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I Intended Audience and Document Purpose

This white paper is intended for:

¢ Bicycle frame manufacturers

o Full-suspension bicycle assembly plants

e MTB /E-MTB brand R&D and product teams

e Suspension linkage / component manufacturers
o Supplier Quality Engineering (SQE)

e Design / mechanical / manufacturing engineers
e Strategic sourcing / purchasing teams

e After-sales / warranty / service teams

Its purpose is not to debate “how much one bolt should cost,” but to establish a more complete framework for the underlying engineering

question:

How does pivot hardware affect structural safety, bearing life, assembly consistency, NVH, corrosion, after-sales service

and total lifecycle cost?



I PremFixer Fasteners Solution Positioning

For full-suspension bicycle manufacturing, PremFixer Fasteners expands the deliverable from “one standard fastener” to a complete,
model-specific pivot-fastener solution system. The solution scope can cover different bicycle types and load environments, including
XC, Trail, Enduro, DH and E-MTB, and establishes corresponding fastener combinations around each customer’s frame, linkage,

bearing and assembly interfaces.
A typical solution package includes:

e CNC precision-manufacturing solutions and a DFM pathway for pivot bolts, pivot axles and shoulder bolts
e Spacers, washers, threaded inserts and locating components matched to bearing inner rings and linkage interfaces
¢ Environmental and assembly-control components such as O-rings, seals, isolation washers, grease and locking interfaces

o Complete fastener kits organized by pivot location, BOM mapping, assembly sequence, locking/lubrication strategy and traceability

interfaces

PremFixer Fasteners’s one-stop solution logic is:

Bicycle and load definition — Pivot-interface decomposition — Fastener and bearing-stack design — DFM — CNC
manufacturing — Surface and isolation strategy — Kit supply — Assembly support — Closed-loop validation and

traceability

This positioning describes solution scope and engineering methodology; it does not automatically constitute a verified claim of mass-
production capability or product performance. Specific materials, dimensional tolerances, torque, clamp load, Cpk, salt-spray resistance,
fatigue, lead time and bicycle-model applicability must still be closed individually under the 7@ evidence system defined in this

white paper.



Evidence Statement

V2.0 uses a “dual evidence chain’:

External Literature Evidence

This evidence answers:

Is there public evidence for this engineering mechanism, test method or industry practice?

Source levels:

@ Normative / Regulatory ISO, ECHA, EUR-Lex

@ Peer-Reviewed / Primary Research Springer, ScienceDirect, MDPI, university repositories

@ OEM / Industrial Technical Official bicycle-brand technical information, SKF, Henkel, etc.
Market Context Current complete-bicycle specifications and public industry trends

PremPFixer Fasteners Product Evidence

This evidence answers:

What has a specific PremFixer Fasteners SKU, batch, material and process actually achieved under clearly defined test

conditions?
Levels
@ Assumption / Target No proprietary test result yet; only a target, assumption or item awaiting validation
@ Engineering Analysis Drawing calculations, tolerance stack, FEA and theoretical analysis
@ Component Test Dimensions, material, salt spray, hardness and single-component strength, etc.
Joint / Subassembly Test Torque—clamp, transverse vibration, repeated disassembly/reassembly and bearing stack
Frame-Level Validation Validation at actual frame/linkage-system level
Field Validation Mass production, long-term riding and warranty/field data



Public papers can establish “why it should be designed this way,” but cannot replace PremFixer Fasteners’s own product

testing.
FIG-12
Evidence Levels ED Es Public rationale does not replace product validation

Field Validation
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Analysis
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Assumption
Target

A claim may advance only when its defined evidence gate is actually closed.

ptual engineering illustration; not based on production test data from Prem Fixar

FIG-12 - Engineering Figure — Figure FIG-12. Evidence levels EO-ES5, from assumption or target through field validation. Public rationale does not
replace product-specific validation. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence

from PremFixer Fasteners.



Important Engineering Boundaries

1. This document does not extrapolate the result of any single paper into universal performance for all pivot hardware.
2. This document does not convert salt-spray hours into years of real-world riding.
3. This document does not describe general fastener standards as bicycle-specific certification.

4. This document does not automatically extend the result of one SKU to an entire product family.

5. ( [PF-VERIFY] ) X ( ITARGET] ) and ( IMODEL] ) indicate items that still require closure with PremFixer Fasteners or customer-

project data.

6. Customer drawings, technical agreements, target-market regulations and complete-bicycle validation requirements always take

precedence over this white paper.



Abstract

In a modern full-suspension bicycle, pivot bolts, pivot axles, shoulder bolts, spacers, washers, bearings, threaded inserts, seals and
locking media jointly form a tightly coupled mechanical interface. Their direct purchase value is usually far lower than that of the frame,
shock or drivetrain. Yet if a pivot joint experiences loss of clamp load, micro-motion, corrosion, galling, bearing contamination or
assembly deviation, the consequences can span multiple cost levels—from noise to frame rework, and from premature bearing failure to

overseas warranty service.

Published research on bolted joints shows complex coupling among preload, transverse load and friction conditions. Insufficient preload
can promote loosening, while excessive preload can likewise create overload and fatigue-limit risks.[R1][R2] Bearing-engineering
sources indicate that inadequate fit, slight relative movement and surface condition can promote bearing-seat fretting corrosion.[R5][R6]
Public service and hardware information from premium MTB brands further shows that actual pivot systems use location-specific
grease, threadlocker, anti-seize, retaining compound and installation torque instead of treating all fasteners as the same class of
“hardware.”[R8][RI]

Accordingly, this white paper proposes:

Pivot hardware should be treated as a system-engineering object comprising precision shaft components + controlled

threaded joints + bearing interfaces + environmental sealing + after-sales service interfaces.

Within this framework, PremFixer Fasteners is positioned not as a seller of isolated pivot bolts, but as an engineering collaborator that
organizes complete pivot-fastener kits defined by pivot location and tailored to the manufacturability, assembly, maintenance and

traceability requirements of different full-suspension bicycle models.
The central objective is not to maximize any single indicator, but to find a verifiable engineering balance among:

Strength + Fatigue + Clamp Stability + Lightweighting + Corrosion Resistance + Assembly Repeatability + Serviceability + Cost
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Preface: From “One Bolt” to a “Pivot System”

In traditional purchasing classifications, pivot bolts are often grouped under fasteners, hardware or small parts. This is convenient for

ERP and purchasing codes, but incomplete from a structural-engineering perspective.
A typical full-suspension pivot can contain all of the following:

e Frame pivot bore / insert
e Linkage

e Sealed cartridge bearing
e Inner / outer spacer

e Pivot axle

o Shoulder bolt

e Washer

e Threaded insert / nut

e O-ring / seal

e Grease

e Threadlocker / locking patch

o Anti-seize
Suspension movement simultaneously exposes these interfaces to:

e Cyclic axial and transverse loads

e Small-amplitude oscillation

e Impact

o Coupled braking and pedaling loads
e Mud and water contamination

e Cleaning agents

e Moisture and salt

e Repeated service disassembly and reassembly

Consequently, “dimensionally acceptable” only proves that a component complies with the drawing at a given moment. It does not

automatically prove that:

e Joint clamp load is appropriate;

o The bearing is free of abnormal axial load,

e No creak will develop after two seasons;

o Titanium threads will not gall;

o A steel coating has no hydrogen-embrittlement risk;

e The joint can be disassembled normally during bicycle-shop service;

e The original torque remains valid after a coating change.

The V2.0 white paper therefore applies a complete lifecycle framework:



Requirement — Design — Material — Process — Joint — Validation — Production — Assembly — Field — Service —
TCO

FIG-01
Pivot System Exploded View

| Inner Race I Pivot Axle ] I Thread ]I Washer ]

I Seal ] ' Spacer

Linkage

Conceptual engineering visualization

FIG-01 - Engineering Figure — Figure FIG-01. Pivot-system exploded architecture. Conceptual engineering visualization; not a released BOM or
verified PremFixer Fasteners product configuration. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or
certification evidence from PremFixer Fasteners.



Chapter 1: Pivot-System Value and Failure Cost Across the
Industry Chain

I 1. System-Level Value and Failure Economics

WHITE PAPER - CHAPTER HERO

CHO1

Failure Economics

CAPTION

Chapter Hero CHO1. Conceptual engineering
visualization of the lifecycle and

operational context surrounding a bicycle
pivot system.

EVIDENCE BOUNDARY

AI-GENERATED BASE EDNCEFT

CONCEPTUAL ENGINEERING VISUALIZATION
PUBLICATION STATUS

Chapter context only - not verified product evidence
APPROVED — PHASE 4

Base image preserved with contain fit: all publication text and status marks are deterministic SVG.

CHO1 - Chapter Hero — Chapter Hero CHO1. Conceptual engineering visualization of the lifecycle and operational context surrounding a bicycle
pivot system. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer

Fasteners.

I 1.1 Four Customer Groups Do Not Buy the Same Value

1.1.1 Frame Manufacturers Buy Structural-Interface Stability

Frame manufacturers focus first on:

The functional fit between the pivot bore and axle/shank;

The tolerance stack of the bearing, spacer and link;

Whether installation introduces abnormal radial or axial load;
Whether local carbon/aluminum interfaces present a damage risk;
Whether post-coating dimensions still meet functional requirements;

Whether the pivot interface remains stable after frame fatigue testing.

From the frame manufacturer’s perspective:



The true value of pivot hardware is reducing the probability that a low-cost component turns an expensive frame into

scrap.

1.1.2 Assembly Plants Buy Takt Time and Consistency

Assembly plants focus on:

o Stable engagement of the drive interface;

o Easy automatic tool alignment;

e Smooth thread engagement;

e Whether manual adhesive pickup, dispensing and cleanup are required;
e Whether part numbers can be confused,

o Torque stability;

e Improvements in first-pass yield.
Pre-applied threadlocker is already a mature industrial assembly method. Henkel’s published technical information states that dry-to-

touch pre-applied coatings can be used for high-volume bolted assembly to eliminate the on-site step of applying liquid threadlocker.

[R13][R14]

This supports the engineering direction that pre-applied locking can improve assembly standardization, but it does not automatically

prove a fixed saving of 1.5-2 minutes on any particular bicycle line. Takt-time benefits must be established by an actual time study.



ENGINEERING APPLICATION SCENE

SCN-05 vo1

Assembly Line

CAPTION

Scene SCN-05. Conceptual engineering
visualization of controlled pivot-hardware
installation on a full-suspension bicycle
assembly workstation.

EVIDENCE BOUNDARY
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PUBLICATION STATUS
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SCN-05 - Application Scene — Scene SCN-05. Conceptual engineering visualization of controlled pivot-hardware installation on a full-suspension
bicycle assembly workstation. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from

PremFixer Fasteners.

1.1.3 MTB / E-MTB Brands Buy Reliability and Brand Experience

Premium brands focus on:

e Smooth suspension movement;

e Absence of abnormal creaks or clicks;

e Resistance to hardware self-loosening;
e Reliability in rain, mud, sweat and salt;
o Ease of service;

o Long-term availability of spare parts;

o Traceability of field failures.

Santa Cruz’s public maintenance information treats pivot axles and bearings as critical service items that require periodic inspection,
cleaning, lubrication and replacement when necessary, and notes that wet, sandy or dusty conditions require more frequent inspection.
[R9] Specialized currently includes suspension-pivot bearings on certain full-suspension models in a long-term replacement-support

policy for original owners.[R10]

These public practices demonstrate:

A pivot system is a lifecycle service object, not a component that can be ignored permanently after assembly.



1.1.4 Component / Linkage Manufacturers Buy Development Speed and Interface Coordination

For linkage and component manufacturers, complexity comes from:

o Different axle lengths

o Different shoulders

e Spacers

e Washers

e Bearings

o Seals

o Threaded inserts

o Left- and right-hand components

o Different colors and coatings
When these components are managed by separate suppliers, the real cost includes more than unit price:

e Drawing revision coordination
e Supplier communication

e Incoming inspection

¢ MOQ

e Inventory

o Packaging

e Missing-part risk

The supply logic for pivot hardware can therefore advance from individual-part purchasing to:

One Pivot System / One Controlled BOM / One Traceability Chain

I 1.2 Failure Often Exhibits a “Cost-Amplification Effect”

When a low-value component fails, the cost pathway may be:

Part Defect

— Rework

— Line Stop

— Bike Quarantine

— Dealer Diagnosis

— Replacement Hardware
— International Freight

— Customer Communication
— Warranty

— Brand Reputation

Total cost of ownership should therefore include more than the component purchase price.



MO =
C_{part}
+C_{assembly}
+C_{inspection}
+C_{inventory}
+C_{rework}
+C_{downtime}
+C_{warranty}
+C_{dealer}
+C_{logistics}

+C_{reputation}

Here, C_{reputation} is difficult to quantify precisely, yet it is the long-term cost premium brands are least willing to bear.

1.3 Evidence Treatment of the Claim “Pivots Account for 30-35% of Frame
Warranty Cases”

V1.0 proposed an overall ratio of 30-35%. After the first round of public-literature research for V2.0, no auditable, publicly
reproducible global MTB-brand statistical database was found to support this fixed ratio.

The formal V2.0 edition therefore no longer presents this ratio as an industry fact.

Brands are advised to establish their own:

Pivot Warranty Pareto

Fields should include:

e Model

e Model Year

e Pivot Position

o Failure Mode

e Hardware PN

e Bearing PN

e Mileage / Ride Time
o Environment

e Dealer Labor

e Replacement Cost
o Freight

e Root Cause

e Corrective Action

Only actual field/warranty data can qualify as @



Chapter Evidence Box

External Evidence

e OEM maintenance practice:
e Warranty policy:

e Industrial pre-applied locking practice:

PremFixer Fasteners Verification Gate

e Warranty percentage: / REMOVE fixed statistic
e Assembly-time reduction: / Time Study Required

e TCO saving: —@ / Customer Model Required



Chapter 2: Structural Safety, Tolerances, Load Paths and
Lightweighting

I 2. Structural Integrity, Tolerance Engineering and Lightweighting
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CHO2 - Chapter Hero — Chapter Hero CHO2. Conceptual engineering visualization of functional fit, coaxial bearing support and precision pivot

geometry. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer Fasteners.

I 2.1 A Shank Is Not Merely an “Unthreaded Diameter,” but a Functional Fit

The shank of a pivot axle or shoulder bolt commonly performs the following functions:
e Location

e Bearing-inner-ring support

o Shear-load transfer

o Coaxial alignment

e Guidance during assembly and disassembly
It is therefore closer to a precision shaft component than to an ordinary standard bolt.

SKF bearing-engineering information identifies slight relative movement between a shaft/bore and bearing ring as an important fretting-

corrosion mechanism, and states that inadequate fit, shaft deflection and surface defects can promote this type of damage.[R5][R6]

This means:



Shank tolerance cannot be discussed independently of bearing ID, spacers, clamp load, surface finish and coating.

NEERING APPLICATION SCENE

vo1

CNC Precision
Manufacturing
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Scene SCN-01. Conceptual engineering
visualization of precision CNC
manufacturing for bicycle pivot hardware.
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SCN-01 - Application Scene — Scene SCN-01. Conceptual engineering visualization of precision CNC manufacturing for bicycle pivot hardware.
CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer Fasteners.

I 2.2 £0.008 mm Cannot Be Treated as the “Industry Standard for Every Pivot”
Some critical interfaces may require narrow tolerances, but “+0.008 mm” is meaningful only when all of the following are defined:

1. Nominal diameter

2. Bearing or bushing specification

w

. Mating-part tolerance

Jk

. Coating thickness
. Final measurement state
. Temperature

. Measurement-system capability

eI e

. Assembly/service requirement

V2.0 therefore recommends the following wording:

tolerance as the baseline and validate actual mass-production capability through MSA + dimensional data with n>30 +

| For the critical functional-shank characteristics of a selected Hero SKU, use the customer-drawing



Cpk.

Not:

“Every pivot bolt is held strictly to +0.008 mm.”

ENGINEERING APPLICATION SCENE
SCN-02 vo1

Dimensional Inspection

CAPTION

Scene SCN-02. Conceptual engineering
visualization of dimensional inspection of
a bicycle pivot axle functional shank.

EVIDENCE BOUNDARY
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SCN-02 - Application Scene — Scene SCN-02. Conceptual engineering visualization of dimensional inspection of a bicycle pivot axle functional
shank. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer Fasteners.

2.3 Tolerance Stack-Up: Acceptable Local Dimensions Do Not Guarantee an
Acceptable System

The axial or radial function of a pivot system is usually determined jointly by multiple dimensions.

In simplified form:
T {system}=f(T {shank},T {bearing},T {spacer},T {frame},T {coating}, T {assembly})

The review must consider all of the following:

o Worst-case stack
o Statistical stack
o Coating build-up

e Bearing internal clearance



e Spacer parallelism
e Link width

o Washer thickness
e Shoulder length

If the spacer is too short, installation torque may be converted into bearing side load;
if the shoulder is too long, the joint may not generate the intended clamp load.

The correct question is therefore not:

“Is every component dimension acceptable?”

It is:

“Does the assembled load path close correctly?”

Tolerance Stack fincin o v aseerii e

SYSTEM-LEVEL STACK

Local conformance does not guarantee functional closure

Coating

Frame / Link Bearing Spacer Shank

functional contribution

functional contribution

Tolerance contributions combine through the functional stack

Review together

Worst-case stack - Statistical stack - Coating build-up - Bearing clearance - Assembly state

Conceptual engineering illustration; not based on production test data from Pram Fixer Fastener.

FIG-03 - Engineering Figure — Figure FIG-03. System-level tolerance-stack contributions from frame/link, bearing, spacer, shank, shoulder and
coating. Conceptual engineering illustration; no production dimensions are shown. CONCEPT only. This visual is not product, factory, inspection, test,

field-performance or certification evidence from PremFixer Fasteners.

I 2.4 Coating Build-Up Must Be Included in Dimensional Design

Surface systems such as anodizing, hard anodizing, electroplating, Zn-Ni, zinc flake and PVD affect:



o Final dimensions
o Surface roughness
e Thread fit

e Friction

e Clamp load

e Removal torque
The design workflow must therefore be:

Functional Final Dimension
— Coating Thickness Window
— Machining Target

— Coating

— Final Inspection
Not:

Machining to final size
— Coat

— Hope it still fits



Machining Target

Coating Build-Up

—

I Thread Flank Build-Up J

Final Functional Dimension
g E ¥

Conceptual engineering visualization

FIG-04 - Engineering Figure — Figure FIG-04. Coating build-up and final functional dimension. Conceptual engineering visualization; no coating
thickness or production capability is implied. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification

evidence from PremFixer Fasteners.

I 2.5 GD&T: Coaxiality and Bearing-Surface Geometry Cannot Be Ignored

Bolted-joint research shows that non-parallel bearing surfaces affect tightening and preload behavior.[R4]
Recommended pivot-hardware review items include:

e Functional shank axis
e Head seating face

e Shoulder face

e Thread axis

e Spacer faces

o Linkage seat
Critical CTQs can include:

e Perpendicularity
e Runout
e Position

o Flatness



e Parallelism

The purpose is not to “make the drawing complicated,” but to express the geometric relationships that genuinely affect the load path in

measurable engineering language.

I 2.6 Load Path and FEA: Moving Beyond the Maximum-Stress Contour

An effective pivot FEA must define:

e Frame/link geometry
o Contact definition

e Bearing representation
e Bolt pretension

e Friction

e Boundary conditions
e Load direction

e Shock/braking/pedaling cases
e Material

e Mesh convergence

e Local fillet stress

e Thread-runout risk

A 2022 study of a full-suspension downhill bicycle frame discussed symmetric/asymmetric loads, failure points and structural

improvements, demonstrating that real bicycle-frame loads cannot be summarized by one idealized static condition.[R7]
V2.0 therefore no longer describes “15 kN” as a universal standard pivot load.

Correct wording:

Under customer-defined equivalent load cases, compare stress, displacement and safety margin between the
baseline and optimized structures; final system life must still be confirmed by joint/frame-level validation.

I 2.7 Fillets, Thread Runout and Stress Concentration

Common high-risk locations in pivot hardware include:

e Head-to-shank transition
e Shoulder step
e Hollow-bore termination
e Thread runout

o Small cross-section near the drive feature

Optimization measures include:



e A suitable fillet radius

e Avoidance of abrupt steps

e Moving the primary shear plane outside the thread region
e Optimizing hollow-bore termination

o Controlling machining marks
Any number such as “22% stress reduction” must be tied to:

e Baseline geometry
e Optimized geometry
e Load

e Mesh

e Material

o FEA report

Otherwise it remains only a !

2.8 Thread Rolling and Fatigue: Scientifically Supported, but Not Open to Over-
Extrapolation

A 2025 study compared cut, rolled and deep-rolled M12 thread specimens made of 42CrMo4+QT. Under its specific test conditions, the

study reported higher fatigue strength for rolled threads and related the results to residual stress, surface condition and hardness.[R3]

This published result supports the conclusion that:

The thread-manufacturing route can materially affect fatigue performance.

It cannot be rewritten directly as:

“PremFixer Fasteners rolled threads improve fatigue by XX%.”

To establish that claim, PremFixer Fasteners would need to complete:

o Exact material definition

o Heat treatment definition

e Exact thread geometry

e Cut-versus-rolled specimens

o Surface/residual-stress characterization where possible
o Fatigue testing

e Failure-location analysis



'FI'IIir;Oad Rolling vs Cutting Material-flow concept — no fatigue values

CUT THREAD ROLLED THREAD

Interrupted Material Flow Continuous Material Flow

Product-specific fatigue benefit requires validation.

Conceplual engineering visualizatian; not based on production fatigue-les! dala from Prem Fixer Fastener.

FIG-10 - Engineering Figure — Figure FIG-10. Conceptual comparison of interrupted material flow in a cut thread and continuous material flow in a
rolled thread. Product-specific fatigue benefit requires validation. CONCEPT only. This visual is not product, factory, inspection, test, field-
performance or certification evidence from PremFixer Fasteners.

I 2.9 Weight Economics: Lightweighting Is More Than “Hollowing Out”

Lightweighting creates value through:

Complete-bicycle weight competition
Product specification sheets
Differentiation of premium models
Marketing story

Rider perception

Component integration

The engineering boundary is:

\text{Minimum Mass}
\quad \text{subject to} \quad

\text{Strength, Fatigue, Clamp, Service, Corrosion Constraints}

A hollow-bored design must be checked for:

Remaining wall thickness
Shear

Tension

Fatigue

Buckling/local stability



e Drive-torque capacity
e Manufacturing variation

e Corrosion reserve

Corrected Mathematical Example

If the baseline pivot BOM is 180 g and the optimized BOM is 95 g:

\frac{180-95} {180}=47.2\%

It must not be described as a “35% weight reduction.”

To claim 35%:

180\times(1-0.35)=117g

V2.0 requires every public percentage to pass both mathematical and evidentiary review.

Chapter Evidence Box

External

e Bearing fretting mechanism: [R5][R6]

e Non-parallel bearing-surface influence: [R4]

Full-suspension frame-loading research: [R7]

e Thread-manufacturing fatigue research: [R3]
PremFixer Fasteners

e Shank capability: PF-PIVOT-C02-001 / — MSA + Cpk
o Coating build-up: C02-003 / — paired measurement

e FEA quantitative improvement: C02-006 / -@

o Weight reduction: C02-007/008 / — actual BOM weight
o Fatigue benefit of rolling: C08-007 / — own fatigue data



Chapter 3: Assembly Efficiency, Torque—Clamp Behavior
and Dynamic Anti-Loosening

I 3. Assembly Efficiency, Preload Control and Anti-Loosening
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CHO3 - Chapter Hero — Chapter Hero CHO3. Conceptual engineering visualization of controlled tool engagement and preload-sensitive bicycle pivot
assembly. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer Fasteners.

I 3.1 Engineering Reality: Torque Is Only a Process Input

In a threaded joint, the primary purpose of installation torque is to establish clamp load.

A simplified relationship is:
T=KFd

where:

T: torque

F: clamp force/preload

d: nominal diameter

K: combined friction effect



But K is not a fixed material constant.
It is affected by:

e Thread friction

e Under-head/bearing-surface friction
e Coating

e Lubricant

o Threadlocker

o Surface roughness

e Repeated tightening

e Mating material

o Installation speed

Research by Croccolo et al. on the torque—preloading relationship emphasizes the importance of friction coefficients in establishing

preload.[R2] ISO 16047 provides a standardized framework for testing the torque/clamp-force behavior of threaded fasteners.[R17]

Therefore:

“10 N-m” is not joint performance; it is fundamentally a friction-dependent process instruction.

I 3.2 Optimal Clamp Window

Under-Clamping

Possible consequences include:

e Joint micro-slip

o Self-loosening

o Fretting

e Creak

e Bearing-ring movement

e Hole wear

Over-Clamping

Possible consequences include:

e Bearing drag

e Spacer compression

e Local carbon/insert overload
e Thread stripping

o Fastener yielding

o Difficult removal



Target

The true objective is to establish:

Torque — Clamp-Load Distribution — Functional Joint Window

It is not to pursue “more torque is always safer.”

Published research shows that insufficient and excessive preload create different loosening, overload and fatigue-risk boundaries.[R1]

. . . i i — CONCEPT
Conceptual Torque—Clamp Engineering Window " oy = ne test velues

A

OVER-CLAMPING

UNDER-CLAMPING TARGET ENGINEERING WINDOW

Clamp Load

— Dry

Lubricated

= = =1 Pre-Applied Locking

Installation Torque

Project-specific curves require controlled torque-clamp testing.

Conceptual engineering illustration; not based on production test data from Prem Fixer Fastener.

FIG-05 - Engineering Figure — Figure FIG-05. Conceptual torque—clamp engineering window. Relationship only; no measured series, torque value
or clamp-load result is presented. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from
PremFixer Fasteners.

I 3.3 Any Coating or Lubrication Change Must Trigger Torque Revalidation

If the supply chain changes from:

e 7Zn — Zn-Ni

e Dry — Lubricated

e No patch — Pre-applied patch
e Dry titanium — Anti-seize

e One washer surface to another

e One female insert to another

the existing torque must not be carried over automatically.



V2.0 recommends establishing a:

Torque—Clamp Release Test

At minimum, report:

e Mean clamp force
o Minimum/maximum
o Scatter

e Torque curve

e Removal torque

o Failure mode

ENGINEERING APPLICATION SCENE
SCN-03 vo1

Torque-Clamp Test

APPROVED

CAPTION

Scene SCN-03. Conceptual engineering
visualization of a bicycle pivot fastener
in a torque—clamp force test fixture.

EVIDENCE BOUNDARY

Al-GENERATED BASE - CONCEPT
PUBLICATION STATUS

APPROVED — PHASE 3

5

SCN-03 - Application Scene — Scene SCN-03. Conceptual engineering visualization of a bicycle pivot fastener in a torque—clamp force test fixture.
CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer Fasteners.

3.4 Drive Geometry: An Assembly Interface, Not Styling

The performance of a six-lobe internal drive or hex drive depends on:

e Depth

e Taper

e Corner geometry
o Concentricity

e Burrs

e Hardness



e Tool engagement

Recommended validation:

Drive Torque to Failure

Compare:

e New tool bit

e Worn bit

e Nominal torque

e Over-torque margin

e Small misalignment
“Stripping rate <0.05%” cannot become a fixed claim without a source.

To retain it:

‘ Prove it with actual assembly PPM data.

I 3.5 Pre-Applied Threadlocker: From Chemical to Process Interface

Henkel’s published information shows that pre-applied dry-to-touch threadlocker can be applied before a bolt reaches the assembly line,
reducing extra dispensing steps at the point of assembly; certain microencapsulated products release active components through

mechanical action during assembly.[R13][R14]

Its value can be divided into:

Process Value

e Fewer liquid-handling actions

o Standardized adhesive quantity

o Fewer missed applications

e Less contamination from excess adhesive

e Better suitability for automation

Joint Value

e Locking behavior
e A degree of sealing

e A changed friction state

Pre-applied adhesive is therefore not merely:

“Applying a layer of blue adhesive for the customer.”



It is:

A controlled process that must be included in torque—clamp validation, shelf-life control, application-length definition and

reuse rules.

I 3.6 “Saving 1.5-2 Minutes per Bicycle” Must Be Determined by a Time Study

Published technical information can demonstrate that:

Pre-applied products can eliminate a separate on-site adhesive-application step.[R13]

Actual takt-time savings, however, depend on:

o The number of treated fasteners per bicycle
e Line layout

o Bottle/dispenser location

e Operator motion

e Inspection

e Wiping/cleanup

e Rework

The formal V2.0 wording is therefore:

PremFixer Fasteners will establish actual takt-time benefits through a same-station time study comparing
manual liquid application with pre-applied locking.

I 3.7 Transverse Loading and Dynamic Self-Loosening

Research on threaded-fastener self-loosening has long focused on transverse cyclic loading. Experimental work by Yang et al. identifies
preload as an important variable affecting loosening and fatigue, with a significant relationship between transverse loading and loosening
failure.[R1]

The formal scope of ISO 16130:2015 is dynamic testing of the locking behavior of aerospace-series fasteners under transverse loading,

primarily for development work.[R18]

The correct V2.0 use is therefore:

Borrow its comparative transverse-vibration test concept and establish a bicycle-project-specific fixture, displacement,

frequency, initial clamp load and acceptance criteria.



Do not state:

“The bicycle pivot bolt is certified to [ISO 16130.”

I 3.8 3000 Cycles / <5% Is No Longer Presented as a Fixed Industry Conclusion

PremFixer Fasteners may choose the following as future internal targets:

e 3000 cycles
e Residual clamp load >95%

But those targets must be tied to:

e Fastener

e Joint

e Initial clamp load
e Displacement

e Frequency

e Coating

o Threadlocker

o Fixture

e Sample size

The final release format should read:

“Under the defined transverse-vibration test conditions, Variant B retained X% of initial clamp load after N cycles, compared with

Y% for baseline Variant A.”



Clamp Retention vs Cycles Concaptualrand compaion — no massurd sre
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Plain Thread
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Trend shapes ara illustrative; product and joint performance require project-defined validation.

Conceplual engineering illusiration; not based an production test data from Prem Fixer Faslener

FIG-07 - Engineering Figure — Figure FIG-07. Conceptual clamp-retention trend comparison. Curves are illustrative and contain no measured cycle
count, retention result or product claim. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification

evidence from PremFixer Fasteners.

I 3.9 Repeated Assembly: The First Torque Cycle Does Not Represent the Eighth

Published research on repeated tightening shows that friction coefficients change over successive assembly cycles.[R15]
A claim of “supports 5—8 disassembly/reassembly cycles” must therefore define:

e Locking technology
e Cycle count

o Installation torque
e Breakaway torque
e Prevailing torque

o Thread condition

o Coating wear

e Functional acceptance

For frequently serviced MTBs, the minimum recommended comparison is:

Cycle 1/3/5/8 Comparison

The final cycle count must be set by project requirements, not by a marketing slogan.



3.10 OEM Engineering Practice: One Frame Does Not Use “One Adhesive and
One Torque”

The public Pivot Cycles Mach 429 SL V3 Hardware Schematic shows that different hardware locations use different combinations of:

o Grease

e Threadlocker

o Grease on bolt shaft + threadlocker on threads
e Anti-seize

e Retaining compound

o Torque values

For example, the public schematic applies different torques and interface treatments to M8 upper-link/shock hardware and M14 lower-

link hardware.[R8]

This industry practice supports an important V2.0 conclusion:

A joint-release specification must define shaft treatment, thread treatment and torque together; a bolt drawing alone is

insufficient.

3.11 Pivot Assembly Specification Sheet

The recommended output for each customer project is:

Pivot Position:
Fastener PN:
Drawing Rev:
Bearing:

Spacer:

Female Thread:
Fastener Material:
Coating:

Shaft Lubrication:
Thread Lubrication:
Threadlocker:
Anti-Seize:
Retaining Compound:

Installation Torque:

Torque Tolerance:

Clamp Target:
Removal Torque:
Reuse Rule:

Replacement Rule:




Chapter Evidence Box

External

e Preload/loosening: [R1]

e Torque/friction: [R2][R17]

e Repeated tightening: [R15]

e Pre-applied threadlocking: [R13][R14]
e OEM assembly treatment: [R8]

e [SO 16130 scope: [R18]

PremFixer Fasteners

e Torque—clamp: C03-007 / — TO8

e Takt saving: C03-004 / — Time Study

« Vibration: €03-008/(¥0) — T11

e Reuse cycles: C03-009 / — T10

e Drive defect rate: C03-002 / — production PPM



Chapter 4: Materials Science, Surface Engineering and
Corrosion

4. Materials, Surface Engineering and Corrosion Protection

WHITE PAPER - CHAPTER HERO

CHO4

Materials / Corrosion

® CONCEPT
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CAPTION

Chapter Hero CH04. Conceptual engineering
visualization of mixed-material interfaces,
isolation, sealing and corrosion-control
architecture.

EVIDENCE B

RI-GENERATED BASE - CONCEP

CONCEPTUAL ENGINEERING VISUALIZATION
' . PUBLICATION STATUS
Chapter context only - not verified product evidence

APPROVED — PHASE 4

Base image preserved with contain fit: all publication text and status marks are deterministic SVG.

CHO04 - Chapter Hero — Chapter Hero CHO04. Conceptual engineering visualization of mixed-material interfaces, isolation, sealing and corrosion-
control architecture. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer

Fasteners.

4.1 Material Selection Is Not a “Strength Ranking”

Pivot-material selection should be a function of:

f(
Strength,
Fatigue,
Density,

Corrosion,
Galling,
Coating,

Manufacturability,
Cost,



Serviceability

)

No single material is therefore always optimal for every bicycle type.

I 4.2 7075-T6 Aluminum: Lightweighting Value and Boundaries

Suitable for:

e Mass-sensitive applications

o Larger cross-sections

Hollow-axle designs

e Premium lightweight builds
Points requiring attention:

e Surface-treatment build-up
e Thread strength

o Fatigue

e Local bearing pressure

e Corrosion at interfaces

e Service damage

The correct value proposition is not:

“It is aerospace aluminum, so it must be safe.”

It is:

Achieving the required structural capability at lower density under defined geometry and validation conditions.

I 4.3 Ti-6Al-4V / Grade 5: Premium Does Not Mean Maintenance-Free

Titanium-alloy value includes:

e High specific strength
o Corrosion resistance

e Premium material positioning

Published tribology research, however, indicates that titanium is sensitive to friction and galling and that lubrication can significantly

affect friction and seizure behavior.[R12]



Therefore:

“Titanium is corrosion-resistant” does not mean “titanium threads should be assembled dry.”

The design must validate all of the following together:

e Lubricant/anti-seize

e Coating

o Female-thread material
o Installation speed

e Torque—clamp behavior
e Removal torque

e Repeated cycles

I 4.4 Alloy Steel: Hydrogen Embrittlement Is the Most Easily Overlooked Risk

High-strength steel offers excellent strength and cross-section efficiency, but electroplating requires careful control of hydrogen

embrittlement.

ISO 4042:2022 specifies relevant requirements for electroplated steel fasteners and explicitly includes requirements and
recommendations for reducing hydrogen-embrittlement risk; ISO 4042:2022/Amd 1:2026 was published in 2026.[R20][R21]

In addition:

e ISO 15330 provides a preloading-test pathway related to hydrogen-embrittlement detection.[R22]

e ISO/TR 20491 provides a framework for the basic mechanisms of hydrogen embrittlement in steel fasteners.[R23]

Release of a high-strength-steel pivot therefore cannot be based only on:

Hardness + Salt Spray.

The review should also cover:

e Steel grade

e UTS/hardness

o Cleaning/pickling

e Electroplating route

e Time to bake, where applicable
e Bake process, where applicable
e Supplier controls

o Lot traceability

e Detection/validation method



I 4.5 Stainless Steel: Specify the Grade and Property Class
ISO 3506-1:2020 classifies the mechanical and physical properties of corrosion-resistant stainless-steel bolts, screws and studs.[R25]

It is therefore insufficient to write only:

“Stainless Steel Pivot Bolt”

Specify:

o Exact grade

e Property class

e Thread

e Cold-work/heat condition
e Corrosion environment

¢ QGalling behavior

I 4.6 A Coating Is a Multi-Objective System, Not Merely a Color

Surface engineering affects at least:

e Corrosion

e Friction

o Wear

e Appearance

e Dimensions

e Thread fit

e Torque—clamp behavior
e Removal

e Chemical compliance

For example, ISO 4042 addresses not only corrosion in coating systems for electroplated steel fasteners, but also dimensions, top coats,

lubricants and hydrogen-embrittlement risk.[R20]

ISO 10683:2018 covers non-electrolytically applied zinc-flake coating systems for steel fasteners.[R24]

I 4.7 Salt Spray: A Valuable but Frequently Misused Test

The public description of ISO 9227 is explicit.
Salt-spray methods can be used to:

o Verify whether protective quality is maintained

e Detect coating defects



But they:

o Should not be used simply to rank the long-term corrosion resistance of different materials

e Should not be used to predict long-term real-world corrosion life.[R19]

The following wording should therefore be deleted:

“200 hours of salt spray equals two years of riding life.”

4.8 New 2026 Evidence for Bolt Salt-Spray Testing: ISO/TR 19852

ISO/TR 19852:2026 documents an interlaboratory neutral-salt-spray study using M6x50 coated bolts. It records phenomena such as grey

veil, white rust and red rust and focuses on reproducibility among laboratories.[R26]

Its significance for this white paper is:

A salt-spray report itself also requires “test-quality evidence.”

Future PremFixer Fasteners Salt-Spray Evidence Packs should record:

Lab:

Cabinet:

Base Material:

Coating:

Pretreatment:

Thickness:

Test Type:

Temperature:

pH / collection conditions:
Sample Size:

Orientation:

Inspection Interval:

White Corrosion Criterion:
Red Corrosion Criterion:

Report No.:




ENGINEERING APPLICATION SCENE

Corrosion Lab

CAPTION

Scene SCN-04. Conceptual engineering
visualization of neutral salt-spray testing
for coated bicycle pivot fasteners.

EVIDENCE BOUNDARY

PUBLICATION STATUS

APPROVED — PHASE 3

vD1

SCN-04 - Application Scene — Scene SCN-04. Conceptual engineering visualization of neutral salt-spray testing for coated bicycle pivot fasteners.

CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer Fasteners.

4.9 Conventional Black Treatment vs High-Performance Coating: No Unqualified

Hour Claims

V1.0 used:

Black treatment <24 h
High-end coating 96-200 h

V2.0 changes this to:

Run a parallel test of the specific coating stacks on the same substrate, the same specimen geometry and under the same

ISO 9227 method.

If future results are:

° A:24h
e B=192h

the release wording should be:

“In this specific test...”



The result must not be generalized as a material property of every black oxide or every PVD coating.

| 4.10 Cyclic Corrosion: A Development Tool Closer to Real Environments

The MTB environment is usually not constant salt fog, but:
Wet — Mud — Dry — Wash — Salt — Temperature Change — Vibration
Premium projects can therefore consider defining a cyclic environmental test.

The current ISO system includes cyclic corrosion-test methods involving wet/salt-fog/dry/humid phases for evaluating coating

performance under more complex conditions.[R27]
A bicycle project should nevertheless define an application-specific cycle according to:

e Riding region

o Winter salt

e Washing practices
e Humidity

e Mud exposure

I 4.11 CFRP + Aluminum: Galvanic Corrosion Must Enter Pivot DFM

Published research indicates that CFRP and aluminum can form a strong galvanic couple in the presence of an electrolyte, accelerating

corrosion on the aluminum side.[R11]
This is particularly important for premium carbon-fiber MTBs because a common structure may simultaneously include:

e Carbon frame
e Aluminum linkage/insert
o Titanium/steel hardware

o Stainless-steel bearing
The risk does not arise merely because “different materials are together”; it requires all three of the following:

1. Materials with different potentials
2. An electrically conductive connection

3. An electrolyte
Solutions include:

o Electrical isolation

e Barrier coating

o Insulating washer/sleeve
o Seal

e Drainage

o QGrease/anti-seize where appropriate



e Minimization of crevice water retention

I 4.12 Polymer Isolation: A Valid Direction for Verification

Relevant research on composite/metal bolted joints has validated the engineering concept that polymer insulation can reduce galvanic-

coupling risk.[R28]

Although the exact material systems in the papers do not perfectly match bicycle applications, the evidence still supports the conclusion

that:

Electrical isolation is a testable strategy worth incorporating into pivot-system DFM.

Environmental testing of the actual PremFixer Fasteners/customer material combination is still required.

Chapter Evidence Box

External

o Titanium galling: [R12]

e CFRP/aluminum galvanic corrosion: [R11]

e Polymer isolation: [R28]

e ISO 4042/hydrogen embrittlement: [R20]-[R23]
e 1SO 9227: [R19]

o ISO/TR 19852: [R26]

e ISO 10683: [R24]

e ISO 3506-1: [R25]

PremFixer Fasteners

o Material MTC mapping: C04-001/002/003/004 /

o Salt spray for a specific coating: C04-006 / — @
« Zn-Ni stack: C04-007 /
o Titanium removal/galling: C04-011 / — @

e Hydrogen-embrittlement controls: C04-012 / — supplier/process evidence
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FIG-06 - Engineering Figure — Figure FIG-06. Galvanic-corrosion path and isolation strategy. Conceptual engineering visualization; no verified

alloy stack or corrosion outcome is implied. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification

evidence from PremFixer Fasteners.



Chapter 5: Sealing, Contamination, NVH and Serviceability

I 5. Contamination Defense, Creak Control and Serviceability

WHITE PAPER - CHAPTER HERO

CHO

Service / NVH

CAPTION

Chapter Hero CHO5. Conceptual engineering
visualization of pivot sealing, maintenance
access and system-level creak-control
context.

EVIDENCE BOUNDARY

AI-GENERATED BASE - CONCEP

CONCEPTUAL ENGINEERING VISUALIZATION

e . PUBLICATION STATUS
Chapter context only - not verified product evidence
APPROVED — PHASE 4

Base image preserved with contain fit; all publication text and status marks are deterministic SVG.

CHOS - Chapter Hero — Chapter Hero CHOS. Conceptual engineering visualization of pivot sealing, maintenance access and system-level creak-
control context. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer

Fasteners.

I 5.1 The Real MTB Environment Is Not a Laboratory

A pivot system actually faces:

o Water

e Mud

e Fine dust

e Sand

e Sweat

e Road salt

e Degreaser

¢ Bicycle cleaner
e Pressure washing

e Temperature variation



Bearing-engineering sources indicate that moisture and micro-motion can both promote bearing damage and fretting-type failures.[R5]

[R6]

Santa Cruz’s public maintenance guide also specifically notes that wet, sandy or dusty conditions require more frequent pivot-bearing

inspection.[R9]

ENGINEERING APPLICATION S

07

Mud / Wet Enduro

CAPTION
Scene SCN-07. Conceptual engineering
visualization of an enduro pivot system
exposed to mud, water, impact and
vibration.

EVIDENCE BOUNDARY

AI-GENERATED BASE - CONCEPT
PUBLICATION STATUS

APPROVED — PHASE 3

SCN-07 - Application Scene — Scene SCN-07. Conceptual engineering visualization of an enduro pivot system exposed to mud, water, impact and
vibration. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer Fasteners.

I 5.2 Multi-Layer Contamination Defense

Sealing should be understood as a series of barriers:

Layer 1 — External Geometry

Deflect water and mud

Layer 2 — O-Ring / Sealing Washer

Reduce direct ingress paths

Layer 3 — Labyrinth

Increase the contamination-path length

Layer 4 — Bearing Seal

Provide the final line of defense



Layer 5 — Grease Barrier

Provide lubrication plus an additional contamination barrier

Layer 6 — Drainage

Allow water that cannot be completely excluded to escape

Design principle:

Do not ask one seal to solve every contamination mechanism.

FIG-08

Multi-Layer Pivot Sealing
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Conceptual engineering visualization

FIG-08 - Engineering Figure — Figure FIG-08. Multi-layer pivot-sealing architecture. Conceptual engineering visualization; not verified ingress,
wash or service-life evidence. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from

PremFixer Fasteners.

I 5.3 High-Pressure Washing

High-pressure water can:

e Pass aseal lip



o Dilute or remove grease
e Carry cleaner into the interface

e Accelerate bearing corrosion

An internal development test can therefore be established:

Wash / Ingress Development Test

Report:

e Mass/water ingress
o Bearing feel

e Corrosion

e Grease condition

¢ Rotation torque

I 5.4 Creak Is a System Symptom

Santa Cruz’s current public creak-troubleshooting information directly identifies dirty or worn bearings as one common source of

abnormal noise.[R29]
From an engineering perspective, however, pivot creak can originate at the:

e Bearing inner ring/axle

e Bearing outer ring/frame
e Spacer

e Shoulder face

o Washer

o Bolt-head seat

e Thread

e Insert

e Link

e Dry contact interface

Therefore:

Creak cannot simply be diagnosed as “a loose bolt.”



FIG-09
. A system symptom can have multiple interface causes CONCEPT
| Creak Failure Tree
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Conceptual engineering illustration; not based on production test data from Prem Fixe

FIG-09 - Engineering Figure — Figure FIG-09. Conceptual pivot-creak failure tree showing multiple possible interface causes. It is a diagnostic
framework, not failure-rate evidence. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence

from PremFixer Fasteners.

I 5.5 Micro-Slip and Fretting

Small relative movements can:

o Disrupt surface films

o Generate wear debris

e Change contact friction
o Increase clearance

e (Generate noise

e Promote corrosion
Control strategies include:

e Correct preload

e Functional fit

e Stable support surfaces
e Surface-condition control
e Appropriate lubrication
e Anti-loosening measures

o Contamination control



I 5.6 Bearing—Axle—Spacer Functional Stack

Every pivot design must answer:

1. Which bearing ring is clamped?

2. Which component must rotate relatively?

3. Which interface carries shear?

4. Does the thread enter the primary shear plane?
5. How does the spacer close the axial load path?

6. Can installation torque apply abnormal side load to the bearing?

The correct load path should be expressed directly in CAD or a section drawing.

l FIG-02 - Bearing-Axle-Spacer Load Path Correct Functional Stack

TER 1T T

_Clamp Load
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FIG-02 - Engineering Figure — Figure FIG-02. Bearing—axle—spacer functional load path and short-spacer side-load condition. Conceptual
engineering visualization; no quantified force or released stack is implied. CONCEPT only. This visual is not product, factory, inspection, test, field-

performance or certification evidence from PremFixer Fasteners.

I 5.7 Serviceability: The Third Disassembly Is the Real Test

Frame design cannot ask only:

“Can the factory assemble it correctly the first time?”’

It must also ask:



“After the user has ridden for two years, can a bicycle shop disassemble it normally?”

Important indicators include:

e Tool access

e Drive durability

e Removal torque

o Corrosion seizure

o Galling

e Captive parts

o Part identification

e Replacement availability

e Reuse rules

I 5.8 OEM Maintenance Demonstrates That Serviceability Is a Real Requirement

Santa Cruz’s public maintenance guide provides a periodic inspection and lubrication logic for pivot axles and bearings.[R9] Specialized

offers long-term suspension-pivot-bearing replacement support for certain current full-suspension products.[R10]

This does not mean their bearings are “poor quality”; it means:

Premium brands already treat pivot bearings as serviceable components throughout the complete-bicycle lifecycle.

The white paper therefore proposes a:

Serviceability Index

It can evaluate:

e Tool commonality
e Access

e Removal

e Bearing replacement
e Replacement kit

e Torque specification
o Seizure risk

e Reassembly repeatability

Chapter Evidence Box

External



o Fretting/moisture: [R5][R6]
o Santa Cruz maintenance: [R9]
e Creak troubleshooting: [R29]

o Specialized bearing support: [R10]
PremFixer Fasteners

o Ingress test: C05-001 / @
e NVH improvement: C05-004 /

e Removal torque: C05-005 /

« Third-service repeatability: €05-007 /(&0

CAPTION

Scene SCN-06. Conceptual engineering

visualization of careful full-suspension

bicycle pivot service and maintenance
access.

EVIDENCE BOUNDARY

AlI-GENERATED BASE - CONCEPT
PUBLICATION STATUS
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SCN-06 - Application Scene — Scene SCN-06. Conceptual engineering visualization of careful full-suspension bicycle pivot service and maintenance

access. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer Fasteners.



Chapter 6: Rapid Development, Platformization and
Supply-Chain Flexibility

6. Rapid Development, Platform Strategy and Supply Flexibility

WHITE PAPER - CHAPTER HERO
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Flexible Supply

CAPTION

Chapter Hero CHO6. Conceptual engineering
visualization of a platform-based bicycle
pivot family moving through DFM, prototype
and kit-supply contexts.
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CHO06 - Chapter Hero — Chapter Hero CH06. Conceptual engineering visualization of a platform-based bicycle pivot family moving through DFM,
prototype and kit-supply contexts. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence

from PremFixer Fasteners.

6.1 Build-to-Print Is No Longer Enough

Traditional workflow:

Drawing — Quote — Machining

Recommended premium-pivot workflow:

Requirement
— DFM
— Risk Review

— Joint Definition



— Material / Coating
— Prototype

— FAI

— Joint Test

— Pilot

— Release

I 6.2 Questions the First DFM Round Must Answer

Geometry

e Does the thread fall in a high-shear region?
e Does the hollow-bore termination create a notch?
e Does the shoulder provide adequate support?

o Is tool engagement sufficient?

e Bearing ID
e Shank

e Spacer

e Link

e Coating

Material

o Strength
o Fatigue
o Corrosion
o QGalling

o Coating compatibility

Assembly

e Torque

e Lubrication
e Threadlocker
e Access

e Error proofing

Service

e Removal

e Reuse



e Spare parts

e Marking

I 6.3 A 7-10-Day Prototype Is Only a Conditional Target

V2.0 recommends:

For projects where material, tooling, heat-treatment and surface-treatment resources are all available, a 7—
10-working-day rapid-prototype target may be established; actual lead time is governed by the project critical path.

To elevate this target to a factual claim, provide:

¢ RFQ date

e Drawing freeze

e Sample completion date
o FAI date

e Customer feedback

I 6.4 FAI Is More Than “Measuring a Few Dimensions”

A complete FAT should include:

e Drawing balloon

e Full dimensional report
e Material certificate

e Heat-treatment record
o Coating certificate

e Thread-gauge result

e Functional fit

o Weight

e Photos

e Revision

e Deviations



ENGINEERING APPLICATION SCENE

SCN-09 vo1

Factory Engineering
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CAPTION

Scene SCN-09. Conceptual engineering
visualization of a cross-functional review

of bicycle pivot samples and manufacturing
evidence.
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SCN-09 - Application Scene — Scene SCN-09. Conceptual engineering visualization of a cross-functional review of bicycle pivot samples and
manufacturing evidence. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from

PremFixer Fasteners.

6.5 Platformization
Multiple bicycle models may share:

e Thread family

e Drive

e Bearing interface
e Coating

e Material

e Washer family

e Part-number logic
while varying:

o Shoulder length
e Opverall length
e Hollow depth

e Head geometry

The objective is:

Reduce unnecessary variation without forcing every bicycle model to use the same component.



6.6 “30-50% SKU Reduction” Must Be Demonstrated Through the Customer
BOM

The general white paper retains only the model:

Savings {SKU}

C_{inventory}
+

C_{MOQ}
+

C_{planning}
+

C_{quality}
+

C_{service}

The actual saving percentage must be calculated from:

e SKU count before
e SKU count after

e Volume

¢ MOQ

o Safety stock

e Spare-parts demand

| 6.7 One Bike / One Pivot Kit

Packaging logic suitable for an assembly plant includes:

e One frame kit

e Position marking

e QR/lot identification
e Assembly sequence
o Torque reference

e Revision control
This can reduce:

e Missing parts
e Mixed lengths
e Line-side picking

e Revision confusion



Chapter Evidence Box

PremFixer Fasteners

e Prototype lead time: C06-001 /
o FAI capability: C06-002 /

« Kit supply: €06-003 / (0)

« TCO reduction: €06-004 / (0)-(er)
« SKU reduction: C06-005 /



Chapter 7: ESG, REACH, RoHS and Green Manufacturing

I 7. ESG, Chemical Compliance and Green Manufacturing
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I 7.1 ESG Cannot Stop at the Phrase “Environmentally Friendly Material”

For a premium-brand supply chain, ESG/compliance requirements may include:

e Restricted substances
o Traceability

e Cr(VI) control

e Recycled content

e Chain of custody

e Carbon footprint

e Supplier environmental management



I 7.2 REACH: The Candidate List Is Dynamic
The ECHA Candidate List is updated, so a correct declaration must include:

o Issue date

Candidate List reference date

Material/SKU scope
o Supplier declaration version

o Testing/screening where required

Do not state:

“Permanently REACH compliant.”

I 7.3 RoHS: Applicability Must Be Correctly Defined

The principal scope of RoHS 2011/65/EU is electrical and electronic equipment.[R30]
Whether mechanical pivot hardware requires RoHS evidence should therefore be determined from:

e The scope of the final E-bike/EEE product
e Customer BOM
e Customer RSL

e Contract

Correct wording:

“Corresponding material declarations can be provided according to the regulatory scope of the final product and the

customer’s restricted-substance specification.”

| 7.4 Cr(VI)-Free

The supply chain can reduce hexavalent-chromium-related risk through:

o Trivalent passivation
e Cr(VI)-free topcoat
e Suitable zinc-flake systems

e Alternative coatings
A “Cr(VI)-free” claim, however, must be supported by:

e Supplier declaration

e Chemical specification



o Test report where required

| 7.5 Recycled Content: Establish a Chain of Custody

The 2026 updates to ISO standards on environmental claims and chain of custody further emphasize that environmental claims require

credible material attribution and traceability logic.[R31][R32]

If PremFixer Fasteners later claims:

“X% recycled aluminum”

it must retain:

o Raw-material supplier
e Batch

e Declaration

e Chain-of-custody model
e Calculation method

e Mass-balance rules where applicable

I 7.6 Carbon Footprint

A future model can be established as:

CFP=
Raw\ Material
+ Machining
+ Heat\ Treatment
+ Coating
+ Packaging

+ Transport

Output formats:

e kg CO2z¢/ 1,000 pcs
e kg COze / pivot kit

But first define:

e Boundary
e Data source
o Allocation

e Electricity mix



e Transport assumptions

Chapter Evidence Box

External

o ECHA/REACH: [R33]
e ROHS: [R30]
e ISO 14021/chain of custody: [R31][R32]

PremFixer Fasteners

o REACH declarations: C07-001 /
e Cr(VI)-free evidence: C07-002 /
o Recycled content: C07-004 /

« CFP: C07-005/



Chapter 8: Quality Engineering, DVP&R and Smart
Manufacturing

8. Quality Engineering, Validation and Digital Traceability
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8.1 DFMEA: Advancing from “Defect Inspection” to “Failure Prevention”

Example:
Failure Mode Potential Cause Potential Effect

Self-Loosening

Clamp loss / vibration

Play / Creak

Joint design + locking

Thread Strip Over-torque / weak female thread Loss of retention Engagement + torque
Fretting Fit / micro-slip Wear / Creak Fit + clamp

Galling Ti/SS dry contact Seizure Lubrication/coating
Corrosion Coating/galvanic Seizure / strength loss Surface + isolation
Fatigue Crack Stress concentration Structural failure Geometry + fatigue test



Failure Mode Potential Cause Potential Effect

Bearing Drag Over-clamp / spacer Poor suspension response Stack design

Drive Damage Tool/geometry Rework Drive interface control

8.2 PFMEA + Control Plan

Manufacturing-side risks include:

e Material mix-up

e Wrong program

e Tool wear

e Thread damage

e Wrong coating

e Wrong patch position
e Mixed revision

e Wrong packing
Each item must link to:

e Prevention
e Detection
e Frequency
e Reaction plan

o Traceability

8.3 CTQ

Typical pivot CTQs include:

o Functional shank diameter

o Shoulder length

o Functional face

e Thread GO/NO-GO

e Thread position

e Runout

e Drive geometry

e Hardness

o Coating thickness

o Friction/torque behavior when controlled

e Locking-patch position



I 8.4 MSA Comes Before Cpk

If the measurement system is unreliable:

Cpk merely “calculates bad data precisely.”

Workflow:

Gauge Selection

— Calibration

— MSA / Gage R&R
— SPC

— Cp/Cpk

For narrow tolerances in particular, check:

o Gauge resolution
e Temperature

e Operator

o Fixture

e Surface finish

e Coating

I 8.5 Cpk >1.33 Should Be a Project Gate, Not an Unsupported Claim

V2.0 can treat:

e Cpk>133
e Cpk>1.67

as recommended project targets or customer-agreement targets.
Any external PremFixer Fasteners claim, however, must come from:

e Feature

e Specification

o Stable process

e Sample/subgroup logic
o MSA

e Actual dataset

I 8.6 100% AOI Screening # a 0 PPM Guarantee

AOI can be used for:



e Missing features
o Head defects

e Length

o Surface defects
e Mixed parts

o Certain dimensional features
It cannot automatically detect:

o Incorrect material chemistry
o Internal cracks

e Hydrogen embrittlement

o Fatigue weakness

e Every internal dimension

Correct wording:

100% automated screening for defined detectable characteristics.

Not:

“AOI =0 PPM.”

| 8.7 Validation Pyramid

Level 1 — Material

e Chemistry
e Hardness
e Mechanical data

o Coating thickness

Level 2 — Fastener

e Dimensions
e Drive torque
e Thread strip
o Tensile/shear

e Corrosion



Level 3 — Joint

o Torque—clamp behavior
e Repeated assembly

e Removal

e Transverse vibration

e Bearing drag

o Fretting

Level 4 — Frame

o Static
o Fatigue
e Impact

e Real pivot configuration

Level 5 — Field

o Pilot bicycles
e Riding hours
o Warranty

e Dealer feedback

| S scasiaion Pyrarit

A

FIELD a
o
Fastener e
Materia o

Higher levels do not replace lower-level controls; each level closes a different validation question.

Evidence strength increases upward

Conceptual engineering illustration; not based on producti

data from Prem Fixe

FIG-15 - Engineering Figure — Figure FIG-15. Conceptual DVP&R validation pyramid from material and fastener controls through joint, frame and
field evidence. Not a completed PremFixer Fasteners validation record. CONCEPT only. This visual is not product, factory, inspection, test, field-

performance or certification evidence from PremFixer Fasteners.



8.8 ISO 4210 and Extreme-Application Boundaries

ISO 4210-2:2023 applies to a range of bicycles, including mountain bicycles, and explicitly states that it does not apply to certain

bicycles designed for severe applications such as sanctioned competition or stunting.[R34]
ISO 4210-6:2023 provides the frame and fork test methods corresponding to ISO 4210-2.[R35]

Therefore:

ISO 4210 can serve as an important complete-bicycle/frame baseline, but extreme DH/race/freeride projects may require

brand-specific severe-duty load cases.

8.9 DVP&R Core Matrix
S R
Dimensional Capability Stable fit @
Coating Build-Up Final fit @
Torque—Clamp Joint preload @
Drive Torque Assembly margin @

Thread Strip Thread capacity @/ @

Repeated Install Service @
Transverse Vibration Locking
Salt Spray Coating quality @
Cyclic Corrosion Environment /
Fretting Joint Test Interface @
Frame Fatigue System @

()

Field Pilot Lifecycle

8.10 Traceability

Recommended chain:

Customer PO

— Packing Lot

— Final Inspection

— Coating Lot

— CNC Batch / Program Rev



— Material Lot / Heat
— MTC

The complaint-response objective is:

Trace one component back to its material and process.

Chapter Evidence Box

External

o IS0 4210-2: [R34]
o 1SO 4210-6: [R35]
o 1SO 9227/ 19852: [R19][R26]
o ISO 16047: [R17]

PremFixer Fasteners

e CTQ/control plan: C08-001 /

o Cpk: C08-002/

e AOI scope: C08-003/

o Material traceability: C08-005 /
o Coating traceability: C08-006 /



FIG-13
Lot Traceability Chain

Customer PO

. Packing Lot —> . Final Inspection —> . Coating Lot

4— . Material Lot / Heat ‘-— ‘NC Batch / Program Rev

C | each tr

This diagram defines the chain structure; it does not display a real lot record.

ala from Prem Fixar

engineering illusiralion; nol based on production tes

FIG-13 - Engineering Figure — Figure FIG-13. Conceptual backward lot-traceability chain from shipment and inspection to process and material
evidence. Not a PremFixer Fasteners production record. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or

certification evidence from PremFixer Fasteners.



Chapter 9: Model-Specific Pivot Strategies

9. Application-Specific Pivot Strategy
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9.1 XC / Downcountry

Priorities:

1. Mass

2. Stiffness-to-weight
3. Low drag

4. Reliability

Possible directions:

o 7075

e Selective use of titanium
e Hollow axle

e Compact head

e Optimized sealing



Avoid:

e Weakening the drive to reduce mass
o A fatigue hotspot at the hollow-bore termination

o Insufficient thread engagement

I 9.2 Trail

Core principle:

Balanced Architecture

Balance:

o Weight

e Mud resistance
e Service

o Cost

e Durability

Trail is suitable as the central specification for a common platform.

I 9.3 Enduro

Focus on:

e Impact

o Fatigue

o Anti-loosening
e Mud protection
e Repeated service

e Tool robustness

| 9.4 Downhill

Focus on:

o Joint stiffness
e High shear margin
e Bearing support

e Service speed



e Severe-duty validation

Because ISO 4210-2 itself excludes certain severe competition applications from its scope,[R34] a DH race project should not rely solely

on the minimum general standard.

I 9.5 E-MTB: Do Not Copy an Analog-MTB Specification Directly

Published specifications for current full-power E-MTBs already demonstrate a distinctly different system environment.

For example, current published specifications for the Trek Rail+ include:

e Upto 120 Nm
e 800 Wh

e 160 mm front/rear travel.[R36]

These data cannot by themselves be converted directly into a percentage increase in pivot load, but they are sufficient to show that an E-
MTB’s:

e System mass
e Drive-torque environment
e Ride duration

e Repeated climb/descent duty
differ from those of a lightweight analog trail bicycle.

V2.0 therefore recommends an:

E-MTB Pivot Load Spectrum Program

Inputs:

e Bicycle mass

o Rider mass

e Motor torque

o Geometry

o Leverage

e Braking load

e Impact spectrum
o Travel

e Usage duty
Outputs:

e Static design cases
o Fatigue spectrum
o Locking test

e Bearing life

o Corrosion/service interval



ENGINEERING APPLICATION SCENE

vo1

E-MTB Severe Duty

| ® CONCEPT

CAPTION

Scene SCN-08. Conceptual engineering
visualization of a full-power E-MTB pivot
system (n a severe-duty alpine riding
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EVIDENCE BOUNDARY
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SCN-08 - Application Scene — Scene SCN-08. Conceptual engineering visualization of a full-power E-MTB pivot system in a severe-duty alpine
riding environment. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence from PremFixer

Fasteners.

Chapter Evidence Box
External
o Full-suspension DH structural research: [R7]

e [SO severe-application boundary: [R34]

e Current E-MTB specification context: [R36]

PremFixer Fasteners

e E-MTB load spectrum: NEW-T25 / -@
o Frame/joints: @- pending



FIG-14

Application Strategy Matrix

Lightweighting

Joint Stiffness

Fatigue

Anti-Loosening

Corrosion

Serviceability

Severe Duty
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Conceplual engineering illustration; not based on production test data from Prem Fixer Faslener.

FIG-14 - Engineering Figure — Figure FIG-14. Conceptual application-strategy matrix across XC, Trail, Enduro, DH and E-MTB duty contexts. It is

not a mandatory material-selection rule or verified duty rating. CONCEPT only. This visual is not product, factory, inspection, test, field-performance

or certification evidence from PremFixer Fasteners.

Relative design emphasis — project definition required CONCEPT



Chapter 10: Total Cost of Pivot Ownership

I 10. Lifecycle Economics
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I 10.1 The Cheapest Part Does Not Necessarily Produce the Lowest Cost

Compare two options:

Option A

Lower purchase price
But potentially:

e Higher assembly variation
e More rework

e Low corrosion margin

o Difficult removal

e Unclear traceability



Option B

Higher purchase price
But it may reduce lifecycle cost through:

o Stable joints

e Pre-applied locking
o Controlled coating
o Kit packaging

o Serviceability

e Quality evidence

'FrIOGt;.; Cost of Pivot Ownership Visible part price is only one lifecycle input

Part Price

VISIBLE
OFTEN HIDDEN LIFECYCLE COST DRIVERS
Assembly Inspection Rework
Downtime Inventory Dealer Labor
Freight ) Warranty ) Reputation
4 : ) - N
Conceptual engineering illustration; not based on production test data from Prem Fixer Fastener.

FIG-11 - Engineering Figure — Figure FIG-11. Conceptual total-cost-of-ownership iceberg. Cost-driver categories are illustrative; no PremFixer
Fasteners or customer financial result is claimed. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or

certification evidence from PremFixer Fasteners.

| 10.2 Expected Cost Model

E(C)=
C_{part}
+
P_{rework}C_{rework}
+

)

' {warranty}C_{warranty}

+

C_{inventory}



+

C_{inspection}

Purchasing should therefore compare:

Cost per Reliable Bike

not:

Cost per Bolt

I 10.3 Warranty Cost

C_{warranty}

C_{hardware}
+

C_{bearing}
+

C_{dealer}
+
C_{freight}
+
C_{admin}
+

C_{customer}

For an overseas brand, dealer labor and logistics may cost far more than the hardware itself.

I 10.4 Sources of TCO Data

Recommended customer inputs:

e Annual bicycle volume
e Hardware cost

e Assembly labor

e Rework rate

e Rework cost

e Warranty rate

e Average warranty cost



e Dealer labor

o Freight

e Inventory carrying cost
e SKU count

e Scrap

The final objective is to convert technical improvement into a financial result that purchasing teams can understand.



Chapter 11: Pivot Engineering Selection Guide

11. Nine-Step Selection Framework
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Step 1 — Frame Material

e Carbon
e Aluminum

o Mixed
Outputs:

e Local-pressure risk
e Galvanic risk

o Insert strategy



I Step 2 — Riding Platform

¢ XC

e Downcountry
o Trail

e Enduro

¢ DH

o E-MTB

I Step 3 — Load Definition

Inputs:

e Rider

e Bicycle

o Leverage

e Pivot position
e Braking

e Impact

e Pedaling/motor

I Step 4 — Material

Candidates:

e Aluminum alloy

o Titanium

Alloy steel

o Stainless steel

I Step 5 — Geometry

e Shank

e Shoulder

e Thread

e Head

o Fillet

e Hollow bore

e Drive



I Step 6 — Surface System

e Coating

e Thickness
e Friction

e Corrosion
e Color

e Chemical compliance

I Step 7 — Locking Strategy

e Liquid threadlocker
e Pre-applied adhesive
e Locking patch

e Mechanical locking
e Nut

o Structural anti-rotation

I Step 8 — Torque—Clamp Calibration

Define:

o Surface state
e Torque

e Clamp load
e Scatter

¢ Removal

e Reuse

| Step 9 — DVP&R Release

At minimum:

e Drawing
o FAI

e MTC

e Coating
e CTQ

e Torque

o Corrosion

e Traceability






Chapter 12: Supplier Factory Audit

12. 100-Point Engineering Audit

Engineering & DFM 15
Material & Traceability 10
CNC / Precision Process 15
Thread Process 10
Surface Treatment 10
Measurement / MSA 15
Quality / SPC 10
Packing / Traceability 5
ESG / Chemical Compliance 5
Delivery / Change Control 5

Total 100
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review during a pivot-supplier audit. CONCEPT only. This visual is not product, factory, inspection, test, field-performance or certification evidence

from PremFixer Fasteners.

I 12.1 Engineering & DFM — 15

Check:

e Drawing review

e Tolerance stack

e Bearing interface

e Shear plane

o Coating allowance

e Torque—clamp understanding
o Serviceability

e Change control

| 12.2 Material — 10

o MTC

e Heat/lot

e Segregation

e Incoming inspection
e Grade verification

o Certificate linkage



| 123CNC—15

e Machine capability
e Program control

o Fixture

e Tool life

o Compensation

e In-process measurement

| 12.4 Thread — 10

¢ Rolling/cutting route
o Gauge

e Runout

e Burr

e Root integrity

o Traceability

Published fatigue research supports treating the thread-manufacturing route as an important engineering variable.[R3]

| 12.5 Surface — 10

e Qualified source

e Pretreatment

o Thickness

e Salt spray

o Friction

e Hydrogen embrittlement
e Lot

e Chemical compliance

I 12.6 Measurement — 15

Do not ask only:

“Is there a CMM?”

Ask:



“Is the gauge for each CTQ genuinely adequate?”

Equipment may include:

e Micrometer

e Air gauge

e Vision system

¢« CMM

e Roughness instrument

e Coating-thickness instrument
e Hardness tester

e Torque/clamp equipment

e Salt-spray cabinet



Chapter 13: PremFixer Fasteners Evidence-Based
Partnership Model

13. From Fastener Supplier to Pivot Engineering Partner

This chapter defines how the PremFixer Fasteners V2.0 project is intended to operate.
Any specific performance capability described as “already available at the factory” may enter the final public version only after

actual evidence has been obtained.
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13.1 Engineering-to-Value
Target workflow:

Customer Requirement
— DFM
— Failure Risk Review

— Material / Coating



— Prototype

— FAI

— DVP&R

— Pilot

— Mass Production
— Lot Traceability
— Field Feedback

13.2 Hero SKU Evidence Pack

Prioritize:

Hero A — Lightweight

7075 / hollow / mass focus

Hero B— Premium

Titanium / serviceability / galling control

Hero C — Durability

Steel / corrosion / fatigue / coating

For each SKU, establish:

01 Drawing
02 CAD
03_Material
04 Dimension
05_MSA
06_Process
07_Coating

08 Torque

09_Strength

10_Corrosion

11 _Vibration
12_Assembly
13_Traceability

14 Product Photos
15_Factory Photos
16_WhitePaper Figures




I 13.3 Evidence That Must Be Closed in the First Batch

P0-1 Functional Shank Capability

Objective:

Demonstrate actual mass-production dimensional capability.

P0-2 Material Traceability

Objective:
MTC — SKU — Lot.

P0-3 Coating

Objective:

Specific stack + thickness + salt spray + chemical declaration.

P0-4 Torque—Clamp

Objective:

Actual coating/lubrication/locking curve.

P0-5 Repeated Assembly

Objective:

Installation/removal cycles.

P0-6 Locking

Objective:

Comparative transverse vibration.

P0-7 Traceability

Objective:
PO — Finished Lot — Coating — CNC — Material.

I 13.4 The Final Customer Deliverable Is More Than a Quotation

A mature pivot project can deliver:

1. Quotation
2. DFM review
. Drawing

3
4. Material certificate

9]

. FAI

6. Torque/assembly specification
7. DVP&R

8. Control plan

9. Traceability



10. Packing/spare-kit plan

This constitutes a:

Bicycle Pivot Hardware Engineering & Manufacturing Partnership



Chapter 14: V2.0 Engineering Conclusions

I 14. Engineering Conclusions

Following the first evidence-based review of public standards, peer-reviewed research and official MTB-brand technical practice, this

white paper supports the following robust conclusions:

Conclusion 1

Pivot hardware cannot be designed solely with a standard-fastener mindset.

It simultaneously performs the functions of a precision shaft, a preloaded joint, a bearing interface and service hardware.
Conclusion 2

Torque is not clamp load.

Any change in coating, lubrication, threadlocker or mating surface can change actual preload.[R2][R17]
Conclusion 3

Functional fit matters more than a single tolerance number.

Fretting is related to small relative movement, fit and contact condition.[R5][R6]

Conclusion 4

Salt spray is not a field-life clock.

ISO 9227 itself does not support converting salt-spray results directly into long-term service life.[R19]
Conclusion 5

Galvanic corrosion must be managed at CFRP/aluminum interfaces.

Material isolation, coatings, seals and drainage are all part of structural design.[R11][R28]

Conclusion 6

Titanium’s premium value requires concurrent control of galling and torque friction. [R12]

Conclusion 7

Electroplated high-strength-steel components require hydrogen-embrittlement controls. [R20]-[R23]

Conclusion 8

The thread-manufacturing route is a fatigue-engineering variable. [R3]

Conclusion 9

Serviceability is not an after-sales add-on; it is a pivot-system design KPI. [R9][R10]



Conclusion 10

E-MTB requires an independent load spectrum instead of a direct copy of analog-MTB validation. [R36]



Appendix A: Material Selection Matrix

Strength Potential Galling Lightweighting Typical Role

6061-T6 Medium Good with finish High Spacer / moderate load
7075-T6 Low High Interface dependent Low-Med Very High Lightweight axle/bolt
Ti-6Al-4V Medium Very High High High concern High Premium axle/bolt

Alloy Steel High Very High Coating dependent Low-Med Low High load / compact section

Stainless High Grade dependent High Med-High Low Corrosion/service



Appendix B: Galvanic Risk Screening

The following is a design-screening tool, not an exact galvanic-potential table.

Al < Al Medium Finish + seal

Al < Stainless Medium-High Isolation + seal

Al < Titanium Medium-High Barrier / seal
CFRP < Aluminum High Electrical isolation
Titanium < Stainless Low-Med galvanic, galling review Lubricant / service

Steel <> Aluminum Medium-High Coating + isolation



Appendix C: Surface Engineering Matrix

Anodizing

Hard Anodizing

Zn system

Zn-Ni

Zinc Flake

PVD

Passivation

Anti-Seize

Al

Steel

Steel

Steel

Various

Stainless

Thread

Corrosion / appearance

Wear / corrosion

Corrosion

Corrosion

Corrosion / functional

Wear / appearance

Surface condition

Galling reduction

Build-up / fit

Dimensional effect

Hydrogen embrittlement / friction

Process / torque

Fit / friction

System-dependent corrosion

Base grade still matters

Torque recalibration



Appendix D: Torque—Clamp Worksheet

Project:

Frame:

Pivot Position:
PN:

Drawing Rev:
Material:

Thread:

Coating:
Lubrication:
Threadlocker:
Female Thread Material:
Target Torque:
Torque Tolerance:

Target Clamp:

Clamp Window:

Removal Torque:

Reuse Cycles:




Appendix E: DVP&R Core Template

Fretting Dimensional + joint Internal
Preload Scatter Torque—Clamp ISO 16047-informed
Locking Self-loosening Transverse vibration Project-defined
Corrosion Red corrosion NSS ISO 9227
Service Galling Repeated assembly Internal

Structure Fatigue Frame test ISO/customer



Appendix F: DFM Checklist

I Geometry

o [ Shear plane outside thread where required
o [ Shoulder supports functional interface

o [ Fillet sufficient

« L] Hollow transition reviewed

o [ Tool engagement sufficient

o L] Thread engagement sufficient

| Fit

. [ Bearing

o [ Shank

. [ Spacer

o [ Frame / Link
. U Coating

o [ Final stack

I Material

o [ Grade

. |:| Strength

. [ Fatigue

« [ corrosion
. [ Galling

o [] Galvanic

I Assembly

. [ Torque

. [ Clamp

o [ Threadlocker
o [ Lubrication

o [ Error proofing

I Service

o [ Removal torque



D Reuse
|:| Spare PN
L] Tool access

|:| Corrosion seizure



Appendix G: Public Evidence — Internal Verification Map

Engineering Claim Public Evidence Supports PremFixer Fasteners Must Verify

Torque # Clamp Yes Our curves

Transverse load can loosen Yes Our joint

Fretting from micro-motion Yes Our fit / clamp
Pre-applied is mature Yes Our takt / locking
CFRP/ALl galvanic risk Yes Our material stack
Titanium galling risk Yes Our lubrication / removal
Hydrogen-embrittlement risk Yes Our plating process
Rolled-thread fatigue mechanism Yes Our product fatigue

NSS limitations Yes Our coating report

E-MTB environment differs Yes Our load spectrum



Appendix H: Recommended White-Paper Figures

1. Pivot System Exploded View

2. Bearing—Axle—Spacer Load Path

W

. Tolerance Stack Diagram

. Torque—Clamp Engineering Window

LU T SN

. Coating Build-Up Before/After

. Junker-Type Clamp Retention Curve

~N

. Galvanic Corrosion Path
8. Multi-Layer Sealing Architecture
9. Creak Failure Tree
10. Thread Rolling Metal Flow Illustration
11. TCO Iceberg
12. Evidence Level f@
13. Lot Traceability Chain
14. XC / Trail / Enduro / DH / E-MTB Matrix



Appendix I: Glossary

Pivot Rotation point

Shank Unthreaded shaft

Shoulder Locating shoulder

Clamp Load Clamping force

Preload Initial load

Fretting Micro-motion wear

Galling Adhesive seizure

Runout Rotational deviation
Threadlocker Thread-locking compound
TCO Total cost of ownership
DVP&R Design Verification Plan and Report
CTQ Critical-to-Quality

MSA Measurement System Analysis

Cpk Process Capability Index

Suspension-linkage rotation point

Functional unthreaded shaft section

Step that locates or supports

Joint axial clamping force

Initial fastener internal load

Small-amplitude contact damage

Severe adhesive wear or seizure

Rotational geometry deviation

Chemical locking system

Lifecycle cost

Validation matrix

Critical quality characteristic

Measurement-system capability

Process-capability index
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PremFixer Fasteners Evidence Replacements Required
Before External Release

The following items must not be elevated to definitive commercial claims until proprietary evidence has been obtained:

o [1+0.008 mm stable production capability

. [ Cpk >1.33 on selected CTQs

. [ Specific salt-spray hours

o [1znNi/PVD specific corrosion performance
. U Torque—clamp curve

o [ vibration clamp retention

. [ Reuse-cycle count

o L[] Titanium removal torque after aging

. [ Alloy-steel hydrogen-embrittlement controls
. |:| Pre-applied takt-time saving

o [ AOI detection coverage / PPM

o [ Actual records for 7—-10-day prototypes

o [ BOM/SKU reduction case

o [1TCO customer case

. [ Warranty/field data



Closing

The pivot system of a high-performance full-suspension bicycle should no longer be simplified within the supply chain as:

“Request for quotation for M8 / M10 / M12 custom bolts.”

The real engineering questions are:

e Where does the joint load originate?

e What is the clamp load?

e How is the bearing supported?

e Which interface may experience micro-slip?

e How much does the coating change friction?

o Will the titanium gall?

o Does the steel plating present a delayed-fracture risk?

e How are carbon and aluminum isolated?

e How are mud and water excluded?

e Can the joint be disassembled normally after two years?

o Ifit fails, can it be traced?
When each of these questions can be answered through:
Drawing + Calculation + Test + Data + Traceability

pivot hardware truly advances from “low-value hardware” to:

A Controlled Mechanical Subsystem for Bicycle Reliability.

The objective of PremFixer Fasteners V2.0 is therefore clear:

Not merely to manufacture one bolt that conforms to a drawing, but to establish a verifiable, mass-producible, serviceable

and traceable Bicycle Pivot Hardware Engineering System.

END OF V2.0 EVIDENCE EDITION — FORMAL BODY
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