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Should XEK enter the carburetor business? 

Your friends and you just formed a consulting firm. You know each other from college. You are very good friends and worked together with some of them, but just casual friends with some other ones. You’ve never worked with some of them but some of your friends have. Nevertheless, you formed your consulting business with the interest of pooling together your complementary expertise to make a living for yourself while helping companies be successful. 
Recently, an important local company, XEK, requested your services. The management team of XEK has been advised by some trusted members of their board of directors that the market for small carburetors is ripe and there is much hype about how great of a business opportunity this can be. This claim seems to be accurate based on the market analysis done by XEK. They are quite excited because this could catapult XEK to become a dominant player in the field! However, they do not have the technical expertise to evaluate this business opportunity and hence sought your services based on a recommendation by one of your former college professors.  
The product that is currently dominating the market is the carburetor you have on your hands and pictured here, which fits the engine of 97 cc 2.8 hp dirt bikes that are popular in the market. The company selling this carburetor, AWMS, is particularly secretive about its manufacturing process and are entirely against any kind of licensing agreement. You already did an extensive search and found no references to their processes or materials. You have also reached out to AWMS’ known suppliers but with no success since they are bound by an exclusivity and non-disclosure agreement. All you know is that the business-to-business (B2B) price of a carburetor is US$8 and the lead time for a shipment of 500 parts is three weeks. 
This business opportunity is still highly attractive to XEK and they hire your consulting firm to evaluate its potential. Congratulations! Based on the data you’ve gathered, your team and XEK have concluded that a complete manufacturing operation must be put in place. XEK wants to know a) the investment that must be made to manufacture this carburetor, b) where to invest it, and c) how fast this investment will become profitable. Importantly, XEK has also hired the services of few other consulting firms. They are using this opportunity to evaluate the services of different firms to forge long-term relations with a few of them. As a new player in the field, having XEK’s business in your team’s portfolio is of high priority.

Spoiler Alert! We will analyze the carburetor using this background throughout the semester. We will analyze part by part as we learn new processes. Such analysis will start in class and you will continue it at home on your own or with your team.  I will be providing a guiding framework at the beginning of the semester with the goal of helping you get started. The guidance will be decreasing as we advance in the semester and you get more comfortable. Nevertheless, I will always be available for questions and discussion so don’t hesitate to ask/comment.


INSTRUCTIONS FOR STUDENTS FOR ALL SESSIONS

Student teams will submit responses to these questions (and others you explored, for potential extra credit) as WORD .docx files with name GroupX_Carburetor_YY (where X is your team number and YY is the session number such as 1A, 3, 10, etc.) to XXXX@yoursite.org by the deadline posted in Learning Management System. YOU ARE REQUIRED TO NUMBER THE LINES in your document (Go to Layout – Line numbers – Restart Each page) to facilitate feedback from instructor. One deliverable per team. Your submission will be graded as In-class activities. Only names in deliverable will be given credit. DO not forget the evaluation table for all team members, including self-evaluations.
Instructor is expecting responses that show evidence of meaningful reflection and TEAM discussion (not just an agglomeration of individual analyses) about the questions and related topics. Include quality tables, figures, drawings, equations as necessary. Pictures of hand-drawn figures, equations are not acceptable. Valid references are expected to support any content in the deliverable that is not the students own.



















Session 1. Exploring the context of your challenge and Identifying a Market. 
Guiding framework (some other questions may arise during your analysis process, you are encouraged to evaluate and explore those as well):
1. Getting familiar with the situation: What is a carburetor? How does it work/Why does the assembly of these particular parts make it work?
2. Exploring the context: What are technical, economic, social, etc. parameters to consider in this scenario? What do we know about such parameters? What is not known about these parameters? What can we assume? Why are some unknowns more critical/important that others? Who uses this part? What are usual prices for this part? Why? 
3. Extracting information: What tangible information can we extract from both the scenario described and our reasonable assumptions about it? 
a. What is the functionality of each of its parts? There are many parts in the carburetor. Dissect it to the greatest extent. Clearly present your observations for each part in a neat table so you can have a complete overview for the rest of the semester. In column 1 show a picture of your part (main body of carburetor), column 2 a representative name for it (main body), column 3 a description of the part (gray, complex, soft metal…), column 4 a description of its expected functionality. You can find useful pictures of the carburetor in Canvas.
b. What general physical/chemical characteristics enable each of the parts to meet their functionality and why? (for example: size, surface roughness, intricacy, aspect ratio, coatings, etc.). Include a column 5 in the table with the required physical/chemical/material properties and a column 6 explaining why each of those properties are required for each piece (some of the reasons, but not all, may be repetitive).
c. Where do you think the carburetor was made? Where did you purchase it from? Were all carburetors from your team bought at the same price, or what price range do you have? Are they all exactly the same? What are subtle differences between them? Do you think all the pieces were made and assembled in a single physical location? Or each of the pieces and/or sub-assemblies made in a separate location and then gradually assembled into the carburetor? Would these locations be in the same region/country or dispersed around? Elaborate.
Reminder! We will analyze the carburetor using this background throughout the semester. We will analyze part by part as we learn new processes. Such analysis will start in class and you will continue it at home on your own or with your team.  I will be providing a guiding framework at the beginning of the semester with the goal of helping you get started. The guidance will be decreasing as we advance in the semester and you get more comfortable. Nevertheless, I will always be available for questions and discussion so don’t hesitate to ask/comment.



Session 2: Assembling a list of preliminary specifications for each part and determining material required
Last class you identified the different parts that form the carburetor and how the expected performance from each part depends on their physical/chemical properties as well as the properties of the material they are made of. You also started exploring the context of the situation such as what determines the sale price, the manufacturing location, etc. The goal for today is to synthesize a clear list of specifications for each part and identify possible materials that can be used for their manufacturing. This will set the general framework that will guide you in the process to estimate the best way to manufacture each of the pieces in the carburetor so they meet expected technical, economic, environmental, etc. performance. Some of the specifications will be edited later, as you explore the problem deeper.
Guiding framework (some other questions may arise during your analysis process, you are encouraged to evaluate and explore those as well):
1. Using the information gathered last class, assemble a list of specifications for 5 parts of your choosing. Be as detailed and comprehensive as possible. For example (these values are not necessarily accurate, used as examples here): 
a. The main body of the carburetor must feature an external surface roughness of Ra 12.5 µm, or ISO N10. 
b. The Venturi tube must feature a diameter of 25 mm and an internal surface roughness of ISO N6.
c. The main body of the carburetor must be able to sustain temperatures up to 200 °C.
d. The main body of the carburetor should resist corrosion when exposed to gasoline and oil.
e. See further guidance in document “About setting specifications for your product”…
2. Are all your specifications valid? i.e. why is the value you set for the external surface roughness of the main body of the carburetor justified? Elaborate on your rationale.
3. Based on your analysis of performance and physical/chemical characteristics so far, estimate the material used for each part. Some might be alloys, i.e. Zinc-based allows like Zamak.
4. Estimate the number of carburetors to be made per month and explain your rationale.









Session 3. Assessing the importance of Casting in the making of the carburetor: identification of process, and sketching a mold.
In the last couple of sessions your firm analyzed the context of the situation further, the functionality of each of the parts, and estimated the material used to manufacture each of the pieces in the carburetor. This information should have enabled you to set initial specifications for few of the pieces. Use this experience to derive the specifications for the rest of the pieces as needed. The importance of clear, objective specifications cannot be overstated as these specifications will guide your reverse engineering the process to manufacture the carburetor. Keep questioning the validity of your estimations, useful engineers are open to change their minds when presented new evidence. You now have a good overview of the functionality of each part, and have a general plan to reverse engineer the carburetor and start calculating the necessary investment, where to do it, and time to profit. Useful pictures of parts and assemblies are available in LMS folder.
Guiding framework (some other questions may arise during your analysis process, you are encouraged to evaluate and explore those as well):
1. [bookmark: _Hlk18303933]What parts do you suspect have been cast? Why is that so? Note: casting principles apply to processes where you fill a cavity with a fluid material, as in the case of metal casting and also injection molding of plastics.
2. Let’s focus on the main body of the carburetor. Re-examine your estimation about the material used to make it, how reliable is it? i.e. is Al a viable assumption for the main body of the carburetor or is there a better estimation? Where from will you get such materials into your manufacturing facility? What stock shape will you get (Billets, rods, slabs, pellets, etc)? Why would it be wise to secure more than one provider?
3. The main body has been cast. What characteristics of the piece would let you reach this conclusion on your own? For example, do you see a parting line? Ejector pins? Is this part subjected to high mechanical stresses, impacts? Is this a complex geometry? How about its surface roughness? Is this part a net shape or near net shape? What other observations?
4. 3D Sketch the mold geometry that is necessary to cast the main body of the carburetor.  
a. Where would you place the material inlet, sprue, well, gate, runner, riser(s), core(s), chills, sinks? What geometries would you use for each of these components? 
b. Expendable or permanent mold? Why would you choose one or the other?
5. What material could you use to make the mold to be used for casting the main body of the carburetor? What rationale did you follow to reach such estimate? What are the implications of this decision on the economic feasibility of your process? 





Session 4. Assessing the importance of Casting in the making of the carburetor: designing a mold and a filling operation.
Last session you pinpointed the parts you suspect were made using techniques based on casting fundamentals (including injection molding). The existence of a parting line can be a good indication of casting processes (although this is not universal to all casting techniques and can also apply to forging) as well as surface roughness and complexity of the part (both are good indicators of the kind of mold uses). When analyzing the main body of the carburetor, your team should have identified the general geometry of the mold and its important elements. The sketch of the mold can be challenging, since you will need to visualize the complement of the carburetor. This should be an ongoing and enriching discussion with all your teammates so you can determine the kind of mold (expendable vs permanent), mold geometry (overhangs, taper, dimensions), material, number of parts in the mold, etc. Today you are going to define the mold dimensions and elaborate further on the actual process to cast the carburetor.
A physical model of a mold used to fabricate the carburetor could be useful for you. For example, you could use plaster, clay, sand, and/or foam to replicate the shape of the carburetor and create the model of an actual mold for casting. This model would include sprue, gate, cores, ejector pins and any other elements of interest. The making/modeling of such mold is optional and strongly encouraged.
Guiding framework (some other questions may arise during your analysis process, you are encouraged to evaluate and explore those as well):
1. Let’s keep focusing on the main body of the carburetor… How could you melt the material for casting? What are the implications of your decision on process reproducibility, the properties of the part, its price, and both the cost and environmentally friendliness of the process?
2. How would you transfer the molten material from where you melted it (i.e. manually, robotically, etc) and how will you introduce it into the mold cavity (plunger, pouring, etc)? What is the implication of this decision in the manufacturing of 500 carburetors/week, 500 carburetors/month, 500 carburetors/year? How will your decision affect process reproducibility?
3. What are the dimensions of the mold cavity to guarantee a laminar flow during mold filling? What is an acceptable tolerance of these dimensions, ±1 µm, ±1 mm, ±1cm? Under which process circumstances can these dimensions change, i.e. thermal expansion, scratches, wear, etc.? What is the likeliness of such circumstances? Calculations  are required.
By now you have reverse engineered part of the process to make the main body of the carburetor. Keep applying the same principles to determine the processes to make the other parts you suspect have been manufactured using casting principles, i.e. metal casting, injection molding.





Session 5. Assessing the importance of Casting in the making of the carburetor: estimating solidification time and the microstructure of the part
You have reverse engineered the casting process up to the point where you have a mold cavity full of molten material. Among other parameters, the melting of the material must be optimized to get the desired rheology of the melt, and this rheology must remain relative constant throughout the filling operation. You also now have a better idea on how the dimensions of the mold and the process to be implemented can guarantee a laminar flow throughout the different parts of the mold cavity during its filling. You will now determine if the mold geometry you are considering leads to directional solidification, the time that is necessary to remove the part, and validate that the expected microstructure will meet the functionality of the part.
Guiding framework (some other questions may arise during your analysis process, you are encouraged to evaluate and explore those as well):
1. Let’s keep focusing on the main body of the carburetor. What cooling dynamics are you expecting in your process? Based on this cooling dynamics, what is the expected microstructure of the part? Why do you estimate this microstructure will meet the functionality required out of the part? If not, what changes are necessary? 
2. What is the estimate of the total solidification time of the main body of the carburetor? Why is this value reasonable? How accurate are your calculations? What would be an acceptable tolerance of this value and how would you justify it? 
3. Would it be possible to remove the part before this calculated total solidification time? For example, could you remove it if there is a solidified shell but the core is still not fully solidified? How would you do that? What are the implications of this early removal on the properties of the part and its price? 
4. Elaborate on why you are achieving directional solidification in your process. If you are not, what changes do you need to make? Why is directional solidification important?











Session 6. Assessing the importance of Casting in the making of the carburetor: validating your process will not suffer from common errors
You have reverse engineered the core process to manufacture the main body of the carburetor and few other pieces that have been made using casting principles. Congratulations! By now you have realized how important is to understand the cooling of the piece, this has important implications on the microstructure of the piece and also the production rate. You will start the session today by integrating all your analyses from previous classes and reflecting on the process you followed to reach your decisions. You will then validate that your decisions up to this point will not lead to common processing errors. 
Guiding framework (some other questions may arise during your analysis process, you are encouraged to evaluate and explore those as well):
1. Let’s continue our focus on the main body of the carburetor. Sketch the complete fabrication process, from raw material to part using block diagrams and schematics for each necessary operation/action. You will be incorporating your previous estimations on the mold material, how is the mold filled, reusability of the mold, etc. Based on this diagram, what specific type of casting are you using? i.e. die casting, sand casting, investment casting, lost foam casting, etc.
2. Reflect on each of the decisions you took in the last few classes that enabled you to determine the process you just sketched. What information explicitly provided or inferred from the context of the problem enabled you to make each of those decisions? Were your inferences/assumptions valid to start with? Can you identify a better way of approaching the problem?
3. Now let’s focus on preventing potential problems… 
a. Why does the location and geometry of your riser prevent the formation of a shrinkage cavity in the part? How will a shrinkage cavity negatively impact the performance of the main body of the carburetor?
b. What decisions did you take in the design of the mold and filling process to prevent misruns?
c. How are you preventing cold shuts? What will be implication of a cold shut in the mechanical properties of the main body of the carburetor?
d. Why can you rule out the possibility of blow and pin holes? What about cold shots? 
e. Will you need an external force to keep cope and drag together during the molding operation? Why yes/no?
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Session 7. Assessing the importance of Casting in the making of the carburetor: Evaluating your process … and creating a decision tree for your future reference
Last activity you sketched a complete block diagram of the process you will be using to fabricate the main body of the carburetor. I now encourage to identify the potential physical location(s) for your manufacturing line and analyze why you chose such location. Keep thinking of how the entire carburetor was made, i.e. in a single location, throughout several locations… Such decisions are usually much deeper than just finding the cheapest labor. You also realized that there is a significant amount of post processing to be done in your main body of carburetor after this has been cast, i.e. it is not a net shape but rather a near net shape.
The goal for this session is to re-evaluate your decisions one last time and justify your final process to manufacture the main body of the carburetor (you will use this process as a starting point to analyze all other parts). You now know much more information than you did at session 1, and you want to make sure you are taking all relevant information into consideration to reach the best solution possible.
Guiding framework (some other questions may arise during your analysis process, you are encouraged to evaluate and explore those as well):
1. Why is your process the best solution to manufacture the main body of the carburetor? Elaborate on what were the casting alternatives to your chosen approach and why those alternatives would not work as well. For example, alternatives might have included sand casting, investment casting; gravitational pouring vs. injection; hot chamber vs cold chamber, etc.  Consider technical issues, business considerations, material, target price, target throughput and other issues you consider important as reflected by your set of specifications. You likely went through these thoughts before, now it is time to consciously reflect on them and formalize them by writing about them and your decision process. This will help you internalize the material.
2. As a team, assemble a decision tree that you would use to identify cast parts and the specific kind of casting used to manufacture them. You will use this decision tree in some of our next activities. Be thorough and detailed in your tree so it can be useful for you to analyze parts in the future. For example, you could include decision questions like:
i. Is there a parting line? How wide is the parting line? AND/OR
ii. What is the Surface roughness? 
iii. The Material has a melting point above XX/below YY/in the range ZZ-TT… YES/NO
iv. The operational temperature of the piece is in the range XX-YY °C
v. Others…
b. Draw it as a decision flow chart so it is easy to visualize. 








Session 8. Forging applied to the carburetor
By now you have analyzed all parts that have been made using casting principles, these include the main body of the carburetor using die casting and a number of pieces made using injection molding. In both cases you introduced a fluid material, with specific viscosity, into a mold cavity and let it solidify into shape. You also learned about continuous casting and how it can yield stock materials, such as billets, blooms and slabs, to enable further processes. Importantly, continuous casting was quite an improvement over traditional ingot casting (a batch process where you introduced the molten metal into cavity in the form of the slab, bloom or billet you wanted and let it solidify into shape) in the manufacturing of stock materials.
We will now shift our focus to the parts of the carburetor that have been made using principles of deformation. This is, you now have a solid piece of material that you will deform into shape. The processing temperature will now be less than the melting temperature Tm. Depending on the processing temperature compared to the Tm, a deformation process can be classified as cold working, warm working or hot working. As expected, the higher the temperature, the more plastic the material will be. As with all the sessions related to casting principles, the goal of the following sessions is for you to reinforce the material you studied for the quizzes using a useful assembly in our everyday lives. You have now realized how complex the carburetor assembly really is, and how many different manufacturing processes are combined to yield an assembly. Let’s analyze how a few more parts were made.

1. What parts in the carburetor do you suspect have been forged?
2. Pick one of the screws in your carburetor assembly. What kind of forging was used to manufacture it? What attributes, physical observation justify such conclusion? How does this type of forging differ from that used to make the head of a wood nail? 
3. Draw a block diagram of all the processing steps required to fabricate the screw of your choice, starting from the raw material, i.e. metal melt, all the way to coating of the final piece where applicable.
4. What is the length of the wire stock necessary to fabricate one screw of your choice? i.e. what is the length of the wire that must project out of the die in order to provide sufficient volume of work material for this heading operation? Show your method and calculations in detail. Justify any assumptions you make.
5. Why will you benefit from doing this heading operation in a series of step, i.e. incremental forging, instead of one single step?
6. What is the maximum forging force you will require to manufacture the screw of your choice? How can you decrease this forging force in your operation? Show your calculations.
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Session 9. Rolling applied in the carburetor
By now you should have realized that the flow curve of a material and the area of deformation can give you the baseline to achieve the desired shaping deformation but friction must be also considered. This friction changes depending on the operation, i.e. rolling, forging, and the complexity of the operation, i.e. open die, closed die, impression-die. The true strain to consider is the maximum strain you expect during your specific deformation step. Keep in mind that the value of true strain is absolute in material deformation, i.e. , as you squeeze in one direction you are expanding in another one. The concept of incremental deformation is important to reduce the force requirements while still achieving the desired shaping after a sequence of steps instead of one single step. 
1. What parts in your carburetor have been rolled into the net shape you have in your hands? Would this be cold, warm or hot rolling? What rationale would be behind such choices? i.e. I would use hot rolling if looking for XX, YY properties because… (EXPLAIN THE REASON)
2. Other parts in your carburetor were enabled, i.e. near net shaped, by rolling. The manufacturing of the fuel valve metal cover, the fuel bowl, and the choke valve all likely required a stock material that it was enabled by rolling. Do all these parts come from the same stock? Was this stock material a sheet metal or plate metal? Was it cold, warm or hot rolled? Elaborate on the rationale behind your estimations. 
3. Pick a part that is enabled by rolling. Specify the rolling operation needed to get the stock material necessary to make the chosen part from a slab that has a rectangular cross section of 6 ft-wide X 1 ft-thick. Sketch the setup and provide values for all rolling parameters. Justify your assumptions, show your calculations. 
4. Why will it make sense to implement incremental rolling instead of attempting a draft that directly gives you the desired end thickness?












Session 10. Shearing applied in the carburetor
Rolling enables a foil, sheet or plate stock that are fed to a several other processes. A significant part of our everyday lives is enabled by products that have been manufactured using foil/sheet/plate deformation. Stamping or pressing is a generic term to refer to the processes used to deform a sheet into a desired shape and includes shearing, bending, drawing, embossing, etc. The focus of today is shearing, or how exactly we can cut desired geometries out of this foil/sheet/plate stock material. These geometries can later be bent, drawn, embossed or shaped using a number of other sheet deformation/stamping operations to derive net-shaped products.
1. What parts of your carburetor have been enabled by shearing? What kind of shearing? Punching, blanking, slitting, notching, etc.?
2. Let’s focus on the cover of the fuel valve (the one with the legends ON OFF). This part was sheared out of a stock sheet, it was then likely drawn, embossed and coated. Specify the shearing operation. Clearly show your calculations for clearance, angular clearance, shearing force and other important parameters. Justify your assumptions.
3. Would you use a progressive die to process this piece or will you conduct each deformation/shearing in different dies/machines? Elaborate.
4. Nesting and progressive dies. How will you nest this pattern if your stock material is in the form of a strip of 2 in width and you want to minimize scrap from the blanking operation? Illustrate your nesting in detail, providing dimensions, AND elaborate on your thought process. For example, how will you ensure this operation is mechanically stable? What is the importance of the width of the lips to enable the machine to keep the strip secure, what about the spacing between pieces? Will you process one part at a time or several ones? i.e. simultaneously punching holes in one single piece or more than one? How will the resultant scrap from the progressive die be collected? Watching videos about progressive dies will help you visualize the entire process.
5. How can beveling be helpful in decreasing the force requirement in your operation?
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Session 11. Bending applied in the carburetor
Shearing in its many different variations, i.e. blanking, punching, slitting, etc., enables the definition of a geometry of interest. Such geometries can become many things including the blanks for a deep drawing operation and strips of metal to be bent into shape, i.e. a cookie cutter. Shearing can also be done in tandem with other processes to create quite complex pieces thanks to the use of progressive dies as the one you analyzed last session.  An excellent example of the use of progressive dies in the shaping of a complex piece is the metal hinge/bracket for the floater in the fuel bowl of some of your carburetors. When attempting to identify whether a part has been sheared or not, always look at the edge. There you can find the characteristic burnish/fracture parts. A sheared edge will look different than the edge made by other processes such as grinding, laser, and water jet.  For shearing, consider that the ratio burnish/fracture will be related to the ductility of the material, highly ductile materials will have mostly a burnished edge. Lastly, remember than the shearing force required depends on the length to be sheared, not the area of the piece, and this length can be controlled by the use of taper in your tool. 
1. What parts in your carburetor have been bent? 
2. Detail and illustrate the complete operation necessary to make the metal hinge bracket of the floater in your fuel bowl from a stock sheet. Given the throughput necessary and the size of the part, it is likely you will be using a progressive die. How exactly will each of the stages of the progressive die look like? What are the dimensions of the strip that is fed to the operation? Justify your assumptions. If your team does not have a floater with a metal bracket, exchange one of your carburetors with other teams for this activity. Be proactive.
3. What is the maximum force necessary to make the bracket from the strip of metal you specified in the last question? This will require you to break down the shaping of the entire piece into individual processes (punching, bending, curling, shearing, etc.) and determine the force required in each step so you can then compare them and justify your answer. The maximum force can then help you size the press you need.
4. Few design considerations were detailed in the slides you studied for your quiz. Elaborate on the ones you see considered in the manufacturing of the hinge bracket you are analyzing. Then… What other design considerations would you have implemented if you would have designed the process and why? 









Session 12. Drawing applied in the carburetor
The last sheet/plate deformation process we are going to discuss in this course is drawing. Other sheet/plate deformation process mentioned in the slides but not analyzed in detail include embossing (this is how you will stamp the ON, OFF legend on your fuel valve cover and how you would do the dimples in the choke valve plate), hydroforming, spinning, explosive forming and electromagnetic forming. By now you know how to shear a geometry out of a sheet/plate and how to bend it; with drawing you will extrude a sheared blank in the z-direction. While the setup for drawing is very similar to the one used for shearing, significant differences include the radius of the punch and die and the clearance between punch and die. These are very important to consider since miscalculations on those can yield a sheared part rather than a drawn piece. 
1. Draw a detailed block diagram of the process (include every single step, do not oversimplify) to make the fuel bowl in your carburetor from a sheet of metal, if incremental drawing is necessary, detail each individual stage. What are the implications of making the holes before or after drawing? 
2. Specify the value of the different parameters of interest in the drawing operation(s) used to make the fuel bowl in your carburetor; Db, Dp, t0, c, Rd, Rp, Fh, Fp, and elaborate on their importance in the operation, i.e. what happens if they are above or below the optimal value you calculated?
3. Why is it important to know the processing history of the stock metal sheet you are going to use for drawing? For example, what are the implications of having a given microstructure in the sheet as introduced by anisotropy, hardness gradients, heat treatment and/or other previous processes? What steps can you take to ensure a successful drawing operation?
4. What other parts in the carburetor have been drawn? What led you to such conclusion?













Session 13. Considerations for the use of machining to make parts of the carburetor
It is now time to analyze the use of machining in the manufacturing of the carburetor. As you already know machining is an ubiquitous process in manufacturing, you can use it to make a net shaped part, make a part net shape and/or enable molds, punches, dies that are required for other shaping processes. For example, the main body of the carburetor required machining to bring some faces of the carburetor into the required dimensions; the molds used for injection molding of the knobs and handles were likely made using machining; as well as the molds for die casting the main body of the carburetor.
1. Identify all the parts that have been machined into shape.
2. Identify all the parts that required a machining process in their manufacturing sequence.
3. Let’s focus on the finishing of the main body of the carburetor. 
a. Identify at least 3 locations where machining has been used and specify the type of machining operation used in each case. 
b. Why was machining required in each of those cases? Could you have achieved the expected performance using other techniques? 
c. Choose one of the machining processes done on the carburetor. Identify 3 process parameters that need to be optimized in such machining process, i.e. cutting speed, and elaborate on your rationale of why they should be optimized.
4. The main body of the carburetor is an irregular piece, i.e. has drastic protuberances. Elaborate on 2 challenges to implement a machining operation in such irregular piece. How would you solve these challenges?
5. What kind of tool would you use to implement each of the machining processes done on the main body of carburetor? Why?
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EXTRA CREDIT Replicate this analysis with other parts of the carburetor that may have required machining, i.e. the idle needle, the throttle valve. 
  









Session 14. Manufacturing the carburetor using Additive Manufacturing processes
How would you make a carburetor using Additive Manufacturing? As you know there are different precursor materials for AM techniques and different ways to solidify these materials into the desired shape. For example, stereolithography (SLA) uses light to crosslink a liquid resin; 3D printing (3DP) uses a liquid binder, i.e. glue, to agglomerate powders into shape; while Laser Engineered Net Shaping (LENS) uses a laser to basically precision-weld the molten powders into specific locations. The fundamental physics and chemistry behind these processes will determine their resolution and geometry complexity, speed of manufacturing, and properties of the part. By now you are also very familiar with the intended performance of your carburetor and its manufacturing process. Additive Manufacturing has been touted as a great alternative for many applications, can the manufacturing of the carburetor be one of those? The goal of this session is for you to assess the viability of using AM processes to make your carburetor.
Recall the specifications of each of the carburetor parts and materials to meet its intended performance, i.e. table you synthesized when working on Session 1A and 1B. Frame your answers to the following with such specifications and intended performance in mind.
1. Let’s focus on the main body of the carburetor. What additive manufacturing technique would you use to manufacture this part and meet its intended performance? Options include SLA, FDM, Polyjet, LOM, SLS, 3DP and LENS, as well as variations within them.  Clearly justify your answer by using the specifications for the part, i.e. dimensions, tolerances, surface roughness, materials, shape complexity, porosity, price, throughput, microstructure, chemical inertness, working temperature, max temperature, etc.
2. When using the technology selected in question 1, is the manufacturing throughput of the part and its total cost (start materials, infrastructure, etc) comparable to the current process to manufacture of the carburetor? If not, what needs to be addressed for additive manufacturing to be a viable solution? In your opinion, what will make these efforts worth it?
3. When considering the top three runner-up AM techniques identified in question 1, what are the specific challenges that prevent them from being the preferred technique to manufacture the carburetor and how would you ameliorate this challenge? Would some of these techniques become competitive with the current manufacturing of the carburetor if those challenges are solved?
4. Why can’t you make a functional carburetor out of polymers? Or can you? What polymers can have the material properties that are required to meet the specifications of the carburetor and how could you shape them using additive manufacturing?










Session 15. Assembly and Process Map. 
1. Derive the manufacturing and assembly maps for the entire carburetor following instructions. Use them when addressing the following questions:
2. How many plants are required to enable the manufacturing of each of the pieces? Where do you expect them to be located? Why? 
3. How would you assemble the entire carburetor? Will you generate sub-assemblies that are later assembled into the final piece? Or will you assemble all individual parts into the final carburetor assembly? Using block diagrams, chart how all the pieces are put together into the final carburetor, i.e. main body made in Plant 1, fuel valve handler made in Plant 2, both sent to Plant 3 for assembly, once assembled shipped to Plant 4; in parallel, screws made in Plant 5, shipped to Plant 4 for assembly, etc. 
4. What are the implications of the geographical locations of each of the manufacturing and assembly plants? Raw material supply and price, labor costs, cost of energy, taxes, corporate law, labor law, environmental law, availability of skilled workforce, trade agreements are few things to consider. Considering these factors, assign geographical locations to each of your blocks in the schematic done in question #3. 
a. What are the implications of the block diagrams being in different states, countries? 
b. The last assembly block will be directly connected to your expected market, i.e. where your customer will be. What are the implications of having that last block in a state, country that is not the same than that of your market? 
5. Why do your decisions in question #4 enable  i) a business-to-business (B2B) price of US$8 and ii) a lead time of three weeks for a shipment of 500 carburetors from your final assembly/packaging location to a desired location? 
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