 Field Strength Calculations        
Andrew





3.2 Material Location      
Kevin





3.3 Component Selection
Team






3.3.1 Operating System                    
James







3.3.1a LabView                 
"







3.3.1b C++
"







3.3.1c Qbasic
"






3.3.2 PM tube
James






3.3.3 Magnetic Shielding
"






3.3.4 Thermocouple
"






3.3.5 Wiring
"






3.3.6 Fiber Optics/Connections
Andrew




4.0 Product Development
Team
Design Details
Design on Paper
46


4.1 System Drawings
Andrew





4.2 Order/Machining Materials               
Team




5.0 Product Construction
Team
Design on Paper
Yeast

Cultivator



5.1 Assembly            
"





5.2 Testing                
"




6.0 Deliver Product
James




Table 2: Specification Table

Changes D or W                       Requirements                                      importance










    (1=L, 10=High)

                D                                Light tight container            
          
             10

                D                                Luminescence



 10

                D                              Resistive magnet


 10

                D                 Stable environment for growing yeast

 10

                D                Medium temp of 23 degrees Celsius
           

 10

                D          Sample yeast without disturbing environment

 10

                D             Sample must remain in bore of magnet  

 10

                D               Outer diameter no greater than 19.5 cm.

 10

                D                           run a minimum of 15 hours                      
 10

                D                     Light error calibration for device
            
 10

                D                          Supplied with oxygen                  
             10

W 



         Easy to operate



8 


W 




 Light weight



5

W 




    Durable

  

7

W 




   Portable



6

W 



     Parts are easy acquire


3

W 


      Easily accessible interior (sensor)


9

W 


             Stable yeast container

           10

W 


        Constant cross sectional area


5

W 



     Nonmagnetic material


8

W 




   Low cost



4

W




 Maintainable



8

W



Accessibility to test chamber


9
Table 2: The QFD for the Yeast Cultivator

Assembly time (min)
Weight (lb)
Operation time (hr)
Strength of field (tesla)
Young's modulus (KPa)
Shipping time (Days)
Steps to set up experiment (#)
Area of contact surface (m^2)
Non-magnetic (breakdown field strength)
Sales-Price (dollars)
Response time (sec)

Light tight container 


X



X





Luminescence measuring device
X
X
X


X
X
X
X
X
X

Variable magnetic field
X
X
X
X

X
X

X
X
X

Stable environment for growing yeast

X
X



X

X

X

Sample yeast

 without disturbance 


X



X
X




Light error calibration for device
X
X
X



X
X
X

X

Easily maintain
X
X
X



X





Accessible test chamber (yeast)
X





X





Easy to operate
X

X
X


X
X
X
X
X

Lightweight 
X
X


X

X

X
X


Durable

X


X







Easy to vary field strength
X
X
X
X

X
X

X
X


Portable

X



X






Parts are easy to acquire
X




X


X
X


Easily accessible interior
X





X





Stable yeast container
X

X




X




Constant cross sectional area in test container
X
X




X
X

X


Non-Magnetic material

X








X

Low cost



X
X
X


X
X


Shutter operates easily
X
X
X



X


X
X

Function Analysis:
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Figure 1: Function tree of the design process.

Morphological Chart
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Table 4: Shows the first revision Pugh chart used for the final concept selection.  Concept II is the best concept and therefore selected for concept regeneration.  



Concept


Criterion
Wt
I
III
II

Easily maintain
8
0
+


Accessibility to test chamber (yeast)
9
0
0


Easy to operate
8
-
0
D

Lightweight 
5
0
0


Durable
7
0
0
A

Portable
6
0
0
T

Parts are easy to acquire
3
0
0
U

Stable yeast container
10
0
-


Constant cross sectional area in test container
5
0
0
M

Non-Magnetic material
8
0
0


Low cost
4
-
0


Total +

2
1


Total -

3
2


Overall total

-1
-1


Weighted total

-3
-11
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Figure 2. Concept 2 Cylindrical Yeast Cultivator with external magnetic field
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Figure 3: Proe assembly drawing of the final concept.
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Figure 4: Overview of system
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Figure 6: A schematic of the resistive magnet housed in the NHMFL with maximum field strength of 20 tesla.

Table 5.  Comparison of Properties

Materials
Density 
UTS 
Yield 
Thermal 
Magnetic 


 (g/cc)
 (Mpa)
Strength (Mpa)
Conductivity (W/m*K)
Susceptibility

Copper
8.89
307
217
398
-0.000096

Stainless Steel
7.6
744
385
12
----------

Aluminum
3.96
310
345
28
-0.000037

Model # 1

Determine the amount of energy, in watts, needed to maintain the sample at 23 C. Determine the thickness of the insulation that will give optimal thermal resistance for the available area. The temperature of the water will be given an initial  value close to that of the sample.  This temperature will be checked for accuracy in Model  # 2.

Given:  The sample must remain at 23 C.   The surrounding temperature is 8 C. The wall thickness is the same for each cylinder, .3175 cm. Initial trial value for the water temperature is 30 C. The height of the system (outer shell) is 25 cm.

Assumptions: Steady state, one dimensional heat flow, no convection on outside wall, the energy into the system is equal to the energy going to the sample and the outside wall,     Qin = Qoutside + Qsample  .
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Calculations-Figure 7. Thermal flow with known temperatures

Given temperatures for the sample, outside wall , and the supply water.
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Thermal conduction factors for aluminum and the insulation
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L is the height of the system, X1-4 are the wall thickness, w's are the thickness for the two insulation layers and the water jacket. The r's are the values for the the radii. See Figure 8 below. 
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Thermal resistance approach Q = Ti  - Tf  / Rtotal. The flow of energy, for this model, goes to the left and to the right. It was for this reason the model was analyzed in two parts, the left and the right. Each side having different thermal resistance due to their different geometry. 
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Calculations-Figure 8  Cut away of the Resistance network for one side

Resistance equations for the cylindrical shells
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Resistance Totals: The Rleft corresponds to the shells and insulation closest to the magnet bore and the Rright corresponds the shells and insulation closest to the sample.
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Energy balance equation for the system
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Model # 2

Determine the exit water temperature to verify that it is not lower than 23 C. Chose a pump that will give an exit water temperature of approximately 23.5 C. 

Given: Input energy, as determined from Model # 1. Initial temperature, heat capacity of water, mass flow rate for six different pumps. (210gph, 350gph, 450gph, 700gph, 750gph, 1200gph)

Assumptions: No heat loss in pipes, no mechanical energy losses in pipes.

Q=mC(Ti-Tf)
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Calculations-Figure 9.  Pump system with input and output water paths.

Mass flow rate for six pumps. Given in gallons per hour, converted to kg per second.
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Given values: Heat capacity for water and initial inlet temperature for the supply water. The SI units are kJ/kg and C, and watts respectively.
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The mass flow rate is varied to incorporate all the listed pumps above. This will allow the outlet temperature of the water to be graphed as a function of the mass flow rate. Mass flow is in SI, kg/s.
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The mass flow rate determined from graph below was between 0.37082 kg/s and .40082 kg/s. This corresponds to 300 gph and 400 gph pumps. Some head loss will be expected, for this reason the pump with the greater mass flow rate will be selected. The exit water temperature used for the pump selection was between 23.84 C and 24.07 C.
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Pump: 400 gph

Exit Water Temperature: 24.2 C
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 Calculations-Figure 10.   Graph showing the final temperature vs the mass flow rate

The calculations presented here were used to determine system parameters for the design of the yeast cultivator. The system models were developed with the help of Dr. Haik, see Appendix M Meeting notes. Revisions may be done on these calculations as the system develops. 

Calculations by : James Sizemore

Approved and Checked  by: Andrew Parry
The energy required for the system to be in steady state is 4.9 watts This is for an initial temperature of 27 C. These values will now be substituted into the next set of calculations to determine the mass flow rate and ultimately the pump.

Operation Manual:

Assembly Procedure:

1) Screw the fiber optic adjustment screw to the bottom plate with unthreaded portion pointing to the outside of the cultivator (approximately half way threw).

2) Screw the top of the fiber optic adjustment screw to the fiber optic adjustment screw with larger diameter of the top facing up (use super glue or silicon tape to secure the top of the fiber optic adjustment screw to the fiber optic adjustment screw).

3) Slide one end of the fiber optic cable threw the adjustment screw.

4) Screw the end of the fiber optic cable, which exits the top of the adjustment screw, to the connection on the fiber optic slider.

5) Slide the fiber optic slider threw the three G-10 struts with fiber optic cable facing down.

6) Make sure the top of the adjustment screw seats flush with the fiber optic slider.

7) Align the three holes of the fiber optic support top with the three G-10 struts and press together (it should be a tight fit so press hard).

8) Swing the fiber optic safety arm into place and tighten the screw (this prevents the adjustment screw from separating from the fiber optic slider).

9) Position the water jacket so the bottom faces up (this is when the two ½ inch threaded holes are facing down)  

10)  Apply gasket sealant to the water jacket surface (use sealant sparingly and DO NOT allow the sealant to enter holes). 

11)  Place the bottom gasket on the bottom of the water jacket (align the holes).

12)  Apply gasket sealant to the bottom gasket surface (use sealant sparingly). 

13)  Insert the fiber optic support assembly into the water jacket (align the holes of the bottom with the water jacket and gasket holes) and press together.

14)  Screw in all five ¼ inch –20 stainless steel bolts until snug (DO NOT OVER TIGHTEN).

15)  Wipe excess sealant from water jacket.

16)  Turn the entire unit upside down and slide it on the stand (fiber optic adjustment screw slides threw the slot in stand).

17)  Insert two aluminum (5/32 inch diameter-2.25 inch length) tubes into cuvett stopper (allow 3/4 inches to hang from the bottom (small end) of the cuvett stopper).

18)  Insert one stainless steel (¼ inch diameter-5.375 inch length) tube into cuvett stopper (allow 3.5 inches to hang from the bottom (small end) of the cuvett stopper).

19)  Attach two surgical tubes one to one of the aluminum (5/32 inch diameter-2.25 inch length) tubes and the other to the stainless steel (¼ inch diameter-5.375 inch length) tube.  The end of the surgical tubes should be attached to the ends of the tubes coming out of the top of the cuvett stopper (set aside).

20)  Insert the ½ inch stainless steel tubing into the top of the water jacket stopper (allow 4.375 inches to hang from the bottom of this stopper and have the bent end of the tube at the top of the stopper).

21)  Insert the two aluminum (5/32 inch diameter-2.75 inch length) and one aluminum (¼ inch diameter-2.75 inch length) tubes into the three holes in the water jacket stopper (allow 1.125 inches of these tubes to hang out from the bottom of this stopper).

22)  Slide the top plate up and press the water jacket stopper threw the plate until the water jacket stopper’s lip rests on the top plate (make sure the flat sides of the water jacket stopper are aligned with the two inside holes on the top plate).

23)  Insert the end of the ½ inch stainless steel tube, coming out of the bottom of the water jacket stopper, into the top of the cuvett stopper (allow 1.25 inches of the ½ inch stainless steel tube to poke out of the bottom of the cuvett stopper).

24)  Insert the thermocouple wire into the aluminum tube coming out of the water jacket stopper.  Slide the wire threw this tube and threw the tube coming out of the cuvett stopper use gasket sealant to plug up the tube exiting the cultivator (allow enough wire to hang out of the tube, so the wire is located in the yeast medium).

25)  Attach the two surgical hoses to the aluminum 5/32 inch tube and aluminum 1/4 inch tube.

26)  Use silicon to seal the water jacket stopper to the top plate (silicon both the bottom and top).

27)  Check the distances in steps 15,16,18,19 and 20.

28)  Align the holes on the bottom of the cultivator support assembly with the two inside holes on the top plate.

29)  Screw the cultivator support assembly to the top plate using two stainless steel ¼ inch-20 screws (DO NOT OVER TIGHTEN).

30)  Apply gasket sealant to the water jacket surface (use sealant sparingly and DO NOT allow the sealant to enter holes). 

31)  Place the top gasket on the water jacket top (align all of the holes).

32)  Apply gasket sealant to the top gasket surface (use sealant sparingly).

33)  Insert the cuvett stopper into the cuvett (press tightly into place).

34)  While holding the cuvett into place, insert cuvett into top of water jacket and threw the hole of the fiber optic support top (press down on the top plate).

35)  Screw in all five ¼ inch-28 stainless steel bolts half way down.

36)  Wipe excess sealant from water jacket.

37)  Screw in the two inlet and outlet tubes (apply silicon tape to their threads for a water tight seal).

38)  Screw down the five screws on the top until snug (DO NOT OVER TIGHTEN).

39)  Attach the clear ¼ inch tubing to one end of the sampling insertion rod and ¼ inch surgical tubing to the other.

40)  Slide the small rubber stopper on to the sampling insertion rod (apply Vaseline to the sampling insertion rod to allow for smoother sliding). 

41)  Attach the syringe to the free end of the surgical tubing.

42)  Attach the sampling tip to the free end of the clear tubing.

Setup Procedure:

1) Attach the two clear ½ inch hoses to both the inlet and outlet tubes, located on top of the water jacket (use three zip ties per connection to hold in place).

2) Attach the CO2 hose to the aluminum CO2 tube (located on top of the cultivator).

3) Attach the oxygen hose to the stainless steel tube (located on top of the cultivator).

4) Attach the cultivator insertion rod to the cultivator assembly mount by screwing the rod in.

5) Attach the insertion rod support to the insertion rod and insert pin.

6) Insert the sampling insertion rod into the PVC tube with the syringe exiting the end of the PVC with out the connector for the sampling tube (slide the tube threw the stopper so that the clear tubing pokes out the other end).

7) Attach the connector end of the PVC pipe to the 1/2 inch stainless steel tube (make sure that the clear tube poking out slides smoothly into the sampling tube). 

8) Insert the free end of the fiber optics threw the bore of the magnet.

9)  Slowly lower the cultivator into the bore of the magnet with the insertion rod and rest the insertion rod support on the outer diameter of the magnet bore. 

10)  Connect the fiber optics to the spectrometer.

11)  Connect the oxygen tube to the oxygen tank.

12)  Connect the inlet hose to the outlet of the pump.

13)  Insert the pump into a bucket full of water.

14)  Insert the outlet hose into the bucket full of water.

15)  Insert the heating element into the bucket of water.

16)  Insert one of the thermocouple wires into the bucket of water.

17)  Connect the thermocouple wires to its display unit.

Operation:

1) Turn on the heating element and allow the bucket of water to reach a steady state temperature of 30 deg.

2) Turn on the magnet

3) Turn on the pump

4) Turn on the spectrometer

5) Turn on the thermocouple display unit

6) To take samples simply insert the sampling insertion rod to the yeast medium and take desired sample with syringe.

7) Slide the insertion rod threw the stopper until the clear tube has cleared the PVC valve and shut the valve off.

8) Then pop the stopper off the PVC pipe and take the entire sampling insertion rod out of the PVC pipe.

9) Reverse steps 8-6 to take another sample.

Disassembly:

1) Perform the opposite of steps 42-35 in reverse order.

2) Pry off the top plate of the cultivator by inserting a screw driver between the top plate and the gasket.  (perform this procedure for the disassembly of the bottom plate as well)

3) Pull off the top plate and set aside.

4) Take out the cuvett.

5) Turn over the water jacket and allow the excess water to drain out.

6) Perform the opposite of steps 26-14 in reverse order.

7) Pry off the bottom plate.

8) Perform the opposite of steps 8-1 in reverse order.

Component list:

1) Fiber optic adjustment screw

2) Fiber optic slider

3) Fiber optics

4) Fiber optic support top

5) Top of fiber optic adjustment screw

6) Fiber optic safety arm

7) Bottom gasket

8) Top gasket

9) Water jacket top

10)  Water jacket bottom

11)  Inlet and outlet tubes

12)  1/4 inch-20 bolts

13)  1/4 inch-28 bolts

14)  G-10 struts

15)  Water jacket

16)  Water jacket stopper

17)  Cuvett stopper

18)  Cuvett

19)  Stand

20)  1/2 inch stainless steel tubing

21)  5/32 inch aluminum tubing

22)  1/4 inch aluminum tubing

23)  1/4 inch stainless steel tubing

24)  Surgical hoses

25)  Cultivator support assembly 

26)  Cultivator insertion rod

27)  Insertion rod support

28)  Clear 1/2 inch hose

29)  CO2 hose

30)  Oxygen hose

31)  Thermocouple wire

32)  Thermocouple display unit

33)  Pump

Engineering Drawing:
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