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ABSTRACT

FRANCESCA GATUZ PATAWARAN: POUR-OVER COFFEE STAND WITH WARMER
(Under the direction of Eddie Carr)

This project sought to demonstrate the process of bringing a new product into the market,
from the initial design and prototyping stage to marketing and, ultimately, mass production. As
part of the curriculum of The Haley Barbour Center for Manufacturing Excellence (CME), the
project team manufactured fifteen Pour-Over Coffee Stands with electric heating components. We
first created a 3D model of the proposed design, ensuring that all components fit together in an
assembly. Next, we worked with the lab technicians to create a prototype of the product. Then, we
refined the manufacturing process to eliminate waste where possible. Throughout the project, we
also kept track of financials and discussed marketing strategies to ensure that this would be a
profitable venture. This project was the culmination of the past four years at the CME—solidifying

my knowledge in engineering, business, and accountancy.
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1. INITIAL CONCEPT AND DESIGN

1.1 Production Ideation

As a sleep-deprived college student, nothing keeps me going better than a fresh, hot cup of
coffee. When doing research, | found several options for pour-over coffee stands, but none that
kept coffee warm. The built-in warmer in this product ensures that the coffee will sustain the heat
of a mug or carafe, making for a warm cup of coffee every time. Additionally, an even temperature
prevents the taste of the coffee from being altered from being burned.

This product seeks to fill a gap in the market for coffee-making accessories by integrating
an electric heating component into a traditional pour-over coffee stand. Combining two existing
products that are widely used into one product that has yet to be made before increases its
attractiveness in the market. With a straightforward but structurally sound design, the goal is to
streamline the manufacturing process on the back end while ensuring ease of use on the customer

end. Figure 1 shows the initial 3D model | submitted to the faculty and the individual products that

inspired mine.
Holes at different
heights to adjust ring
as needed.
Ring that will
hold glass or
metal funnel

for filter and
coffee grounds.

Recessed section
where warmer
will be placed.

Figure 1: Initial mode and inspiration for product proposal
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Figure 17: Top view of stamp showing holes for
feet marking

A piece was also made to ensure the cord protector pieces were all cut to the same length
(Figure 18). There were two different size pieces of cord protectors used, with two long pieces and
a single short piece for the left and right sides and the top, respectively. This was made from a

piece of scrap wood with pen marks. However, there were also plans to remake this and cut grooves

for scissors to make each piece more uniform.

Figure 18: Fixture for measuring corner guards
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Once assembled, the product can be packaged and shipped to either wholesalers or individual

customers. Figure 19 shows the final product in a Kitchen setting.

Figure 19: Final Pour-Over Coffee
Stand in use

4.5 Quality Checks

The primary goal with this project was to have a consistent and high-quality product. This
would be achieved by having quality control stations throughout the production area. These would
be primarily visual inspections during multiple steps for both the wooden base and shell. The first
one for the wooden base would occur when the piece exited the CNC router. This would be a visual
check to ensure that the piece does not have rough edges and is cut correctly. If the piece had rough
edges, it would then be sanded until these are smooth. The second would occur after all three of

the routers; this would be done to ensure that the routers did not create chips that broke off of the
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base. If these chips were present the base cannot be used if they are large. The final quality
inspection for the wooden base would be after the piece was stained to ensure that it was even.
For the metal shell several other inspections would similarly occur. The first would be after
the blank comes out of the laser cutter. This was to ensure there were no rough edges and deburr
them if necessary. The second would occur after the metal piece was bent on the hydraulic brake
press to ensure that the bends were correct. The third and final inspection for the separate metal
shell occurred when the piece left the oven and cooled down. This was another visual inspection
of the piece to ensure that the powder coat was even and covered the entire piece. If it did not, it
was sent back in the process to be redone. The other quality inspections occurred on the heating
element before it was inserted into the assembled piece. This was just plugging the element in and
turning it on to ensure it works. This was done to ensure a faulty product does not go to the
consumer. The final inspection is done as a last step to confirm that the product was of the highest
quality. All of the inspections with the exception of the heating element were visual. Ideally, audits
would occur where other checks to make sure these pieces are actually being inspected or a system

created where someone signs off that each piece has been inspected.
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5. PROPOSED PLANT LAYOUT

In order to determine the most appropriate size plant to rent, each different type of machine
that was used during the manufacturing process was measured on the CME floor. In that way, the
group could come up with a plant layout as well as spaghetti diagrams for each cell. Spaghetti
diagrams are used to visualize the continuous path of an item through a process!*®l. After including
every machine involved as well as office and warehouse space, the square footage came out to
10,165 ft?. However, that number was rounded to 11,000 for precautionary reasons in case more
office or warehouse space was needed. The plant layout and spaghetti diagrams can be seen in

Figure 20 below.

CNC Machine

Packaging and Shipping

A
Y
(=]
=
=3
(=]
o
o
o
®
=
AL
o]
=
X
w

Laser Cutter Hydraulic
Brake Press

RELLEEEE Powder Coat

Area
Rack for
Sheet Metal

Figure 20: Entire plant layout with spaghetti diagrams in each cell
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Figure 21 shows the cell layout for the wooden base manufacturing process. The operator
takes an unprocessed wood plank, then takes it through all three routers. Once the wooden base

has been stained, it will go through quality inspection.

J

CNC Machine

Stain Area

| poo 10} ajqe |

Py
)
o
=
-
o
-
o
Q
Q.
[}
pou
9
(V)
3
=
w

|

£# J8in0y ‘

Router #1 [ Router #2 Quality

‘ Inspection

Figure 21: Wooden base cell

Figure 22 shows the steps to process the metal frames. One operator takes the sheet metal
and runs it through the laser cutter. The same operator will then bend the blank on the press
brake and smooth the surface on the sandblaster. A separate operator will take the sandblasted

piece, powder coat it, and bake it in the oven.

Laser Cutter Hydraulic
Brake Press

Sandblaster Powder Coat

Area

Rack for
Sheet Metal

Figure 22: Metal frame cell
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Lastly, Figure 25 shows the packaging and shipping cell, which requires two operators.

Figure 23: Shipping and assembly cell
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6. FINANCIALS

6.1 Initial Budget and Expenditures

While we did not prepare an initial budget for this project, we kept our $1,000 dollar

limitation in the front of our minds throughout the process. We were well under our budget, and

still had room to acquire additional materials for our final production run. Table 1 shows the

expenditures for our project as of October 9th, 2022.

Table 1: Expenses from February 2022 to November 2022

Product Price Delivery/Extra Fees

1x8x14 poplar plank $65.00 $25.00
Coffee Warmer A $21.99 $-
Coffee Warmer B $12.99 $-
Coffee Warmer C $21.99 $-
Coffee filter $7.49 $-
Smith Lumber 1"8"x13' poplar $53.99 $-
Bottom Skid Protector $17.97 $-
Rubber Corner Protector $12.99 $-
Coffee Warmer A x15 $329.85 $-
Coffee Filter x15 $112.35 $-

1x8x14 poplar plank $116.26 $50.00
Cherry Wood Stain $23.99 $-

TOTAL

Total Price
$90.00
$21.99
$12.99
$21.99
$7.49
$53.99
$17.97
$12.99
$329.85
$112.35
$166.26
$23.99
$871.86
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6.2 Projected Unit Cost

The projected unit cost changed somewhat drastically over the course of this project. As

materials and methods changed, so did the cost. Additionally, as bulk-pricing was for some of the

materials, the cost decreased. Table 2 shows the projected unit cost:

Item
1”x8”x14” solid poplar
4”x8” 16 ga. cold-rolled steel

Powder Coating
Epoxy
Cup Warmer
Steel Coffee Filter
Felt Bottom Protectors
Rubber Edge Protector
Packaging
Wood Stain
Press Brake
Oven
CNC Router
IPG Laser
Spray System
Blast Cabinet
Labor

Overhead (Fixed and Variable)
TOTAL

Key

Cost per 1 Item

$13.65

$0.55/pound * 20% scrap *
2.35 pounds/unit =

$12.99/Ib
$ 20.28/gal
$ 2.14/unit
$3.50
$ 0.50/pack
$0.50
$1.00
$3.50
$20.00
$100.00
$100.00
$40.00
$10.00
$10.00
$ 15.00/hr

$ 30.00/hr

Material

Table 2: Cost Breakdown for One Unit

Rate per 1 Units Can Be
Product Made

10

40

12

1

1

5

24

1

50
0.03 1
0.33 15
0.04 7
0.18 7
0.05 1
0.05 2

8 operators 30 pcs/hr
1 unit 30 pcs/hr
Equipment

Total Per
Unit
$1.37

$1.55

$0.32
$1.69
$2.14
$3.50
$0.10
$0.02
$1.00
$0.07
$0.67
$2.22
$0.60
$1.05
$0.50
$0.25
$4.00

$1.00
$22.04

Labor

The biggest cost group was the materials, coming in at $11.76/unit. The machining costs

were $5.28/unit, and labor and overhead costs were $7.50/unit. The assumptions made in the table

include a 30 unit/hour production rate, as well as averages in pricing for some smaller parts, as

non-bulk ordering from Amazon for each part was out of the question for a real product. To

improve upon the “Rate per 1 Product” (minutes required to process one unit divided by 60
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minutes) column, detailed time studies were performed for each process. This increased the
accuracy of the unit cost.

Two other areas of improvement lie within labor cost, and renting vs. buying machines.
The labor cost was projected at $15/hour, which may or may not be feasible given the economy at
present. In regards to renting versus buying machines, most of the machines utilized in the
production process are better being rented than bought and amortized. However, a good candidate
for purchasing would be the three router tables. Priced at $1,350/table in the machining cost
spreadsheet provided by the CME, this cost would be quickly amortized (given a 1,000 unit/month
estimate) and could be taken out of the unit cost. It was only $0.03/unit, but any cost taken out was
beneficial, and paying $10 per hour to rent at that point was rather inane. In almost every business,
the decision to rent versus buy comes into play—whether it be referring to equipment or labor.
Some advantages of renting equipment include reduced property tax, reduced after-job disposal,
and lower maintenance fees!*Y. Smaller and frequently used equipment are typically better to

purchase; oppositely, it may be better to rent larger equipment.

6.3 Sales Forecast

Figure 24 shows the team’s projected 2023 Sales Forecast, assuming that the retail price of
the product is $49.99. Based on the market surveys and knowledge of this type of product, the
group set a goal of selling 1,000 units per month for the first five months. As the year progressed
into June through September, a forecast of roughly 2,000 units per month was forecasted. Towards
the end of the year, especially with the holidays coming up, it was projected that roughly 2,500
units would be sold per month from October through December. However, those sales would die
down back going into January through February of the next year as the holiday season dwindled.

The breakeven point could then be calculated based on that data.

25



Sales Forecast - Year 1
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Figure 24: 2023 Sales Forecast

6.4 Breakeven Point

Figure 25 shows the projected Break Even Point for Year 1 of the production process.
Signified by the green dot, it would take place roughly at the end of April or start of May. The
total costs (yellow) are based on the variable costs (orange) for each unit, plus the assumed fixed
costs (blue) of $114,050. Given a contribution margin on each unit at $25.52, this seemed like a
reasonable simulation. In units, the breakeven point will be reached at 4,500. The breakeven point

occurs when the cost to produce a product equals the sales cost*?l.
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Figure 25: Breakeven point during first year of operations 26



Lastly, below is a pro-forma income statement detailing the assumed costs for the first year
of operation is shown in Table 3. The sales reflect the units sold per month in 2023 (Table 4). Pro-

forma financials take hypothetical or assumed data to forecast for future periods. This information

is then used to foresee risks, project investments, and determine forecasted results(*l,

Table 3: Year 1 Pro-Forma Income Statement

Sales $1,024,795.00
Variable Costs

Materials ($241,080.00)

Machining ($108,445.00)

Labor ($133,250.00)

Overhead ($20,500.00)
Total Variable Costs ($503,275.00)
Total Contribution Margin $521,520.00
Fixed Costs

Building ($110,000.00)

Fixed Assets ($4,050.00)
Total Fixed Costs ($114,050.00)
Operating Income $407,470.00

Table 4: Year 1 Sales Breakdown

Cumulative
Units Sold Fixed Costs Variable Costs  Total Costs Revenue
January 1000 $114,050.00  $25,540.00  $139,590.00 $49,990.00
February 2000 $114,050.00 $51,080.00  $165,130.00 $99,980.00
March 3000 $114,050.00 $76,620.00  $190,670.00 $149,970.00
April 4000 $114,050.00 $102,160.00 $216,210.00 $199,960.00
May 5000 $114,050.00 $127,700.00 $241,750.00 $249,950.00
June 7000 $114,050.00 $178,780.00 $292,830.00 $349,930.00
July 9000 $114,050.00 $229,860.00 $343,910.00 $449,910.00
August 11000 $114,050.00 $280,940.00 $394,990.00 $549,890.00
September 13000 $114,050.00 $332,020.00 $446,070.00 $649,870.00
October 15500 $114,050.00 $395,870.00 $509,920.00 $774,845.00
November 18000 $114,050.00 $459,720.00 $573,770.00 $899,820.00
December 20500 $114,050.00 $523,570.00 $637,620.00 $1,024,795.00
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7. CONCLUSION

In the end, there were many takeaways throughout the manufacturing of this product. The
CME Capstone Project culminated everything we learned from this program in the past four years.
Whether it be classes in Strategic Planning, Manufacturing Processes, Manufacturing for
Accounting, and more, every class gave each group member immense knowledge on how to start
a business or manufacture a product from scratch. On top of that, having each group member come
from different educational backgrounds helped out the team tremendously in the long run.

We learned many lessons from the process as well. One is that Continuous Improvement
Engineers are underrated. We experienced many challenges throughout the manufacturing process
that we had to learn to adapt to. There’s always a manufacturing or engineering change in the real
world, and Continuous Improvement Engineers are vital in making those changes go as smoothly
as possible. In addition to that, another lesson learned was that it is essential to push accountability
across the group. At the end of the day, a company should run as a well-oiled machine; the success
of the whole depends on each part.

When designing products, we found that just because it is visually appealing does not mean
it is easy to manufacture. In other words, we must learn to model the Pour-Over Coffee Stand with
production in mind. The team felt very confident with the design that was in place; however, the
amount of work that we put into manufacturing the Pour-Over Coffee Stand was staggering.

With that being said, | could not be happier with how the product turned out. Many people
are interested in the product, so | am considering additional variations. Stainless steel was removed
from the picture in the very beginning, but since we have improved our sheet metal bending
process, there should be no scars that develop on the sheet metal. Therefore, there is a greater

chance that we will experiment with a stainless steel version during the spring semester.
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If a real business were to come out with this product, it would not only be profitable, but it
would have a real edge against other competitors in the market. The sales forecast suggests that
there will be substantial growth in the first year alone. While there are many other factors and
expenses to consider in putting up a business, making Pour-Over Coffee Stands could be a highly

profitable venture.

29



8. REFERENCES
[1] Chris. “What Is a Router Table? What Is It Used for? " the DIY Hammer.” The DIY Hammer,
7 Jan. 2020, https://thediyhammer.com/what-is-a-router-table-uses/#0-what-is-a-router-

table.

[2] “Is Walnut Wood Water Resistant (a Clear Answer).” Christofix Woodworking | DIY | Home
Decoration, 1 Mar. 2023, https://www.christofix.com/is-walnut-wood-water-
resistant/#:~:text=Due%?20t0%20its%20hardness%20and%?20durability%20class%203%2

C%20walnut%20wood,well%20when%20exposed%20to%20water.

[3] “Poplar: Products: Lampert Lumber.” Products | Lampert Lumber,
https://www.lampertlumber.com/hardware-store-products/lumber/types-of-
lumber/poplar/#:~:text=Poplar%20is%20a%20great%20lumber,als0%20a%20highly%20st

able%20wood.

[4] “Powder Coating.” PHOS, https://www.phos.co.uk/finishes/powder-coating.

[5] Admin. “What Is Sandblasting?”” OneMonroe, 14 Apr. 2022,

https://monroeengineering.com/blog/what-is-sandblasting/.

[6] Goldsmith, Ebony. “What Is a Press Brake and Why Do I Need One?”” KAAST Machine

Tools, 13 July 2022, https://kaast-usa.com/press-brakes-explained/.

[7] “What Is Waterjet Cutting Technology and How Does It Work: Techni WATERJET™.”

TechniWaterjet, 9 Feb. 2023, https://www.techniwaterjet.com/how-it-works/.

30



[8] “What Is Laser Cutting? - A Definitive Guide to the Process.” TWI, https://www.twi-
global.com/technical-knowledge/fags/what-is-laser-
cutting#:~:text=How%20Does%20L aser%20Cutting%20Work,be%20cut%200nto%20the

%20material.

[9] Intl., Top Level. “Jigs and Fixtures: All Important and Useful Points.” CNC Machining

Services From China, 10 Nov. 2021, https://www.toplevelcnc.com/jigs-and-fixtures/.

[10] “What Is a Spaghetti Diagram?”” ASQ, https://asq.org/quality-resources/spaghetti-diagram.

[11] “12 Reasons to Rent vs. Buy Equipment.” MCAA, 14 Feb. 2017,

https://www.mcaa.org/smart_sol_article/12-reasons-rent-vs-buy-equipment/.

[12] Mitchell, Cory. “Breakeven Point: Definition, Examples, and How to Calculate.”
Investopedia, Investopedia, 13 Jan. 2023,

https://www.investopedia.com/terms/b/breakevenpoint.asp.

[13] “What Are Pro Forma Financial Statements?: HBS Online.” Business Insights Blog, 28 Oct.

2021, https://online.hbs.edu/blog/post/pro-forma-financial-statements.

31



