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This project aims to optimize the heat bonding process [1] used in 
manufacturing pacemaker leads by redesigning the thermal 
assembly to enhance temperature uniformity, process efficiency, 
and alignment precision. The original system, as shown in Figure 
2, which used a dual-stage heating method and INVAR 36 [4] bars 
with copper inserts, showed substantial thermal gradients and 
mechanical misalignment. Figure 1 illustrates a redesigned 
configuration incorporating Celazole [5] thermal insulators was 
proposed and simulated through Finite Element Analysis [2]. The 
results indicated a substantial improvement in thermal uniformity 
and faster stabilization time, reducing peak INVAR temperatures 
and increasing production reliability. A functional prototype was 
developed and successfully integrated into the automated 
manufacturing process.
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Methodology Results and Discussion

This project validates a novel thermal bonding system that 
resolves the core limitations of traditional pacemaker lead 
manufacturing. By introducing Celazole thermal insulators, the 
assembly achieves:
•Improved temperature uniformity
•Dramatically reduced stabilization time
•Maintained mechanical alignment
•Seamless integration with existing automation
The success of the simulation-driven approach confirms that 
high-precision medical device manufacturing can be enhanced 
through robust thermal design and materials engineering.

Pacemakers are vital implantable devices that manage abnormal 
heart rhythms. Central to their operation are pacemaker leads, 
which transmit electrical impulses from the pulse generator to 
the heart. The structural integrity and electrical continuity of 
these leads depend heavily on the quality of the bond between 
the polyurethane tube and metallic electrodes, often platinum-
iridium. In current manufacturing lines, heat bonding is 
performed in a dual-stage process, but performance 
inconsistencies have been linked to thermal gradients and 
material mismatch. The overarching aim of this project is to 
address these thermal and mechanical shortcomings through 
redesign and simulation-driven validation, ensuring repeatable, 
biocompatible, and high-precision assembly.

Introduction

Background

Problem Statement
Issues Identified:
•Inconsistent bonding due to thermal gradient >60°F across 
bonding zones.
•Misalignment caused by thermal expansion of copper inserts 
within a rigid INVAR structure.
•Long thermal cycle (~370 seconds) reducing production 
throughput.
Research Objectives:
1.Design a thermal isolation system using Celazole interfaces to 
reduce lateral heat flow.
2.Optimize heating profiles to stay within the thermal window 
for polyurethane bonding (below 250°C).
3.Implement FEA simulations to predict transient and steady-
state temperature profiles and ensure design viability.
4.Validate the prototype under actual process control systems 
(PID, vision alignment).

Problem

The original bonding setup consisted of an INVAR bar with copper 
inserts and dual-stage heating (320°F pre-heat and 470°F final 
heat). However, simulations revealed large temperature spreads 
and mechanical instability, caused by copper's high thermal 
conductivity and expansion. The literature supported the use of 
high-performance insulators like Celazole to limit heat 
propagation.
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Results and Discussion
•Temperature Spread: Reduced from ~60°F to <5°F between 
copper inserts.
•INVAR Max Temp: Reduced from 340.6°F to 119.9°F, as 
illustrated in Figures 4 and 5, respectively.
•Stabilization Time: Reduced from 370 seconds to ~80 seconds, 
as presented in Figures 3 and 4, respectively.
•Mechanical Stability: Misalignment issues eliminated.
•Automation: PID thermal control [3]and machine vision 
integration remained fully functional.
These results validate the thermal and mechanical advantages of 
the redesigned system.

                                                 

Future Work

[1] C. Ageorges and L. Ye, “Fusion Bonding of Polymer Composites”. 

London, U.K.: Springer, 2002.

[2] N. H. Kim, B. V. Sankar, and A. V. Kumar, “Introduction to Finite 

Element Analysis and Design”, 2nd ed. Hoboken, NJ, USA: Wiley-

Blackwell, 2018.

[3] K. Ogata, “Modern Control Engineering”, 5th ed. Upper Saddle 

River, NJ, USA: Prentice Hall, 2010.

[4] Carpenter Technology Corporation, "Invar 36® alloy data sheet" 

[PDF]. [Online]. Available: 

https://carpentertechnology.com/hubfs/7407324/Material%20Saftey%2

0Data%20Sheets/Invar%2036.pdf. Accessed: Apr. 30, 2025.

[5] PBI Polymer, "Celazole® material information." [Online]. 

Available: https://pbipolymer.com/products/celazole-pbi. Accessed: 

Apr. 30, 2025.

[6] Dassault Systèmes, "Performing thermal analysis," SOLIDWORKS 

Help, 2025. [Online]. Available: 

https://help.solidworks.com/2025/English/simconntutorial/Performing_

Thermal_Analysis.htm. Accessed: Apr. 30, 2025.

The research followed a structured multi-phase approach:
1. Conceptual Design:
•A redesigned assembly using Celazole rings between copper and 
INVAR was proposed.
2. CAD Modeling:
•3D models created using SolidWorks and exported for FEA 
integration.
3. Finite Element Analysis (FEA):
•Transient and steady-state simulations were performed using 
SolidWorks Simulation.
•Boundary conditions: Ambient convection (38 W/m²·K), no 
radiation.
4. Prototype Integration:
•New design built and installed in an existing automated fixture.
•Retained PID-based heating control and machine vision 
alignment for component placement verification.

                                 

                                                                      

Fig. 1. Pacemaker Lead Assembly

Fig. 3.Original Design Transient State Study Fig. 4. New Design Transient State Study

Fig. 5. Original Design Steady State Study Fig.6. New Design Steady State Study

1. Experimental Bond Strength Testing: Pull tests to quantify 
bonding integrity across thermal cycles.

2. Thermal Imaging Validation: Use IR thermography to validate 
simulation accuracy.

3. Advanced FEA: Include radiation modeling and variable 
convection to capture more realistic environments.

4. Geometric Optimization: Explore insert designs that further 
minimize lateral conduction.

5. Technology Transfer: Apply methodology to other thermally 
bonded medical assemblies (e.g., catheter shafts, 
neurostimulation leads).

Fig.2. Original Design
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