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Tapered Braided Constructs

Executive Summary

A medical device OEM required the development of a tapered braided construction
transitioning from US2 to USO for applications requiring controlled diameter reduction
without sacrificing strength, structural integrity, or handling performance.

Rather than treating as a simple geometric change, the programme focused on engineering
a braid architecture capable of maintaining consistent functional behaviour across changing
dimensions.

Through optimisation of braid construction, material selection, and process control, multiple

tapered configurations were successfully developed and validated, demonstrating
repeatable production of complex variable-diameter braided structures.
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Tapered Braided Constructs

The Challenge

Producing a tapered braid introduces
multiple interacting variables that become
increasingly difficult to control as diameter
decreases.

The smallest diameter region (USO)
represented the highest risk area due to
increased sensitivity to structural instability
and localised performance loss.

Key engineering challenges included:

* Maintaining braid integrity during
controlled fibre removal

* Retaining mechanical strength at
reduced diameters

* Preventing abrupt stiffness transitions
across taper regions

* Managing different tension and
deformation responses between
UHMWPE and polyester.

* Achieving precise, repeatable taper
geometry

* Ensuring scalability and manufacturing
consistency

Successfully resolving these competing
requirements required simultaneously
control of structure, materials, and
process.
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Engineering Objectives
The programme focused on:

* Developing tapered braid constructions
transitioning from US2 to USO

* Maintaining structural continuity
throughout taper regions

* Preserving tensile performance and
handling characteristics

* Evaluating hybrid and polyester-only
construction strategies

» Establishing repeatable manufacturing
conditions

* Creating a scalable framework for
variable-diameter braid production

Development Approach

Three braid architectures were developed
to compare the influence of material
selection and taper geometry on
performance and manufacturability:

* Hybrid UHMWPE/polyester single taper
* Hybrid UHMWPE/polyester double taper
* Polyester single taper

Each design used controlled fibre removal
and defined braid architecture to create
smooth stiffness transitions while
maintaining structural integrity and
repeatable manufacture.
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Tapered Braided Constructs

Process Optimisation

Repeatable taper formation depended on
precise control of braid geometry
throughout production.

Optimisation focused on:

¢ Controlled fibre removal and
reintegration

* Carrier balance and yarn tension
management

* Clock-number sequencing to define
taper geometry

* Monitoring braid density through
transition zones

* Controlled braid angle and finished
diameter

Validated process settings were established
for each construction, enabling taper
geometry to become a controlled
engineering parameter rather than a source
of manufacturing variation.

Validation & Performance
Assessment

Constructs were evaluated to confirm both
mechanical performance and geometric
consistency.

Assessment included:

* Break load evaluation, particularly within
the USO region

* Runnage consistency
* Extension behaviour

* Diameter verification across taper
sections
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* Picks per inch (PPI)
* Taper uniformity and transition quality

Testing confirmed that controlled tapering
could be achieved while maintaining
structural continuity and repeatable
mechanical performance across all
configurations.

Process Control &
Repeatability

Repeatable taper formation was achieved
through careful control of the
manufacturing process and braid
architecture.

Key process controls included:

* Controlled fibre removal and
reintegration sequences

* Carrier balance and yarn tension
management

* Clock-number sequencing to define
taper geometry

* Monitoring of braid angle, diameter, and
transition quality

» Standardised process parameters for
each taper configuration

These controls established a repeatable
manufacturing process, enabling consistent
production of variable-diameter braided
constructs while minimising batch-to-batch
variation.
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Tapered Braided Constructs

Engineering Outcome

The programme established a repeatable
engineering approach for producing
variable-diameter braided constructs with
controlled mechanical transitions.

Key engineering outcomes included:

* Controlled taper formation through
optimised braid architecture and fibre
removal

* Maintained mechanical continuity across
changing diameters

* Defined performance trade-offs between
hybrid and mono-material constructions

* A scalable manufacturing process for
repeatable variable-diameter braid
production

Tapered Braided Constructs

Application Relevance

Orthopaedics & Sports Medicine
Variable-diameter fixation constructs for
ligament repair, tendon reconstruction, and
soft tissue stabilisation.

Surgical Sutures & Closure Systems
Braided structures requiring controlled
profile transitions while maintaining
handling and tensile performance.

Advanced Textile Implants

Engineered textile systems requiring region-
specific mechanical behaviour and
controlled load transfer.

(P corzamedical
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Key Takeaways

* Taperingis not a geometric adjustment; it is a controlled structural engineering
process.

* Mechanical performance across changing diameters depends on coordinated
management of braid architecture and manufacturing conditions.

* Controlled fibre removal and process synchronisation improve transition stability.

* Hybrid and single-material constructions offer different balances of performance and
manufacturability.

* Repeatable taper formation enables scalable production of advanced variable-
diameter braided structures.

“By controlling geometry, material selection, and process
inputs simultaneously, variable-diameter braids can
behave as a single continuous structure.”
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