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Reliably Integrating the Display and Light Guide into the
Washing Machine Front Panel
Executive Summary

The front panel defines the user interface and the visible perception of quality of a washing machine.
The display and light guide must be precisely positioned, permanently secured, and integrated without
visible defects. Even minor deviations at the joints, part fixtures, or reference surfaces can affect light
distribution, readability, and appearance. At the same time, the joint must withstand mechanical loads
and the conditions of automated series production.

The challenge lies in the interaction between the display, light guide, and carrier. Their different
materials and functions impose specific requirements on part design, energy input, and support.
Whether and how a specific material combination can be joined ultrasonically must therefore be
evaluated for the individual assembly.

Ultrasonic joining technology applies the required energy locally to the joint area. A coordinated concept
comprising part design, fixture, sonotrode, and process parameters can help position and secure the
display and light guide repeatably. Monitorable process curves support verification that defined process
limits are maintained in series production.

For product development and design engineering, this means considering the joining technology early
in the selection of materials, geometry, and tolerances. This provides production and process
engineering with a robust basis for automation, process monitoring, and scalable manufacturing.

This white paper explains the requirements to consider when integrating a display and light guide into a
washing machine front panel and how an application-specific ultrasonic solution can support visual
quality, precise positioning, and mechanical strength.

Three Objectives, One Coordinated Joining Solution

= Visual quality: Protect visible surfaces, light distribution, and readability.

= Precise positioning: Align components repeatably with the reference geometry.

= Mechanical strength: Permanently secure the display and light guide in the front
panel
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Focus on the Front Panel

The front panel of a modern washing machine combines visible design surfaces, operating functions,
and electronic components in a compact assembly. The display/HMI, light guides, controls, and carrier
structures must be precisely coordinated. The front panel is therefore an assembly with several
potential joining tasks.

This white paper focuses on the display/viewing area and the light guide. The reference system
consists of a PC display/viewing area, a PMMA light guide, and an ABS or PC/ABS carrier structure.
This material combination is a reference configuration and must be validated for the specific application.

This brings three quality objectives into direct interaction. Visual quality requires that visible areas are
not adversely affected during joining. Precise positioning is required to ensure that the components are
located repeatably within the specified reference geometry. At the same time, the assembly must
achieve defined mechanical load capacity.

This creates a shared task for product
development and production: the target joint
quality must be considered during assembly
design.

For design engineering, the focus is on
functional requirements, referencing, and joint
configuration. Process engineering needs a
clearly defined starting point for subsequent
tooling and process design.

Three Requirements for an Assembly

= Visual quality: Visible and functional surfaces must not be unacceptably affected by
the joining process.

= Precise positioning: The display/viewing area and light guide must be located
repeatably within the design-defined reference geometry.

= Mechanical strength: The joint must meet the mechanical requirements defined for
the specific application.
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Interaction of Part, Material, and Process

For the display and light guide, assembly quality is not determined by a single factor. The result
depends on the interaction of materials, part geometry, tolerances, fixture, tooling, and joining process.
Multiple requirements must therefore be considered simultaneously, especially for visible front-panel
components.

Materials and joint configuration must be compatible.

The reference configuration of PC, PMMA, and ABS or PC/ABS includes materials that perform
different functions within the assembly. However, selecting a plastic alone does not determine whether
a specific joint can be designed for ultrasonic joining. The joint must be evaluated in the context of the
actual components.

Tolerances affect repeatable positioning.

The display/viewing area, light guide, and carrier require defined reference geometries. Variation is
present even before the joining process begins. If these interactions only become apparent in
production, it becomes more difficult to clearly distinguish part-related effects from process-related
effects.

Part support becomes part of the joining concept.

For an assembly with visible and functional components in particular, the joining zone, fixture, and tool
contact should be considered together.

Visual quality and strength must be evaluated together.

For washing machine front panels, the joint cannot be assessed solely on mechanical criteria. Quality
evaluation must consider appearance as well as joint function.

Four Questions Before Process Design

= Material: Is the specific material combination suitable for the intended joint
configuration?

= Geometry: Are the joining zone and reference surfaces clearly defined for the
assembly?

= Tolerances: Which part variations affect position and joint quality?

= Support: Can the assembly be located and supported in a defined manner during
joining?

These questions connect design engineering and production before process parameters are optimized.
The joining process can only be specifically configured once the main influences on the joint have been
understood and addressed in the design.
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From Part Design to a Controllable Ultrasonic Joining
Process

In ultrasonic joining, thermoplastic components are joined using high-frequency mechanical vibrations.
The heat required for joining is concentrated in the joint area. However, this alone does not define a
complete solution for the display and light guide in a washing machine front panel. Whether the process
is suitable for the specific assembly depends on the material, geometry, accessibility, and required
quality characteristics.

A suitable joining zone must be considered together with the components’ reference surfaces and
tolerances. Defined fixtures and controlled process motion can support a repeatable assembly position.
Design engineering therefore establishes essential prerequisites for the subsequent series-production
process.

Tooling and fixture transfer the part concept into the process.

The sonotrode, fixture, and part geometry must be developed as an integrated system. The specific
design of these elements must be validated using the actual geometry.

Repeatable process parameters, monitoring of relevant process curves, and detection of deviations
from defined process limits support evaluation of the specific joining task.

This creates a clear development chain: part design defines the joint configuration. The tooling and
fixture implement these design parameters in the process. Monitorable process parameters then
support control of series production. The ultrasonic solution results from the coordinated design of
these elements, not simply from subsequent parameter optimization.

Four Elements of the Ultrasonic Solution

= Part design: Define the material combination, joining zone, reference surfaces, and
tolerances for the specific application.

= Part fixture: Position and support components in a defined manner during the joining
process.

= Tool design: Match the sonotrode and fixture to the part geometry and specific joint
configuration.

= Process monitoring: Monitor relevant process curves and detect deviations from
defined process limits.

The defined quality objectives must be translated into part and tool design and then validated on the
actual assembly. Only this validation can demonstrate whether the specific ultrasonic solution meets
the front panel requirements.
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From Robust Part Design to Scalable Series Production

For washing machine manufacturers, the benefits of a coordinated ultrasonic solution begin during
product development. When design and process engineering work from a common joining concept, part
and series-production requirements can be aligned at an early stage.

For the display and light guide, design specifications affect subsequent positioning and joint
configuration. Process engineering can then translate the resulting joint configuration into a tool, fixture,
and process concept. This creates a continuous technical link between part design and the
manufacturing process.

Design controllable series-production processes.

Repeatable process parameters and monitored process curves provide a basis for evaluating the
joining process not only by inspecting the finished part, but also by incorporating relevant process
information into the quality assessment.

Support automation and short production cycles.

For front-panel production at corresponding volumes, ultrasonic joining can be particularly relevant
when joining, handling, and subsequent assembly steps interact within an automated production
concept.

Avoid additional joining materials.

Ultrasonic joining does not require additional joining materials such as adhesives or separate fasteners.
Whether and to what extent this creates an economic advantage for a specific front-panel application
must be evaluated based on the respective production concept.

Value from Two Perspectives

= Product development and design engineering: Consider the joint configuration early,
coordinate reference surfaces and tolerances, and translate quality requirements into
the joining concept.

= Production and process engineering: Use repeatable process parameters, monitor
process curves, consider automation, and design the process without additional
joining materials.

The key value lies in an integrated joining concept that extends from part design through series
production. A robust solution is created when design requirements, tool design, and process control are
developed together and validated on the actual assembly. The economic benefits can then be
evaluated under the specific production conditions.
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The Next Step: Jointly Validating the Front-Panel
Application

The technical assessment leads to a clear next step: the joint configuration must be evaluated using the
actual front-panel assembly. Only the actual components allow a reliable assessment of whether and
how the display/viewing area, light guide, and carrier can be joined ultrasonically.

Relevant activities include support with part and joint geometry, initial feasibility assessments, and joint
trials to determine and optimize tool contours and process limits.

Product development and process engineering benefit from a joint assessment. Product development
contributes materials, geometries, tolerances, and quality requirements. This provides the basis for
investigating how the joint configuration can be implemented and monitored in the process.

What Is Needed for the Application Assessment

= Actual parts: Display/viewing area, light guide, and carrier, or the complete front-
panel assembly.

= Materials: Exact material grades of the components to be evaluated.

= Geometry data: Joining zone, reference surfaces, and relevant installation space.

= Quality requirements: Criteria for appearance, positioning, and mechanical strength.

= Production requirements: Parameters for the intended assembly and automation
concept.
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Achieving the Ideal Bond with Herrmann

Our Trusted Advisors: Wherever You Need Us

With more than 65 years of ultrasonic expertise and over 2,000 applications solved each year, we
understand what matters when joining plastics. You benefit from this expertise at every stage of our
collaboration, from jointly developing your application design and conducting initial welding trials to
commissioning the systems in your facility and beyond.

You can rely on our Trusted Advisors at any time, anywhere. Our 27 Tech Centers worldwide have
everything required to conduct initial, meaningful feasibility tests for your application. Visit a location
near you and discover the potential of our innovative joining technology.

Schedule your consultation today!

Marc Glabisch and Team

Ns +497248 790
4 plastics@herrmannultraschall.com

@ www.herrmannultraschall.com
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BONDING — MORE THAN MATERIALS
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