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1. Executive Summary: The Structural Tolerances of Intravascular

Interfaces

Multi-lumen medical catheters—frequently specified for critical applications such as triple-lumen central

venous access,  urinary drainage, and advanced cardiovascular electrophysiology—demand extreme

dimensional  precision.  These tubes pack multiple independent channels (lumens) into an incredibly

tight outer diameter. Each independent lumen serves a distinct clinical function: one channel guides

high-stiffness nitinol wires, another delivers aggressive vasopressor pharmaceuticals, and a third routes

localized fluid inflation lines for retention balloons.

Extrusion  Engineering  Rule: Multi-lumen  extrusion  precision  cannot  be  adjusted  via  raw

hauling speed adjustments alone. True dimensional consistency requires absolute control over

the differential melt pressures within the crosshead die and active adjustments to the internal

lumen air support pressures.

2. Fluid Mechanics within the Crosshead Die: Rheological Flow

Balancing

Extruding  multi-lumen  profiles  from  high-consistency  silicone  rubber  (HCR)  presents  an  intricate

rheological challenge. Unlike thermoplastics that melt into true liquids, medical-grade HCR behaves as

a non-Newtonian, highly viscoelastic paste that undergoes intense shear-thinning inside the barrel.

To counteract uneven flow velocity, tool steel mandrels and outer die rings must incorporate localized

land length balancing. Tooling engineers deliberately extend the land lengths (the length of the tight

parallel gating zone) in sections feeding high-volume paths, using wall friction to selectively slow down

the  fast-moving  silicone.  Conversly,  zones  feeding  micro-lumens are  designed with  minimized land

lengths and tapered approach angles, smoothing the flow paths to maintain perfectly balanced internal

pressures at the point of crosshead exit.
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3. Geometric Formulations: Mathematical Modeling of Lumen

Concentricity

Documenting process capability metrics across high-volume medical manufacturing requires continuous

mathematical  tracking of  the catheter cross-section. Concentricity represents the physical  alignment

between the geometric center of an individual internal lumen and the total outer perimeter of the tube.

High-precision medical specifications mandate a structural concentricity value ≥ 95% at all times. If the

concentricity falls below 85%, the localized thin sector loses its hoop strength integrity, which can lead

to structural ballooning, kinking, or complete burst failures during clinical operations.

4. Material Selection and Medical Extrusion Matrix

Performance Criteria
Platinum-Cured HCR

Silicone

Peroxide-Cured HCR

Silicone

Medical-Grade

Polyurethane (TPU)

Biocompatibility &

Leaching

PREMIUM

(Hydrosilylation

reaction; zero volatile

byproducts)

FAILS MEDICAL

(Leaves benzoic

acid residues; high

outgassing)

MODERATE (Risk of

plasticizer leaching or

catalyst residues)

Kink Resistance &

Memory

EXCELLENT (100%

elastic recovery; will

not crimp shut)

HIGH (Good elastic

memory but lacks ultra-

pure finish)

POOR

(Thermoplastic

creep; permanently

kinks under tight

bends)

Advance Multi-Lumen Catheter Engineering with Reemane High-

Precision Assets

Contact our medical extrusion engineering desk at sales@siliconefactories.com or inspect our

cleanroom lines at www.siliconefactories.com. 
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