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I. Executive Summary Py

N4

This year, we have designed, built, and tested a sorghum press proto 1S 18
human powered, able to press sorghum efficiently, and manufactu e ip Mali.

The human power requirement test shows that the prototype requ ly 54N*m
(401b-ft) of torque to operate, which is only 22% of the

achieve with our current design. By making sure a

tO{sue a user can
ser can achieve the
needed torque to operate the press, we proved that _thj otype can be human

powered.

designing the gap to be smaller thagy the\ta

The throughput test shows that th cu% prototype can process 25 centimeters of
sugar cane per second (cm/s), which\} mo¥e than 3 times faster than the old press
which has an estimated throu 7.62 cm/s. This increase in throughput is

expected since our human p test results show that our walk and push way of

harnessing human power cg est 6 times more human power than the hand

crank design used in t press.

To ensure the manufa abity of the design, we made the prototype using only
the basic machinj Is That are accessible to a Malian machine shop we are in
contact with. aveNdlso had 3 gears custom made in Mali by the Malian
machinist who own e shop. By making the prototype use only basic tools and
having the rs i@pde in Mali, we have demonstrated that the prototype can be

Mali.

quarter, we recommend investigating an alternative gear setup, a
frame, and a modular design.



I1. Project Summary

2.1 Fall Quarter Status Report

By the end of the fall quarter, analysis, testing, modeling and totyping teams,
specified in Appendix X-1, had all made significant strides in des of/¥he human

powered sorghum press. Through the combined work of of these teams, three

main design features were established. These features OWS

e Human power efficiently harnessed through a vertiea nd push press.

poor machining
* Drawings and prototype sent to

manufacturing ability. n
e Hollow, thin walled rollers modeled andJs yped to drastically cut cost.
NG

Upon completion of our fall quarter 1g1

In addition to these key features, a prelim
and finite-element analysis was performg

gview, input from project coordinator
Stephen Laguette and faculty adylser ve Bothman, led us to the following
important design features still ressed:

« Safety Features

o People's bog ust not be able to get caught in any moving parts

o Machin Qave’a featuring making it inoperable when not in use (i.e.
alock

e Roller and Gear S t

« Roller beari b gs.
Moving forwardNpto winter quarter, meeting these considerations was our main
priority.

&

2.2 Wi tatus Report

Quarter Objectives

goal of the winter quarter was to have a basic final design completed and
bricated. This functioning prototype could then be tested. This would in turn
llo

dity.

s to find faults in our design early on and address them to the best of our



2.2.2 Winter Quarter Efforts

Many important accomplishments were finished by the analysis, testing
and prototyping teams winter quarter. First testing was done to find
would be exerted on the rollers, as well as the rollers deformation >
This information allowed the modeling team to properly spacd (the xdllers, and
finally allowed the prototyping team to build a fully workin type. The
analysis team performed a multitude of calculations on v us com%nents to prove
their robustness, and testing was performed on t
robustness, as well as find the throughput of the press.

type “to prove this

2.2.3 Major Winter Quarter Accomplish

The following important PTMA items were aceompli
« Built and tested fully-functional prototy{ @

&

%@

Fygure 1. Prototype in action.

e Most compl¢k pa press—gears—were successfully manufactured in Mali by
local machi with available materials (shown in Figure 2)

<

Figure 2. Malian made gears.



e Human power analysis, how much force can the user exert and how much t
translates to
« Analysis of roller deformation with 1 stalk and then 8 stalks to find defg
to denting
e Analysis of support plate to make sure deformation is minimal
e Testing to find maximum load exerted on rollers from stalks
e Testing to find maximum deformation of rollers due to stalk load
e Testing of throughput
« Testing of fatigue effects O
« Testing of torque required to operate press with one

&

N
%
%
N



ITl. Project Background N

3.1 Purpose

Our project aims to improve the quality of life for people in a sm munity in
Mali by providing them with an improved sorghum press 1 §ghum press is
a device which extracts syrup from the stalks of swe nts which are

abundant in Mali. This nutritious syrup is then ed to produce sugar.
Through this syrup production, business opportunt ed for the villagers
of Dissan.

A previous sorghum press design was made/ferl
without Borders (EWB) Mali team three & @

installed and used for a season, it became aRpParent that this first press required

2o. After the first prototype was

improvement. The current sorghum pre amd granked and can only pass along

one sorghum stalk at a time, maki%§ th tput slow. Our new design aims to
1mprove the sorghum throughput e fi%& e press.

3.2 Benchmarking

It 1s important to under that this project is intended to represent a
continuation of the efforts o EWB sorghum press design team from 2008. At the
start of the project, we, a brief overview of the project history and then
given an electronic of) jmost of the last team’s testing data and design

conclusions. The re time frame for the project did not allow us time to

obtain or build ine from 2008. Therefore, in order to make efficient

progress, we atte d to gather as much information as possible from research of
igns as w¥ll as the data from 2008. The following is a summary of what

knowledge w tak& from the efforts of the 2008 team.

ound Research

The_firgt step in our design process was to gather as much information as possible

re sorghum and/or sugar cane presses. Specifically, we wanted to see what

re doing and have done to solve our engineering problem. We found that a

uman or animal powered sugarcane press is something that has existed for

dreds of years and various designs can be found throughout the developed and

undeveloped world. A YouTube and Google search reveals several tried and true
designs that are being used in rural and underdeveloped countries.



After investigating several different patented press designs we noticed thQt\the
were 3 major design decisions. See works cited for list of patents. These-dect S
are as follows:

1. Two or three roller press:

Based on the patent information, a three roller press could be \skghtly easier to
operate since the stalk will be broken by the first roller/find the ed by the
second. However, it was noted that while a two roller

gears, a three roller press would require at least 4
properly.

2. Horizontal or vertical orientation:

A horizontal press is usually used in motor
advantage of easy juice collection. A verty4

3. Gear vs. Chain vs. Belt drive

A gear driven press has the advagndagengRbeing more robust but it would require
more complex manufacturing procedNres. Belt and chain driven presses require

belts or chains that cannot he-n tured in the village of Dissan and are less

robust and require more mgntédance than a gear driven press. However, a belt or

gear driven press will have gxibility in the spacing between the rollers.

3.2.2 Sorghum Pre ev).)2008

The design team 008 spent a significant amount of their time investigating
the properties rgh and trying to predict what sorts of forces they could
expect in a sorghu ess. They started tested a hand-powered 3-roller horizontal

ben@mark with actual sorghum. This year we were unable to obtain

onse to being pressed to 5.1 mm.

y ing these conclusions from 2008 as true, we were able to save time in
ining our design strength requirements and therefore we got a quick start to our
ign efforts.



Figure 3. Sorghum press¥(0oQ 2008 team.

foot long lever arm, a 3:1 gear redugtio

inch long solid steel rollers. The firghrollefs were spaced 12.42 mm apart and the

second rollers were spaced 5. part. The limiting factors in this design

power data)
e lack of space fo ¢di ’; through multiple stalks at once (short 3 inch long
rollers)

3.2.3 Benchmar Conclusions

Based on the\data(presented to us through our research and through the design

efforts fr , we concluded that in order achieve a higher throughput we would
need
o crease input power potential over hand crank designs

w for simultaneous feeding of multiple stalks

ur more, the testing data from the 2008 team showed that the rollers on our
ss need to:

e withstand a maximum press force of 1500lbs/stalk
e press individual stalks to a maximum thickness of 5.1cm



3.3 Scope

stalk throughput and therefore production of sweet syrup. We

press so that it can be fully manufactured in Mali at a low cost. A
an important source of income for the community, our objegtive is
and quick to maintain and store in the off-season so thatAy' wil ast@r many years.
We will also provide the community with a full drawin sembly package and
1llustrated user manual.

3.4 Design Goals

We were given the following design goals f]
Without Borders, these design goals shaped

7 partder organization Engineers
Q gchnical considerations:

¢ Human powered
e Presses sorghum

e Have an increased throughput% arey
¢ Manufacturable in Mali R
e Low cost

e Easy to maintain

@
<

/he last design



IV. Technical Considerations N

4.1 Key Assumptions and Equations

Assumptions: Since the sorghum press is a human powered devi onsidered

the force a human can exert when designing the prototype. Because the physical
ability of the press user cannot be directly measured, t iZohtal Pushing force of
the user was estimated using published values. The ma m force any user can
exert is estimated to be 620N (140 1b), while the nu
1s estimated to be 160N (36 1b). For detail pleasé

Research and Analysis.

any user can exert
dnidix R-1: Human Factor

Equations: We used the following equafi convert the horizontal pushing
ability of users into an easily comparable torQs

T=F*L*G

o B

F is a force in Newtons, L is a crank

In Equation 1, T is a torque in Newtdhme
arm length in meters, and G is thj %ea duction. In our design L=1.5 and G=1.5,
2

so Equation 1 reduce to the followin uation.

F (Equation 2)

4.2 Critical Per @ Parameters

After using the previo oyghum press for two seasons, the community in Mali
provided feedbac r contact Scott Lacy. Using this concrete feedback we were
able to define o erforvhance requirements with the help of Scott Lacy and our
faculty advisor Dav thman. As some considerations were vital for the success of

our press a othe@ were not, we identified 6 considerations as ‘primary’ and 2 as
e 1 shows our prioritized technical considerations. An extended

ments chart, our current Project Completion Requirements, can be
dix X-3.



Table 1. Technical Parameters

Level of Importance Considerations Assessmenmw
1. Human Powered 2%*M
9. Presses Sorghum Crushes to m5 murh)thickness of
3. Increased sorghum stalk v
throughput than last press >10 cm/sec
Pri
rimary P
4. Manufacturability /( Fullp\mafufacturable in Mali
5. Low Retail Cost / <$500*
6. Safety / Safe by subsequently discussed
< standards
T\ >
Can be disassembled/ assembled/
6. Ease of KPajnt&n @ cleaned in <1 hour with locally
Secondary <\ available tools
rta - <890 N

\/ *in the year 2012

4.2 Summaries ical Considerations

4.2.1 Human Po

The Sorghum P e used in Dissan, Mali; a small rural African village. The
people of Dissan very limited access to electricity, making electric power an

1mpractlca1 dption. urthermore the village does not have enough large working

livestock sa_make ammal power a practical option at this time. Because of this, our

customer RIS uested that the press will be human powered by no more than a

alks. The background information we collected from the 2008 team concludes that
efficient press will squeeze the sorghum stalks to a maximum thickness of
.Imm. The new press design will be required to press sorghum stalks of varying
diameters down to a thickness of 5.1mm or less. Once inserted in the press, a



sorghum stalk should pass through the rotating rollers without any a ion
assistance.

4.2.3 Increased Throughput

Throughput was the number one concern with the 2008 press (€signa The 2008
design was used for two seasons in Dissan and this helped th&\villdgers gain
enthusiasm about the project. However, the workers feel t a more-rapid press is
necessary to justify a significant increase in their sorghwiy prodgctiow.

4.2.4 Manufacturability

Our manufacturability requirement was one th4t ' influenced the overall
design. Our customer has stated that it is the ]
the sorghum presses manufactured local # will be used. The only

background information we were given at the village machinist was

extremely capable and creative, however his etniipment was limited. We decided to
have the more complicated component
Dissan for us to test the manufac&@a I press.

4.2.5 Low Cost

Cost was another design-drivi eration. We were not given an actual cost
limit or goal. Furthermore, } ifficult to quote the cost of something to a foreign-
market that we have little rstanding of. The goal is to come up with a design

that is appealing enou villagers feel that pooling together funds for a

press would be a wort vestment. Because there is no exact number for this,

the past team’s ed as a benchmark. Our design should be kept at the
same price or 10\@
4.2.6 Safet

an 1ssue raised by our customers However, as engineers, 1t is our

.7 Ease of Maintenance

This device is to be used for only a few weeks every year. It is our goal to have a
design that can undergo maintenance at the beginning of each duty cycle and then



cleaning which will most likely be done twice over the sorghum proce
Further, if the device breaks, parts should be easy to access and replace

4.2.8 Portability

The device should allow for easy transportation between a sor Id and a
storage locker. The device should be easy to relocate and/install in"the sorghum
field. Setup should take less than 1 hour.

&

N
%
%
N



V. Design Considerations Py

N4

Given the technical parameters defined above, design consideration 1ved.
We determined the design considerations through close exauyinati of each
technical parameter and identified design features that were nece meet the

<

technical requirements.

5.1 Design Requirements

5.1.2 Technical Parameter: Human Poweyég

Since the sorghum press is to be pQwere

so that adults of average strength ca erate’it. Since the force needed to operate

the machine is heavily dependent ox\theYehgth of the crank arm, instead of setting

a minimum operating force ent, we set a minimum operating torque

requirement. Minimum oper, e is defined as the minimum torque required
to operate the machine. W the minimum torque instead of maximum torque

required for this design on since having a minimum torque requirement

operate the machine. Thus, the project completion
4 design consideration is that the device must have a

con@rts linear force exerted by the user into torque. The lever arm
needed to operate the machine and the distance the user need to
of sorghum. If the lever arm is too long, the user will be required
distance to press a unit length of sorghum stalk; on the other hand, if

2D Crank Arm Fixture

The crank arm fixture transmits the torque from the crank arm fixture to the shaft.
he most important design consideration for the crank arm fixture is that it is



strong enough to transmit the torque with an infinite fatigue life. Also, the@mou

of material used for the crank arm fixture effects cost, so anothe n
consideration is minimizing the use of material.
5.1.2 Technical Parameter: Press Sorghum (So u uice

Extraction and Collection)

5.1.2A Roller Spacing

In order to properly extract juice many design option

e considered. First
the spacing between the rollers was a key consideration; ause according to the
previous team’s data this is what determined whagt ge of juice could be

extracted from the sorghum talks.

5.1.2B Critical Failure Mode of Rollers

Roller failing modes also had to be det in order to have efficient juice

extraction. After consulting faculty, and sta om the Mechanical Engineering

determine what a good desj
previous team’s data and

sorghum would make ; thierefore it was necessary that the team addressed

this i1ssue by innovat thg) manner by which the juice from the stalks was
collected.
5.1.3 Technica rameter: Increased Throughput

increase and feed rate remain constant rather than feeding through a
k at a faster rate.

oller Size

feed rate is directly related to the diameter of the rollers, while the possible
number of stalks that can be processed at once is directly related to the length of
the rollers. Due to this fact, we decided to redesign the rollers to have similar



diameters to the rollers of the old press while increasing their lengths. go
then was to decide on the optimal roller length to increase the feed rate.

5.1.3B Ways to Exert Human Power

An increase in number of stalks pressed at once also increases the gyaeeded to
press the stalks. This in turn means that we must design the press\to mgke full use
of the human body in putting energy into the system. We determi e possible
human power methods to drive our press were hand cygnke bil@g, or walking
and pushing. Our goal then was to find the optimal e mput method to design

our crank shaft around.

5.1.4 Technical Parameter: Manufacturah®

5.1.4A Mimic Malian Machining and Ma n‘f’t’

o Nlethods

1s to have production take place

As previously stated, the overall goal of thé &
1s Mali. Therefore, we needed to consider the twafufacturability of the parts that are
critical to the function of our press b iding’ tight tolerances and advanced

tooling. We have identified the foll@ring § as acceptable for use:

e Mill (and basic tools) \
e Lathe (and basic tools)

e Drill Press

e Grinder
e Sander
e Arc/Stick welder

e Band saw
e Hammers, wrenc fileg,Jother various hand tools.

The sorghum pre Pgn must not require any unapproved tooling or machines in
the manufacturi ocess.

5.1.4B Mini{iqize @munt of Imported Parts

uld not require the villagers to order specialty parts whenever

due to this design consideration, our press does not require chains,
spro ller bearings.

ars vs. Chains

ive train is the highest-precision part of the sorghum press. Our drive train
ust “allow for as much machining error as possible and must be verified as
ufacturable in Mali.



5.1.5 Technical Parameter: Low Cost

5.1.5A Minimize Use of Materials

The easiest way to reduce cost is to reduce the amount of raw materia

when making a press. We made the following design consideratio
reduce material use:

e 2rollers rather than 3
e Standard geometry pipe for rollers rather than solid s &
e Cosmos strength analysis to reduce over-designing

e Design multiple parts from the same material stock

5.1.5B Use Cheaper Materials

Cheap and plentiful standard geometry metg
metals are inexpensive mild steel. The framgé : ine is made of wood.

5.1.6 Technical Parameter: Safety
5.1.6A Device can be Locked

A key element we had to keep in m1 h signing the press was that the press

will be operated for a few hours of {he nd will be left out in the open. Many of

the villagers including children syill RAve access to it during this time. After closely

analyzing the environment j e press will be used, and consulting our

customer it became apparé@ﬁ would be necessary for us to make sure the
e

press can be locked when th s not in use.

5.1.6B Safety Guard

Another issue that, e addressed was that there are many pinching points

in our press. In avoid any accidental crushing of appendages it became

clear that a shiel ded to be designed for the press.

5.1.7 Tech al Parameter: Ease of Maintenance

5.1.7A Q lean

ress must be easy to clean, using no more than water and a rag.

ick to Assemble/Disassemble

the fact that the press will be stored away at the end of every season, it is
ecessary that it is easy to assemble. Assembly of the press should take no longer
n one hour, and installation should only require basic tools such as a hammer, a
screw driver, and a wrench. In a similar manner the disassembly should take no
onger than one hour and should also only require the same basic tools



5.1.7C Replacement of Parts

could be manufactured in Mali, and replaced by the operators of th
any additional help.

5.1.8 Technical Parameter: Portability
5.1.8A Detachable from Ground <&

It was brought to our attention that because the pre e stored away during

the off season, the frame must be able to be easily esign has to be able

disassembled.

5.1.8B Maximum Weight

that two average healthy adults can ca 2
press will be manually carried it is(hecess ‘i’ at the maximum weight of the press

does not exceed 890 N (200 Ibs). \

5.2 Design History & tion

At the end of fall quarter, v@.’ Ad~concluded that a walk-and-push vertical design
would be a good starting poyi¥fo¥ pur design efforts. An initial CAD model of this

concept can be seen in f

A

Figure 4. First design attempt.



Once we had a concept model we were able to think about how our nic

considerations would be affected by our design. The concept model was_a d
representative of a human-powered sorghum press with potential ased
throughput. However, we felt that it lacked in cost and manufacturabiln o5t and

manufacturability drove several of the design considerations prefroGsly discussed
and lead us to a second working prototype model. This prototype el ¢an be seen

&

A

w

Fi . Second design attempt.

The next step in our degi was to refine our design for increased safety,
portability, and main e, Additionally, we decided that we had enough of a
il
n

in Figure 5.

7 s
Y%

working model to begi g the prototype to help us gain intuition regarding

the manufactura a he operator experience for a sorghum press. At the
conclusion of outWwinte arter efforts (to be discussed in detail in Section VI) we

came up with our ¢ t proposed design.

<



5.3 Proposed Design

Our current proposed design, shown in Figure 6, was presented to a pa
independent faculty during the project design review.

<>
(\
Y
Current design.
Some of the key design feat
e Vertical axis - ent the press vertically because this allows simple
attachment of a 1 r arm to gain mechanical advantage for human power. Our
patent reviews c that horizontal presses are more common for motor-

man or animal powered presses are usually oriented

ur proposed design features only two rollers in order to reduce cost

f manufacturability.

e Safe uard - The press is equipped with a guard that encompasses the

: gears. This serves to address safety concerns and allow for the easy

juice.

ollers - Our rollers are made from standard SCH40 steel pipe, this material

much more readily available and less expensive than the solid-steel rollers

the 2008 press.

den Frame - By using a simple wooden frame we not only address cost and

anufacturability concerns, but we allow for the press to be easily transported and
then quickly staked into place.

e 12 inch long rollers - This allows space for multiple stalks of sorghum to be fed
through the press at once, thus helping to increase our throughput.




e Replaceable brass bushings — Worn-out bushings is a likely cause of press fadife. O
design incorporates a set of bronze sleeve-bushings that can be easily remo or
product maintenance.

5.4 Status of Proposed Design

The ‘critical-to-function’ components have been built and tested. C , the only
manufacturing efforts that remain are building the safety/gtiards and incorporating
potential design changes that are discussed in Sectiow /7.2. the/end of Spring
quarter, we plan to have completed manufacturing of t posed sorghum press
design.

&
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VI. Results of Main Design Efforts Py

Overview of Modeling Efforts @

Modeling was the backbone of the winter quarter design efforts\A _3D)model was

made to show the initial design concept. The model served as a b for precise
wé expected from
bearing parts were

our press. Many of the ‘critical-to-function’ and higk

analyzed and iterated using the Solidworks FEA paeka more detail, see the

could cause possible damage to the bushy

QO

sketching and brainstorming idegs,
proposed solution to demonstrate feagikglit! shown in Figure 7. Furthermore, 3D
modeling was used to demonstrat e ibility of parts such as the safety guard

that have not been prototyped.

)
&

Figure 7. Evolution of design concept for juice avoiding bushings.



Overview of Prototyping Efforts

Prototyping was a huge part of the winter quarter design efforts. We weg % ble“to
Q bl the

vertical, two roller design we were pursuing. This made it critical we wefe able

attain a benchmark human powered press in our budget that closely ra

to construct a device that we could use to gain intuition about what\t is hike to build
and operate a sorghum mill. When constructing our projstype w d to do as
) ing<l>9chniques. We
oided using precise

much as we could to mimic what we knew about Malia

bought and learned how to use a stick welder, an
tolerances and advanced machining techniques. Befer roposed design was

1. Works as intended.

Can be disabled when not in uses

3. Can be maintained/cleaned/assem quickly and easily using only an end
wrench and hammer.

4. Can be easily transported a
install the press.

5. Can be operated by two Re work
operating the lever arm.

6. Can easily achieve feed rate§ over 11.7 in/sec.

7. Is cheap to manufactyr Appendix B: Project Budget).

N

Another significant part r prototyping efforts was to verify the

Mali. In order to do this, we had our most

manufacturability of ouf_px
gl rototyped in Dissan by the local machinist. We sent

complicated parts, the e
the machinist a 3Dprinted-mrodel of our gears and a set of drawings (Appendix D).
The gears he de currently being used on our prototype and are fully
functional.

6.1 Minil\uniForce Needed for Operation

6.1.1 C

Throuyh research and analysis we found the torque the user can exert with our

cr design is 240N*m. Therefore, to ensure the user can operate the press,

ed to make sure that the minimum torque needed to operate the machine is

aller than 240N*m. For details, please see Appendix R-1: Human Factor
earch and Analysis.



6.1.2 Testing: Torque to Run Machine

Purpose: If the sorghum press is to be human powered, it must be p a
human to operate it. One condition for this is that the torque required Jte 1t
must be achievable. In order to meet this criterion, the torque requ (Wish a
single stalk of sugarcane must be found.

Procedures: First the sorghum press must be staked #to the hd at each

leOf sugarcane of
must be fed through
ugh a torque gauge,

corner to prevent it from moving during the test. Next,
diameters 1 + 0.25in must be obtained. Each of these s
the press one at a time. The rollers must be driven dit
and the resulting torque required to spin the e recorded for each
sample. For more detailed description of test setup\g pyocedures, see Appendix

TP5: “Torque Required to Run Press.”

Results: With each sample run through t , the data was tabulated and can
be seen in Figure 8.

&

N
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ure 8. Torque required to crush single sugarcane stalk.

Here be seen that the torque required to crush a single 1lin diameter
sugarsdne stolk is 41.0 £ 8 Ib*ft. For a more in depth description of data obtained
a 1s done, see Appendix TR5: “Torque Required to Run Press.”

sion: Any human should be able to exert 41 lb*ft with a lever arm in the

nge of 5 feet long as this results in a net force of only 8.41b. This proves that the

ign of the human powered sorghum press is both sound and effective, and will be
wery useful to the people of Mali.



6.2 Roller Spacing and Failure Modes

6.2.1 Analysis
6.2.1A Roller Denting

Purpose: Roller spacing is one of our primary design considengtions{\so we did
some finite-element analysis to find the deflection of the rol ese FEA
simulations are to compare the load of 1 sorghum stalk ap4/8 sorghuxa stalks. Using

this FEA, the stress and deflection due to the loads fro ks can be found.

For the 8 stalks analysis shown in Figuyg
be 5.8e-4 inches, which is not of cec rn, $1 1t 1s minor comparing to the .2 inch
target gap. The deflection of the r e corrected by placing the roller closer
n

. ches even after the roller deflection.

e Appendix A-3 Roller Denting, 1 Sorghum

For information on the problem~se
J ! a. 8 Sorghum Stalk.

Stalk, Appendix A-4: Roller ([§en

FEM: @

Figure 9. 1 stalk. Figure 10. 8 stalks.



6.2.1C Supporting Plate

Purpose: The supporting plate holds the rollers together and is subjee
force exerted by the sorghum, therefore it is important that the de -o
supporting plate be taken into consideration so that the gap between xoHery does
not exceed the maximum gap allowed. We did this FEA estinates the
deformation of the supporting plate.

as shown in
high factor of safety
displacement of the

Result: The maximum Von Mises Stress is found to
Figure 11, which corresponds to a factor of safety of N
ensures that the support plate will not fail. The
shaft hole 1s .0028 inch which 1s small compared/

FEM:

&
Figure 11. Supporting plate FEA.

nformation on the problem setup, see Appendix A-5: Supporting Plate.

2.2 Testing: Three Point Bend Test

rpose: In order for us to have a robust press design, it must be shown that the
oads that will be applied to the rollers by the sorghum stalks will not be enough to
cause plastic deformation. In addition, the applied loads must also not cause an



elastic deformation large enough to prevent the pressing of the stalks dow a
inch thickness.

Procedure: Place the roller to be tested into the three point bend tes
Lower the machine until it is in contact with the roller, then begi ppliidrce to
the roller while measuring resulting displacement. Slowly increa

minimum force required to reach a 0.1 inch deformation. resulting data should

be acquired. For more detailed description of tes
Three Point Bend Test.

Results: First the roller using sch. 5 pipe/x pl in the three point bend
machine and was exposed to a steadily ine force from 0 to 15001b, and then

were recorded rapidly throughout the dyfatjou oKZhe test. The results can be seen
in Figure 12. O

@
@
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Figure 12. Roller 1 deformation plot.

n be seen that at 1500lb the roller deformed 0.27 inches, and when the

as brought back to 0, there was a resulting plastic deformation of almost 0.2

inches? Another test of the same roller was unnecessary as the 0.1 inch deformation

rk occurred long before the needed load of 15001b.

1s same procedure was then repeated for the roller using sch. 40 pipe for the
walls. The results can be seen in Figure 13.



Figure 13. Roller 2 defor ot (up to 1500 1b).

ed 0.014 inches, and when the
deformation was negligible

Here it can be seen that at 15001b the roHex
load was brought back to 0, the resulting 0l;

o V(0

The roller was then placed unde stsadily increasing load again until the

deformation reach 0.1 inches. The f%?ﬂtdata can be seen in Figure 14.

<

Figure 14. Roller 2 deformation plot (full).

ere It can be seen that the force required to displace the roller 0.1 inches is 80001b
ing the rollers a safety factor of 5.3. For a more in depth description of data
obtained and analysis done, see TR3 and TRA4.



Conclusion: In order to have a press that extracts 90% of the juice from hu

stalks, the rollers must press the stalks down to a thickness of 0.2 inches- r
to do this the rollers must not deform beyond this point. In additioy s the
rollers must not plastically deform from the load a stalk would exert dus lack
of resources and skilled labor required to maintain the machine } oblems occur.

These rollers using sch. 40 pipe pass everyone of these specificati anfl/should be
acceptable parts for the human powered sorghum press for/£the people ali.

&
6.3 Increased Throughput

6.3.1 Testing

Purpose: When asked for areas to improve gn-th man powered sorghum

jroving the throughput rate. The
At a time with a feed rate of about
sues, the rollers were redesigned

press, the people of Mali were adamant abg
old press given to them processed only one\sts
three inches per second. In order to addre
to accommodate more stalks at once. Wit}
tested at various bundle sizes to se€the

Procedures: The press should fi¥¢ b aked into the ground at each corner in

order to prevent movement d e. Once the press is firmly secured to the

the crank arm at a comfortable speed. The

recorded, and the sa ould be performed two more times. This same
procedure should then\ repeated for feeding two rods through at a time, three
rods through at } d six rods through at a time. All times should be

tabulated for 1

ysis. For more detailed description of test setup and



Figure 15. Time to feed through 36 fe bing at various bundle sizes.
Here it can be seen that with a bundle of, ro&/ the average time to feed
through all six rods was 187 + 15s.&/ith of 2 rods this time dropped to 98 +

10s. Feeding through a bundle of 3 r t e dropped the time to process all
rods even further to a total of 60 + FinaqNy, with a bundle of all 6 rods at once,
the processing time was only 37

When the feed rate 1s divid he number of stalks fed through at once, the feed
rate per bundle is found. data shows that the speed at which each bundle is
processed 1s nearly co . S relationship can be seen even more clearly in
Figure 16.

Figure 16. Time to feed through 6’ length at various bundle sizes.



Here the time to process each bundle was found by taking the total time ea

Conclusion: Throughput was found to be maximized by feeding tfiyough the
maximum possible number of stalks at a time up to at least six. Iting feed

This feed rate is approximately four times as fast as t
rate of about 3in/s.

6.4 Efficient Use of Human Powe

6.4.1 Testing: Harnessing Human Po

Purpose: In order for us to produce the
press possible, we must first address t
human power is. The press is designed
extended period of time in order to s¢ueeze

the user to process the sorghum ag\qul and efficiently as possible, the transfer

of energy must be efficient not onl)\from the machine to the sorghum stalks, but

also from the human to the m

Procedures: Each of the fi
is a comfortable rate

st{qubjects is to perform at whatever he or she feels
the three workout machines: a hand cranking

machine, a biking mac ayd an elliptical machine. The power output in watts is
recorded off of the disp ry fifteen seconds for ten minutes. All data for each
test is averaged t@/ge “average person's’ power output over a ten minute period.

See TP1, Efficie of HYman Power for a more in depth description of test set-up
and procedures.

esults show that hand cranking is by far the least efficient use of
human po h test subjects only being able to output 30.7 + 5 watts of power on
en minutes. Walking was found to be by far the most efficient use of
hymanyower with test subjects being able to output 179.9 + 10 watts of power on
av er ten minutes. These results can be seen in Figure 17.



Average Power Output Over 10 Minutes
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Figure 17. Average power oytp

See Appendix TR1: Efficiency of Human E ‘@ or a more detailed description of

data and results obtained.

Conclusion: The purpose of the test wds the most efficient use of human
energy. This goal was indisputak%icco hed, as walking while pushing an

object was found to have almost doab e average power output of the next most
efficient method. Due to these findixgs, thé human powered sorghum press should
utilize a walking method for pe t energy into the system.

6.5 Minimize Use o rials

6.5.1 Roller Size A

Purpose: If the i1s toSqueeze the sorghum down to a diameter of .2 inches,
the rollers mus ab withstand large loads. In order to determine what roller
diameter would w as more stalks were being fed through for a length of .3m

(121n) rollexdhe fol@wmg equitation was use

PL
8o

D=2x

re: This problem was modeled as a beam tapered at both ends, with one
middle. Matlab Code was generated to determine the dependence of the
1ameter on the number of stalks being fed through. Figure 18 displays the



Figure 18. Roller diameter ller length of .3 m.

Results: As expected, the roller diam crdeses as stalks number increase.
From the results, it was noted that@}olle T would not be a critical dimension
for the rollers. According to the an 18 , a 16 cm roller would be needed to
withstand the equivalent of 30 stal amh at once.

6.5.2 Crank Arm Fixture

An analysis was done to m4 A ﬁ the crank arm will not fail. For information on
2

the problem setup, see : Crank Arm, 1 Stalk.

Evolution of crank a

Figure 19. Evolution of crank arm fixture.

Nace cost 1s one of our primary design concerns, we did many design iterations on
sothe parts to lower cost as shown in Figure 19. The first design of the crank arm
ixture has a safety factor of N=.11 and an estimated material cost of $10 (14 in3).



Due to the low factor of safety, this design will not work. We then came up ht
second design. The second design has a safety factor of N=2.23 and a

material cost of $29 (40 in3). This second design has a higher factp
However, due to its high cost, we made a third design in an attemph ta_nrg
cheaper. The third design has a safety factor of N=1.5 and an e ated material
cost of $16 (22 in3). This design has a high enough factor of safetg\to p it from
failing, and also uses material efficiently so that it has a 1oy cost. Thematerial cost
1s estimated with the Density of steel=.284 1b/in3 and cost 4f st =26%/1b.

6.5.3 Drive Shaft Analysis

analysis. We found that
ine is jammed and the
/ to yield but not break.
en the same situation the dowel
ielding or breaking. For detail

To ensure that the shaft can handle the torque, ¢ did a

user pushes it with a force of 140lb, the ’ \

However, with the fail safe mechanism instél g
pin will break and protect everything els Ay
please see Appendix A-1: Drive Shaft Ana

6.5.4 Gear Analysis O
We have done analysis to make su Me gears will not fail by fatigue.

For details, please see AppendixA-1 ear Fatigue.

%
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VII. Results of Additional Design Efforts

7.1 Analysis @
7.1.2 Bushings @

The bushing is loaded in the radial direction by the force/g&kerted bbthe shaft. We
have done analysis to make sure that the bushing will o€ fai

For detail please see Appendix A-6: Bushing analysi

7.1.2 Bushing Support

7.1.3 Scotch Key

The scotch key transmits the t m the small gears to their respective shafts.
An analysis was done to ma e thef gear to shaft scotch key connection will not
fail. For details, please see dix A-8: Scotch Key Analysis.

7.1.4 Dowel Pin

The dowel pin is u
shaft. A dowel pj

to transmit the torQue. For details, please see Appendix A-9: Dowel Pin Analysis.

7.2 Testing <

7.2.1 ceNto €rush Sugar Cane

to the force that a sorghum stalk would exert on the rollers of our press,
f sugarcane were tested in a compression test machine. These samples
rushed down to 0.2 inches thick, the thickness required to extract 90% of the
juice~atcording to research, and the resulting force was measured. This force was
1ided by the contact area to get pressure, and that pressure was then multiplied

by the area that will be in contact with our rollers in order to get the force they
ould exert. The maximum force these stalks could exert was found to be 13701b.



In addition, the force required to squish these sugarcane stalks was comgdxed

the past team’s data of force to squish sorghum under similar condition a
showed that the forces required to squish sugar cane were at least twigq ge as
the forces required to squish sorghum. For more information on tesk} dures

and results, see TP2 and TR2, “Force to Crush Sugar Cane.”

7.2.2 Fatigue Test (Human Powered)

In order prove feasibility of our press lasting at least
harvesting, a human powered test was run for ten ho

seaeon of sorghum
revolutions/second,
with a single rubber

resulting in a total of six thousand revolutions. Tes
e Muration of the test,
jon, and all other parts

&
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VII. Recommendations and Proposed Effor@

7.1 Proposed Efforts

The primary objective for Spring Quarter, 2012, is to test the figal design model

with the improvements mentioned in Section 7.2 and to cgtapare a t our PCR.
In order to assure that a fully working model will be mpifacpyured®dnd tested, our
team has selected a set of activities that we felt are critr erform during spring
quarter.

7.1.1 Testing: Fatigue Testing

In order to get definitive proof that the pfe

§ @ conditions to that of a sorghum
harvest season. To simulate these conditions;\{lfg press will be attached to a 400 W
motor and driven continuously for 300/ MO rpm with one o-ring rod fed
through in a loop, this results in a@otal 18(0)000 revolutions. 180,000 was found
to be the approximate number of rev ions IHe press would go through in a season
given an operation speed of 10 rpm mratmg eight hours a day for one month.
After the full number of rot
plastic deformation in the roler

11l a full sorghum harvest
season, the press must be placed under

completed, the press will be inspected for
rs, as well as any other breaking points in
the press.

7.1.2 Research

Further research on anufacturability will be done to determine whether
their machine sh nurling capabilities.

7.1.3 Additional ivities

A drawing p age@long with assembly instructions must be prepared to be sent to
the mac Mali. Additionally, an instructions manual in both English and

Fren e made.

posed Improvements to Current Design

wo (GGears vs. Three Gears

r testing the prototype, the team came to the conclusion that one of the gears
could be removed to further minimize the amount of material being used, as well as
the cost of manufacturing the additional gear. The final design will only require



two gears with the same gear ratio. This will also minimize the complexi®\of t
design.

7.2.2 Design for Modularity

In order to reduce amount of time and assembly effort whil¢ incieasing the
portability, the final design will be tailored to modularity. Tha\Rgpa) press will
designed in such a way that the metal parts will remain embled when detached

from the frame.
7.3 Deliverable Updates
The Project Design Specification document (Appe the Project Completion

Phan Aypendix X-4) have all been

Performance Requirements and
pose and Scope have also been
included.
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Appendix N

Appendix A-1: Drive Shaft Analysis M

Purpose: The driving shaft is the shaft that is connected to the cxank fixture.
The driving shaft is under the torsion load from the crank

. A anatysis was done
to finds out what will happen in the event that the mac is/dtallked and the user

safety factor against maximum shear strength of
mechanism, in the event that the machine is stalk Yhe user pushes it with a
e low factor of safety is a

trade off from cost, since a stronger machin&@ild €ost more. This low factor of safety

can be tolerated because during proper machine will not experience such

large force. Also when the force exerted(l aper 1s too great, the dowel pin will
break and protect the shaft from e oxces 4‘ pree.

Problem Setup: In the calculatio ue 1s provided by a 59 in (1.5 m) crank
arm with a 1401b force at the m the literature review section, 1401b 1s the

maximum horizontal pushing ular human male can exert.

1 inch diameter steel shaft
Crank arm length: 591
Force exerted by the u 4 ]b

Calculation:
Kfs=1

d=1; % inch
Tm=59*140

; %5@nch * 140 1b

J(pi*d”3); % in Pa
:895 % in MPa



Appendix A-2: Crank Arm

Problem setup: The crank arm is modeled as a cantilever beam
lumber with a concentrated load of 140 1b at the end. The maximum tens
found to be 15.9MPa which corresponds to a safety factor of N=2.5.

Assume a cantilever beam problem. Force exerted by user = 140\lb. Orank arm
length = 1.5 meters. Use 2X4 lumber

Result: Using a 2X4 piece of lumber. Maximum tensile gigess 5.91\%’& N=2.5.

Calculation:

%Crank Arm Analysis

clear all

cle

1=1.5; %length = 1.5 meters

f=622; %622N = 1401lb

%using 2X4 lumber

h=.0889; o

b=.04445;
M=1*f % maximum bending mome

I=b*h"3/12;%second moment of area
sigma=M*(h/2)/I; % in pascal
sigma=sigma/le6 % in MPa
n=40/sigma

% strength of wood = 4

Appendix A-3: ting, 1 Stalk

o rollers are in direct contact with the sorghum being
crushed, thus are st)gcted to the load of from the sorghums. Thus it is important

extract j iciently. An FEA was conducted to make sure the roller does not
yield the deformation of the roller under the concentrated load of 1
. The load was modeled as a 1000lb force over a .4inch by .4 inch

S e\dalf way up the roller.

sorg

sign uses 4.5 inch schedule 40 pipe.

e load of 1 sorghum stalk in modeled as 1000 1b of force applied over a .5inch
are on the roller.



Appendix A-4: Roller Denting, 8 Stalks

The load was modeled as 8000lb force distributed on a .4in wid s
whole length of the roller.

Result: The maximum stress at the center of the roller/js found e 170MPa,
low factor of safety
d in this analysis is

is tolerated since the force exerted by the sorghum st
overestimated. The 8000lb of force is an overesti ' se it was calculated
assuming the knots of the 8 sorghum stalk lines Xx.\Ln practice, the knots of
the sorghum stalks will not be lined up, and since\ke not/knotted part of sorghum

exerts less force, the overall load of the roller Ie v an 80001b.

Appendix A-5: Supporting Plate

Problem Setup: In the FEM, the pla bséted to concentrated two 40001b
forces in opposite directions. The Hpate uctural steel and the thickness is
.25 inch.

Appendix A-6: Bushing Analys

Purpose: The bushing is lo in radial direction by the force exerted by the

shaft. Bushing analysis wa tp)make sure the bushing will not fail.

safety factor of 1.7 whg
factor of safety is thice the force exerted by the sorghum stock used in this

analysis is over The 8000Ib of force is an overestimation because it was

calculated assumi e knots of the 8 sorghum stock lines up exactly. In practice,
the knots of¢she sm@hum stocks will not be lined up, and since the not knotted part
of sorgh rts less force, the overall load of the bushings will be less than

p and calculation: The analysis was done using the P rating
y the vendor. The force exerted to the bushing from 8 sorghum stocks is
s 40001b, since each bushing only takes half the total load.

he bushing used is a brass bushing with a bore diameter of 1 inch and a length of
inches. From McMaster Carr website, their bushing is rated using the following
formula. P=bearing load /(shaft diameter * bearing length). The bushing used in



this design is rated to 4,500 psi. diameter=1 in. Length= 1.5 in. F=4000 {H\wh
pressing 8 sorghum stocks. P=4000/(1*1.5)=3333. n=1.687

Appendix A-7: Bushing Support

Result: It is found that the maximum stress on the weld 44MPa which
corresponding a safety factor of N= 4.7. The maximum stress on sypport block
itself is found to be 43.4MPa, which corresponds to a safgfy factor of N= 2.88. The

by 8 sorghum stocks, since each stock is tested to
each bushing support only takes on half the 1

Model the force on the supporting block entrated force on the top of the
support block. In our design:

b=d=L=2 inch

Weld thickness = h=.2 inch O

assume pressing 8 sorghum stocks
F=4000 Ib

support block material is struct,
Welding material is E6010 ele ;
For calculation, please see Afyp£ddiy X-1 Bushing Support Code

Calculation:
% clc

clear all
h=.2; % in
L=1; %in
F=4000; %l

%tau totalm no%>exceed 60 ksi
d=1.5;




c=d/2;

tau2=M*c/I,;

%vector sum taul and tau2
taut=(taul”2+tau2”2)".5;
tauKsi=taut*1le-3 % convert taut to ksi

n=30/tauKsi

%%Now lets make sure the beam won’t break from bendin
%stress on the beam it should be lower than 36 ksi

clear all

L=1; %in

F=4000; %lb

D=1;

d=1.2;

b=d;

M=L*F;

A=b*d;

r=.5;
I=b*d~3/12-p1*D"4/64;
sigl=F/A;

sig2=M*d/I;
sigtotal=(s1g1"2+s1g2"2)".5
sigtotalKsi=sigtotal*1e-3 %




Appendix A-8: Scotch Key Analysis

Result: The shear stress is found to be 486 MPa which corresponds fe~axSafey
factor of N= 1.5. Note that the low safety factor is tolerated because if! @ ¢hine
OR3

1s subjected to too great of a load, the scotch key will break inst

part. The scotch key can then be replaced easily in the field.

Problem Setup:

Shear strength of dowel pin=719 MPa O
Crank arm length = 59 in (1.5 meter)

Dowel pin diameter = 5/16 inch

Dowel pin length = 3/8 inch

Calculation: The scotch key analysis is donex shear model. The area

of shear as well as the force exerted on the g key axé found, then the force was

divided by the area to calculate the shear st
%Scotch key Analysis
cle o

clear all

D=5/16 %inch \
L=3/8 %inch
A1=1/4*pi*DA2;
F=16/2; % kip
ShearStrength=F/A1%6.895 %o MP

@@




Appendix A-9: Dowel Pin Analysis

Result: The double shear force on the dowel pin is found to be 8260Ip\whi¢h
corresponds to a safety factor of N=1.937. High factor of safety indi€> the

dowel pin will not break.

Problem Setup: The dowel pin analysis was done by comparing she¢dr force on
the dowel pin to the strength rating for double shear
Strength rating for double shear is the forced needed tg
pieces. The force on the dowel pin in the analysis is

ovided e vendor.
he {dwel pin into 3
ated by dividing the
Iculation provides a

torque by the diameter of the shaft, since in our degig

Calculation:
torque=59*140

% 59 inch *140 1b
Shear_force=torque

N=16000/Shear_force \

Appendix A-10 Gear Fati

Purpose: Find the safety f: phe gears with respect to endurance limit.
Calculations:

clear all

cle

%description: O um owered sorghum press uses two identical gears.
%Since it is human ered and runs at an low rpm, dynamic effect can be
%neglected.

. inch, face width
t=58; %Ksi, ultimate tensile stress
; %1nches,
Jotorque required to press sorghum
T=40e-3 % kip-ft, torque required to press 1 stock of sugar cane



T=T*12 % convert to kip-inch
stocks=5% number of stocks
T=T*stocks % total torque needed to operate machine
%all equations, tables, figurs comes from Shigley's 9th edition,
%international version
%part a.) find sig = stress on the gear
%wt, force transmited to gear
%solve the equation T=d/2*wt &
wt=fsolve(@(wt) T-d/2*wt, 1)
%stress concentration factor due to root radius
%from figure A-15-6
Yrf/t=.2
%estimate D/d=3 since it is a gear
Kt=1.5
%from figure 6-20
q=.75
Kf=1+q*(Kt-1)%equation 6-@

%solve for stress using this equafSS%Kf* 6*wt*1/(F*t"2)

Y=.296; % table 14-2

P=N/d:

%  sig=KPwt*P/(F*Y) °
sig=Kf*6*wt*1/(FLA

%lets find Se, fatiqu h
SePrime=.5*Sut; 1s ¥§ the unmodified fatique strength
%find Ka M ctor

a=2.7; % ta 0-2
b=-.265; % tab 2

)".5;%using equivalent torating-beam diameter
out to be .404 inches, so lets use corresponding size factor equation

%since gear teeth undergoes one way bending

%Use gerber quiterion with one directional bending and Sa=Sm=Sut/2
%where sig is the applied stress

%s0



kf=1.66;
%lets calculate Se
Se=ka*kb*kf*SePrime
%lets calculate the safety factor
safety_factor=Se/sig
%Anser summary
% When F=.75 inch
% Sig=68.53 KPa <
% Se=72.54 KPa
% N=1.0585;

Appendix R-1: Human Factor Research

Pushing force from the literature:
? nd University of Michigan found
oung men 1s 620N (140lb). Thus
orce of the user of the sorghum

A join study of Florida International Unive
that the peak static horizontal pushing force Qf
we found that the maximum horizonta

press will be no larger than 1401]4) Lib ual Research Institute for Safety,
Hopkinton, found that the initial
394N, STD 117N (Mean 88lb, ST
we found that 3% of all male ]
pushing force follows a norm, Mt
Ergonomics Society Annua tiflg” This maximum pushing result confirms our

assumption that the userea sh harder than 1401b.
Using the same distri o
hds W

e subjects pushing a cart is Mean

smg the standard distribution statistic,
can exert a force over 140lb, assuming the
1on. “Proceedings of the Human Factors and

e found that 97% of healthy human adults can exert
at least 361b of force. £ assume that all users can exert more than 36 1b of
force.

Minimum Torque ded to Operate the Press:

The minim torgQe required to operate the machine is calculated using the 36lb
that all
reducts

n exert, 1.5 meter crank arm which we design for, and a Gear
sing this following equation:

T=F*L*G (EQ.1)



Appendix B-1: Total Budget

ME189 Team 20- Sorghum Press Budget

Current Expenses:

Funding Amount

source: Spent: Description:

URCA Grant S750.00 Materials for)p e
EWB $500.00 Estimate cost

Total Current Expenses:
$1,250.00 O\

Estimated Future Ex
|mated cost -

aterlalsfor final
model

Estimated cost -
Machining tools and
{$200.00 expendables
Estimated cost - Testing
E $350.00 Equipment

e Expenses Total:
$1,053.00



Appendix B-2: Retail Cost of Prototype Press

ME189 TEAM 20 Cost Report
LATEST REVISION: 2/16/2012

ITEM DESCRIPTION
Low Carbon Steel Bar
1 1/4"x2"x72"
Low Carbon Steel Bar
2 1/8"x4"x24"
Low Carbon Steel Rod 1"
3 Dia. 3 ft length
Low Carbon Steel Bar
4 2"X2"X12"
Schedule 40 Steel Tubing
5 3.5" pipe size
Alloy 954 Bronze Sleeve
Bearing for Shaft Dia 1", 1.5"
6L
Low Carbon Steel Rod 5/16"
7 Dia . 3ft length
Low Carbon Steel Sheet
8 1/2"x8"x8"

11 Pine 2x4x8
12 pine 4x4x8
Spring Steel
13 .016"x1"x1
Polypropylen eet
14 1/16"xA8"x8'
15 3/32" k El€Qtrodes
se thread drywall

oarse thread hex
17\0ead wood screw
x4'x8"' Plywood Sheet

UNIT QTY BUY PART #

6ft

2ft

3ft

1ft

1ft

a
Low Carbon Steel Sheet
9 1/2"x5"x12" 1
Key Stock 5/16" square
10 length Tt
8ft

8ft

10ft

8ft
5Ib

5lb

ea
ea

1 8910K14

1 9571K1

& 2934127
1 9120K12
1 K544K35
1 8910K712

1 99374A120

VENRQR

M Mas@r Carr
cMaster Carr
Master Carr
McMaster Carr

MetalsDepot

McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr

McMaster Carr

6 N/A Home Depot
2 N/A Home Depot

1 9075K65 McMaster Carr

1 8742K931  McMaster Carr
1 195792 Home Depot
1 N/A Home Depot
20 N/A Home Depot
1 N/A Home Depot
NET COST:

PRICE/UNIT

$44.16

$35.82

$27.68

$47.47

$19.13

$9.86
$4.68
$50.36
$39.05
$17.66
$2.38
$4.55

$31.20

$39.73
$15.47

$21.97

$0.37
$19.97

$503.70



Appendix X-1: Project Assignments

Name

Assigned Taskf\\>

Kelly Lin (Team Leader) Analys1s
Davide Cordeiro Modeling, Prc&%plji}
Erika Eskenazi Prototypi ﬁ DocumerntEditor

Marcela Areyano

L

Adam Scott

&

N\

%
@@

%




Appendix X-3: Updated Project Design Specifications

Product Design ica

Revision Date: 012
Team Leader: Kelly Lin
Team Members: Erika Eskenazi

David Cordeiro
Adam Scott Q
Marcela Areyano

Product Title: Human-Powered Sorghum Press

A. Purpose

Our project aims to improve the quality of l' e
by providing them with an improved sorghg 1
which extracts syrup from the stalks of swee
Mali. This nutritious syrup is then pro
production, business opportunltles are

peop a small community in Mali
58 design. A sorghum press is a device
rghum plants which are abundant in
groduce sugar. Through this syrup
e villagers of Dissan.

A previous sorghum press de51g
without Borders (EWB) Mali te
installed and used for a seas i

for this community by the Engineers
years ago. After the first prototype was
ecame apparent that this first press required
ss is hand cranked and can only pass along one
e syrup output slow. Our new design aims to improve
J of the press.

sorghum stalk at a time, ma}
the sorghum throughput e

The three end goals ject are as follows:

1. Provide a workin delyhat can be used immediately in Mali.

2. Provide cle anical drawings and machining instructions that can be used by
the machi in i with the materials and tools they have.

3. Provide an ea -follow instructions manual for the community on how to operate

' tain@lr press.

e to create and prioritize our design features after receiving feedback from

exeammunity in Mali on the first sorghum press design. First and foremost, this device

human powered. Second, the device must press sorghum and extract juice. The
ice also must be able to be manufactured in Mali relatively cheaply, as the goal of

our project is to design a press that Malians can manufacture and use in their own
country. All pinch points must either be covered or explicitly drawn attention to as
areas to avoid. The press must also be able to be transported relatively easily ensuring
storage in the off-season.



C.

/]

After baseline issues were addressed, the design features were determined base

information from the community. The number one request was to increasg

of sorghum stalks that could be fed through the machine so as to maximize n
less time. With this in mind, the press still needs to be operable by p ithraverage
strength for a substantial period of time. This is not as important as reyipus

feature as people in the community could potentially take tupfys operati e press if
the work required is slightly more strenuous. As we inteng/fhis ppgss t@pe used for
many years, maintenance must be quick and the parts th ed Yo be changed or
cleaned must be easily accessible.

The following are our prioritized design features:
The device must be human powered.

The device must press sorghum, therefog @ dting jiice.
The device must have increased throughp dn the 2008 sorghum press.

The device must be able to be manufa d e Mali.
The device must be affordable for ouf (n market.
The device must be safe for opQ , ders, and the community.

rs
The device must be quick and a%mtain.
The device must be portable so ggan be/stored in the off-season.

Competition
The current competition is Qig y priced for most families who live in Mali. Human

operated presses are d and sold for around $700. We would like to make a

© N W

design that can be m tyied in the village where it will be used. As long as it
remains less costlyfor agers to make their own press rather than buy from the
foreign manufa¢yirexSithere will be no market competition.
Noww. Zhen Zh
) v 51.1garca fourbrothersei.c | thelotuscafe.com e.n od
Website lle1<7 nmachine.co om/handhtml | /SugarCane.aspx Whirlston
m ' & asp Trade Co.,Ltd
/\\
“B ”n H d
\> Manual Sugar 058 Hafl Manual Sugar
Name _ Operated Sugar i
Cane Juicer Cane Juicer
\ Cane Crusher
) originally
$850 $695 + $65
Cost shippin
on sale for pping
$590 +$75




//@
shipping i\ J
Weight 82 lbs 65 Ibs /(4\%@\)
. stainless cast.lron except . 7 \\/r/
Material steel stainless steel stainless ste < stainless steel

rollers :}
/\

4

>

Ships to only USA o)y US

22N
S \dg/ not
\4 e
d
Special g " om 50 kg/hr
stalk before ..
Features , (juice?)
ed; canes
O up to 2 inches
diameter or less
TN
D. Intended Market O

Men and mainly women in the villa
sorghum press. They are currently

% “Mali are the intended users of the

ing first model sorghum press designed by a
ave made requests for improvements. The syrup

their society as it provides important nutrients.

group from UCSB three years
extracted from sorghum is iprpoxtan

(/

We are using the testj @ guJts and analysis from the previous EWB Sorghum Press
team as our primary \‘ I v. k. We feel the information and insight we have gained

from their docu is sufficient and obtaining a manual sorghum press for ourselves
to test would edund@pnt and not a good use of time or resources as our project aims
to improve on th vious design and not to start from square one. We have looked at

Zhe&eny goal of this project is to have a working model that can be immediately used by
thd people of Mali. Not only should a working model be delivered, but mechanical
awings and in depth instructions should be provided as well. The ultimate end goal is
not only to produce a single working model for the people of Mali, but also to provide
hem with the ability to reconstruct their own versions in a cheap and simple way.



. Human Factors

To ensure a quality design, the final design must meet these thirteen per an
requirements:

1. The torque required to operate the machine must not exceed 240 N*m

2. The press will crush sorghum to a 5.1 mm thickness.

3. The new press will have a throughput of 10 cm/s.

4. Gears can be manufactured consistently using a template.

5. Alljoining and fastening achievable with readily available/rguts and and stick
welder. &

6. All materials used in design can be purchased in Mali adily available in Mali.

7. The retail cost of the press will not exceed $500.

8. The device will not have accessible pinch point t [adbeled.

9. The device must be able to be cleaned effective an 15 minutes and parts

will be able to be changed out in less than 34
10. The device will weigh less than 890 N.

. Life-cycle
The sorghum press is intended to be used(c

usly during the harvest season for
sweet sorghum. During the off-seaSOpthe ill be stored indoors. As part of the
user manual, a set of maintenance } %‘ns will be provided. There will be a set

maintenance schedule communicatigg whieh parts will need to be replaced and after
how much time. In this way, t “

ill have “infinite” life.

Since this press is desigmred b Deranufactured, maintained, and used by a group of
people in a foreign thf @ {l country, the human factor is a large consideration in our
design efforts. The mo Aplex problem is for us as designers to gain a working

understanding ay a rural African village society functions. Many questions

about the peo ho Will be operating the press and the resources that are available to
them will likely retm@in unanswered due to communication difficulties and time
constrainkp\We h@ye identified a point-of-contact as Scott Lacy. Scott is a cultural

anthrgpgegidt who has put a lot of time and work into humanitarian projects centered
ar village in Mali where the press will be used.

sult of our conversations with Scott and Mr. Bothman we can be sure of a few
bout the society in Mali that will pertain to our design:

he operators of the press will most likely be the women of the village.
e The entire village will likely share one or two presses unless it becomes somehow
advantageous for them to have more.

e The local machinist is highly creative and skilled, but his tools and resources are
much fewer than those of UCSB’s machine shop.



e Malj, like almost everywhere other than the US, uses the SI system of units.
e The villagers are culturally very cautious about offending or displeasing gk
are offering help. Therefore it is difficult for us to get any real constructi
about the previous press design.

e Village labor is readily available while ordering and obtaining ra terjalsand
parts is not easy or affordable.

In order to minimize safety issues pertaining to assembly,/a mayual@r the assembly
developed as well to
stly pictorial to ensure

must be created. A clear and concise user manual
encourage safe operation of the press. Both manuals w#

could cause harm to a person will be covered 2
press is taken apart to be fixed.

Lastly, the members of our team who are max

weld and exercise all safety precautions white

. Patent Q
This is a humanitarian project and i§ no{iqtended for marketing or profit. The end
results will be shared and available'g§an ogen-source design. Therefore it is important

that the design is free of any p i tent infringement. The design is intended for
use in rural Mali. However, pen-Source item it should comply with any safety
standards required for use ufacturing in the US. Further investigation will be
conducted to find suc S.

The following patents en identified for investigation:

Patent numbeéx 544972 Sugar Cane Press. Issued Aug. 20, 1895.

a into consideration.
nt number: 96264 Improved Sugar and Sorghum-Mill. Issued Oct. 26, 1869.

A horizontal axis 3 roller design. The 3 roller design is efficient at extracting sorghum
juice, and the gear setup can be used in our design.



Patent number: 31828 Improvement in Sugar Mills. Issued Mar 26, 1861

A horizontal axis 2 roller design that features a feeding bed. It looks like t bed
helps the user to feed in the sugarcane stalk by allowing the suga placed
horizontally in front of the feeding end of the rollers. The feedi ed Jdea will be

considered.

Regulations:
Since the sorghum press is a food processing device, a

of food must meet the FDA requirements from FDA
summarized below:

e Durable, corrosion-resistant, and nonabs
e Finished to have a smooth, easily clea
e Resistant to pitting, chipping, crazing,

decomposition
e (alvanized metal may not be u %nsils or food-contact surfaces of

equipment that are used in contact with’acidic food.
Non-Food Contact Surfaces:

hifYg, scoring, distortion, and

¢ Non food-contact surfag dquipment that are exposed to splash, spillage, or
e frequent cleaning shall be constructed of a

bent, and smooth material.

other food soiling or ths
corrosion-resista

the standard of living of Malian villagers by allowing them to
m juice from sorghum. Sorghum juice contains nutrients not found
ugar, whi¢h will improve the health of the villagers. With the aid of the

S, V@agers can grow sorghum as a cash crop, which will raise their

he standard of living.

extract sweet s
in refine
sorghum

ary, there are potential problems with having an increased supply of
juice or with providing a press to the village. Sorghum juice can be easily
efited into alcohol, which might increase alcoholism in the village. Also, jealousy
t become an issue of contention in the village if only some families are able to
afford the press and others are not. However, these risks are offset by the health and
economical benefits.
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AD

Requirements w
o\

Specification Description Value Verification Metho@ Trials

/7

Minimum torque required to
1 operate the machine. 240 N*m Test Procedure 5 /> 6

Maximum roller gap under Q
2 normal load. 5.1 mm Test Procedure 1

Device can process a length of %
3 sorghum stalk per unit time. 10 cm/s Test edure 6 12

Gears can be manufactured ) vﬁ\o\;%ccessful manufacturing of
i i gears 1

4 consistently using a template. True/False
All joining and fastening \/
achievable with readily available R ieyy of drawing and assembly package and
5 nuts and bolts and stick welder.  True/False /\ anufatured press. 1
All materials used in design can —
be purchased in Mali or are
6 readily available in Mali. True/Falﬁe eview of mechanical drawings. 1

Tolerances must be achievable
by manual measuring
7 techniques. Verification from contact in Mali. 1

Performs minimum number of
cycles before new parts are
8 needed. otations Test Procedure 8 1

Maximum retail cost of
9 materials. (7 ﬁOO Review of expenses. 1

Can lock moving parts whew

in operation to prey,
10 accidental injury. True/False Review of press. 1
11 Maximum \@ight. 0 890 N Weigh press. 1

v

© by Stephen W. Laguette 2011. All Rights Reserved.
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Project Assumptions and Milestones

PN
Project Purpose Our project aims to improve the quality of life for people iff A sms Y
community in Mali by providing them with an improved s SS
design. A sorghum press is a device which extracts s stalks
of sweet sorghum plants which are abundant in M IS nutritious
syrup is then processed to produce sugar. Through this sy
production, business opportunities are created for t i s of Dissan.

A previous sorghum press design was
Engineers without Borders (EWB) M
first prototype was installed and used
that this first press required imprg
hand cranked and can only pa
making the syrup output slow/Q@ur new dgsjgn aims to improve the

de fonthis munity by the
e yeafs ago. After the
son, it became apparent
current sorghum press is

NN\

Project Scope

t isYo)havéaAvorking sorghum press that can
sed jmmediately in summer 2012. This press
oughput and therefore production of sweet
ss so that it can be fully manufactured in
ill be an important source of income for
the commu&i/, 0 /s to make it easy and quick to maintain

phf#ch
and store i of -s 50 that it will last for many years. We will also
nity
m |

will increase sorghum s
syrup. We aim to desgi

provide the co uith a full drawing and assembly package and
illustrated u@e\r

\/.

End Project Specifications

The ov% this project is to provide a working sorghum press
and design n be used and manufactured by the people of Mali,

A fully functional human-powered sorghum press that:

o is capable of pressing more than one stalk of sorghum
at once
is manufacturable in Mali
is affordable for the intended market
is safe for operators, bystanders, and the community
can be quickly and easily maintained and cleaned

o is portable

e A full drawing package
e lllustrated assembly, maintenance, and use instructions

O O O O

Additional details can be found in the Product Design Specifcations
document.

We have ensured project completion by identifying and outlining the
following sequential course milestones:

S
Reliverdble Milestone Completion Date
urse Deliverables Turn in Engineering 3/16/12
\ Report Document and
> Complete Uploads to
E-binder.
END WINTER QTR.

© by Stephen W. Laguette 2011. All Rights Reserved.
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Prototyping Manufacture final 4/1/12
design

Course Deliverables Submit 4/13/12
purchase/fabrication
requirements.

Course Deliverables Submit final project 4/27/12
completion
requirements.

Customer Deliverables | Complete assembly 5/15/12
and user instructions.

Modeling Complete final design 5/15/12
engineering drawings <
and 3D-model.

Prototyping Complete 5/15/12
manufacturing of final (\
design.

Analysis/Testing Check product 5/30/12 \
performance against
outlined specifications. m

Course Deliverables Complete project 6
poster. W

Assumptions

(ONS

sume Materials we think will be available to
machi€ists in ill be available.
SS the machinists in Mali have basic machines and
nd are 2able to weld.
me the men and women operating the sorghum press
t minimum “average” strength.
assume the design lab, testing lab, and machine shop will

edyailable to us all year.

WE assume we will have a contact in Mali who will answer our
estions regarding the project

We assume sorghum can be grown in Mali.
We assume sorghum is not a health hazard when consumed.
We assume there is no alternative more important use of
sorghum that will arise besides edible purposes.
We assume the government will not regulate sorghum.
We assume the people of Mali will not gain access to
mechanized farming equipment or an alternative effective way
to juice sorghum.

© by Stephen W. Laguette 2011. All Rights Reserved.
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Risks

The project will be jeopardized if the both the URCA an@tthe "\
EWB-UCSB Withdraw their funding.

The materials needed to build the device might ng, availa

in Mali

The project will be jeopardized if no qualified ma
available in Mali.

The project will be jeopardized if the peopl¢ fn Maliqre for some
reason not able to operate the press.

The project will be jeopardized if we are not ake use of
the design lab, testing lab, and hine shop

The project will become muc j
somehow becomes unreach&k
The project will be jeopardized becomes inhabitable for
sorghum stalks due to clifpate

using sorghum x(z or example, sorghum used as
bio fuel or a d

The projecyp# jedpardized if the people of Mali gain access
to mechaifige i}y equipment such as an electric sorghum
pregs.

-
&
S

<
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1.0 Introduction

In order to produce the most efficient human powered sorghum press possibl&
issue must first be addressed of what the most efficient use of human po is.

1.1 Purpose

The following experiment will allow for the testing of
power: hand powered, leg powered by use of biking ™
powered by use of walking and pushing an objec
the tester to definitively show which form of
showing the power an average person can o
time.

sc@human
iof/and full body
£s will in turn allow

ost efficient by
tended period of

1.2 Objectives

This test will allow the tester to fin stefficient way for a human to do
work on a crank arm of someéorm. as been broken down into three
possible modes for a human togexert n a system. The first is turning a
crank at a steady speed with ot ds, the second is turning a pair of pedals
attached to a crank shaft with\oxth feet, and the last is performing a walking
motion while pushing ag ject to be moved.

1.3 Importance

The importance ingdipg the most efficient use of human power is due to the
fact that i orfelates to the efficiency of the human powered sorghum
i, designed to be usable by an average human for an extended

progcess the ssgghum as quickly and efficiently as possible, the transfer of energy
m e effhient not only from the machine to the sorghum stalks, but also from
an to the machine.

ckground

ased on previous knowledge and engineering intuition, it is believed that the
walking while pushing an object will have the greatest power efficiency, while the
hand crank will have the least. This is due to the fact that the hand crank uses
some of the weakest muscles in the body, while the walking and pushing allows
for the utilization of nearly all the muscles in the body, including most of the
strongest muscles found in the legs and torso.



2.0 Reference Documents
No Reference material was used in the formulation and execution of this test.
3.0 Test Configuration

Setup require only a stop watch with minimum resolution of se
workout machines, one for hand cranking and biking (shown

and the other for walking (shown in figure 2 of appendix). B
displays set to output watts.

ds, and thetwo
of@pendix),
ines should have

3.1 Test Approach

male and two female test su%ects
After power outputs are reco
four test subjects, the same

3.2 Equipment Need
Stop watch

Reck MOTOmef o crank and biking trainer
Precor EFX546i

3.3 Test Ré¢por equirements
Test results are’to be tabulated and presented in graphical form. Each test
t capave his or her results graphed over the ten minute interval, and
these plots can be averaged together to get a theoretical “average
output. Test anomalies will have insignificant effects on the overall data
the amount of data collected and averaged. In order to get an average
output for an “average person” forty points will be collected from each of the

ur subjects and averaged together, making any anomalous individual points
trivial.

4.0 Test Procedures

The following is a list of procedures to be preformed as well as the expected results for
each procedure.



4.1 Human Power Output

Table 1. Human Power Output Test Procedures

@

Step Procedure Expected Result Pass+Fath ~—

1 Turn on hand crank Machine will display | The mgchine dj
machine and set a higher wattage for | produc pec
display to output in faster hand cranking Lirends o
watts. Have test >output
subject one sit or Q
stand in comfortable
position and begin
turning crank at
comfortable speed, f\\

2 Record test subject's i The power output
power output every averaged around
fifteen seconds for thirty watts and was
ten minutes pretty stable.

3 Repeat steps one Males did test slightly
and two for all t higher then females
subjects. Tabul with all and results were
information in ta{l\e estits being pretty steady.
for easy use. Nsigady.

4 Turn on bik Machine will display | The machine did
machine a a higher wattage for | produce expected
output ‘1(- Wo faster pedaling trends of wattage
watts. ' e speeds. output.
subjec ..

CQR -
mg ata
GO rta I speed.
5 t subjects Power output will be | Power output was

wer output every
seconds for
ten minutes

higher then the
output from hand
cranking. Output will
be steady with some
possible drop off at
the end due to
getting tired.

higher then hand
cranking and output
was mostly steady
with a slight rising
trend over time.

PN

machine and set
output display to
watts. Have test
subject one begin
walking at a

~ Repeat steps four Males should test Males did test slightly
and five for all test slightly higher then higher then females
subjects. Tabulate females with all and results were
information in table results being pretty steady with a slight
\ for easy use. steady. increasing trend over
time.
) 7 Turn on elliptical Machine will display | The machine did

a higher wattage for
faster walking
speeds.

produce expected
trends of wattage
output.




comfortable speed
while pushing
against hand rests to
simulate pushing
object.

&
S

8 Record test subject's | Power output will be | Power o N
power output every higher then the higher #yén ha
fifteen seconds for output from hand cranki nd bl
ten minutes cranking or biking. Output Iy

Output will be steady, >steady with a shght
with some possible risi tre

drop off at the en }ﬁ

due to getting tired.

9 Repeat steps seven | Males shouldAg \%S did test slightly
and eight for all test slightly hight higker then females
subjects. Tabulate females w(itk and results were
information in table results being\pre steady with a slight
for easy use. stea increasing trend over

time.
5.0 Appendix

%
@@

Figure 1: Reck MOTOmed Handcrank and Biking Trainer
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1.0 Introduction

In order to produce the most efficient human powered sorghum press possiblg
issue must first be addressed of what the most efficient use of human po is.

1.1 Purpose

The following experiment will allow for the testing of
power: hand powered, leg powered by use of biking ™
powered by use of walking and pushing an objec
the tester to definitively show which form of
showing the power an average person can o
time.

s@muman
iofyand full body
ts will in turn allow

ost efficient by
ktended period of

1.2 Objectives

This test will allow the tester to fin stefficient way for a human to do
work on a crank arm of someéorm. as been broken down into three
possible modes for a human togexert n a system. The first is turning a

crank at a steady speed with
attached to a crank shaft with
motion while pushing ag

t ds, the second is turning a pair of pedals
th feet, and the last is performing a walking
ject to be moved.

1.3 Importance

The importanca
fact that i

inding the most efficient use of human power is due to the
elates to the efficiency of the human powered sorghum
i, designed to be usable by an average human for an extended

prggess the ss¥ghum as quickly and efficiently as possible, the transfer of energy
m e ef€2ient not only from the machine to the sorghum stalks, but also from
an to the machine.

ckground

ased on previous knowledge and engineering intuition, it is believed that the
walking while pushing an object will have the greatest power efficiency, while the
hand crank will have the least. This is due to the fact that the hand crank uses
some of the weakest muscles in the body, while the walking and pushing allows
for the utilization of nearly all the muscles in the body, including most of the
strongest muscles found in the legs and torso.



2.0 Reference Documents
See test procedure document.
3.0 Test Procedures

Each of the four test subjects is to perform at whatever he or she feels is table
rate on each of the three workout machines: a hand cranking hine, a biking

machine, and an elliptical machine. The power output in wa
display every fifteen seconds for ten minutes. All data for ea

“average person's” power output over a ten minute perioe:
document for more in depth instructions on performipgA

4.0 Recorded Data

The first test that was run was with thg
performed the hand crank test for ten minutes wit

ank machine. Each test subject
ower output being recorded every

fifteen seconds. The results of each test sulfjes W bulated and graphed as seen in
figure 1.

\gure @Power Output Over Ten Minutes On Hand Crank Machine
Hereea blue lines correspond to the male test subjects, and pink correspond to
thHe\fe st subjects. The thick purple line is the power output of each test subject

t that time averaged together. This is representative of what an “average person” could
ver a ten minute period. The average output of an “average person” for a hand
k motion was found to be 30.7 £ 5 watts.

The second test that was run was with the biking machine. Each test subject
performed the biking test for ten minutes with power output being recorded every



fifteen seconds. The results of each test subject were tabulated and graphed as se
figure 2.

Figure 2: Power Output Over Te s On Biking Machine

the female test subjects. The thick purple
at that time averaged together. Thisis
output over a ten minute period. T

av

while pushing an object. Ea
with power output being

Figure 3: Power Output Over Ten Minutes On Elliptical Machine



Here each of the blue lines correspond to the male test subjects, and pink corresp to
the female test subjects. The thick purple line is the power output of each test subjec
at that time averaged together. This is representative of what an “average perggh™sQb
output over a ten minute period. The average output of an “average person” .%m
motion was found to be 179.9 + 10 watts.

*For more complete list of test data, see appendix 1*

5.0 Test Results

Average Power O 10 Minutes

200 \
180

160
140
120
100
80
60
40
20

Average Power (Watts)

Biking Walking
Work Method

4: Average Power Outputs of Each Method Over Ten Minutes.

These results are exactly what was expected due to the various muscles being

each work method. Walking uses the most and strongest muscles, while hand

n uses the least and weakest muscles, making them theoretically the most and
efficient methods respectively.



6.0 Summary of Test Results

hypothesis. Each work method produced fairly steady results throughout the
minutes, showing that the power output was a reasonable and sustainab S
slight deviation from the expected trend was that all tests showed spike$ (n pow@r
output of varying degrees in the last minute or so of the test. This is pro to the
fact that the test subjects were aware of how much time was refpfaining and Thus put in
more effort at the end. For slightly more accurate results, th shdWtd not have
been informed of remaining time. These deviations do not gnificant effect on
the results however and thus are acceptable.

your arms to induce work on the system. Not only ake
but there are also a limited number of muscles putting

apply work to the system, however the nu les is still limited. Biking ranked
second of the three work methods asexp an average power output of
almost three times the power outpu? an ing, and a little more then half of the
power output of walking. %
Walking while pushing an objeéchwas ®Xpected to be the best of the methods due
to its use of muscles in the arms4 torso. Walking ranked top of all methods by a
ime

fair margin as expected, havi e power output of hand cranking, and almost
double the power output of

7.0 Anomalies

effic data points will be worked out due to the sheer
Therefor, while there was some significant spikes in the

Any ano
amount of dat

his problem could be fixed by not allowing test subjects to know the
e remaining in the test. Again however, these trends were not of a

icant enough magnitude to have a large impact on the overall results due to the
they happened over such a short amount of time. These trends thus can be

8.0 Conclusion and Recommendations

The purpose of the test was to find the most efficient use of human energy. This
goal was indisputably accomplished, as walking while pushing an object was found to



have almost double the average power output of the next most efficient method.
to these findings, The human powered sorghum press should utilize a walking m
for people to put work into the system.

()

9.0 Appendices
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9.1 Hand Crank Data
Time (s) |Female 1 [Female 2 [Male 1 Male 2 “Average Person”
15 24.6 24 25 48.3 30.4
30 27 22.3 32 53 33.6
45 27.3 19.3 32 50.3 /7322
60 27.3 22 32 38.6 \\30.0
75 27.6 23.3 30.3 33 B
90 26.3 19 31.3 376, // 28.6
105 26.6 19.6 28 31// /) Vs
120 24 23 36.3 3NN/ 29.3
135 24.2 23.6 35.3 303 N\ 284
150 26.6 19.3 3. /371N V302
165 28.6 14.3 36.60 {L33.6 ) 28.3
180 23 22.3 52 N\ /) 32.5
195 26.6 21 384N\ Y/ 29.5
210 26 22 2B ))393 Y 31.7
225 27.3 17.6 28/ 39 31.1
240 29.3 23] 40N\ 36.3 32.2
255 21 17.6)  //79.3N_V36.3 28.8
270 26.6 183 U Aley 343 30.2
285 26.3 M.\ 38 31.0
300 27.6 AN 426 30.6 30.5
315 25 NN \28.6 35.3 29.7
330 240 ~~I8\ 406 32.6 29.1
345 21, —_26060) 39 32.6 28.3
360 253 )/ 1 42.3 35.6 30.6
375 ANV 9.6 46.3 39.3 31.8
3900 2T 17 55 34.6 32.0
205 (( Al 15 51.6 27.6 29.0
4200 \V&o.6/) 16.6 48.6 38.3 30.8
435N\ 23 163 67.3 33.6 35.1
450 \\26.6 15.3 50 32,6 31.1
R EE 15 43 30.6 28.0
. 48D\ 25.6 17.3 45.3 33.6 30.5
AL 495, 25 15 58 28.6 31.7
A\ 51 23.3 16.6 55 28.6 30.9
2525 23 16 50.3 31 30.1
\ 540 27.6 19.6 46.6 30 31.0
) 555 26.6 19.6 44 29.3 29.9
570 323 15 57.3 36.2 35.2
585 35.3 16.3 53 32.8 34.4
600 38 16.6 57.3 31.6 35.9

Table 1: Hand Crank Power Output Data Over Ten Minutes

@



9.2 Biking Data

Time (s) |Femalel Female 2 Male 1 Male 2 “‘Average Peps;/arn"\
15 49 85.9 118 99 (\88.0

30 53.3 69.9 115.6 112 — \8r7

45 55.2 75.3 107 1200 [ 894

60 58.3 83.4 104.3 11960 \\_ )91.4

75 61 95.7 97, 1133 92.2

90 68.3 95.9 97.6 /2 A N 935

105 61.6 71.7 108 ({109 Y 876
120 68.3 96.1 112.3 A 95.2

135 61.6 95.7 115.3] /—J8630 94.7
150 73.6 81.5 123.3// Ny T 96.4
165 ) 91.0 108.08\_  109/6 99.8
180 86 71.2 BN N\ 09.6 93.9

195 88 796 /Aosg) V108 95.3

210 100.6 94.4 N4 109.6 101.4
225 94.6 90.7 s 111 100.6

240 98.3 95.8 /7> NQ9.0V 112 101.4
255 103 26.6 b // 110 98.2
270 90.6 ¥eon \\AJzs 114 100.2

285 96.3 RANN 1333 114 109.0

300 102.3 %Y\ 1326 108 109.5
315 100.6, {87 132.6 114 108.6
330 103.6 —~ 897/ 137.3 106 109.1
345 103.6/(( // &9. 135.3 104 108.0
360 120.3 \Y{ /78.7 130 102 107.8
375 45> ~—"86.6 119 113.3 108.5
390 e’ 1\ 721 110.6 114.3 102.3
405, N/  88.d 122.3 109.6 108.5
4200 (/~\108.3 67.9 115.3 115.6 101.8
435\ o 75.3 117.6 122 106.2

450, N\ 97.6 68.4 132.6 108 101.6
™65 M16.6 69.9 150 113 112.4
N Y 926 91.7 148.6 165 124.5
NN 106 87.8 137.6 120 112.9
510 93 76.5 146.6 125 110.3
)5 93 95.5 139 125.3 113.2
N\ 540 89 68.0 145.6 121 105.9
) 555 67.3 80.1 122.3 121.6 97.8
"~ 570 98.6 78.4 133 137.6 111.9
585 117.6 89.9 138 134 119.9
600 124 90.8 141.3 136 123.0

Table 2: Biking Power Output Data Over Ten Minutes

10



9.3 Walking Data

Time (s) |Female 1 Female 2 Male 1 Male 2 “Average Pe;e;/an\
15 176 150 160 168 (635

30 168 147 174 167 PR

45 182 150 189 157 [ 1895

60 188 150 174 157 \\U )§73

75 189 153 173 143 64.5

90 185 157 178 JX50 . o 1675

105 185 160 192 ({354, Y 1728

120 189 164 191 3% 175.0

135 185 163 192 2N 176.8

150 181 157 197/ N3] 175.8

165 185 164 2000\ 170 179.8

180 188 152 N N\ A77 176.3

195 189 163 //189) V167 176.3

210 189 163 O\ 174 180.5

225 189 156 VESY 147 170.0

240 191 159/~ N9V 153 1735

255 195 61 /7 152 175.0

270 191 MR \\ 498 154 177.5

285 195 ABINN T 198 160 179.3

300 188 & 181 160 172.5

315 189  £~16 193 163 176.5

330 195 —, 164/ 191 164 178.5

345 19/(( // AL59 191 166 178.0
360 185\ /70 191 163 177.3

375 /156> ~—" 159 205 170 182.5

390 (Wl 1) 164 186 164 176.3

405,  _ N\%e—/ 167 174 157 173.5
420 (/~\185 161 192 214 188.0
435\ 171 178 206 186.5

450 N\ 199 171 202 193 191.3
M6s Y 1% 171 182 202 187.8
W Vo4 167 182 200 190.8
Qs 200 185 182 205 193.0
S50 205 185 188 210 197.0
NS B 212 182 186 202 195.5
%\ 540 206 171 187 207 192.8
) 555 210 177 207 200 198.5
~ 570 170 182 210 200 190.5
585 184 184 214 184 191.5
600 192 198 198 185 193.3

Table 3: Walking Power Output Data Over Ten Minutes

11
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1.0 Introduction

In order to design a machine that will squeeze the juice out of sorghum stalks,
first find the pressure required to compress the stalks down to a thicknes
inches. This thickness was chosen based on research of the previous te
in “SORGHUM JUICE EXTRACTION EXPERIMENT.” According to the result
0.2 inches was found to be the thickness at which 90% of the jyi¢gé was extracted.
Unfortunately sorghum was unobtainable, and sugar cane wa§Aherefor us@ asa
substitute

1.1 Purpose

The purpose of this document is to providea-< cription of the lab
setup and procedures performed in orgéy : roducible by other
engineers or scientists. This in turn all& ythe scientific community to both

critique the test, and reproduce the test, giyiRg the results greater accreditation.

1.2 Objectives
) O

There are two main objectiv
measurement of pressure req
thickness of 0.2 inches. §
is as difficult, or mor

%st. Both of these objectives require the
d tox¢rush sugar cane stalks down to a

jective of this test is to show that sugar cane
It torush then sorghum. This will be done by

relating our results t eg(Its of a similar test done by the previous team. The
second objective to get a better understanding of the forces that
will be exerted ess by a single stalk of sorghum or sugar cane, in order
to better desig press to resist various forms of failure.

1.3 Impgftanc

Thig test is i rtant in order to prevent failure in our sorghum press design.

st akQws us to find the maximum and average force that will be exerted on
s if sugar cane was fed through. In addition it will prove that sugar cane
uce a greater force on the structure than sorghum would, and therefor
culations done with sugar cane in mind should also be acceptable for
sorghum.

1.4 Background

Based on our experience with and research on sorghum and sugar cane, it is
predicted that the pressure to crush a sugar cane stalk should exceed the
pressure to crush a sorghum stalk. In addition, this pressure is expected to be on
the order of magnitude of hundreds of pounds per square inch.



2.0 Reference Documents

“SORGHUM JUICE EXTRACTION EXPERIMENT,” EWB Capstone Team, 2008
“SORGHUM FORCE EXPERIMENT,” EWB Capstone Team, 2008

3.0 Test Configuration
Setup requires test samples of sugar cane measuring 2 inche len wit@a diameter

in the range of 0.5in to lin. Pictures of such a sample can b figure 1. In
addition, a compression testing machine is required that ez at least 20001Ib of

b btained and cut into six 2in. long
samples. Three of these samples must con knots along their length, while
the other three must be absent of hese’samples are to be measured and
then placed in plastic bags in Qrderi\tp f C
from the juices. The machinelisgken used'1o crush the sugar cane down to a
thickness of 0.2in as seen in %he force required to get this displacement
is measured as well as the di siond30f the now crushed sample. This force
divided by the contact a ult in a desired pressure value.

3.2 Equipment NeedEg

diameter
’ hine

Analysis ofgest results are unique due to their relation to a previous test. As
a must be analyzed in two ways. Specifically, contact area must be
{matéd as the length times the diameter in order to compare with the results
other test. In addition to this analysis, surface area will also be computed
by measuring the final area of the squished sugar cane in order to get more
ccurate results. A sample of squished sugar cane can be seen in figures 4 and 5.
This resulting pressure can then be multiplied by an estimated area contact area
between the sorghum press and stalks in order to find the force the stalks will
exert on the press. By performing the test on three samples, we are able to
check to make sure results are steady and therefor more likely accurate.



4.0 Test Procedures

This section lists the step-by-step procedures to be followed for the test.

Table 1. Test Procedures 7
Step Procedure Expected Result PA€s / Faih
1 Place sample one in | Force will steadily Force We as
plastic bag and place | rise until thickness is >expected.
in testing machine. met and sample is
Proceed to crush relived of pressur < Q
until a thickness of
0.2in is achieved.
Record force
measured by test
machine
2 Measure area of Force to crush stalks
crushed sampled did vary with
with tape measure predicted trends.
and record
Q
3 Repeat process f Stalkg hith knots will | Stalks with knots

all three sample,
with and without

quire a larger force
pressure

stalks did follow
expected trends.

5.0 Appendix

Figure 1: 2 inch long, 0.75 inch diameter sugar cane sample




<

Figure 2: Compression testing machine with/Adgar cahg\saniple loaded

N\

Figur cane sample crushed to 0.2in

@@

<

Figure 4: Squished sugar cane sample side view
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1.0 Introduction

In order to design a machine that will squeeze the juice out of sorghum stalks,
first find the pressure required to compress the stalks down to a thickness of
inches. This thickness was chosen based on research of the previous tea
in “SORGHUM JUICE EXTRACTION EXPERIMENT.” According to the resul
0.2 inches was found to be the thickness at which 90% of the juice was e
Unfortunately sorghum was unobtainable, and sugar cane was #herefor used as a
substitute

1.1 Purpose

The purpose of this document is to provide a‘deta gsgription of the lab

scientific community to both critique
results greater accreditation.

1.2 Objectives
) O

There are two main objectiv
measurement of pressure req
thickness of 0.2 inches. §
is as difficult, or mor

%st. Both of these objectives require the
d tox¢rush sugar cane stalks down to a

jective of this test is to show that sugar cane
It torush then sorghum. This will be done by

relating our results t eg(Its of a similar test done by the previous team. The
second objective to get a better understanding of the forces that
will be exerted ess by a single stalk of sorghum or sugar cane, in order
to better desig press to resist various forms of failure.

1.3 Impgftanc

Thig test is i rtant in order to prevent failure in our sorghum press design.

st akQws us to find the maximum and average force that will be exerted on
s if sugar cane was fed through. In addition it will prove that sugar cane
uce a greater force on the structure than sorghum would, and therefor
culations done with sugar cane in mind should also be acceptable for
sorghum.

1.4 Background

Based on our experience with and research on sorghum and sugar cane, it is
predicted that the pressure to crush a sugar cane stalk should exceed the
pressure to crush a sorghum stalk. In addition, this pressure is expected to be on
the order of magnitude of hundreds of pounds per square inch.



2.0 Reference Documents

“SORGHUM JUICE EXTRACTION EXPERIMENT,” EWB Capstone Team, 2008
“SORGHUM FORCE EXPERIMENT,” EWB Capstone Team, 2008

3.0 Test Procedures

Eac&f these

samples should be two inches long with a diameter falling in ge of half an inch to
an inch. These samples should be measured and their leagth jameters should be
recorded. The samples should then be placed in sepaygte pla and placed into
the compression test machine one at a time. They showld then p¢ loaded until they

should then be removed from the machine, and #ned sample should have
his force and contact area, the

4.0 Recorded Data
&

With this procedure repeated for ea %x samples, the following lengths,
diameters, forces, and contact areas e medsured. These values can be seen in table

1.
fa
No Knot length (in) Diapieteryin) Force (Ib) final surface area sq in
1 2N /) 0.75 1350 35
2 ) g 0.875 1600 3.75
3 (( /7 0.5 1200 2.8
\ /)
Knot /TN T
INAANNE 0.675 2000 3
N V2 0.75 2350 3.5
RN 0.75 2400 35
0\7 Table 1: Measured Values From Tests
All len ccurate to within 0.125 inches and all forces are accurate to within 50 Ib.

G

nt esults are analyzed to be consistent with the analysis method used in the *
UM FORCE EXPERIMENT,” The following results can be seen.



Figure 1: Pressure Required Using gximations

orghum test performed by the
he data from sugar cane samples

Here the black line corresponds to the data f
previous EWB team, while the red and blue lines

with and without knots. The pressure resul wexe obtained by taking the force
recorded and dividing it by the product of and diameter of the stalk. While
this area approximation is determined {obe i tive, it must be used in order to
compare with values from the “ SO RCE EXPERIMENT.” Here it can be seen
that every trial with sugar cane requirgd a higher pressure to crush then the sorghum
trials, proving that sugar cane is crush.

In addition to this analysis , fe pressure was also calculated with a better

asuring the final area of the stalk after it was
ation, a better estimate of pressure to crush the sugar cane
¢9ults can be seen in figure 2.

approximation of contact-s
crushed. Using this ap
stalks was acquired, a




a sugar cane stalk is 413 Ib/in?
knot occurs the average pressure

Here it can be seen that the average pressure to
with a maximum value of 427 Ib/in’. In places

5.0 Test Results \

All results were within expected xalues\N both aspects. Not only were all values of sugar
cane higher then all values of soxrg xpected, but pressures were in the range of
hundreds of pounds per squé 3s expected as well. In addition, sections of sugar
cane that contain a knot regq\iv h high pressures to crush.

6.0 Summary of Test R

gar cane stalks. Therefore using the maximum found

pressure of 686 Ib/iQ\a maximum estimated force on the rollers from each stalk is
approxim
contac etween the rollers and the stalk.

were found and all maximum and minimum values were within 5% of the
lated average values.

.0 Conclusion and Recommendations



Tests were successful and found sugar cane to be stronger then sorghum. Due to t
fact, any calculations done with the sugar cane results will also be sufficient for sarghu
In other words, as long as the press is designed to withstand 1372Ib per stalk,
will not break.

%
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1.0 Introduction

In order to have a robust press design, it must be shown that the loads that w I@
applied to the rollers by the sorghum stalks will not be enough to cause plastic
deformation. In addition, the applied loads must also not cause an elastic(deforghation
large enough to prevent the pressing of the stalks down to a 0.2 inch thic

1.1 Purpose

setup and procedures performed in order to
engineers or scientists. This in turn allows fo
critique the test, and reproduce the test, givi

1.2 Objectives

This test will prove that the point logg 2
plastic deformation to the roéers i @ xof denting. In addition, it will help
I

support the hand analysis ca ions\tkat/all bending will remain in the elastic
region as well as remaining e agnitude of 0.1 inches per roller.
1.3 Importance

The sorghum press i for a small town in a third world country.
Availability of majnte d materials are minimal, and therefor the press
should be desigtedrd last as long as possible. One key feature of this is keeping
the rollers fro hfly deforming due to the loads caused by the sorghum
stalks. Th also be able to maintain a maximum separation of 0.2
inches ipl¢rde et the maximum amount of juice from the stalks.

1.4,Backgrou

<

\g to hand analysis, the roller should not deform plastically due to
mg’moments. Force from sorghum stalks also should not cause a great
h deformation to cause rollers to separate to a greater distance then 0.2
inches. Denting and various other unpredicted modes of failure must be tested
r.

eference Documents

“Force to Crush Sugar Cane,” EWB Capstone Group, 2012



3.0 Test Configuration

Testing requires a three point bend test machine as seen in figure 1. In additid
the roller to be tested must also be present. In this case this is a one foo
made of sch. 5 pipe and an outer diameter of 4 inches. A picture of the rd{ler alg®ady
loaded into the testing apparatus can be seen in figure 2.

3.1 Test Approach

Test is simple and all work is done by bend test
loaded onto the machine by two supports on ig

lowered until in contact with the roller. Increasivg

roller by the machine in the form of a poip
displacements are measured as the loag
be tested both for deformation at 1500{P\a
Cane,” as well as force required to defor

3.2 Equipment Needed o

Three point bend test appar
Roller to be tested

3.3 Test Reporting Re ents

Bend test mac

little average e@? noise. All data points from machine are to be recorded
[

and plotted on

S

4.0 Test Procedures

plastic de
found.

N

<

at a very high sampling rate, causing there to be

Table 1. Test Procedures

rain curve. From this curve the maximum deflection,
d load required for any specific deformation can all be

(\\‘SLtép\ Procedure Expected Result Pass / Fail
1~ Load Roller onto Roller will fit correctly | Roller fits

q three point bend test | and be ready for

\ machine testing
Apply a ramp force Roller will experience | Roller exhibited large
on the roller up to a little elastic deformations due to
load of 1500Ib, then deformation and no unexpected denting

N back to 0 plastic deformation

f 3 Load roller until Roller will require a Roller passed 0.1
elastic deformation of | load greater then inch deformation
0.1 inches achieved 1500Ib before 15001b
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1.0 Introduction

In order to have a robust press design, it must be shown that the loads that wi
applied to the rollers by the sorghum stalks will not be enough to cause plastic
deformation. In addition, the applied loads must also not cause an elasti r
large enough to prevent the pressing of the stalks down to a 0.2 inch thigkness.

1.1 Purpose

<

tion of the lab

in order to make it
s for the scientific
gst, giving the results

The purpose of this document is to provide a detaile
setup and procedures performed as well as the re
reproducible by other engineers or scientists.
community to both critique the test, and repfQaiu
greater accreditation.

1.2 Objectives

This test will prove that the point loggs sorghum stalk will not cause
plastic deformation to the roéers inJ @ xof denting. In addition, it will help
I

support the hand analysis ca ions\tkat/all bending will remain in the elastic
region as well as remaining e agnitude of 0.1 inches per roller.
1.3 Importance

The sorghum press i for a small town in a third world country.
Availability of majnte d materials are minimal, and therefor the press
should be desigtedrd last as long as possible. One key feature of this is keeping
the rollers fro hfly deforming due to the loads caused by the sorghum
stalks. Th also be able to maintain a maximum separation of 0.2
inches ipl¢rde et the maximum amount of juice from the stalks.

1.4,Backgrou
\g to hand analysis, the roller should not deform plastically due to
mg’moments. Force from sorghum stalks also should not cause a great
h deformation to cause rollers to separate to a greater distance then 0.2
inches. Denting and various other unpredicted modes of failure must be tested
r.

eference Documents

“Force to Crush Sugar Cane,” EWB Capstone Group, 2012
“Three Point Bend Test Procedures,” EWB Capstone Group, 2012



3.0 Test Procedures

measuring resulting displacement. The load should be slowly ramped up
15001b, then backed slowly down to Olb in order to find the maximum d

1500Ib and the plastic deformation it will cause. If the maximum deflect ess
then 0.1 inches, the roller should then be reloaded up to the mif)fmum force Tequired to
reach a 0.1 inch deformation. The resulting data should be ire

4.0 Recorded Data

First the roller was placed in the three point bend m§ s exposed to a
steadily increasing force from 0 to 1500lb, and thetriotught back down to Olb. The

ere recorded rapidly through out
the duration of the test. The results can be sée glre 1.

@@

@Force Vs Deformation of Roller 1 up to 1500lb

<

seen’that at 15001b the roller deformed 0.27 inches, and when the load
k to O, there was a resulting plastic deformation of almost 0.2 inches.
her test of the same roller was unnecessary as the 0.1 inch deformation
magk occurred long before the needed load of 15001b.

Results

The stress strain curve follows the basic shape of steel curve as it should. Deformations
ue to bending were negligible as predicted,. Deformations due to denting however
were well above the failure criteria.



6.0 Summary of Test Results

Bending stresses have been proven to not be a problem for the roller, thereforg 3
outer diameter, and shape are all acceptable. Failure due to denting can be so|e

using thicker wall tubing for the walls of the roller.

7.0 Anomalies

Noise is taken care of due to the sheer amount of data takenfpém t con‘@Jter. Stress
strain curve matches the shape of an expected steel stress s e as well. Finally,
the plastic deformation was measure with a micrometer tematc deformation in
the data, proving lack of calibration error.

8.0 Conclusion and Recommendations

In order to have a press that extracts 90% of
must press the stalks down to a thickness of 0.2 |

rom sorghum stalks, the rollers
es. In order to do this the rollers

must not deform beyond this point. In addi thisthe rollers must not plastically
deform from the load a stalk would exert ck of resources and skilled labor
required to maintain the machine if prgislem r. Therefor a thicker pipe size must be
tested in order to find a working desin t ill satisfy the needs of the people of Mali.

%
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1.0 Introduction

In order to have a robust press design, it must be shown that the loads that w I@
applied to the rollers by the sorghum stalks will not be enough to cause plastic
deformation. In addition, the applied loads must also not cause an elastic(deforghation
large enough to prevent the pressing of the stalks down to a 0.2 inch thic

1.1 Purpose

setup and procedures performed in order to
engineers or scientists. This in turn allows fo
critique the test, and reproduce the test, givi

1.2 Objectives

This test will prove that the point logg 2
plastic deformation to the roéers i @ xof denting. In addition, it will help
I

support the hand analysis ca ions\tkat/all bending will remain in the elastic
region as well as remaining e agnitude of 0.1 inches per roller.
1.3 Importance

The sorghum press i for a small town in a third world country.
Availability of majnte d materials are minimal, and therefor the press
should be desigtedrd last as long as possible. One key feature of this is keeping
the rollers fro hfly deforming due to the loads caused by the sorghum
stalks. Th also be able to maintain a maximum separation of 0.2
inches ipl¢rde et the maximum amount of juice from the stalks.

1.4,Backgrou

<

\g to hand analysis, the roller should not deform plastically due to
mg’moments. Force from sorghum stalks also should not cause a great
h deformation to cause rollers to separate to a greater distance then 0.2
inches. Denting and various other unpredicted modes of failure must be tested
r.

eference Documents

“Force to Crush Sugar Cane,” EWB Capstone Group, 2012



3.0 Test Configuration

Testing requires a three point bend test machine as seen in figure 1. In additid
the roller to be tested must also be present. In this case this is a one foo
made of sch. 40 pipe and an outer diameter of 4 inches. A picture of the(roller
loaded into the testing apparatus can be seen in figure 2.

eady

3.1 Test Approach

Test is simple and all work is done by bend test
loaded onto the machine by two supports on ig

lowered until in contact with the roller. Increasivg

roller by the machine in the form of a poip
displacements are measured as the loag
be tested both for deformation at 1500{P\a
Cane,” as well as force required to defor

3.2 Equipment Needed o

Three point bend test appar
Roller to be tested

3.3 Test Reporting Re ents

Bend test mac

little average e@? noise. All data points from machine are to be recorded
[

and plotted on

S

4.0 Test Procedures

plastic de
found.

N

<

at a very high sampling rate, causing there to be

Table 1. Test Procedures

rain curve. From this curve the maximum deflection,
d load required for any specific deformation can all be

Procedure

Expected Result

Pass / Fail

\Q”

Load Roller onto
three point bend test
machine

Roller will fit correctly
and be ready for
testing

Roller fits

Apply a ramp force
on the roller up to a
load of 1500Ib, then
back to 0

Roller will experience
little elastic
deformation and no
plastic deformation

Roller exhibited
minimal elastic
deformation and
virtually no plastic
deformation

Load roller until
elastic deformation of

Roller will require a
load greater then

Roller required much
greater then 1500Ib




[ 0.1 inches achieved | 1500lb

| to deform 0.1 inche@@

“Ngu# 2: Roller loaded in test apparatus
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1.0 Introduction

In order to have a robust press design, it must be shown that the loads that wi
applied to the rollers by the sorghum stalks will not be enough to cause plastic
deformation. In addition, the applied loads must also not cause an elasti r
large enough to prevent the pressing of the stalks down to a 0.2 inch thigkness.

1.1 Purpose

<

tion of the lab

in order to make it
s for the scientific
gst, giving the results

The purpose of this document is to provide a detaile
setup and procedures performed as well as the re
reproducible by other engineers or scientists.
community to both critique the test, and repfQaiu
greater accreditation.

1.2 Objectives

This test will prove that the point loggs sorghum stalk will not cause
plastic deformation to the roéers inJ @ xof denting. In addition, it will help
I

support the hand analysis ca ions\tkat/all bending will remain in the elastic
region as well as remaining e agnitude of 0.1 inches per roller.
1.3 Importance

The sorghum press i for a small town in a third world country.
Availability of majnte d materials are minimal, and therefor the press
should be desigtedrd last as long as possible. One key feature of this is keeping
the rollers fro hfly deforming due to the loads caused by the sorghum
stalks. Th also be able to maintain a maximum separation of 0.2
inches ipl¢rde et the maximum amount of juice from the stalks.

1.4,Backgrou
\g to hand analysis, the roller should not deform plastically due to
mg’moments. Force from sorghum stalks also should not cause a great
h deformation to cause rollers to separate to a greater distance then 0.2
inches. Denting and various other unpredicted modes of failure must be tested
r.

eference Documents

“Force to Crush Sugar Cane,” EWB Capstone Group, 2012
“Three Point Bend Test Procedures,” EWB Capstone Group, 2012



3.0 Test Procedures

measuring resulting displacement. The load should be slowly ramped up
15001b, then backed slowly down to Olb in order to find the maximum d

1500Ib and the plastic deformation it will cause. If the maximum deflect ess
then 0.1 inches, the roller should then be reloaded up to the mif)fmum force Tequired to
reach a 0.1 inch deformation. The resulting data should be ire

4.0 Recorded Data

First the roller was placed in the three point bend m§ s exposed to a
steadily increasing force from 0 to 1500lb, and thetriotught back down to Olb. The
ere recorded rapidly through out

@Force Vs Deformation of Roller 2 up to 1500lb

<

seen’that at 15001b the roller deformed 0.014 inches, and when the load
k to 0, the resulting plastic deformation was negligible

oller was then placed under a steadily increasing load again until the
reach 0.1 inches. The resulting data can be seen in figure 2.




Roller 2 Deformation Plot
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Deformation (in
Figure 2: Force Vs Deformation of Roll to th Deformation
Here it can be seen that the force required to the roller 0.1 inches is 8000Ib
giving the rollers a safety factor of 5.3.
5.0 Test Results &

The stress strain curve follows the b %@f steel curve as it should. Deformations
due to bending were negligible redicted. Deformations due to denting were also
within failure criteria.

6.0 Summary of Test Results

criteria in dentin the wall thickness is acceptable.

7.0 Anomalies

Bending stresses have proyen to not be a problem for the roller, therefore length,
outer diameter, ang sh Il acceptable. Rollers also now pass the deformation

<

care of due to the sheer amount of data taken from the computer. Stress
hes the shape of an expected steel stress strain curve as well. Finally,
eformation was measure with a micrometer to match the deformation in
ving lack of calibration error.

clusion and Recommendations

In order to have a press that extracts 90% of the juice from sorghum stalks, the rollers
must press the stalks down to a thickness of 0.2 inches. In order to do this the rollers
must not deform beyond this point. In addition to this the rollers must not plastically
deform from the load a stalk would exert due to the lack of resources and skilled labor



required to maintain the machine if problems occur. These rollers pass everyone o
these specifications and should be acceptable parts for the human powered sorg
press for the people in Mali.

%
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1.0 Introduction

Test utilizes a torque gauge and various samples of sugar cane in order to test\
required to crush one stalk of sugar cane.

1.1 Purpose

The purpose of this document is to provide a detaile
setup and procedures performed in order to make it
engineers or scientists. This in turn allows for the set
critique the test, and reproduce the test, giving

cible by other
mmunity to both
1.2 Objectives

gress must be found. This torque
ifgle stalk of sugarcane.

The minimum torque required to opefs{
is equal to the torque required to squish 3

1.3 Importance
P O

If the sorghum press is to be %wered, it must be possible for a human to
operate it. One condition for s is thédt the torque required to operate it must
be achievable. In order is criteria, the torque required to squish a
single stalk of sugarc st befound.

1.4 Background

Based on analyy se of the prototype, squishing a single stalk should not be
a proble efequired to squish a single stalk is not large, and therefor
the tor req should not be large.

2.0 Referepce Docu ts

<

re referenced in the procedures or results of this experiment

jzes a torque gauge and various samples of sugar cane in order to test the torque
ired to crush one stalk of sugar cane. This can be found by placing a sugar cane
3 between the rollers of the press, and driving the rollers manually through the
torque gauge in order to get a reading of the required torque. This setup can be seen in
figure 1 of the appendix.



3.1 Test Approach

First, the press will be staked to the ground to keep it from moving. Sa
sugarcane will then be fed into press one at a time. The press will be o
directly by the rollers through use of a torque gauge. The torque

=

ired

keep the rollers turning while crushing the stalk will then be reorfded.

3.2 Equipment Needed

1 Human Powered Sorghum Press
1 Torque Gauge
6 1lin diameter sugar cane stalks

3.3 Test Reporting Requirements

Test will comprise of six trials in order%q
largely different then the rest, more trials'w

validity of data.

4.0 Test Procedures

&

N

Test Procedures

<

@ anomalous data. If any data is

\be performed in order to verify

&

G

arcane stalk
t gh press. Drive
rollers directly

rough use of torque
gauge. Measure
resulting torque to
turn rollers

turn rollers will be
relatively small
(<100Ib*ft)

Step Procedure ~/| Expected Result Pass / Fail
1 Stake r((iﬁs/ t Press will remain Press remained
ground\avgach stationary stationary
C t
é@gﬁduring
2 F fdle Torque required to Torques found to be

35 Ib*ft

D
NN

Repeat step two with
five more sugarcane
samples of diameter
1 £0.25in

All torques will be
similar to first

Torques ranged from
about 30-50 Ib*ft

o

5.0 Appendix




o

A8 o \ 4 “ﬁv‘
Figure 1: Mea Tor to Crush Single Sugarcane Stalk
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1.0 Introduction

Test utilizes a torque gauge and various samples of sugar cane in order to test e
required to crush one stalk of sugar cane.

1.1 Purpose

The purpose of this document is to provide a detailed d
setup and procedures performed as well as the data
reproducible by other engineers or scientists. This in
community to both critique the test, and reprodyee
greater accreditation.

ription of the lab
or@r to make it
ws for the scientific
iving the results

1.2 Objectives

The minimum torque required to opefs{
is equal to the torque required to squish 3

gress must be found. This torque
ifgle stalk of sugarcane.

1.3 Importance
P O

If the sorghum press is to be %wered, it must be possible for a human to
operate it. One condition for s is thédt the torque required to operate it must
be achievable. In order is criteria, the torque required to squish a
single stalk of sugarc st befound.

1.4 Background

Based on analyy se of the prototype, squishing a single stalk should not be
a proble efequired to squish a single stalk is not large, and therefor
the tor req should not be large.

2.0 Referepce Docu ts

<

quired to Run Press,” EWB Capstone Team 2012

sorghum press must be staked into the ground at each corner to prevent it from
ing during the test. Next, six samples of sugarcane of diameters 1 + 0.25in must be
obtdined. Each of these samples must be fed through the press one at a time. The
rollers must be driven directly through a torque gauge, and the resulting torque required
to spin the rollers must be recorded for each sample.



4.0 Recorded Data

With each sample run through the press, the data was tabulated and can be sg
figure 1. To see the raw data, see table 1 in the appendix.

Torque Required to Crush Single Sugarcane Stal
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Figure 1: Torque Req%ed t mgle Sugarcane Stalk
Here it can be seen that the torque r@qui o crush a single 1in diameter sugarcane

stalk is 41.0 + 8 Ib*ft.

5.0 Test Results

Results were expected t 0 Ib*ft. Actual results were well within this

estimate at 41.0+ 8 Ib th the lever arm designed to be 4.9 ft (1.5m) long, this
results in a required fo f 8/4lb. This is well within the abilities of any normal human
being.

6.0 Summary of Results

With a tor of 0 + 8 Ib*ft. And a lever arm that is 4.9 ft (1.5m) long, the force

requir through a single sugarcane stalk is only 8.4lb. At 6 stalks this number
wo 0Olb, a force that should still be achievable by any average human. This
t al to 55.6N*m well below the specification of 240 N*m

alies

Altvalues were within predicted ranges and no values were far from the average. Using
six data points prevented results being based on anomalous data.

8.0 Conclusion and Recommendations



Any human should be able to exert 41 Ib*ft with a lever arm in the range of 5 feet long
This proves that the design of the human powered sorghum press is both sou
effective, and will be very useful to the people of Mali.

9.0 Appendix

O

Trial 1

Trial 2

Trial 3

Trial 4

¥

Trial 6

Torque (Ib*ft)

35.1 42.2

36.9

_ 466N

49.4

Table 1: Torque to Crush Sugarcape

&

%
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1.0 Introduction

In order to prove the effectiveness of the design, it must be shown that the th

of the machine is as great, or greater then the product specification.

1.1 Purpose

The purpose of this document is to provide a detaile
setup and procedures performed in order to make it
engineers or scientists. This in turn allows for the sei

cible by other
mmunity to both

past human powered sorghum press,

the people of Mali were bout improving the throughput rate. The old
press given to them pros one stalk at a time with a feed rate of about
three inches per secoR der to address this issues, the rollers were
redesigned to accom ore stalks at once. With this new design, the
throughput m ed at various bundle sizes to see the overall

effectiveness o
1.4 Backgfoun

By increasin e number of stalks that could be fed through at one time, the
hpuOs almost guaranteed to increase. Based on various analysis and
experience with the press in other tests, it is believed that the number
fed through at one time will not have a significant affect on the feed
Therefor it is probable that throughput can be maximized by feeding
through as many stalks as can be fit at one time.

eference Documents

TR5, “Torque Required to Run Press,” EWB Capstone Team, 2012



3.0 Test Configuration

Test set-up requires six lengths of six foot long % inch o-ring rod as seen in fig
appendix. These were chosen according to the torque required to feed them %
the press. The torque was found to be 40 Ib*ft to feed one rod through t
closely resembles the average torque required to squish a stalk of sugar
test report 5, “Torque Required to Run Press”. These six foot lengths will
human powered sorghum press as seen in figure 2 of the appe

enin
ugh the

ne as

<

3.1 Test Approach

Six lengths of % inch o-ring rod will be fed throydg
bundle sizes, and the time to press all thirty-$i
rods will be fed through one at a time untjta

ghOYNn press in various
¢ recorded. First the

same procedures. All data will be recodetN{dk later analysis.
3.2 Equipment Needed o

1 Human Powered Sorghum Pxes
6 Six foot lengths of % inch o- ro
3.3 Test Reporting Re ents

lous data, three trials will be conducted for each

seems Unusually for from the other two, more trials
ify results.

In order to accoupt

4.0 Test Procedules

Table 1. Test 1 Procedures

A\ \ Procedure Expected Result Pass / Fail
AN Stake sorghum press | Press will remain Press remained
into ground to stationary stationary.

prevent movement

Have one person
begin turning crank
arm at a comfortable
speed while another
person feeds through
rods one at a time
until all six have
been processed.
Record time.

Time to process all
stalks will be longer
then other other
bundle sizes

Single stalk to
longest to feed
through.




3 Repeat step 2 three Data will be Data remained Q
times, recording data | approximately constant
for each. constant every trial /0
4 Repeat steps 2 and 3 | Two rods will feed Trial was fastffand\\ |
feeding through two | through faster than data remaine
rods at a time until all | one and data willbe | constant
six rods have been approximately @
fed through. constant every trial ﬂ
5 Repeat steps 2 and 3 | Three rods will feed |, Trial wasN@stef/4nd
feeding through three | through faster than >data remained
rods at a time until all | two and data will b copstant.C>
six rods have been approximately j\
fed through. constant every trial
6 Repeat steps 2 and 3 | Six rods will fe€d was faster and
feeding through six through fa dat¢ remained
rods at a time. three and(d§ >constant.
approximate
cons
5.0 Appendix

Figure 1: % inch o-ring rod
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1.0 Introduction
In order to prove the effectiveness of the design, it must be shown that the thyQ Q
of the machine is as great, or greater then the product specification.

1.1 Purpose

The purpose of this document is to provide a detailed d
setup and procedures performed as well as the data
reproducible by other engineers or scientists. This in
community to both critique the test, and reprodyee
greater accreditation.

ription of the lab
or@r to make it
ws for the scientific
iving the results

1.2 Objectives

When asked for areas to impr past human powered sorghum press,
the people of Mali were bout improving the throughput rate. The old
press given to them pros one stalk at a time with a feed rate of about
three inches per secoR der to address this issues, the rollers were
redesigned to accom ore stalks at once. With this new design, the
throughput m ed at various bundle sizes to see the overall

effectiveness o
1.4 Backgfoun

By increasin e number of stalks that could be fed through at one time, the
hpu€)s almost guaranteed to increase. Based on various analysis and
experience with the press in other tests, it is believed that the number
fed through at one time will not have a significant affect on the feed
Therefor it is probable that throughput can be maximized by feeding
through as many stalks as can be fit at one time.

eference Documents

TR6, “Sorghum Press Throughput,” EWB Capstone Team, 2012



3.0 Test Procedures

The press should first be staked into the ground at each corner in order to pre
movement during use. Once the press is firmly secured to the ground, one pe
should begin turning the crank arm at a comfortable speed. The second
then begin to feed through the rubber rods one at a time until all six hag gone¢hrough
the machine. The time to process all six rods should be recorded, and th est
should be performed two more times. This same procedure shduld then be repeated for
feeding two rods through at a time, three rods through at a tifpe, a ix r@s through at
a time. All times should be tabulated for later Analysis.

4.0 Recorded Data

The time required to process six rods, each
bundle sizes of one rod, two rods, three rods, g
repeated three times, and the results can be §e
appendix for the full set of data.

ixfe th, was recorded for
gds. h bundle size was
figure 1. See table 1in the

Time to Feed Through 36 Fe irig at Various Bundle Sizes
200¢ N
180:____ ________________ ___x___\/__ ______________
160}

— 1 stalk at atime
140 — 2 stalks at a time
— 3 stalks at atime

5=,
%120_ — 6 stalks at a time
g 100f -1 stalk average
= -2 stalks average
80 ---3 stalks average

-—-6 stalks average

60

A0E=—=—

20
1

Trial Number

FigU@lz Time to Feed Through 6 Rods at Various Bundle Sizes

thiQugh abdndle of 3 rods at a time dropped the time to process all rods even further to
f 60 £ 7s. Finally, with a bundle of all 6 rods at once, the processing time was
y 3%t 4s.

When these average values are plotted against the bundle size, an interesting
trend can be observed. This trend can be seen in figure 2.



Average Time to Feed Through 36 Feet of Tube at Various Bundle Sizes

200 T

180

160

— Average Time to Feed Through 36 Feet /)
—190/x (s/stalk) D

140

~—
w

& 120k
[4}]
E 100}
F

8o

o0

40

2 0 1 |
1 2 3

gds can be closely approximated by
Qg processed by the machine at
that the speed at which each
ip can be seen even more clearly in

one time. This ¢/x relation where cis a co
bundle is processed is nearly consta@ Thi
figure 3.

W

xength at Various Bundle Sizes

2 stalks

_ Time to Feed Through

£ 60 T

—ED \> —Time Per Bundle

g 50F - Average Time per Bundle| -
15

=

H

© 40F |
=

=]

& 30F w

2

bl 20_ &
D

D

234

o 10 4
E=)

)

RN .

1 3 stalks

6 stalks
Bundle Size

Figure 3: Time to Process each Bundle

er)Xhe time to process each bundle was found by taking the total time for each bundle
5 dividing it by the corresponding number of bundles. The average time per

le was found to be 33 + 5s.

5.0 Test Results



Throughput increased as bundle size increased, as expected. It is also interesting t te
that processing rate per bundle was nearly constant regardless of bundle size. This i

probably due to the fact that although increasing the bundle size does increasg
required and make the press more difficult to use, this increase is minimal. Thy
also remains low enough to be comfortable even with a bundle size of si

6.0 Summary of Test Results

gh Qmany stalks
ast six. Should there
he throughput can
ime. With a

pund to be 37 * 4s,

It has been proven that throughput can be maximizes by fee
at once as possible into the sorghum press up to a maximum
be room for more stalks, extrapolation of current data prethe
still be further increased by feeding through more the
bundle size of six however, the time to feed through<3
resulting in a feed rate of 11.7 + 1.2 in/s.

7.0 Anomalies

All data followed expected values and no o erefound. Sample sizes of three

/

Throughput was found to be m
number of stalks at a time up
six stalks resulted in a procegs
approximately four time

X. The resulting feed rate at a bundle size of
¢ed of 11.7 £ 1.2 in/s. This feed rate is
e old press which has a feed rate of about 3in/s.

9.0 Appendix
(\\(\\V Trial 1 Trial 2 Trial 3
1 Stal®Bundle 181.4 187.9 190.8
2 Stalk Bundle 91.7 101.3 99.7
3 Stalk Bundle 61.4 64.3 52.8
6 Stalk Bundle 41.4 34.3 36.1

Table 1: Throughput Data (All Values in Seconds)
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1.0 Introduction

In order to prove the effectiveness of the design and its various components,
shown that none of the vital components will fail after prolonged use. In
gears must continue to transmit power, and the rollers must not deform

1.1 Purpose

tion of the lab

ible by other
munity to both

q greater accreditation.

The purpose of this document is to provide a detaile
setup and procedures performed in order to make-
engineers or scientists. This in turn allows for
critique the test, and reproduce the test, giviRg

1.2 Objectives

Qrghum press can undergo a
Phis case failure can be assessed

It must be proven that the human poweres
minimum of 180,000 cycles without/
as plastic deformation of rollgrs, gs 4ilngAo transmit energy through system
to rollers, or any other part p? ally\oredKing. Due to deadlines, a full 180,000
cycles is impractical, and a le Nill be performed to show feasibility. In
this case feasibility will be pro by ¥sting the press by hand for ten hours at a

normal walking speed of tions per minute, totaling 6000 revolutions.

1.3 Importance

In Mali the preg
the sorghum h
no failure

used for prolonged periods of time over the course of
season. During the length of this season, it is critical that
e press. Do to lack of resources and money, fixing the

e a difficult task, however having the press require

The press mus’therefor last the number of cycles it would undergo during a
halN&st se€Son which analysis has found to be approximately 180,000 cycles.

ground

According to analysis, all components should be under endurance limits and
herefor have infinite life. Real life components are not perfect however. The
gears specifically were manufactured in Mali and have imperfections due to the
lack of manufacturing tools. If any problem were to occur, it is predicted to

happen in the gears.



2.0 Reference Documents

No documents were referenced in the formulation or execution of this test.

3.0 Test Configuration

as well as 7% inch o-
to Q)op and

Test setup requires the human powered sorghum press protot
ring rods to feed through continuously. This first needs to b
loaded into rollers to apply constant load while press is in us

lice

3.1 Test Approach

The sorghum press should first be staked j
during test. The rubber rod spliced into/4
rollers. Testers then proceed to use pfe
Press should then be inspected for any o

%type

criteria.

3.2 Equipment Needed

1 Human powered sorghum p

&

1 % inch o-ring rod

4.0 Test Procedules

Table 1. Test Procedures

dpreviously mentioned failure

st. If test fails, new parts may be fabricated to try again
alous faults in parts.

StQp\ O

Procedure

Expected Result

Pass / Fail

Stake press into
ground to prevent
moving and load
spliced rod between
rollers.

Press will remain
stationary and feed
through rod
continuously.

Press remained
stationary and rod
fed through
continuously.

Use press
continuously at ten
revolutions per
minute for ten hours

Press will continue to
work

Press continued to
work

Check rollers and
gears for failure

No failure will be
found

No failure was found
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1.0 Introduction

In order to prove the effectiveness of the design and its various components, }
shown that none of the vital components will fail after prolonged use. In part
gears must continue to transmit power, and the rollers must not deform.

1.1 Purpose

The purpose of this document is to provide a detaile
setup and procedures performed in order to make it
engineers or scientists. This in turn allows for the set

cible by other
mmunity to both

@transmit energy through system
to rollers, or any other part pRysically by . Due to deadlines, a full 180,000

cycles is impractical, and a lessetNest performed to show feasibility. In
this case feasibility will be prgken esting the press by hand for ten hours at a
luti

normal walking speed of ten r s per minute, totaling 6000 revolutions.

1.3 Importance

ground

ding to analysis, all components should be under endurance limits and
therefor have infinite life. Real life components are not perfect however. The
ears specifically were manufactured in Mali and have imperfections due to the
lack of manufacturing tools. If any problem were to occur, it is predicted to
happen in the gears.



2.0 Reference Documents

TP7, “Fatigue Test (Human Powered),” EWB Capstone Team, 2012

3.0 Test Procedures

The sorghum press should first be staked into the ground to prevent mo uring
test. The rubber rod spliced into a loop should then be loaded in}6 the rollers: Testers
then proceed to use press continuously for a period of ten hg(s. Pr sh&id then be

inspected for any of the previously mentioned failure criteria

4.0 Test Results

The press continued to run without problems for, Ars. Afterward the
lems were found in
either.

5.0 Conclusion and Recommendations

robustness of the design. While it dg&s et prove that the design can undergo the
same conditions it will face in Mali, it shgw feasibility that it can meet these
conditions. A test must now be using a motor to power the press. This test
can be run for a prolonged pg f time’to meet the full 180,000 cycles and prove the
designs ability to withstand

Undergoing 6000 cycles without failgﬁ ant step towards proving the
es
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1.0 Introduction

In order to prove the effectiveness of the design and its various components,
shown that none of the vital components will fail after prolonged use. In
gears must continue to transmit power, and the rollers must not deform

1.1 Purpose

tion of the lab

ible by other
munity to both

q greater accreditation.

The purpose of this document is to provide a detaile
setup and procedures performed in order to make-
engineers or scientists. This in turn allows for
critique the test, and reproduce the test, giviRg

1.2 Objectives

It must be proven that the human powered SQrghum press can undergo a
minimum of 180,000 cycles without/ Phis case failure can be assessed
as plastic deformation of rollggs, g 4ilngAo transmit energy through system
to rollers, or any other part p? }

1.3 Importance

In Mali the press will
the sorghum harvest
no failures occur wi
press at all wo
maintenance d\

arefor last the number of cycles it would undergo during a
jch analysis has found to be approximately 180,000 cycles.

\g to analysis, all components should be under endurance limits and
thare ave infinite life. Real life components are not perfect however. The
specifically were manufactured in Mali and have imperfections due to the
lack of manufacturing tools. If any problem were to occur, it is predicted to
appen in the gears.

2.0 Reference Documents

No documents were referenced in the formulation or execution of this test.



3.0 Test Configuration

Test setup requires the human powered sorghum press prototype as well

2 IIMSAL0

ring rods to feed through continuously. This first needs to be spliced int¢ @ loopand
loaded into rollers to apply constant load while press is in use. In additio
electric motor is required to drive the rollers for an extended p

3.1 Test Approach

The sorghum press should first be staked into
during test. The rubber rod spliced into a loof
rollers. Finally, the motor should be attache
revolutions per minute for 300 hours, rg

3.2 Equipment Needed

pjnl

d of time.

f: grou ‘! {to pfevent movement

be loaded into the

W& shaft and driven at 10
8,400 revolutions.

1 Human powered sorghum 8ess

1 % inch o-ring rod \

1 400 electric motor

3.3 Test Reporting Requi

O

Table 1. Test Procedures

FYest fails, new parts may be fabricated to try again
s faults in parts.

~ Procedure

Expected Result

Pass / Fail

take press into
ground to prevent
moving and load
spliced rod between
rollers.

Press will remain
stationary and feed
through rod
continuously.

Press remained
stationary and rod
fed through
continuously.

Attach motor to drive
shaft and run at 100
rpm for 30 hours

Press will continue to
work

Press continued to
work

Check rollers and
gears for failure

No failure will be
found

No failure was found
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