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Abstract. This study provides a comprehensive evaluation of the stability of crimping of the same
terminal on FLRY A cables using three different applicators. The research involved conducting
pull tests on 50 samples for each applicator type, analyzing the results using Minitab software to
assess the consistency and strength of the crimp connections. The findings indicate that while the
Demirel applicator produces the highest average pull test values, the Tyco applicator demonstrates
superior consistency, making it more suitable for applications where process stability is critical.
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1. Introduction

Crimping is a critical process in manufacturing electrical connections, particularly in the
automotive industry, where reliability directly impacts vehicle safety and performance. It involves
compressing a terminal onto the end of a wire to create a secure, mechanically and electrically
sound connection. The quality of these connections is influenced by various factors, such as crimp
height, material properties of the wire and terminal, and the precision of the crimping equipment.
Given that automotive crimped connections must endure harsh environmental conditions —
including extreme temperatures, vibrations, and corrosive elements — ensuring stability and
consistency in the crimping process is essential. Variations in crimp quality can lead to electrical
failures, compromising vehicle safety and resulting in costly recalls.

Existing research highlights several approaches to optimize and assess crimping processes.
Mocellin and Petitprez [1] developed a computational model validated by experiments to predict
mechanical resistance in crimped assemblies, particularly for acronautical applications. Studies
like these emphasize the importance of optimizing crimping processes to ensure reliability in
various sectors, including automotive and aerospace. The role of material properties and
manufacturing precision is also critical, as minor components, such as electrical terminals, can
significantly affect safety and performance in vehicles [2]. Furthermore, methodologies like
response surface designs have been employed to optimize tensile mechanical properties,
identifying optimal crimp dimensions to ensure compliance with industry standards [3].

Various tools and techniques have been developed to improve crimping accuracy and
efficiency. For example, Castro et al. [4] created a versatile crimping tool that can adapt to
different terminal types, enhancing operational efficiency and precision. Standards such as
USCAR-21 [5] provide detailed specifications for testing the performance of crimped
connections, ensuring they meet safety and durability requirements. Additionally, studies utilizing
Finite Element Method (FEM) analysis have explored the impact of design variables on
compression rates, optimizing punch stroke and terminal length for better performance [6]. The
focus was also on improving defect detection in automated crimping processes by implementing
skewed tolerance settings, which significantly reduce miss rates and false alarms [7].

'VIBROENGINEERING PROCEDIA. OCTOBER 2024, VOLUME 56 1 57


https://crossmark.crossref.org/dialog/?doi=10.21595/vp.2024.24507&domain=pdf&date_stamp=2024-10-18

RELIABILITY ANALYSIS OF CABLE CRIMPING TERMINALS WITH DIFFERENT APPLICATOR TOOLS.
ILCA DACIAN, MANESCU TIBERIU, TUFISI CRISTIAN

Building upon prior studies, this research focuses on evaluating the stability of crimping
identical terminals using three different applicators — Tyco WZ1202705, Demirel
WZ9510708132, and Schaefer WZQ8194 — on FLRY A cables, which are commonly used in the
automotive industry. This comparative analysis isolates the effect of the applicators themselves
on crimp performance, providing valuable insights for optimizing tool selection to enhance
production consistency. Previous research by Ilca et al. [8] explored the wear and tear of crimping
tools, emphasizing the importance of tool lifespan in reducing production costs. This study extends
that work by examining the uniformity and strength of crimps under different conditions,
contributing to a deeper understanding of crimping tool performance in automotive electrical
systems.

2. Methods and experimental setup

This study evaluates the stability of crimped connections using three different crimp
applicators on FLRY A cables (0.75 sq. mm) and terminals (5-0963715-1), commonly used in
automotive applications. By keeping the cable and terminal types consistent, the study aimed to
isolate the performance of the applicators, ensuring a fair comparison.

The experiment involved three different crimp applicators:

* Tyco WZ1202705: High-precision applicator known for consistent performance, featuring
mechanical terminal feeding, half-open RAM clamping, and curved terminal geometry after
crimping (Fig. 1).

* Demirel WZ9510708132: A robust, widely used pneumatic applicator with similar RAM
clamping and curved terminal geometry (Fig. 2).

* Schaefer WZQ8194: Designed for versatility, featuring mechanical feeding with a spiral
spring, closed RAM clamping, and a straighter terminal base after crimping (Fig. 3).

) Fig. 1. Tyco applicato WZ1202705

Fig. 3. Schaefer applicator WZQ8194
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For each applicator, 50 samples were prepared using the same cable and terminal, with crimp
height adjusted per manufacturer specifications. A Schaefer EPS300 press was used for crimping,
and pull tests were conducted to measure the force required to separate the crimped terminal from
the cable.

The pull test, a standard method for assessing crimp strength, applies tensile force to the
terminal until failure. The force at which separation occurs is recorded, with higher values
indicating stronger connections.

The tests were performed using a calibrated tensile testing machine set to a constant speed,
and the results were analyzed using Minitab software. Minitab calculated key metrics, such as
mean, standard deviation, and range of pull test results for each applicator. Capability analysis
was also performed to evaluate each applicator’s ability to meet quality standards, with process
control charts visualizing consistency and hypothesis testing identifying significant performance
differences.

3. Results and discussions

The pull test results for the three applicators are summarized in Table 1. The data shows that
the Demirel applicator produced the highest average pull test values, indicating that it creates the
strongest crimp connections. However, the Tyco applicator exhibited the lowest variability in pull
test results, suggesting that it provides more consistent performance. The Schaefer applicator,
while also producing strong connections, showed the highest variability, which may indicate less
stable performance.

To better understand the performance of each applicator, graphical representations of the data
were created. These graphs include histograms, box plots, and control charts to visually assess the
distribution and stability of the crimping process.

Table 1. Summary of pull test results

Applicator | Mean pull test (N) | Standard deviation (N) | Min pull test (N) | Max pull test (N)
Tyco 171.45 4.12 161.9 180.2
Demirel 184.69 4.60 171.0 194.3
Schaefer 177.65 6.13 152.5 185.5

Histogram (Fig. 4) show the distribution of pull test results for each applicator. The Tyco
applicator displays a relatively tight distribution centered around 171.45 N, indicating consistent
performance. The Demirel applicator shows a higher mean value, with a slightly broader
distribution. The Schaefer applicator's distribution is the broadest, highlighting the variability in
its performance.
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Fig. 4. Histogram with data distribution per applicator
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The box plot (Fig. 5) provides a visual summary of the pull test results, showing the median,
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quartiles, and potential outliers. The Tyco applicator exhibits a narrow interquartile range (IQR),
indicating consistent crimp quality. The Demirel applicator, while having a higher median pull
test value, shows a wider IQR. The Schaefer applicator has the widest IQR and several outliers,
suggesting variability in crimp performance.
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Fig. 5. Box plot showing median, quartiles, and outliers per applicator
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Fig. 6. Control charts

Control charts (Fig. 6) were generated to assess the stability of the crimping process for each
applicator. The charts plot the pull test results over time (sample number) and include control
limits to identify any out-of-control points.

Tyco (WZ1202705): The control chart for Tyco shows all points within the control limits,
indicating a stable and consistent process.

Demirel (WZ9510708132): The Demirel chart also shows a stable process, with most points
within the control limits, though a few points approach the upper control limit.

Schaefer (WZQ8194): The Schaefer control chart displays several points outside the control
limits, indicating variability and potential issues with process stability.

To ensure consistency in evaluating crimping process stability, identical terminal
(5-0963715-1) and cable type (FLRY A) were used across all tests. By maintaining uniform
parameters such as crimp height and material properties, we isolated the primary variable — the
stability of the crimping process — minimizing external influences. This setup allowed for a fair
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comparison of three different crimp applicators: Tyco WZ1202705, Demirel WZ9510708132, and
Schaefer WZQ8194, each representing unique design approaches. Differences in applicator
geometry, mechanical design, and material composition were critical in understanding the
performance variations observed.

Crimp parameters, such as crimp height and force, were adjusted within
manufacturer-specified tolerances, ensuring consistency in performance. This adherence to
tolerances reflects the real-world conditions in automotive manufacturing, where maintaining tight
control over process parameters is essential for producing reliable crimped connections.

The graphical analysis of pull test results highlights distinct performance trends among the
applicators:

— Tyco WZ1202705: Exhibited minimal variability, with a tight distribution and no outliers,
indicating a stable and consistent crimping process. Despite a lower mean pull test value compared
to Demirel, its uniformity suggests it is highly reliable for applications requiring consistent crimp
quality.

— Demirel WZ9510708132: Showed the highest mean pull test value, producing robust
connections, though with greater variability. Some results approached control limits, indicating
that enhanced process control may be needed to ensure consistent quality.

— Schaefer WZQ8194: Displayed the highest variability, with a wide distribution and multiple
outliers, pointing to potential inconsistencies in the crimping process. While capable of strong
connections, its lack of consistency raises concerns for applications requiring stringent quality
control.

4. Conclusions

The pull test analysis of the Tyco, Demirel, and Schaefer crimp applicators highlights key
differences that are critical for automotive applications. The Demirel applicator achieves the
highest mean pull strength, making it ideal for applications where maximum crimp strength is
essential. However, high strength alone is not sufficient; consistency and process stability must
also be considered.

The Tyco applicator demonstrates superior consistency with the lowest variability in pull test
results, indicating a highly stable crimping process. This makes Tyco the optimal choice for
applications requiring uniformity and reliability, even though its pull strength is slightly lower
than Demirel’s. For environments where crimp quality must be consistently high across all
connections, Tyco’s stability is crucial.

The choice of crimp applicator depends on the specific needs of the application. The Tyco
applicator is recommended for high-stakes environments where both strength and consistency are
required. The Demirel applicator, while offering superior strength, is better suited to situations
where some variability can be tolerated. Schaefer may require further optimization to be used in
critical applications.

These findings have direct engineering implications for automotive manufacturing,
particularly in the assembly of wiring harnesses. They also provide valuable insights for selecting
crimping tools in other industries where reliable electrical connections are essential, such as
aerospace, telecommunications, and electronics.
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