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BE MORE COMFORTABLE

SAVE ENERGY COSTS
ENJOY THE SILENCE
COOL THE PLANET




RECAP OF EXPLORATION

Week 1: Disassemble and assess the product.
Weelk 2: Establish design priorities.

Week 3: Explore potential materials.

Weelk 4: Research material effectiveness.
Week 5: Establish energy priorities.

Week 6: Make the product persuasive to users.
Weelk 7: Rate and finalize potential solutions.
Week 8: Present design recommendations.
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FLAIR PEDESTAL FAN SYSTEM MAP (WITH IMPACTS)
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BILL OF MATERIALS

After the pedestal fan is disassembled, components are grouped by their material
compositions. Stainless steels have the highest percentage by weight, followed by
ABS and low alloy steel.

Group by Components Weight
Weight of Materials per Fan (Ib)

PP, primary  Base enclosure PP, primary 0.8

4.7% . . .
ABS, primary Enclosure (base, pole, and top), height adjust, ABS, primary 2.8

16.6% and blade stopper

Circuit board, RoHS
1.8%
Miscellaneous

13.0%

Base weight Stainless 4.8
steels
Steel, low alloy Base weight EPS, primary 1.8
16.0%
Pole enclosure, base weight, screws, height Stainless 1.0
adjust, angle adjust steels
PA-G composite Pole height adjust stopper Silicone 0.0
1.8% ;
Stainless steels slamiees zs;ef:/j Blade PA-G 0.3
5.9% ' composite
i': ‘;’; T Blade enclosure Steel, low alloy 2.7
Top blade enclosure joint lock, protective PC, primary 0.0
sheets, screen cover
Top motor assembly (various materials) Miscellaneous 2.2
Electronics Circuit board, 0.3
RoHS
Wire insulator B-PVC, 0.2
primary
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ASSESSING ENERGY EFFICIENCY

TOP USERS OF ENERGY:

1. In life - Motor: The power consumption of the fan increases with the usage time.The power consumption mainly comes
from the DC motor that turns the fan blade.

2. Embodied energy — Metal: Metal has a high embodied energy due to the impact of the processes of mining, refining,
and producing.

3. Inert energy - Electronics: Electronics require an intricate construction of relatively high impact materials like metals.

Baseline
Impact of Life Cycles
3000
8 2000
E
£
[=)
e
& 1000
j= B
E

3.8 12 6.2

0

1. Production 2. Packaging 3. Transport 4_Usage 5. End-oflife

B Baseline
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FUNCTIONAL UNIT

Assumptions and calculations during assessment and redesign:

Usage: 50,000 Hours minimum
11.4Years i operates 24/7 for half a year
7.6 Yearsi operates 24/7 for three quarters of a year

Environmental Impact PER Energy Use PER Year
(Okala mPts) / (kWh) / (year)
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DECISION MATRIX

We narrowed down our top ideas to the 6 following ideas:

oW~

Use bamboo for all possible materials in unit.

Retrofit Blade Option to allow existing fans to remain in use with increased efficiency.

Informationalization — Offer 3D model of blade for user to print their own as Product-Service Systems offering.
Gamification — Improve user engagement and brand awareness.

Modularity — keep the motor/cage the same on all models and offer alternative bases for table top, pedestal, clamp, etc..
Simplifying parts and features — Reduce functions for efficiency and reduced material use.

Priority 1 | Priority 2 | Priority 3 | Priority 4 | Priority 5 | Cost [ Usability | Desirability Repairability, Feasibility Total Score
Replaceability

Weight
Idea 1

—

4

5
Idea 2 5
Idea 3 5
Idea 4 1
Idea 5 3
Idea 6 4

N = 01 01 O
w A~ = 01610 W W
A~ b =2 00~ B

Scoring Key:

5 = Best in the market. Significant improvement
over existing design. Paradigm shifting.

4 = Great but no paradigm shift.

3 = Statistically significant. Measurable impact.
2 = Slightly better than existing design.

1 = Lateral change.

2 4 3 3

3 1 1 3 2 3 83
5 5 1 1 3 2 132
5 1 2 1 3 1 120
1 1 5 4 1 4 79
3 5 4 4 3 4 114
2 4 4 2 3 5 108
Weight Key:

The priorities are weighed based on cradle to cradle concepts and the four system
conditions in the Natural Step. The highest weight (most important) is 5, and the lowest
weight (least important) is 1.

e  Priority 1: 4, meet cradle to cradle and system conditions 1 through 3
Priority 2: 5, energy usage has the highest impact
Priority 3: 3, insignificant compared to energy usage
Priority 4: 4, a limited factor when fan usage is required
Priority 5: 2, reduce cost at production stage, impact occurs mostly in usage stage
Cost: 4, must be affordable, satisfy system condition 4
Usability: 4, must be easy to use
Desirability: 3, a limited factor when fan usage is required
Repairability/Replaceability: 5, key factor in system condition 2
Feasibility: 3, not a dominant factor on customers’ experience
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TOP 3 IDEAS: NARROW BEST SOLUTIONS

1. Retrofit Kit: Blade rendering, how-to instructions/videos/network for fix—it people, Informationalization
(provide 3D model for sale for users to print on their own)

2. Base Model : Bamboo, reduced functions (including a list of basic features) simple modular bases

3. High End Model: Information sharing, gamification, bamboo, advanced modular bases, app Interface

Top ideas used the following priorities for redesign:

PRIORITIES

Prioritized to increase the sustainability of the
USE SUSTAINABLE MATERIALS materials used in the fan body.

Prioritized to minimize impact of snergy consumption
LOWER ENERGY USAGE during the usage phase of the product’s lifs cycle.
Usage bsing the most impactful category.

ELIMINATE UNNECESSARY Prioritized to slightly lessen material needs,

FUNCTIONS slectricity usage, and product weight.
Prioritized to lower impact of compone

USE RECYCLED MATERIALS W ecleigrinand et oy

PACKAGING USED AS WEIGHT Prioritized to reduce weight for transportation,

FOR THE BASE }’:?f,":,:'?;,."*a‘;;?g‘,ﬁ packaging wasta by utilizing
 Profit margin » Customer satisfaction » Lower energy usage
« Maximize market * Useful E « Improve material
penetratlon « Ease of use 5 impact ‘
« Conversion rate « Unit cost = * Lower manufacturing
Ti o waste
fz » Time to market « Residential environment <2I :
Wl e User engagement (11) regulation < Reduce transportation
= = < impact
— 0. e Attuned to local market 5 :
(2] e) » Extend lifespan
= w s
m o (73]
Radesign of Pedastal Fan | PAX Scientifc & Minneapolis Collegs of Art and Design | Collaborative Product Design | Fall 2020 | PG. 04
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BAMBOO AS MAIN UNIT MATERIAL

Summary of Changes Outcome
e Steel in the base, pole, and blade e Using bamboo yields a combined
enclosure was removed. 55% reduction in environmental
e Bamboo was used to replace plastic in impact and CO, emission in all
the base, pole, and blade enclosure. product life cycle except the
e The weight of bamboo is similar and usage phase.

hence assumed to be equal to that of
plastic (ABS and PP)

(Environmental Impact) (CO, Equivalent)
Baseline vs. Scenario 1 Baseline vs. Scenario 1
Impact of Components CO2 Equivalent of Components
100 50 -

g 3
£ 8
B Baseline [ Scenario 1
Bamboo replaces the plastic and steel in The base weight is removed. The redesigns
the base enclosure, the pole enclosure, the did not require the use of the base weight.
motor enclosure, and the blade enclosure. See slides on modularity for more info.
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CONCEPT 1 - RETROFIT KIT AND INFORMATIONALIZATION

3D PRINTED BLADE
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Enable Retrofitting by
Oversizing the Bushing

Original Fan Blade

Retrofit Fan Blade

(Top View)

1
1% % %
in inin

Pre-drilled hole

(Top View)

t
Yo e 1%
lin in in

No hole
(example drill mark)

(Side View)

Blade Lock Feature

ref = reference line

For shorter bushing

; No blade lock feature
(example trim mark)

(example cutout mark)
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LIFE CYCLE ANALYSIS OF RETROFIT OPTIONS

Components | Weight in the | Weight in Percent
Original the Retrofit Change
Design Option
Top, Blade 0.31b 0.41b +0.11b  +33%
Packaging 5.0 Ibs 1.8 Ibs -3.2lbs -64%
All others 16.7 Ibs Olb -16.7 Ibs -100%
Total 22.0 Ibs 2.2 Ibs -19.8 Ibs -90%
(Environmental Impact) (CO, Equivalent)
Baseline vs. Scenario 2 Baseline vs. Scenario 2
Impact of Components CO2 Equivalent of Components
100 50

Impact Points (mPts)
CO2 Equivalent (Ibs.)

B Baseline [l Scenario 2 B Baseline [l Scenario 2
The difference in impact points between the baseline 90% of material weight is removed hence 98% reduction
blade and retrofit blad is reflected in the production via in environmental impact and CO, emission in all product
3D printing and molding. life cycle except the usage phase.
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CONCEPT 2 - BASE MODEL FOR RURAL APPLICATIONS

SIMPLIFIED PARTS AND FEATURES
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BASE MODEL

This model includes: Bamboo, reduced functions, simple modular bases

XX
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K

INSPIRATION
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Bamboo Grill

Heat Exhaust Bamboo Lid

Openings

QR Code

Power Button

Rails for PCB
Power Cord
Power PCB

Speed Options Controller & Ul PCB

™~

Bamboo Knob
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CONCEPT 3 - HIGH END MODEL

This model includes: Bamboo, optional functions, Information sharing, gamification, advanced modular
bases, app interface
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Moditication of PCBs and Wiring Harness

BASELINE REDESIGN
Controller and Screen 43%inx2in 9.5 in? Controller and Knob Diameter: 3 %2in 9.6 in?
Knob 4% inx17%in 8.9 in? Power Diameter: 3 %2in 9.6 in?
Power 3%inx2in 7 in?
Power PCB § SketchUp
Knob PCB

?

aE-=>

Controller & Knob PCB

Controller &
Screen PCB

Power PCB
Knob for speed control
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Anatomy of PCBs and Wiring Harness

BASELINE REDESIGN
, Cutout for
Power PCB Space for eIe_ctr|caI components PCB holder
and connections tdxthe motor 95
ketchUp
4—

Female connector
(slide into)

Pic32

Microcontroller —Double-side

Male connector | d PCBs
Wire for signals

Fan angle ‘
and power adjust
Potentiometer Wifi Card Space for control
ide i components —
Controller & Potentiometer - Use IZurface mount
Screen PCB control, components to
_ 3 optimize space.
Ribbon
cable
Lid / Knob
Knob PCB Power cable

to outlet

— Speed options

1: Low S: Sleep
2: Medium Q: Quiet
3: High E: Economy

PCBs are far apart PCBs are plugged into each other
— Require more wiring. — Reduce wiring.
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INCORPORATE MODULARITY

Incorporating modularity allows for replaceable parts, user selections of desired
features, and incorporation of economy of scale to reach multiple price points and

user needs within variable markets.

The motor/cage remains the same on all models and includes the offering of alternative bases for
table top, pedestal, clamp, etc.) as well as modified routing of wires and placement of PCBs for

added/removed functions and/or features.
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MODULARITY 3D MODEL OPTION 1

(Front View) (Front View)

(Back View)

Basic stand to keep the fan in
upright position. The stand can be
placed on any flat surfaces (table,
floor, counter, etc.). Customer can
also build their own basic stand.

Stand extension based on customers’ preference
on the height of the fan. Customer can also build /

their own stand extension.

PAX Scientific & Minneapolis College of Art and Design | Final Presentation | Collaborative Product Design Fall 2020 PG 21



MODULARITY 3D MODEL OPTION 2

(Front View) (Back View) (Side View)

Easy to build short range adjustable stand.
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INCORPORATE PERSUASIVE BEHAVIOR

Influencing human behavior through product/service characteristics.

HIGHER

IAQ HIGHER
IQ

SPIN ME
BETTER
AR QUALITY

Fairphone Supply Chain wSy

Suppiers mao b /

v B in <

dernd by arebume Y 4 Seeta age o) ooe.

= ot

Establish a Materials Map to show where materials were sourced using Open
Sourcemap at https://open.sourcemap.com/
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https://www.sciencedirect.com/science/article/pii/S0301421514004868
https://www.dimanex.com/3dprinting-spare-parts-with-uncertain-demand/
https://www.dimanex.com/3dprinting-spare-parts-to-avoid-excess-stock/

DIGITAL APPLICATION WIREFRAME

PAX Flair Fan Application: User interface application for
New User Experience Wireframe tracking energy usage,
accessing instruction manual,

repair network, etc.
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10 SIMPLE WAYS TO USE ENERGY WISELY

“Using gamification
may increase newly
registered business
users by 600%.”
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PAX Scientific: https://paxscientific.com/

Generate static QR code:
https://www.qrcode-tiger.com/

Oles
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https://neilpatel.com/blog/gamification-for-better-results/
https://neilpatel.com/blog/gamification-for-better-results/
https://www2.deloitte.com/us/en/insights/deloitte-review/issue-11/the-engagement-economy-how-gamification-is-reshaping-businesses.html

CONCLUSION

THE BASELINE VERSUS THE FINAL REDESIGN HIGHLIGHTS

BASELINE REDESIGN
Tilling No tilling.
Height Adjust Available as an add-on
Oscillation No oscillation
LED screen No LED screen

26 speed options (1 - 26) 3 speed options (1, 2, 3)
5 modes 3 modes (S, Q, E)

QR code

Gamification

Remote control

Control via smart phones

H 50in x W 18in x D 18in H 19in x W 21in x D 10in
17 Ibs 8 Ibs
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CONCLUSION

LIFE CYCLE ANALYSIS OF THE FINAL REDESIGN

(Environmental Impact) (CO, Equivalent)
Baseline vs. Scenario 7 Baseline vs. Scenario 7
Impact of Components CO2 Equivalent of Components
100 50

2 g
£ £
5 g
o 3
] g
E i__.__ 3
> & &
& N > & £ &obo .\&& g & ;
& @ % S N @ «OQ’Q «OQ& $‘\&Q \é\ge' e 22 0’(\
I Baseline [l Scenario 7
Lighter in overall
Bamboo was : .
: weight and size.
Base weight used. . / . : :
was removed. A slight increase in the environmental impact

and CO2 emission in electronics due to the

Molding instead of 3D print additional features such as bluetooth or wifi.

The final redesign of the fan results in a 77% reduction
in environmental impact and CO, emission in all product
life cycle except the usage phase.
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©) The Natural Step ca

cradletocradle

www.thenaturalstep.org/ www.cradletocradle.com/

f The Engineering ToolBox B SketchUp

ome wywww EngineeringToolBox.com www.sketchup.com/
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Thank You
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