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Abstract

his paper summarizes the outcome of an evaluation by
the Formula and BAJA Society of Automotive Engineers
(SAE) student design teams from the Oregon Institute
of Technology of the Ecosystem for Design Assessment and
Verification. The Ecosystem is a design decision support tool
whose main goal is to identify design oversights early in the
design process, guide designers through the design process,
and foster high-quality design practices. The Ecosystem offers
many features attractive to Formula and BAJA student design
teams. It is capable of capturing and archiving design work,
including the rationale for design decisions, and making
searchable. It enables new design teams to rapidly get up-to-
speed, and helps with knowledge transfer. In the case of
Formula or BAJA SAE, the Ecosystem allows the design teams
to quickly acquaint themselves with the work left behind by
previous student teams, such as the opportunities for
improvement identified.
A primary observation from the paper pertains to the
importance of helping student design teams adapt the
Ecosystem to their file archives. In addition to receiving the
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Introduction

Problem Statement

Many Oregon Tech Mechanical and Manufacturing
Engineering and Technology (MMET) students participate
in either the BAJA SAE or Formula SAE competition for their
year-long Senior Projects. These students are also supported
by underclassmen from both the MMET Department and
from other departments such as Management, Electrical

Ecosystem software, the students need support in order to
effectively use the Ecosystem in conjunction with the existing
file archives. In case of a BAJA student design team from
Oregon Tech in Wilsonville, a new team with no legacy
archives, we have found it effective to sit down with Secretary
of the team, in order to educate the Secretary on how the
Ecosystem can help document the design and building of the
car, so that future teams can learn about the process that went
into the design decisions made. Similarly, in case of Formula
and BAJA student design teams from Oregon Tech in Klamath
Falls, we intend to sit down with the Vice Presidents of the
teams, for same purpose. We are helping the teams better
organize their design repositories and access through the
Ecosystem. While students welcome the pre-populated check-
list for the technical inspection, along with facilities for part
management and planning for manufacturing, we have come
to recognize the importance of providing good support, for
the students to effectively use the Ecosystem. Providing good
support from year to year is important, since the teams’s
composition, and familiarity with the Ecosystem, may change
significantly between years.

Engineering and Computer Software. Each team will spend
up to 10,000+ hours during the academic year designing,
building, testing, creating marketing studies, and finally
racing their finished vehicle. The design of these vehicles is
complicated, involves many different components, and is
constantly being revised to meet new rules and team goals.
The rules for each competition vary from 124 pages for the
BAJA SAE competition [1] to 132 pages for the Formula SAE
competition [2]. Keeping track of the vehicle design, making
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IEEEERN Oregon Tech recent Formula SAE and BAJA SAE
vehicles (photos by B. Moravec).

sure the vehicles meet the rules, and documenting this informa-
tion for future teams was proving to be an ever-increasing chal-
lenge. Recent Oregon Tech Formula SAE (FSAE) and BAJA
SAE (BSAE) competition vehicles are shown in Figure 1 above.

Previous Student
Documentation

Previously, students documented their ideas in bound note-
books and in design reports. Figure 2 below shows just a few

IGIIETEEN Multiple notebooks containing design data
(photo by B. Moravec).
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of the notebooks collected in recent years. With hundreds of
parts in the manufacture of the BAJA SAE and Formula SAE
cars, it was becoming increasing difficult to manage all of the
design ideas.

Ecosystem for Design
Assessment and
Verification

The Ecosystem for Design Assessment and Verification
software was developed by Imagars LLC through Small
Business Innovative Research (SBIR) Phase I, Phase II and
Phase Ila grants from the National Science Foundation (NSF).
This software guides designers through the design process in
a structured fashion, supports the learning of proper design
techniques, and helps eliminate design oversights. Other
benefits of using this software include:

¢ The software supports learning outcomes derived from
learning outcomes for engineering design by the
Accreditation Board for Engineering and
Technology (ABET).

* The software offers automatic & objective scoring of
design concepts relative to the design requirements.

® The software provides multiple features aimed at
facilitating communications within design teams.

¢ The software facilitates project and part management,
along with the project schedule.

e The software serves as an electronic notebook of the
comprehensive design history.

A free trial version of the software may be obtained by
visiting the following website:

http://www.imagars.com/

This new software allows the student teams to gather
all of their data from separate notebooks and store in a
common file. It has been created in order to provide a struc-
tured environment to guide students through the design
process, and to reduce the chance of encountering an
expensive oversight. Some valuable features of the software
include the incorporation of assessment of the ongoing
design activities (including ABET-compliant learning
outcomes), the ability to store in one place the rationale for
design decisions (which greatly helps with knowledge
transfer for on-going projects, such as for the BAJA and
Formula SAE teams), and automatic generation of formatted
project reports.

A screenshot from the start-up menu of the Ecosystem
program is shown in Figure 3 below. The program follows a
familiar multiple-tab arrangement, with many options available
to the user. For smaller projects, some of the functionality of
the software can be hidden from the user to facilitate (simplify)
the learning process. Tabs can be deselected to customize the
software for the project at hand.


http://www.imagars.com/
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m Start-up menu from Imagars software.
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For further background on the Ecosystem, in context
with the state-of-the-art in knowledge management applied
to engineering design, refer to [3, 4, 5, 6], and the
references therein.

Reasons for Adoption

Experience of the BAJA SAE
Team at the Competition in
Gorman CA in April 2017

The BAJA team found it challenging to explain to the design
judges, in the limited time provided, what was so special about
the design of their subsystems:

1. The team had hard time communicating their
analyses in a clear and concise fashion.

2. Some of their finite element analysis (FEA) files may
have been missing from their progress report.

Furthermore, the BAJA team ran into problems that
could have been prevented relatively easily back at Klamath
Falls, by checking their vehicle against the judges
score sheet:

1. The BAJA team experienced problems related to a
leaking gas tank.

2. The team tried to combat it by applying three rolls
of tape.

The team believed it could have passed tech inspection
more easily, if the team had checked their vehicle against the
score sheet of the design judges, prior to heading for competition.

Experience from the Formula
Team at the Competition in
Lincoln NE in June 2017

The Formula team performed below expectations, largely due
to lack of documentation, combined with absence of key
personnel. The lead for suspension and frame contacted the
faculty adviser, early in the morning on the day when the team
was set to leave for Lincoln, and told the adviser he could not
go. This left the faculty adviser in tough situation, because the
suspension and frame systems had not been fully documented,
and there was nobody to step in, esp. not on such a short
notice. The faculty adviser thought the Formula team would
have made it to the design finals, if this had not come up.

Pre-Populated Check List for
Tech Inspection from the SAE
Rulebook

Per suggestion from the faculty adviser, Imagars incorporated
into the Ecosystem examples capturing the score sheets of the
tech inspectors at the Formula and BAJA competitions, respec-
tively. Figure 4 above provides a glimpse into the checklist of
the tech inspectors incorporated into the Gate Review tab from
the Final Design phase of the Ecosystem.



Downloaded from SAE International by Baldur Steingrimsson, Thursday, April 09, 2020

i EVALUATION OF ECOSYSTEM FOR DESIGN ASSESSMENT AND VERIFICATION BY THE FORMULA

m Excerpt from check list from the tech inspectors at Formula competition captured in the Ecosystem.

# | FormulaSAE-2016TechInspection.dsgn - Ecosystem Client

File Management Configuration Help

Start 1. Requirement Gathering 2. Concept Design 3. Detailed Design 4. Final Design 5. Design Revisions
Gate Review
Gate Review Deliverables: Font Type: | Times New Roman Y| FontSize: (11 ~| | B 1 U xR (¢
REVIEW DELIVERABLE COMPLETED (Y/N)? NOTES A
1 DRIVER'S EQUIPMENT: =
WHEELS - Four wheels not in a line, 20.32 c¢m (8.0 in) min. diam. "
2 Wheels with single wheel nut must have positive retainer
RAIN TIRES - 3/32 in. min. tread depth molded by tire =
3 manufacturer.
HELMETS - Snell SA2005, SA2010, SAH2010, SA2015; M2005, B
4 M2010, M2015; K2005, K2010, K2015. BS 6658-85 Type A/FR(not Types A or B...
DRIVERS' SUITS - Single piece FIA 1986 or 2000 Standard. or 2
5 SFI 3-2A/5 minimum rating, and LABELED AS SUCH.
5 GLOVES - Fire resistant material. No holes. Leather allowed -
7 SHOES - SFI 3.3 or FIA 8856-2000 N
3 SOCKS - Nomex or equivalent, fire resistant socks <
FIRE EXTINGUISHERS - Two (2) hand-held, 0.9 kg (2 1b.) -
9 minimum, dry chemical (10BC, 1A10BC, 34B, SA 34B, 20BE or1A 10BE) exting. ..
10 EXTERIOR, GENERAL: 0
PUSH BAR - With car, detachable, push & pull for 2 people =
" standing behind the car. EVs: HV Disconnect tool if used. v

Tools Enabling Students to
Manage Parts and Prepare for
Manufacturing

The Ecosystem provides facilities aimed at helping student

design teams keep track of the parts, that go into the race car,
but also helps students prepare for manufacturing. Figure 5

Analyze

© SAE International.

presents a bill of material that has been imported into the
Ecosystem from SolidWorks. Figure 6 presents a corre-
sponding snapshot from the Manufacturing tab of the
Ecosystem. The Ecosystem allows students to compare the
cost of in-house manufacturing to that of outsourcing, for
each part manufactured (or for each step in the manufacturing
of a given part).

m The Ecosystem has the ability to import bills of material from SolidWorks assembly, part or drawing files.

) SpacerCart.dsgn - Ecosystem Client _ o x
File e Draw g Help
DesignActivity 1. Requirement Gathering 2. ConceptDesign 3. Detailed Design 4. Final Design 5. Design Revisions
Narration  Testing ~ Requirement Validation  Bill of Material  Parts &Assembly ~ Manufacturing Options  Phase Review
Bill of Material: Font Type: | Calibri - Fontsize: (10 ~| [,
ITEM NO. PART NUMBER DESCRIPTION QTY. Cost - Total Cost Cost - Expanded Cost Cost - Manufacturing Cost Cost - Material Cost Cost - Material Name Cost - Stock Size

1 1 RP5_Drive_Am_Left Drive Arm 1 1765 1765 100 765 Tubing 7/8™ OD (0.065™ Wall) 135™ LengthAISI 4130 Chromoly 0

2 2 RP2_Middle_Foot Middle Foot 1 65.25 65.25 80 525 Plate Steel 1/8™ Thick ASTM 572 Grade 50 0

3 3 P41_Inboard_Foot Inboard Foot 1 65.25 65.25 60 525 Plate Steel 1/8™ Thick ASTH 572 Grade 50 0

4 4 P42_Outboard_Foot Outboard Foot 1 65.25 65.25 60 525 Plate Steel 1/8™ Thick ASTM 572 Grade 50 0

5 5 RP9_Drive_Arm_Cross_Support Drive Arm 1 98.25 98.25 60 3825 Tubing 7/8" OD (0.065™ Wall) 135™ LengthAIS! 4130 Chromoly 0

6 6 P56_Drive_Axle_Bearing_Support  Drive Axle Bearing Support 1 45.25 45.25 40 525 Plate Steel 1/8™ Thick ASTM 572 Grade 50 0

7 7 P57_Drive_Motor_Base Drive Motor Base 1 45.25 45.25 40 525 Plate Steel 1/8™ Thick ASTM 572 Grade 50 0

8 8 P37_Wheel_Guard Wheel Guard 1 89.59 89.59 80 9.59 Tubing 1/2" OD (0.065™ Wall) 7" Lengthd130 Chromoly 0

9 9 PP37_Chain_Link_1Pt75_x_1_x_P125 Chain Link 1 4 4 0 4 Chain 0

10 10 938524132 Flat Washer 6 0375 225 0 0375 Flat Washer 0

11 11 92147A020 Lock Washer 6 01 06 0 01 Lock Washer 0

12 12 RP3_BallLok_Housing BallLock Housing 1 4157 4157 40 157 Tubing 5/8™ OD (0.049™ Wall) 1.25™ LengthAISI 4130 Chromoly 0

13 13 LCross_Arm_Spring_Tube CrossAm Spring Tube 1 113 113 100 13 Tubing 1.125™ OD (0.125™ Wall) 7" Length AISI 4130 Chromoly 0 .
i€ >

[C/Program Files (x86)/

| Redesign_51in_Cart/Left Drive Am_Complete | [

B Analyze
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m The Ecosystem provides facilities aimed at helping students plan for manufacturing.
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Manufacturing Steps: Font Type: [Times New Roman =] rontsize: [~ [B] [2] [1] [&] D¢ [Xe] [(E] [E] [E] E] (=] [E] =] (] 8] D] [
DESIGN FEATURE OPTIONS SELECTION CRITERIA SELECTION CAPABILITY AVAILABILITY OTHER NOTES COSTPER HR TIME [HR] TOTAL COST ‘OUTSOURCING COST OUTSOURCING COMPANY
Ballock Housing (for § o Teammembers  Relatively easyto  Saw/Miter, Shear, , . .
3 Drive Army 81018 ~ Accuracy Laser cutting (in-house) i ottt 5 b T oL Cope S A $20/hour [Manufacturing Options:
Inboard Foot (for Drive — Teammembers  Relatively easyto  Saw/Miter, Shear,
4 e ¢ 51018 - Accuracy Laser cuttng (-house) = | S e0etenc™ o up for lacer . Laser, Cope & Are .. $20/ howr % m;rt:: ;exgsry;euspg\:n the manufacturing of each design feature (part or assembly)
- Avasal o ising your desi
5 |Quboard Foot (for Deive SRS Accuracy Laser cutting G-house) = |, cam members | Relatvely easyto | SawiMiter, Shear, $20/ hour | * For each design feature, you can elect to manufacture the design feature (part or
e T ’ e oxpuiens g p o e ke Cope e, assembly) inhouse, or you can alect {0 outsource
o DieMkBim limn -  aemy  [leccmos < S Raare | swbotoe g, |
e ;fm = 5 R ‘ = s = S-h dOPT!C’)NS refer to the manufacturing n?elhods that can be empl'oyed‘ for making the
ve ) = o (i o [eam members elatively easy to aw/Miter, Shear, / lesign feature, part or assembly (this refers to the present step, if multiple steps are
7 o 810,18 Accuracy Laser cutting (in-house) cén iy : $20/hour
Drive Arm) have experienc.... signup for laser ... Laser, Cope & Arc ... needed)
g Wheel Guard (for Drive |00 —— e o Team members  Relatively casyto  SawMiter, Shear, $20/ hour | * SELECTION CRITERIArefers to the primary crieria on which selection of the
Am) . 10, Accuracy aser cuting (house) e experienc... signup for laser ... Laser, Cope & Arc U | manufacturing method will be based (again, this refers to the present step, if multple
Cross Arm Support Tube o Teammembers ~ Relatively easyto  Saw/Miter, Shear, steps are needed).
9 (for Drive Arm) s.1018 ~ Accuracy Laser cuttng (n-house)  ~ |y ceyperienc. . signup for 135:3 ... |Lases, Cope & Arc ... $20/hour |« SELEChT\ON r)efers to the manufacturing method selected (for the present step in
Cross Am Support Tub - el ey M making the part
10 Cop (fr Drive oy (S1018 Heowacy Esegcuiog ool h:::?xx:::n?s sil;‘::‘ i Laff,‘,‘c;‘f'&sﬁz'i__ $20/ hour p rit:isiélzjg;§|: ihe ;\;aﬂr;:rnaucgcr::%ncga)panmues that the operators (students)
Hydraulic Drive Motor e Team members ~ Relatively easyto  Saw/Miter, Shear, x to
" Guard (for Drive Arm) |5+ 10,18 Accuracy Laser cutting (in-house) have experienc... |sign up for laser .. |Laser, Cope & Arc ... $20/ hour ml;\i\Num:?\:’;::; refers to the availability of the equipment needed for in-house
Middle Arm Joint ol Teammembers  Relatively easyto  SawMiter, Shear, .
12 i 510,18 - diccacac Taser cuting Gahouse) (], 12 e : y easy , Shear, $20/hour | * OTHER NOTES refer to other notes or restrictions that apply to in-house
Bﬂd;llm (for Drive Arm) Y @ ) have experienc... signup for laser ... Laser, Cope & Arc .. manufacturing. E.g., are machinists (in-house staff) only allowed to operate the
Middle Arm Joint Support = i - | Teammembers Relatively easyto  Saw/Miter, Shear, " equipment (say, the welding)?
13 Tube (for Drive Arm) |5 1018 Accuracy Laser cutting (i-house)  ~ |ypve experienc... signup forlaser ... Laser, Cope & Arc ... S20/BOW | JEAGTPER HR refers to the cost per-hour for operating the in-house manufacturing
Chain Link (for Drive i = Teammembers  Relatively easyto  SawMiter, Shear, g |tool
14 Am) 2 ¥ Accuracy Outsourcing (COTS) ~ | have experienc... sign up for laser ... Laser, Cope & Arc ... NA | < TIME [HR] refers to the time that in-house manufacturing tool needs to be operated to
Flat Washe Drive = e oMt make the design feature, part or assembly (accounting for the number of units
o [y @eDwe | ey Jowmamom) | T Rddreve | swiegen |, |DGI
Lock Washer (for Drive - T e | e | TOTAL COST refers to the total cost for maing the design feature, part or assembly
16 am) 2 b Accuracy Ousourcing (COTS) | ave experienc.... sign up forlaser ... Laser, Cope & Arc WA |Dhouse
. - 2 oz L6 S0P AT -, * OUTSOURCING COST refers to the total cost for making the design feature, part or
Nyloc Nut (for Drive : Teammembers ~ Relatively easyto  Saw/Miter, Shear, =
17 Arm) 2 - Accuracy Outsourcing (COTS) 4] v & - for la: L Cope & Ar NA assembly, assuming out-sourcing.
& . NS I eTICo | IPO P AT o IMASET, L OpS o SO * OUTSOURCING COMPANY refers to company to which you are planning to v
Crassum Sudne (far Teamnmenbers - Relaivel casvie - Saw it Shes outsource the manufacturing of the design feature, part of assembly.
Overall Context
— - —— - - — - - - - — * If a given part requires multiple steps, please list the part in multiple lines R —
The team put significant effot ito properly planning the manufacturing the revised spacer cart, Most of the manufactuing was carried out n-house n the machine shop at the Pordand State Ut (o, 2 31120 P TP 8 P TR
* Similarly, if a part is partially made in-house vs. partially outsourced, apply
same approach (listing in multiple lines, preserving the order of operation).
* To avoid moving content around, you can insert or delete a row through simple right-
clicking.

=)  Analyze
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outcomes 1 - 7 for Engineering Accreditation (EAC). Of specific
interest to Oregon Tech faculty are the ABET learning outcomes
1 - 5 for Engineering Technology Accreditation (ETAC). Imagars’
intent is to help design faculty and academic departments
expedite the data collection process needed for ABET reporting.

Ability to Link FEA Results
into the Calculations &
Analysis Tab

The BAJA team was quite encouraged to discover the ability
to link FEA files into the Calculations & Analysis tab of the
Ecosystem. The team liked the fact that the images imported
were included in the exported reports. This could facilitate
clear, concise and effective presentation of the risks analyzed
to the design judges. The students looked at the Ecosystem as
a tool that could help them effectively convey, within the
limited time they had in front of the design judges, what was
great about their subsystem designs.

Experience from
Evaluation of Imagars’
Software

The 2016 - 2017 Academic
Year: Initial Exposure -
Ecosystem Presented as
Optional Tool

In 2016 - 2017, the Ecosystem was provided to the Formula
and BAJA teams as an optional tool. Adoption was somewhat

slow, in part because the Ecosystem was introduced after the
academic year had started.

The 2017 - 2018 Academic
Year: Beta Testing - Bonus
Points at Competition in
Washougal WA

Automatic Generation of Nicely
Formatted Project Reports

The Ecosystem provides facilities for automatically exporting
students’ design content into nicely formatted, Word-

compatible .html reports, such as the ones that the judges look
at during competition.

Automatic Assessment
against ABET Learning
Outcomes

The automatic assessment against the ABET learning outcomes
is of interest to the broader Oregon Tech faculty that teach the

senior design classes in the MMET department. The Ecosystem
provides automatically populated score cards capturing the
scoring of students’ design work against the ABET learning

Oregon Tech Racing (OTR) was one of several university
racing teams that Beta-tested the Imagars software during the
2017 - 2018 competition season.


RAD PDF
Rectangle

RAD PDF
Rectangle
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The main reasons why OTR adopted the Imagars software
were to:

* Help guide the students through the design process.
Both the BAJA SAE and Formula SAE competitions
place a high importance on students following all of the
necessary steps of the design process.

* Help to document the work that the students did so that
future teams will both have a copy of the part designs,
plus all of the background on why the particular design
was used.

* Serve as a presentation platform at the competitions
during design judging. For the 2018 BAJA SAE
competition the OTR team was awarded innovation
bonus points for using Imagars’ software; plus the
Ecosystem helped the team organize their material during
the design judging, which also earned them
additional points.

* Help with component integration: With many different
vehicle systems involved (engine, frame, suspension,
drive train, braking, steering, ergonomics, electrical, etc.;
each with their own Imagars’ e-design notebook file), a
new System Integration group was formed. This group
was responsible for making sure that all of the vehicle
systems worked together. Assigning a separate e-design
notebook file to each sub-system helped make
this successful.

The Ecosystem served the students well in preparation for
the BAJA competition in the Washougal WA towards the end
of May 2018 (see Figure 7). Imagars’ logo was featured on the
team’s vehicle, as shown in Figure 8. The design judges liked the
organized presentation by the students, as well as the usability
features, enough to award the BAJA team with bonus points for
their use of the Ecosystem software. The design judges liked the
way the students walked them systematically through the
design work, compared and contrasted design options, and
highlighted the rationale for design decisions made. The design
judges also liked the expanded view of the images, that showed

IETIETEA From students’ use of the Ecosystem software
during the 2017 - 2018 academic year (photo by
B. Steingrimsson)

© SAE International.

IGEEEEY The vehicle racing at the BAJA competition in

Washougal in late May 2018 featured Imagars’ logo (photo by
B. Steingrimsson).

up, upon double-clicking on design drawings of interest. The
students seemed quite satisfied, since the bonus points served
as a measure of instant reward for their use of the Ecosystem.

In the fall of 2018, the faculty adviser gave a poster presen-
tation of the team’s experience from the competition in
Washougal at the 4" Annual Commission on College Teaching
Conference. The Conference took place at the Oregon Institute
of Technology on September 17, 2018. The presentation
attracted interest, such as from Andria Fultz, who is an
Associate Professor in Communications at Oregon Tech. But
she also helps the RockSat rocket satellite club, which is a big
student club at Oregon Tech in Wilsonville. She thought the
Ecosystem would help standardize efforts across project teams.

The 2018 - 2019 Academic
Year: Plans for Offering
Prc|>|per Training in Klamath
Falls

Heading into the 2018 - 2019 academic year, the Formula and
BAJA teams were planning continued use of Imagars software.
In order to increase effectiveness in using the software, the
following actions were planned:

1. The teams were planning to use the software from the
beginning of fall 2018 term.

© SAE International.
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2. A sample design was being created during the
summer of 2018.

* The plan was to use this sample design for giving
weekly lectures throughout the academic year on
various features of the software.

3. Students would be required to update their files
weekly, which hopefully would help students better
adhere to their project’s schedule.

4. The design software would be used for creating
posters for each major component of the vehicles.

¢ These posters would be brought to competition and
shown to the design judges.

In practice, the incoming students proved to be much
less motivated about the Ecosystem than the students from
the previous year. Even though Imagars had added a spell
checker to the Ecosystem, per suggestion from students from
the previous spring, it did not seem to make much of an
impression on the new group of students. The effort needed
to get up to speed with the Ecosystem may have come across
as daunting. The new group of students seemed more inclined
towards continued use of the old legacy documentation
system (Google Docs and Powerpoint presentations).
We sensed significant change resistance, which probably
could have been addressed by providing proper training, if
we had anticipated in advance this change in perspectives
between years. The faculty adviser noted he had made similar
observations in the advent of Computer Aided Design (CAD).
At the time, engineers had questioned the need to change.
After all, they had invested a lot of work in the old
fashioned drawings.

The BAJA team seemed to express renewed interest in the
Ecosystem, at the competition in Gorman CA in mid-May
2019, when Patrick Ponticel, Editor of the MOMENTUM, the
magazine for and about student members of SAE International,
stopped by at their repair tent, to ask questions about OTR’s
use of the Ecosystem software (and to take some photos). Just
the month before, Patrick Ponticel had reached out to Imagars,
in regards to a presentation at the 2019 SAE World Congress
on use of the Ecosystem by the University of Nebraska in
Lincoln. This photo opportunity seemed to spur much more
favorable impression of the Ecosystem.

Last but not least, we came to learn, in the fall of 2018,
that people within Oregon Tech in Wilsonville had interest to
start a separate BAJA team, lead by Prof. Cliff Stover. Towards
the end of November 2018, Prof. Stover indicated he would
have better sense, by summer 2019, of the extent of student
participation, and the extent of support from the
university administration.

The 2019 - 2020 Academic
Year: Further Training -
Extension to Wilsonville
Campus

1. Oregon Tech Off-Road BAJA SAE in Wilsonville OR

By early fall 2019, we came to learn that the BAJA team
at Oregon Tech in Wilsonville had officially been launched.

Through communications with Prof. Stover, we came to
realize the following:

1. The team had been given the title Oregon Tech Oft-
Road.

2. Oregon Tech Off-Road had registered for the
competition which will take place in Peoria IL on
June 3 - 6, 2020.

* The team had registered for the last competition in
the year 2020, because it needed time to build and
test their vehicle.

3. Prof. Stover was concerned about the students’
deadlines and deliverables for the competition.

4. The students were very constrained on time

* Many of the students were taking multiple classes,
and working part-time, and also participating in
the BAJA team.

5. The BAJA team was using management and analysis
software that the students had agreed on using.

6. An appropriate route forward would involve
communications with the Secretary of the team, not
the whole team.

* The Secretary would be the team’s liaison with
the Ecosystem.

* The Secretary had been tasked with looking into
documentation on the Ecosystem, familiarizing
himself with the process provided by the
Ecosystem, and conducting an evaluation.

7. Since the team was starting from scratch, there
obviously was no legacy documentation to worry about.
Through correspondence with the Secretary of the BAJA
team in Wilsonville, we were further appraised of the
following plans:

1. Plan for building infrastructure that enables the team
to educate new members on what was required, to
make the team successful.

* Since the BAJA team is a first year team, they think
this will be very important to their overall success.

 This plan may need support or participation from
the business department at OIT (for fundraising,
sales presentations, etc.).

e The BAJA team intends to recruit from the business
majors at OIT.

2. Plan for teaching new members the fundamentals of
the car itself.

* Some of the freshmen coming in from high school
are lacking essential familiarity with standard
vehicle components.

e The BAJA team intends to recruit freshman
and sophomores.

e So the student leaders on the BAJA team are
planning to put together an in-house curriculum
that teaches the underclassmen what the
components of the car are for, and what they do.
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3. Plan for documenting the design and build of the car, so
that future design teams can acquaint themselves with the
thought process that went into the design decisions made.

¢ Here the Ecosystem comes in.

* The Secretary favored creating a technical paper for
each component design, one that explained why the
team designed a given component in a
particular way.

® The Secretary thought this - along with computer
aided designs (CADs) and testing results - may
be foundational to the team’s success.

It can be added that this vision aligns quite well with
the Ecosystem framework.

® Each technical paper could map to a separate
e-design notebook file.

¢ The Secretary acknowledged that the vision of a
technical paper for reach component design was
quite an endeavor and required work that the BAJA
team might or might not be willing to conduct.

® Imagars intent is to help the BAJA team find the best
way to carry out this plan, and support the team
through the execution.

2. Oregon Tech Racing in Klamath Falls OR
During Imagars’ October 26 2019 visit, the Formula and

BAJA teams in Klamath Falls resonated much of the senti-
ments expressed by the BAJA team in Wilsonville. The Formula
and BAJA teams in Klamath Falls noted that they did not have
a Secretary, but the Vice President would likely be an appro-
priate point-of-contact. They noted that their design informa-
tion was not organized very well on their Google Drive, and
students were sometimes lead down a wrong path. At times,
students didn’t find the design information they were looking
for. The students of Oregon Tech Racing also offered great
suggestions on how to extract requirements from the BAJA
and Formula SAE rulebooks [1, 2], incorporate into the
Engineering Requirement tab of the Ecosystem, and express
dependencies. Overall, Imagars came to recognize the impor-
tance of providing good support, with regards to helping
students integrate the Ecosystem into their program. Imagars
will be looking to make an appointment with the Vice
Presidents of the Formula and BAJA teams in Klamath Falls,
similar to the one with the Secretary of the BAJA team in
Wilsonville, probably towards the end of 2019 or in early 2020.

Suggested Further
Improvements

Further Pre-Populated Material
from the SAE Rulebook

The faculty adviser of the Formula and BAJA teams in Klamath
Falls has pointed out the inconvenience of large paper archives.
He has noted the SAE Welcome package has become quite

voluminous. He has, further, indicated that the printed version
of the schedule from previous years used to be up to 15 feet
in length.

Formula or BAJA SAE teams from Portland State
University (PSU), California State University (CSU) in
Northridge and the New Mexico Institute of Mining and
Technology have similarly encouraged Imagars to capture
content, in addition to the check list presented in Figure 4,
and include with the Formula and BAJA examples that ship
with the Ecosystem software. Imagars intends to augment
these examples, such as to include

1. Design requirements for individual sub-systems.
2. Information from the cost report.

3. Information aimed at helping students prepare for
their business presentations.

e This could include a profile description for the
customer targeted captured in the Customer
Interview tab of the Ecosystem.

4. Deadlines for deliverables leading up to competition.

Web Page Highlighting
Recent Enhancements of
Examples and Changes to the
Rulebook

Changes to the rulebook tend to be of great interest to the
students, since such changes are likely to affect their total
number of points earned during competition. As an example,
at the 2020 BAJA competitions, the 4-wheel drive traction
system will be optional, but it will be required at the 2021
competitions. The change from rear wheel drive to an all-
wheel drive is a major change in the BAJA rulebook. For
purpose of effective communications with the students,
Imagars intends to present samples from the check list for the
tech inspectors in a web page, linked to its website, and high-
light the relevant changes. We think this will help in making
the Ecosystem more relevant to the students.

Introducing Ecosystem
Software in a Simplified Form
in Freshman Orientation
Classes

The faculty adviser, Prof. Moravec, has recommended
presenting the Ecosystem in simplified form in freshman
orientation classes, by hiding tabs of lesser importance to
begin with. As students gain familiarity and proficiency with
the Ecosystem, the lesser important tabs can be re-enabled.
Then, when the students do their senior projects, they will
be used to the full tab structure. Prof. Moravec thought, if the
students got exposed to all of the tabs, in a short amount of
time, the learning curve might prove to be too steep. Hence,
one of the things we are considering involves a gentler
approach to helping students acquaint themselves with the
Ecosystem, through smaller learning steps.
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Key Learning Lessons

Continuity from Year to Year
Is Essential

Transfer of tribal knowledge from year to year, as key people
graduate and leave, is a primary reason as to why faculty
advisers have encouraged Formula or BAJA teams to adopt
the Ecosystem software.

Examples with Pre-Populated
Content Welcomed

Students have tended to welcome the examples with pre-
populated content from the Formula or BAJA SAE rulebook.

Bonus Points Have Served as
Significant Motivation

The prospect of students earning bonus points at competition,
for their use of the Ecosystem, has served as a strong source
of motivation.

Change Resistance in Case of
Legacy Documentation

In certain cases involving significant legacy archives, students
have resisted adoption of the Ecosystem software. Here, the path
of least resistance may entail duplication of past efforts. In case
of the 2018 - 2019 OTR team, this included continued reliance
on Google Docs, Powerpoint presentations and paper notebooks.

Working with Teams’
Secretaries May Be Effective

As opposed to targeting entire teams, it may be more effective
to sit down with a key individual responsible for organizing
the documentation of a given Formula or BAJA team. In case
of the BAJA team in Wilsonville, this was the team’s Secretary,
but in case of the Formula and BAJA teams in Klamath Fall,
it was the Vice President. We have found out that in addition
to the Ecosystem software itself, students may need good,
on-going support, in order to smoothly and effectively use the
Ecosystem together with their existing design archives.

Conclusions

The Beta testing of the Ecosystem for Design Assessment and
Verification is continuing. Benefits of using this software

include better communication and continuity between years
(transfer of tribal knowledge), a more complete documentation
of the design work by the students, and a structured environ-
ment throughout the design process. A major hurdle to
overcome for existing teams has been the reluctance of some
team members to use a different process than was used in the
past (Google Docs and paper notebooks). We have overcome
this - in part - by working with a key member responsible for
organizing the documentation, for the Formula or BAJA teams
involved, as opposed to targeting all team members, and by
providing good support. Once we have polished our approach
for supporting the Formula and BAJA teams, we think there
will be other opportunities for the Ecosystem within Oregon
Tech, such as with the RockSat rocket satellite club and/or with
the senior design. The key is to be patient, but persistent.

References

1. BAJA SAE Series Resources (2018), “2019 BAJA SAE Rules,”
Retrieved Jan. 20, 2019 from http://www.BAJAsae.net/

cdsweb/gen/DocumentResources.aspx.
2. Formula SAE Series Resources (2018), “2019 Formula SAE
Rules,” Retrieved Jan. 20, 2019 from https://www.fsaeonline.

com/cdsweb/gen/DocumentResources.aspx.

3. Steingrimsson, B., Jones, R., Etesami, F., and Yi, S.,
“Ecosystems for Engineering Design Learning - A
Comparative Analysis,” International Journal of Engineering
Education 33(5):1499-1512, 2017.

4. Jones, R., Steingrimsson, B., Yi, S., and Etesami, F., “The
Ecosystem for Engineering Design Applied to Formula
SAE,” in SAE World Congress, Detroit M1, Apr. 4-6, 2017.

5. Steingrimsson, B., “All-Electronic Ecosystems for Design and
Collaboration,” U.S. Patent 9,923,949 B2, issued on Mar. 20, 2018.

6. Steingrimsson, B., Nelson, C., Frederick, T., Kisialiou, M. et
al., “Evaluation of the Ecosystem for Design Assessment and
Verification by the BAJA Dynamometer Capstone Team at the
University of Nebraska,” in SAE World Congress, Detroit, MI,
Apr. 9-11, 2019.

Contact Information

Dr. Baldur Steingrimsson
TEL: 763-439-6905

baldur@imagars.com

Acknowledgments

This research has been supported by the National Science
Foundation Grants 1,447,395 and 1,632,408

© 2020 SAE International. All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission of SAE International.

Positions and opinions advanced in this work are those of the author(s) and not necessarily those of SAE International. Responsibility for the content of the work lies

solely with the author(s).

ISSN 0148-7191


http://www.bajasae.net/cdsweb/gen/DocumentResources.aspx
http://www.bajasae.net/cdsweb/gen/DocumentResources.aspx
http://fsaeonline.com/cdsweb/gen/DocumentResources.aspx
http://fsaeonline.com/cdsweb/gen/DocumentResources.aspx
baldur@imagars.com
baldur@pedu

	10.4271/2020-01-0490: Abstract
	10.4271/2020-01-0490: Keywords
	Introduction
	Problem Statement
	Previous Student Documentation

	Ecosystem for Design Assessment and Verification
	Reasons for Adoption
	Experience of the BAJA SAE Team at the Competition in Gorman CA in April 2017
	Experience from the Formula Team at the Competition in Lincoln NE in June 2017
	Pre-Populated Check List for Tech Inspection from the SAE Rulebook
	Tools Enabling Students to Manage Parts and Prepare for Manufacturing
	Ability to Link FEA Results into the Calculations & Analysis Tab
	Automatic Generation of Nicely Formatted Project Reports
	Automatic Assessment against ABET Learning Outcomes

	Experience from Evaluation of Imagars’ Software
	The 2016 - 2017 Academic Year: Initial Exposure - Ecosystem Presented as Optional Tool
	The 2017 - 2018 Academic Year: Beta Testing - Bonus Points at Competition in Washougal WA
	The 2018 - 2019 Academic Year: Plans for Offering Proper Training in Klamath Falls
	The 2019 - 2020 Academic Year: Further Training - Extension to Wilsonville Campus

	Suggested Further Improvements
	Further Pre-Populated Material from the SAE Rulebook
	Web Page Highlighting Recent Enhancements of Examples and Changes to the Rulebook
	Introducing Ecosystem Software in a Simplified Form in Freshman Orientation Classes

	Key Learning Lessons
	Continuity from Year to Year Is Essential
	Examples with Pre-Populated Content Welcomed
	Bonus Points Have Served as Significant Motivation
	Change Resistance in Case of Legacy Documentation
	Working with Teams’ Secretaries May Be Effective

	Conclusions

	References
	Acknowledgments

