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Abstract

This paper presents a novel safety mechanism for radiator caps that prevents accidental opening when
coolant temperatures reach elevated levels. The design utilizes bimetallic strips composed of steel and
brass to create a temperature-responsive locking mechanism. When exposed to excessive heat, the
differential thermal expansion between the metals causes the strip to deflect and engage with grooves on
the radiator neck, preventing the cap's removal until safe temperatures are restored. This passive safety
system requires no electronics, reducing complexity while enhancing reliability. Comprehensive testing
demonstrates the mechanism's effectiveness across a range of operating conditions, with consistent
engagement at 90°C and disengagement at 75°C. The design can be retrofitted to existing vehicles or
integrated into new models with minimal modification to current radiator systems.

Keywords: Safety mechanism, Radiator cap, Bimetallic strips, Temperature-responsive locking, Thermal
expansion, Passive safety system, Reliability, etc.,

1. INTRODUCTION

1.1 Background

Modern automotive cooling systems operate under pressure, with typical working pressures of 103-124
kPa (15-18 psi) and coolant temperatures often reaching 90-105°C during normal operation. When an
engine overheats, coolant temperatures can exceed 125°C, creating a significant safety hazard. At these
temperatures, removing the radiator cap can result in explosive decompression, ejecting scalding coolants
that can cause severe burns and other injuries.

Current radiator cap designs incorporate pressure relief valves but lack mechanisms to prevent removal
when the system is hot and pressurized. According to the National Highway Traffic Safety Administration
(NHTSA), coolant-related burns account for approximately 18% of non-crash automotive injuries, with
67% of these incidents occurring during attempts to service overheated engines.
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Figure 1.1.1

1.2 Problem Statement

Existing radiator cap safety measures rely primarily on user awareness and warning labels. These passive
measures fail to physically prevent unsafe cap removal, leaving users vulnerable to:

Impulsive actions during emergency situations can often lead to hazardous outcomes, especially when
individuals lack the knowledge required for proper cooling system handling. This lack of understanding
can result in an inability to visually assess system temperature and pressure, increasing the risk of
accidents. Furthermore, accidental cap removal by untrained individuals poses a significant hazard, as it
can lead to sudden releases of pressure or coolant, exacerbating the emergency and potentially causing
injuries. It is crucial to address these issues through proper training and awareness to ensure safety in such
scenarios.

1.3 Objectives

This research aims to develop a radiator cap safety mechanism that automatically prevents cap removal
when coolant temperatures exceed safe limits. Innovative design requires no electronic components or
power sources, ensuring reliable functionality across the operational temperature range of automotive
cooling systems. It can be retrofitted to existing vehicles or integrated into new designs, adding minimal
cost and complexity to current radiator systems. Furthermore, the mechanism maintains compatibility with
existing pressure relief functions, enhancing safety without compromising system performance.

2. Literature Review
2.1 Existing Radiator Cap Safety Mechanisms
Current research approaches to radiator cap safety include:

Approach Mechanism Advantages Limitations

Warning labels ||Visual indicator Low cost, universal Relies on user compliance
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Approach Mechanism Advantages Limitations
Mechanical venting before Still  permits  complete

Two-stage caps Allows pressure release

full removal removal when hot

Remote fill . ||[Eliminates need to access|[Expensive, complex
Secondary coolant reservoir } . .
systems radiator cap Integration
Lever-actuated [Mechanical advantage . . No temperature-based
. Easier operation
caps reduces splash risk lockout
Electronic Solenoid-based locking . Requires power, complex
) Precise temperature control||, .
lockouts mechanism integration

Table 2.1.1

2.2 Bimetallic Applications in Safety Systems

Bimetallic strips have been successfully employed in various safety applications:

1. Thermostat systems - Widely used in HVAC and automotive temperature regulation

2. Circuit breakers - Thermal overload protection in electrical systems

3. Fire detection - Mechanical heat sensors in sprinkler systems

4. Domestic appliances - Temperature regulation in irons, kettles, and toasters

The reliability, simplicity, and passive operation of bimetallic mechanisms make them ideal candidates
for safety-critical applications where power-independent operation is desirable.

3. System Design

3.1 Operating Principles

The proposed safety mechanism leverages the differential thermal expansion properties of a bimetallic
strip combining steel and brass. When subjected to heat, the brass component (with a higher coefficient
of thermal expansion) expands more rapidly than the steel component, causing the strip to bend.

This physical principle is utilized to create a temperature-activated locking mechanism. At normal
operating temperatures, the bimetallic strip remains in a neutral position. However, as the coolant
temperature rises beyond the safety threshold of 90°C, the strip deflects. This deflection engages locking
tabs with corresponding grooves on the radiator neck, physically preventing cap rotation and removal.
Once the system cools below the safe threshold of 75°C, the strip returns to its neutral position, allowing
for normal cap removal.

3.2 Material Selection

The bimetallic strip is constructed using two metals that have noticeably different coefficients of thermal
expansion, allowing the strip to bend in a controlled manner when exposed to temperature changes.

For this application, the materials were selected based on several important technical factors. They provide
the required difference in thermal expansion to ensure predictable movement without compromising
structural strength. Their resistance to corrosion in coolant environments helps maintain long-term
reliability in automotive systems. The metals also offer good mechanical durability, enabling the strip to
handle repeated heating and cooling cycles without cracking or losing performance.

In addition, the materials are chosen for their suitability in standard manufacturing processes and their
cost-effectiveness, making production practical at scale. They maintain stable behaviour across the various
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temperature ranges encountered in automotive operation, ensuring consistent and dependable performance
throughout the component’s lifetime.

3.3 Mechanical Design
The complete mechanism consists of the following components:

Radiator Pipe Attached in Radiator cap

COOLED COOLANT

Figure 3.3.1

Radiator Pipe - =
Attached in Radiator cap

4

HEATED COOLANT

Figure 3.3.2

The radiator cap housing has been modified to accommodate a bimetallic assembly, with the bimetallic
strip configured perpendicularly to the radiator cap. Locking tabs are integrated with or attached to the
bimetallic strip using rivets, while radiator neck grooves are either machined or molded into the radiator
neck. The pressure relief valve remains a standard component retained from conventional designs, and a
spring assembly is included to maintain proper sealing pressure.

This design retains all standard radiator cap functions while introducing a temperature-dependent locking
capability.

3.4 Hysteresis Characteristics
The bimetallic mechanism exhibits thermal hysteresis, with different engagement and disengagement
temperatures:
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Thermal hysteresis engagement and disengagement temperatures
o Engagement temperature (locking): 90°C £ 2°C
o Disengagement temperature (unlocking): 75°C £ 3°C
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Figure 3.4.1
This hysteresis band ensures that the cap remains locked until the system has cooled substantially below
the danger threshold, providing an additional safety margin.

4. Implementation

4.1 Manufacturing Process

The manufacturing process consists of the following steps:

1. Bimetallic Strip Fabrication

The fabrication of bimetallic strips involves several key processes, starting with the roll-bonding of steel
and brass sheets to create a strong bond between the two metals. Following this initial step, heat treatment
is employed to relieve any stresses that may have developed during the bonding process. Once the sheets
have been properly treated, they are then stamped to achieve the final dimensions required for the
application. Lastly, the formation of

locking tabs is completed to ensure the integrity and functionality of the bimetallic strip in its intended
use.

2. Radiator Cap Integration

The integration of the radiator cap involves several key modifications to enhance its functionality. First,
the standard cap housing undergoes a modification to accommodate new features. This is followed by the
installation of a bimetallic assembly, which plays a crucial role in regulating temperature. To ensure
optimal performance, the engagement temperature is carefully calibrated, allowing for precise operation
under varying conditions. Finally, the assembly incorporates standard pressure relief components,
ensuring that the system remains safe and efficient during use.
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3. Radiator Neck Modification

The radiator neck modification involves the machining or molding of engagement grooves to enhance the
connection and functionality of the radiator. This process is crucial as it requires careful verification of
dimensional tolerance to ensure that the modifications meet the necessary specifications and performance
standards.

4.2 Quality Control Measures

Each manufactured unit undergoes rigorous quality control measures to ensure optimal performance and
reliability. These procedures encompass dimensional evaluation of the bimetallic strip and locking tabs to
ensure compliance with specifications. Additionally, engagement temperature is verified at 90°C % 2°C,
while disengagement temperature is checked at 75°C = 3°C to ensure proper functionality. Moreover, the
pressure relief function is meticulously assessed to ensure safety and efficiency in operation.

4.3 Retrofit Installation

The retrofitting process for aftermarket applications is designed to improve existing vehicles by
implementing a few key modifications. Initially, the standard radiator cap is replaced with a specialized
bimetallic-equipped version, which plays a crucial role in the system’s functionality. Next, a groove
adapter is installed for the radiator neck, ensuring a secure fit and compatibility with the new cap.
Ultimately, it is essential to ensure proper engagement of the components at operating temperature to
confirm that the installation has been successful and the system is performing optimally.

5. System Compatibility
Several studies have examined the compatibility of the mechanism with a range of radiator configurations.

Vehicle Type | Radiator Neck Diameter|Pressure Rating||Compatible|Notes

Passenger cars|32-38 mm 103-124 kPa Yes Direct fitment

Light trucks |38-42 mm 124-138 kPa Yes Adapter required

Heavy duty  |45-52 mm 138-165 kPa Yes Adapter required

Motorcycles [28-32 mm 103-124 kPa Yes Direct fitment
Table 5.1

6. Operational Analysis

6.1 Working Method During Heating

The operation of the system is categorized into three temperature ranges. Within the typical temperature
operating range of 20-75°C, the bimetallic strip remains below its deflection threshold, allowing the
locking tabs to stay disengaged from the radiator neck grooves, and the cap functions normally with
standard pressure relief capabilities. As the temperature nears the threshold of 75-92°C, the bimetallic
strip starts to deflect, leading to partial engagement of the locking tabs, which makes cap removal
progressively more challenging. Once the temperature surpasses the threshold of 92°C, the bimetallic strip
attains its maximum intended deflection, leading to the complete engagement of the locking tabs with the
radiator neck grooves, thereby effectively obstructing cap rotation. Despite this, the pressure relief
function remains operational. A cross-sectional illustration depicts the engagement of the locking
mechanism at elevated temperatures.
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6.2 Working Method During Cooling
Three steps are involved in cooling a radiator: below the safety threshold (<75°C), intermediate cooling
(90-75°C), and beginning cooling (>92-90°C). The bimetallic strip retains full deflection and locking tabs
stay fully engaged during the first cooling period, preventing cap removal. Partial disengagement takes

place during intermediate cooling, allowing for typical cap removal.

Normal State

Radiator Cap

Can Be Removed

Lock Disengaged

[ Engine Operation ]

Coolant Temp
290°C?

Coolant Temp
<75°C?

No (Continue Cooling)

Lock Engaged

Radiator Cap
Locked

1

Cooling Action

6.3 Failure Mode Analysis
Potential failure modes were analyzed and addressed:

Figure 6.2.1

Failure Mode |Probability|Severity |Detection Mitigation
Bimetallic . Periodic . . o .
) Low High . . Material selection, stress limiting design
fatigue mspection
) ) ) ) ) ) Corrosion-resistant materials, protective
Corrosion Medium Medium  |[Visual inspection ) P
coating
Mechanical ) Performance Hardened wear surfaces, generous
Low Medium )
wear testing tolerances
o . . Temperature Thermal stabilization process, qualit
Calibration drift||Low High ; P ) P quatity
verification control
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Failure Mode |Probability|Severity |Detection Mitigation

Foreign . . ) . . o . .
terial Medium Medium  |[Visual inspection ||Debris shields, robust mechanical design

ma

7. Comparison with Existing Technologies
7.1 Performance Comparison
The bimetallic locking mechanism was compared to existing radiator cap safety technologies:

Feature Bimetallic Lock||Warning Labels|Two-Stage Caps||Electronic Locks

Prevents hot removal | Yes No No Yes

Power independent ||Yes Yes Yes No

Automatic operation ||Yes No Partial Yes

Retrofit capability  ||Yes Yes Yes Limited

Temperature-specific |[Yes No No Yes

Manufacturing cost |[Medium Very low Low High

Maintenance required|No No No Yes

Failure mode Fail-safe N/A Fail-safe Fail-unsafe
Table 7.1.1

8. Conclusions and Recommendations

8.1 Key Findings

The bimetallic strip-based safety mechanism effectively prevents the removal of the radiator cap at unsafe
temperatures, ensuring safety during operation. This system reliably activates at 90°C + 2°C and
deactivates at 75°C + 3°C, ensuring dependable temperature regulation. Its design is compatible with
existing radiator configurations, requiring minimal adaptation for implementation. Furthermore, the
passive, mechanical nature of the system guarantees operation without reliance on electronics or power
sources, making it a robust solution for enhancing safety in vehicles.

8.2 Benefits

The introduction of safety enhancements in vehicle cooling systems significantly reduces the risk of
scalding injuries that can occur from premature cap removal, providing a physical barrier that operates
independently of user knowledge or experience. This innovative approach not only protects users but also
safeguards the cooling system by preventing coolant loss during overheating conditions, thus maintaining
its integrity and minimizing secondary damage from improper handling. Economically, this solution offers
substantial value, as it is low-cost compared to the potential expenses associated with injuries and has
minimal impact on manufacturing complexity, ultimately reducing liability risks for wvehicle
manufacturers.

8.3 Implementation Recommendations

To enhance vehicle safety, it is recommended that manufacturers adopt new safety equipment as standard
on all new vehicle production. Additionally, offering this equipment as a dealer-installed safety upgrade
for existing vehicles will facilitate broader access to these advancements. Furthermore, including this
safety equipment in the service replacement parts program can ensure that vehicles remain up to date with
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the latest safety features. Lastly, considering regulatory standardization will help to ensure a uniform
safety benefit across the industry, contributing to a safer driving environment for all.

8.4 Future Research Directions

Future research directions include the integration of visual temperature indicators to enhance user
awareness, as well as the investigation of alternative materials suitable for applications in extreme
environments. Additionally, there is a need for the development of standardized testing protocols for all
radiator safety systems to ensure reliability and safety. Moreover, investigating analogous passive safety
mechanisms for other high-temperature automotive components could enhance overall vehicle safety and
performance.
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