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Introduction

Our experience with equipment has led us to find deficiencies

Many bindings good at one thing: long backcountry missions, short tours,
resort laps

No binding serves all purposes without compromises

Objective

Create a system than interchanges between an alpine resort style and
uphill touring style ski binding that satisfies two use cases:

o Ascend and descend on a touring binding

o Ascend on a touring binding and descend on an alpine binding
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Disciplines of Skiing

Alpine Skiing

Lift serviced terrain
Defined safety standards
Performance oriented
Used for descent only

Backcountry Skiing

Human-powered access
Developing safety standards
Lightweight oriented

Used for ascent and descent




Mechanics of Ski Bindings: Alpine vs Touring

Alpine Bindings

Always fixed at the heel and toe
Held by forward and downward
pressure from the heel piece
Releasable at the heel and toe
Provide suspension and power
transfer

Tech Bindings

e Fixed at the toe while ascending
e Fixed at the toe and heel while

descending

e Held by clamping force of the toe

piece and ‘floating’ pins at the
heel

e Limited suspension and power

transfer

....

Toe eel Piece



Current Market options

Fritschi Tecton Salomon Shift C.AS.T. Freetour System




The State of
the Art

Hybrid Bindings

50/50 Bindin

Marker Fritschi Salomon Marker CAS.T.
Kingpin 13 | Tecton 12 Shift 13 Duke 16 Freetour
Features
Tech Toe X X X X X
Multiple Touring Risers X X X
ISO/DIN Certified Toe X X X X
Transformable Toe X X
Interchangeable Toe X
Uphill Weight 775 g 680 g 886 g 1050 g 995 g
Use Cases
Downhill Tech Toe Use X X
Downhill Alpine Toe Use X X X
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~~ Reasoning for product’s development
Rational:
To support the need for a high performing setup that can be used in the resort and the
backcountry ~~

Ethos of Each Discipline

Alpine Skiing Backcountry Skiing

e Prioritize lightweight
gear over safety
features and
performance

e More cautious
mentality of how a
slope will be skied

Unconcerned with
weight savings as
uphill use is not a part
of alpine skiing

e Prioritize safety and

performance features

Expect gear to
perform at a high
level

e Desire for safety
and performance
features




Design Process

NN

Functional
Requirements



Design Process

Functional Requirements (FR)

FR1: Transmit skiing loads
FR1.1: Transmit uphill
skiing loads
FR1.2: Transmit
descending skiing loads




Design Process

Functional Requirements (FR)

Design Requirements (DR)

FR1: Transmit skiing loads
FR1.1: Transmit uphill
skiing loads
FR1.2: Transmit
descending skiing loads

DR1: System for transmitting
skiing loads
DR1.1: System that allows
for free movement of
heel about secure pivot
point at toe
DR1.2: System that firmly
holds heel in place




Design Process

Functional Requirements (FR)

Design Requirements (DR)

Design Solutions (DS)

FR1: Transmit skiing loads
FR1.1: Transmit uphill
skiing loads
FR1.2: Transmit
descending skiing loads

DR1: System for transmitting
skiing loads
DR1.1: System that allows
for free movement of
heel about secure pivot
point at toe
DR1.2: System that firmly
holds heel in place

DS1: Binding to secure toe and

heel

DS1.1: Tech toe with pins
and locking mechanism
DS1.2: Alpine heel to
firmly hold skier's heel
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llow for lightweight
uphill use

DR5: Removable components
during uphill use

DS5: Removable heel piece on
demo track




Tyrolia Attack2 13 Demo Binding and Voile Risers

Tyrolia Attack2 13 Demo Binding Voile Climbing Risers
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~ Our Design

Tyrolia Rail

Locking Key

Key Stock Rod

Tech Toe Plate

Material Choices: 3D Printed PLA vs. Aluminum 606] Design Changes
e  Strength characteristics e Magnets instead of
o \Weight springs
e Availability at WPI e Use of more metal
components

b‘



~~ 3D Printed Prototype
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Instron Tensile Testing and Material Selection

Testing
Fixture

3D
Printed
Plate

Force vs Displacement

Force (kN)

1 2 3 4

Displacement (mm)




Simulations and Analysis

3 Analysis Cases

1. Vertical Load
2. Lateral Load
3. Longitudinal Load

Lateral Force

—»

Vertical Force

Longitudinal Force



Case 1: Tech Toe Plate Under Vertical Load

_ 293463
Detall A . 264140
234817

2.05494
1.76171
1.46847
117524
0.88201
0.58878
0.29555
0.00231

Constrained Surfaces




Case 2: Tech Toe Plate Under Lateral Load

Constrained Surfaces

114.388
102.950
91.5108
80.0720
68.6333
57.1945
45.7557
34.3170
22.8782
11.4395
0.00069



Case 3: Locking Key Under Longitudinal Load

40.2349
- %212
32.1895

28.1669
241442
201215
16.0989

12.0762
8.05353
. 4.03087
0.00820

Constrained Surfaces



Simulations Summary

v
Analysis Case Minimum Factor of Safety
.
Plate under Vertical Load 94.04
~~
Plate under Lateral Load 6.85
Key under Longitudinal Load 6.86

Factor of Safety Comparison Chart

100

10

1 I I .

Structural Steel Automobiles Aircrafts Plate: Vertical  Plate: Lateral Key:
Load Load Longitudinal
Load

Factor of Safety (Logarithom Base 10 Scale)

Category




Manufacturing Process
Haas Mini Mill Haas Super Mini Mill Accutex Wire EDM

e Used for plate, initial e Used for teeth on e Used for square hole
cuts on stock for the key, magnet pocket on key and handle,
handle and key on handle outer profile of key

and handle, rail
cutouts on plate




Manufacturing Process: Tech Toe Plate




Manufacturing Process: Locking Key

Key 3 Key 4

O URERGS Wire Boundary: edge of wires

follows boundary
Wire Diameter: 0.01 inches




Manufacturing Process: Handle




Final Prototype




On Snow Testing




On Snow Testing



https://docs.google.com/file/d/1tfhXEqoQXsIz0WnI1ITtAQ6GQxFvuq4g/preview

~ On Snow Testing: Results ™M

Uphill Performance
e Light, natural, and comparable to
touring specific bindings
e Climbing risers were a cause of concern

Downhill Performance




Modifications

Weight Comparison of Different Touring Bindings
N & 0&' »
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Weight (grams)
8

G3 Zed Dynafit Original Modified  Fritschi Tecton Marker Salomon Shift Marker Duke C.AST
Rotation System System Kingpin Freetour

Full Tech Our System Hybrid 50/50




Recommendations

Consolidate components
Integrate riser system into Kingpin/Tecton style heel piece
Utilize rail attachment or Cast style toe piece interchanging system

Injection molding

Marker Kingpin Heel
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Hand Calculations Case 1: Vertical

St v | XY ~ | wCS) 0.36285

o Doeik
e - 0.29148 v
& 022012
o 0.14875
0.07729
, 0.00602
-0.06524
— -0.13671
A -0.20807
5 . -0.27944
- -0.25081
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AO
310N

2(.120 m X .003575 m)
= 361,305.4 Pa = 0.361 MPa



Hand Calculations Case 2: Lateral

Stress v| YZ ~ | (WCS) 1.08422

(MPa) 089324 1 i 0 8 4 22

Loadset:LoadSet1 : SIMPLEBEAM _LATERAL 0.70225

e 0.89324 v

0.12930

b 0.70225 ~
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T, = 1.0839 MPa
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Hand Calculations Case 3: Longitudinally

sssss v| YZ ~ | (WCS) 14.0039

i i i 14.0039
e - 11.7820 ~
9.55999 —
7.33802
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A= .0000135m’ t,, = 138,888,888.89 :: X (110{,71?) = 13.89 MPa

m"

T, = 13.89 MPa
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