CAPSTONE DESIGN: REPORT GUIDELINES


GRADERS
(Faculty Advisors)


Evaluation rubrics are provided for the grading of written reports in capstone design.  The students should include the correct rubric with the report they submit to you.  If the correct rubric is not provided, or if you have questions regarding grading, please contact John Parmigiani (parmigjo@engr.orst.edu).

To use the evaluation rubric, (i) read the rubric description of the required content, (ii) refer to the corresponding text of the report (chapter and section are given in the rubric for each category) and (iii) assign a letter grade based on the criteria given at the top of the rubric.

Written assignments in capstone design consist of three reports in fall term and one report in winter term.  The reports are written sequentially using the same template (i.e. all reports except the last will have some empty chapters).  The first report, the Background Report, consists of chapters 1 and 2 of the template.  The second consists of chapters 1, 2, 3 and part of 4.  The third consists of chapters 1, 2, 3, 4, and 5.  The fourth report contains all chapters.  In order to allow students an opportunity to improve their writing based on your grading and comments, some chapters will regraded in subsequent reports.

With the exception of the Background Report, all of the reports are collaboratively written by the team (i.e. you will receive one report from each team you are advising).  The Background Report is written individually (i.e. you will receive one report from each student you are advising).  This information is summarized in the table below.


	Report Title
	Submitted by Students
	Due from Graders
	Chapters of Template
	Grading
	Authorship

	
	
	
	
	New Content
	Revised Content
	

	Background Report
	Oct. 19
	Oct. 25
	1, 2
	Chapters 
1, 2
	None
	Individual

	Preliminary Proposal
	Nov. 2
	Nov. 8
	1, 2, 3, 4.1
	Chapters
 3, 4.1
	Chapters 
1, 2
	Team

	Final Proposal
	Dec. 6
	Dec. 10
	1, 2, 3, 4, 5
	Chapters
 4.2, 5
	Chapters
 1, 2, 3, 4.1
	Team

	Final 
Report
	Mar. 14
	Mar. 18
	All
	All but chapters. 1-5
	Chapters
 1-5 *
	Team


               * Detailed grading of chapters 1-5 is not required, but tense and voice must be consistent and correct.


When grading, it is not necessary for you to extensively “mark-up” the text of the report.  Include comments in the text of the document at your discretion, and add brief comments as you feel necessary to support the grades you have given.  Line-by-line editing for writing quality is neither required nor desired.  Refer students to Tracy Ann Robinson for detailed help with writing issues.  

STUDENTS:

Hand in three copies of your report.  One to your faculty advisor, one to your sponsor mentor, and one to the course instructor associated with your project.  The copy to your faculty advisor must include this page and the correct evaluation rubric.  The copy to your course instructor can be submitted in the drop box in 102 DB.

Note: Remove all instructions (listed in square brackets, []) from completed sections

EVALUATION RUBRIC FOR BACKGROUND REPORT – PRODUCT PROJECTS

Faculty advisors:  Please complete this rubric and return it, with the graded report, to 102 DB by 4:30PM on Oct. 25

Student Name: _______________________________ Grader Name:________________________

	A+
	100%
	Truly outstanding technical work and writing. Difficult to imagine anything better by faculty.

	A
	95%
	Excellent. Substantial insight, originality, creativity, competence. Fully developed and detailed

	B
	85%
	Strong. Thorough. Shows good understanding, competence. Well developed, w/ supporting detail

	C
	75%
	Adequate. Demonstrates adequate understanding, competence. Adequately development, detail.

	D
	65%
	Weak. Shows some understanding and/or competence. Undeveloped or lacking supporting detail

	F
	55%
	Unsatisfactory. Demonstrates some effort, but little understanding or competence. Undeveloped

	F-
	0%
	Unacceptable. Completely omitted, or demonstrates very, very little effort.


	CATEGORY

(grade weight)
	DESCRIPTION
	GRADE
(A-F)

	BACKGROUND

Chapter 1

Section 1.1

(15%)
	A general description of the project:  what is to be accomplished, relevance / significance to the sponsor, and benefits upon completion.
	

	EXISTING DESIGNS, DEVICES, AND METHODS:

SYSTEM LEVEL

Chapter 2

Section 2.1

(20%)
	A description of at least 3 relevant existing designs, devices, and methods related to the project topic at the system, or entire entity, level (e.g. if the project were to design a car, descriptions of other vehicles would be given)
	

	EXISTING DESIGNS, DEVICES, AND METHODS:

COMPONENT LEVEL

Chapter 2

Section 2.2

(20%)
	A functional decomposition of the project topic into its primary components.  For each component, a description of at least 3 relevant existing designs, devices, and methods (e.g. if designing a car, describe steering, braking etc)
	

	CLARITY & CONCISENESS 

(15%)
	Absence of “padding” and unnecessary repetition.  Clarity, conciseness and focus..
	

	ORGANIZATION

(15%)
	Proper sequencing, paragraph breaks, and flow of ideas. Transitions among sentences, paragraphs, and ideas. Details fit where placed
	

	[image: image1.png]


CONVENTIONS

(10%)
	Proper use of writing conventions (punctuation, spelling, capitalization, grammar, and usage).
	

	CITING SOURCES 

(5%)
	Claims substantiated by correct citations in text and references in bibliography
	


Note: Section 1.2, Requirements, graded by the course instructor. 
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DISCLAIMER


This report was prepared by students as part of a college course requirement.  While considerable effort has been put into the project, it is not the work of a licensed engineer and has not undergone the extensive verification that is common in the profession.  The information, data, conclusions, and content of this report should not be relied on or utilized without thorough, independent testing and verification.  University faculty members may have been associated with this project as advisors, sponsors, or course instructors, but as such they are not responsible for the accuracy of results or conclusions.
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1. PROJECT DESCRIPTION

1.1. Background
Oregon is well known for its craft beer culture. A majority of the US hop crop, a major ingredient in beer, is grown right here in the Willamette Valley. The other important ingredient in brewing beer, barley, is grown in Oregon, but is not utilized. Malting facilities require large batches of barley to malt, but farmers in Oregon don’t plant enough because they aren’t sure whether the barley will be suitable for malting.
The OSU Department of Food Sciences contracted us to design and implement a pilot scale malter. The malter must be able to produce enough malted barley to brew a batch of beer on the OSU pilot brewery system. Barley can be analyze on a a much more commercial scale if it’s used in large batches rather than small lab batches. OSU would like to do this research and by having a pilot malter they would be able to. The beer produced will also be exhibited to breweries and malters in the region to create demand for Oregon barley. The combination of being a local product and helping keep money in Oregon makes barley a great crop for Oregon. If this project is successful it could be the first in a series of dominos for getting Oregon barley to our beer mugs.
1.2. Requirements

1.2.1. Project Description
Oregon beer and spirits are made from malts produced from barley not grown in Oregon. The reason Oregon barley is not in Oregon products is a lack of data on the suitability of Oregon barley for Oregon produced malts. Currently, research samples are malted at 350 grams each and the minimum commercial run is 350,000 lbs. There is no opportunity for producing malts suitable for pilot brewing.

The OSU Pilot brewery, located in the Department of Food Science and Technology, is the perfect facility for testing, developing, and demonstrating the suitability of Oregon barley for Oregon malts. The brewery requires ~ 200 lbs of barley to produce malt for a 100 gallon brew. Mechanical Engineering students will design, build, and develop a pilot malting unit – a “flex box” for steeping, germinating, and kilning in a single unit. The flex box will remove the malting bottleneck and get Oregon grain flowing to Oregon glasses. A project budget of $10,000 will be provided.
1.2.2. Customer Requirements (CRs)

 Malter shall wash barley (Weight 5 pts.)
Washing the barley is essential to eliminate any excess dust and dirt on the barley. Washing should only take an hour or two to accomplish a clean product. It is something the customer would like but is not on the top of their priority list. The weighting reflects this.

Malter shall steep barley (Weight 10 pts.)
Steeping is the first main process in malting barley. Steeping is important to increase the moisture content of the barley (from 10% to 45%) so that it can begin to germinate. The steeping process can take from 1-3 days depending on the steeping temperature.

Malter shall aerate steeping water (Weight 20 pts.)
Aerating the steeping water is important to remove excess carbon dioxide produced by respiration of the barley. The barley grains can also suffocate if the water is not aerated. 

Malter shall allow control of inflow steeping water temperature (Weight 20 pts.)
By changing the temperature of the inflow steeping water the time spent in the steeping phase can be shortened or lengthened. This is something that large malters can't do, and so the sponsor is interested in seeing the effects of temperature on steeping times.

Malter shall keep steeping water temperature below 70F (Weight 20 pts.)
Keeping the steeping water below 70F is essential. If the water is above 70F the barley gets too hot and can die. If the barley is killed by high temperatures the grain would have to be thrown away and the process restarted. The weighting reflects the importance of this requirement.

Malter shall couch barley (sit without water) (Weight 20 pts.)
Couching is important because it allows the barley to absorb the moisture in it’s surroundings. This is where the barley absorbs the most moisture (essential to activate germination) and so this is weighted more heavily.

Malter shall keep germination temperature below 70F (Weight 25 pts.)
The germination temperature should also not rise above 70F. Just like during steeping if the barley gets to hot and it will die. Germination is when barley tends to heat up and so this is an important requirement.

Malter shall keep germination temperature above 60F (Weight 5 pts.)
Keeping the germination temperature above 60F is needed so the barley can effectively germinate. If the air is too cold then the barley will not begin germinating. The malter will operate in room temperature surroundings and so low temperatures aren't likely. 

Malter shall turn/mix barley during germination (Weight 25 pts.)
Mixing/turning the barley during germination allows for even moisture and temperature distribution. Turning also prevents the germinating barley from forming a thick mat of roots. The germination phase last around a week depending on the temperature. Mixing is a critical requirement for producing consistent malted barley and is weighted accordingly.

Malter shall allow ample adjustment of air flow rate through the grain bed (Weight 20 pts.)
Being able to vary the air flow rate allows important as the germination phase and kilning phase require different air flow rates. During kilning it's also important to adjust air flow rate so that different malted barley types can be produced.

Malter shall allow ample temperature adjustment of air (Weight 20 pts.)
When kilning the malted barley it's important to slowly ramp up the air temperature. This stops the enzymes within the barley from activating. Also higher temperatures can be used to produce different malted barley types.

Malter shall allow for air flow recirculation (Weight 15 pts.)
Air flow circulation will make the kilning phase more efficient in producing highly kilned (darker) malts. The kilning phase last 1-2 days depending on the temperature schedule and desired product.

Malter shall be easy to load and unload barley (Weight 10 pts.)
The customer does not want loading and unloading to be hard and take a long time. They do not want to put any unnecessary stress on their body.

Malter shall be portable (Weight 10 pts.)
The customer would like the malter to be somewhat portable so it can be used in classroom demonstrations, as well as taking it to other places on campus. The malter should be easily transported by one or two people.

Malter shall handle 200-300lbs of barley per run (Weight 15 pts.)
The customer would like the malter to have a minimum capacity of 200-300 pounds. This is to allow enough malted barley to be produced to run a batch in the pilot brewery.

Construction and testing of the malter shall not cost more than $10,000 (Weight 10 pts.)
We are given a $10,000 budget and it is important that we work within this limit.
1.2.3. House of Quality (HoQ)

	Customer Requirements
	Weight

	Malter shall wash barley
	5

	Malter shall steep barley
	10

	Malter shall aerate steeping water
	20

	Malter shall allow control of inflow steeping water temperature
	20

	Malter shall keep steeping water temperature below 70F
	20

	Malter shall couch barley (sit without water)
	20

	Malter shall keep germination temperature below 70F
	25

	Malter shall keep germination temperature above 60F
	5

	Malter shall turn/mix barley during germination
	25

	Malter shall allow ample adjustment of air flow rate through the grain bed
	20

	Malter shall allow ample temperature adjustment of air
	20

	Malter shall allow for air flow recirculation
	15

	Malter shall be easy to load and unload barley
	10

	Malter shall be portable
	10

	Malter shall handle 200-300lbs of barley per run
	15

	Construction and testing of the malter shall not cost more than $10,000
	10

	Total (250 possible)
	250


2. EXISTING DESIGNS, DEVICES, AND METHODS

2.1. System Level
The malting process has been relatively the same over the past 2,000 years, with refinements made in accuracy and precision. Malted barley must always be steeped, germinated, and then dried to be used as an ingredient in beer and spirit production. Recent breakthroughs have primarily been in the ability to handle larger batch sizes and the ability to electronically monitor temperature, humidity, and time. I choose the three systems because of their up to date technology, prominence in the industry, and variation in batch sizes. 
2.1.1. Design, Device, or Method #1

The system used at the Great Western Malting (GWM), located in Vancouver, Wa., is a production scale malting facility. Their minimum batch size is 160,000 lbs. which is over 800 times the size of our project, but the same basic malting procedures are the same. Steeping, germination, and kilning are all carried out on site. The main difference between their system and what we are trying to accomplish is the separation of the steeping phase from the germination and kilning phases. In the mini malter unit we want to have all three phases carried out in a single vessel, while at GWM they have a single cylindrical steeping vessel and a separate rectangular germination and kilning vessel. This is most likely due to the scale of the operation and the high cost of creating an all in one unimalter. Still there are many parts of the system used at GWM that have the potential to fulfill our requirements.
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2.1.2. Design, Device, or Method #2
Schmidt-Seeger, a German manufacturer of malting equipment, currently produces a pilot sized malting system which can handle 2800 lbs of grain per batch. Again like GWM the steeping phase is separate from the germination and kilning phases. Although the batch size is 14 times larger than what we are designing for it is still a useful system to look at. The interesting thing about the pilot malter is the combination germination and kilning vessel (GKV). Rather than having a rectangular vessel it is circular. This allows the mixing augers to rotate around a shaft and move through the grain. This may allow the grain to be mixed more evenly (due to the lack of corners) than in a rectangular system, giving a more uniform malted product. 
2.1.3. [image: image3.png]


Design, Device, or Method #3
The final system level design considered was a micro malting system from Custom Laboratory Products, located in Scotland, which can handle a batch size of about 17 pounds. This system differed from the two previous in that the steeping and germination phases were separate from the kilning phase. The company stated that they think separating steeping from kilning is necessary because each process is so different and effectively carrying out each process in one vessel is not possible. The problem with the micro malting system is that it is an almost “too perfect” environment and doesn’t allow one to evaluate commercial quality malted barley. The systems sample sizes are so small that issues often seen in a [image: image4.jpg]


commercial factory are not present. One interesting solution in the system though is the way they humidify the air during the germination cycle. Rather than mist water in the air stream, which is how GWM does it, they bubble air through water. They also allow for control of the ratio of humid air to dry air to allow a progressive rootlet drying regime.

2.2. Component Level
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Malting is a basic linear process in which barley seed is germinated and dried to produce malted barley. To fulfill the customer requirements the malter must perform four critical functions. The first is steeping, which entails wetting the dry barley seed. During this phase the moisture content of the barley is brought from 10% to 45%, at which point germination commences. The second function is airflow, which is important in both keeping the barley alive during the germination phase and drying it during the kilning phase. Third is mixing during the germination phase. Mixing helps keep the barley at a uniform moisture and temperature during the germination and kilning phase. It also makes the barley easy to unload by not allowing a root mat to form. Finally the kilning phase is important in that it stops the modification process, reduces the weight of the barley (easier to unload), and develops flavor and color of the barley. If these essential task are completed a high grade malted barley will result. 
2.2.1. Steeping
Steeping is the phase of malting in which the grain is hydrated from 10% moisture content to 45% moisture content. This is accomplished by going through a wetting and drain cycle. The drain period allows the grain to absorb the moisture from the wetting period.
2.2.1.1. Design, Device or Method #1

[image: image6.jpg]SIZ



[image: image7.png]


Ebb and flow hydroponic systems flood a growing tray with water for a set amount of time and then let the water drain. The water is pumped into the tray from a reservoir. Within the reservoir is a fill valve, where water from the pump enters the tray, and an overflow valve, where excess water flows back into the reservoir. Once the tray is filled with enough water to flow into the overflow valve it circulates the water. The overflow water splashes back into the reservoir, aerating it, and then is  pumped back into the tray. This recirculation last until the set time has elapsed. The water then flows back out of the tray through the fill valve and pump. Some residual water is left in the tray, which is good from plants with roots, but may lead to rotting of barley. A benefit to this method is that chaff from the barley would float on top of the water and could be directed to the overflow valve.
2.2.1.2. Design, Device or Method #2
A common method for water plants in the nursery industry is hanging sprinklers. Sprinklers emit large droplets (about the size of a typical rain drop) over a circular area. The flow rates can be adjusted to fit the need of the user. Using sprinkler heads to spray the top of the barley grain bed would be a potential way to steep the grain. John Cuti of Great Western Malting said that one could have a bed of barley in a free draining vessel with the sprinklers running in an on and off cycle similar to that of the traditional steeping vessel (ex. 8 hours on followed by 8 hours off). A benefit to this method would be the amount of air around the grains which would allow the grain to breath, take in moisture, and keep it from drowning.
2.2.1.3. Design, Device or Method #3

Similar to nursery sprinkler heads there are misting heads also used in the nursery industry. The misting heads put out a very fine mist of water droplets, more like fog than rain. A free draining tray for the grain would also have to be used. A benefit to misting heads would be a very uniform distribution of water on top of the grain bed due to the mist mixing in the air space above the grain. A downside would be a low flow rate which would slow the vertical penetration of the water through the grain bed.
2.2.2. Airflow
Airflow through the grain bed is used during both the germination and kilning phases. During the germination phase it allows the grain to breathe. During the kilning phase it helps carry moisture from the grain.
2.2.2.1. Design, Device or Method #1

Radial blade blowers are high pressure, low flow centrifugal fans used most often in industrial applications. It’s commonly used to exhaust gases and lightly dusted air. The construction is heavy duty so the fans have a long life. Of all the centrifugal blowers the radial blades are the least efficient, but for high pressure applications they cannot be beat. The grain bed would certainly require a higher pressure fan, but a more efficient and higher flowing fan may be better.
2.2.2.2. Design, Device or Method #2
Backwardly inclined centrifugal blowers are tough, medium pressure, and relatively efficient fans. They are often used in applications with dirty air (lots of foreign matter) and in cases where static pressure may rise very high. Due to their design backwardly curved blowers cannot be overloaded by high static pressures. These fans are very robust, but cannot flow a high amount of air when pressure increases. The pressure requirements of the grain be may be too high for backwardly inclined blower. The cost of backwardly inclined fans is also relatively high.
2.2.2.3. Design, Device or Method #3

Forward curve blowers are fairly cheap, and flow a high volume of air, but can’t handle much pressure. The construction of the fan is often light and so it’s not ideal for industrial use. Due to blade design forward curve fans can deliver a modest flow rate in a small package and are relatively quiet. The pressure requirements of the grain bed may be too high for a forward curve blower, but the small size may be helpful in designing a portable malter.
2.2.3. Mixing
Mixing of grain is used during both the germination and kilning phase. During the germination phase it helps keep the moisture and airflow even throughout the grain bed and also keeps the roots of the grain from matting together. During the kilning phase it allows the grain to dry more evenly and develop a uniform product.
2.2.3.1. Design, Device or Method #1

The most often used device for mixing in the malting industry is an auger (seen in Figure 1). The augers run either up and down a grain bed (if the bed is rectangular) or around the bed (if the bed is circular). When the augers are running they rotate so that the grain on the bottom of the bed is lifted to the top. This device seems to work well at providing an even mixing pattern.
2.2.3.2. Design, Device or Method #2
In the floor malting process mixing is often done by hand with a rake like device. The negatives of this are that it takes time, labor, and is hard to keep on a rigid schedule. The most obvious benefit is that a human can much more easily get into corners or places where an automated system may not be able to reach. This would help to keep the malt more uniform.
2.2.3.3. Design, Device or Method #3

While on a tour of Great Western Malting we were able to see some of their old equipment. One of the vessels they used to germinate and kiln in was a rotating drum. The drums were around 20 feet in diameter and were orientated horizontally. The drums rotated about the horizontal axis at around one rotation per hour. This rotation allowed the grain to slowly tumble over itself accomplishing a uniform mixing. Also within the drums were fins to aid in the mixing of the grain.
2.2.4. Kilning
Kilning is the phase in which the grain is dried and allowed to develop colors and flavors. In combination with airflow the air is heated progressively to dry to the grain. The process occurs over a 24-48 hour period. The temperature is increased in steps over this period from around 120F to 180F.

2.2.4.1. Design, Device or Method #1

Dryers essentially perform the same task as the kilning phase of barley. Hot air is blasted through wet clothes to dry them out. This is accomplished by flowing air over and electric heating element. The heating element is made up of coils of nichrome wire which has a high resistance. As the electricity flows through the nichrome wires they heat up. Due to the similarity of the task that a dryer element is built for and our customer needs, implementing this device would not be very complicated.
2.2.4.2. Design, Device or Method #2
Household gas furnaces work by using a direct heat heat exchanger. Gas is ignited by an electric heating element and then flows through a heat exchanger. Air then flows across the heat exchanger which heats it up. If air is recirculated not as much gas needs to be used to heat the air.

2.2.4.3. Design, Device or Method #3

The radiator in a car is often seen as a way to cool the engine, but it’s also a way to heat the air flowing over the radiator. The radiator is an indirect heat exchanger in which a fluid (water, oil, etc.) is heated and then cooled by air flowing over the channels of hot fluid.. The fluid flows from the heat source (the engine) to the heat exchanger (radiator) and the heat is transferred from the fluid to the air. The fluid is then recirculated.
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