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Injection-Molded Battery Module End Plates:
Clamp-Load Distribution, Creep Resistance,
and Dimensional Stability
Engineering considerations for load transfer, long-term polymer behavior, and stable assembly interfaces

Scope and design premise. A battery module end plate helps define the mechanical boundary of a cell stack or
module assembly. Depending on the architecture, it may react stack compression, transfer load into tie rods or rails,
locate adjacent components, protect cell edges, provide electrical isolation, or form part of an enclosure. These
functions place different demands on the part, so the end plate must be specified as part of an assembly rather than
judged only by free-state dimensions or nominal material strength.

Some battery designs use metal end plates to carry the primary clamping load while molded polymer components act
as insulating covers, spacers, carriers, or local structural interfaces. Other designs may assign more substantial
load-bearing duties to engineered polymer components. The product name alone does not identify which
arrangement applies. The actual load path, cell format, fastening concept, and system requirements must be
confirmed from the approved design.
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Conceptual tie-rod-clamped arrangement only; actual module architectures vary.
Figure 1. Conceptual load path in one possible clamped module architecture. This illustration is explanatory and does not represent a specific
customer design.

The first engineering decision is functional: determine whether the molded part carries the primary stack reaction,
supports a local interface, or mainly locates and insulates adjacent components. A secondary interface can still be
critical. Creep at a fastener seat may reduce retained force; movement at a locator may shift a clearance; and
warpage at a contact face may create uneven pressure elsewhere in the assembly.

The part should not be selected by material strength alone. The required behavior depends on load
direction, contact geometry, service temperature, conditioning, fastening method, and the duration of
sustained load. No universal clamp load, allowable creep, polymer grade, or dimensional tolerance
applies to every battery module; those limits must come from the specific architecture, customer
drawing, and approved system validation requirements.
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1. Clamp-Load Distribution and the Structural Load Path
The load path matters more than nominal plate stiffness
Clamp load is a property of the complete joint, not a single dimension on the end plate. In a clamped cell stack,
retained force depends on the stiffness and dimensional variation of the cells, compression pads, end plates, tie rods
or rails, fasteners, and supporting structure. Cell swelling and thermal expansion can change the load history during
service. A component that appears sufficiently rigid in isolation may deform when the real joint constraints are
applied.

Map the load from the cell stack through the end plate and into the fastening or support system. The path should be
continuous and predictable. Broad contact faces need enough support to avoid local pressure peaks; fastener seats
must transfer preload without crushing or excessive embedment; and ribs or bosses should reinforce the intended
force path rather than simply add mass. Where a part is constrained at several points, the relative stiffness of those
supports determines how load is shared.

Global stiffness and local contact behavior are not the same. A plate may show limited overall bending while a thin
region around a fastener, insert, or locating feature undergoes significant local compression. Increasing wall thickness
in one area may shift deformation to an adjacent interface. Review the assembled geometry, support conditions,
fastener spacing, contact areas, and load direction together.

Fastener preload and local bearing stress
Fastener torque is not a direct measurement of clamp force. Thread and under-head friction, hardware finish,
assembly speed, and surface condition affect the relationship between applied torque and preload. Excessive torque
can damage a polymer boss or create local stress that accelerates creep; insufficient preload can permit joint slip or
separation. The fastening method should be defined and verified on representative hardware and parts rather than
copied from an unrelated assembly.

Illustrative joint section — not to scale

Fastener preload
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Figure 2. A simplified joint section shows how preload enters a molded polymer interface. Actual load distribution depends on the washer,
insert, contact geometry, support stiffness, and assembly sequence.

When polymer is directly compressed beneath a fastener or washer, inspect the bearing area, edge distance, local
wall support, and any insert-to-polymer interface. A metal insert can improve thread durability, but it does not
automatically correct a weak support path or excessive bearing stress in the surrounding polymer. If the molded part
only locates or insulates a metal end plate, confirm that it cannot become an unintended hard stop or take a load
meant to pass through the metal structure.

Measure the assembled state
Free-state inspection is useful for process control, but the assembled part is the correct reference when fastening,
pad compression, or support constraints can alter geometry. Where load sharing is uncertain, compare displacement
at the contact face, fastener region, and adjacent structure under a repeatable assembly condition. This helps
separate plate bending from joint settlement or local compression.
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2. Creep and Stress Relaxation Under Sustained Load
Polymers are viscoelastic, so their response depends on both load magnitude and duration. Creep is the increase in
deformation under sustained stress. Stress relaxation is the reduction in stress or retained force when deformation is
held approximately constant. The effects are related but not interchangeable, and both can matter in a battery
module joint.

How time-dependent deformation changes the joint
Creep can move a locating feature, increase compression beneath a fastener, or change the shape of a contact face
over time. Stress relaxation can reduce retained clamp force even when the assembly shows little visible dimensional
change. Either mechanism may alter local pressure, shift a clearance, change the position of an interface, or affect
the load carried by neighboring components. A short-term proof load is not enough to establish long-term reliability
when the design depends on sustained force or stable compressed geometry.

The difference matters when choosing a test. If a polymer part is loaded by a near-constant force, record its
deformation over time. If a joint constrains the part at an approximately fixed displacement, retained force or a
validated proxy is the more relevant response. In a real module, the boundary condition may be mixed: cell swelling
changes displacement while tie rods and fasteners constrain the assembly. The test fixture should reflect that
behavior closely enough to support the design decision.

Temperature, moisture, and reinforcement
Temperature is important because time-dependent deformation can accelerate as polymer temperature rises.
Moisture conditioning may also change stiffness and dimensional response in moisture-sensitive materials. The
relevant condition is not necessarily the dry, as-molded state measured immediately after production; it is the
condition expected during assembly and service. Test conditioning should therefore be defined before comparing
candidate materials or interpreting a force-retention result.

Reinforcement can improve stiffness, but it does not automatically guarantee low creep at every interface. A
reinforced grade may be stiff along the dominant flow direction and less resistant to deformation in a transverse
direction. Local bearing stress around a fastener can remain high even when bulk tensile or flexural data look
favorable. Fiber orientation, section geometry, temperature, and load direction must be considered together.

Material qualification should match the mechanism
For a load-bearing polymer feature, review creep or stress-relaxation data at service-relevant temperatures, stress
levels, conditioning states, and durations. Where a joint must retain force, measure force directly or use a validated
proxy during representative exposure. Where dimensional stability is the primary function, track displacement and
residual set at the functional datums. A generic percentage reduction in clamp force should not be assumed without
material-specific evidence and validation on the real joint.

The design decision is not simply to select the polymer with the highest short-term strength. It is to determine
whether the chosen material, section geometry, support arrangement, and fastening method retain the required
function over the intended service envelope. If available polymer data cannot support that conclusion, the
load-bearing concept or interface architecture may need to change.
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3. Dimensional Stability and Injection-Molding Effects
End-plate dimensions are influenced by material shrinkage, part geometry, molding history, conditioning, and
assembly constraints. The functional question is not whether every dimension matches nominal CAD immediately
after molding, but whether the critical interfaces remain acceptable in the state where the module uses them. This
may be after conditioning, after fastening, or after exposure to temperature and sustained load.

Datum strategy and tolerance stack
A useful datum scheme begins with the contact or seating face that establishes the end plate's position in the module.
Locating features, fastener patterns, and insulating clearances should then be controlled relative to those functional
references. Tolerances on isolated dimensions have limited value if the complete interface can still shift or distort in
assembly. Tolerance-stack analysis should include mating components, pad compression, fastener clearance, and
expected cell-stack variation.

The measurement state must be explicit. A hole pattern measured on a free molded part may shift after fastening; a
face that is flat after molding may bow when the joint is tightened. For moisture-sensitive grades, conditioning and
inspection temperature may materially affect fit. Record the relevant geometry both before and after assembly
whenever clamping can move a critical interface.

Gate, fiber orientation, and cooling
For reinforced polymers, flow-induced fiber orientation can produce anisotropic shrinkage. A gate arrangement that
gives acceptable filling may still create a directional shrinkage pattern that pulls a broad face, changes the position of
a hole pattern, or bends a ribbed region. Uneven wall thickness, heavy bosses, abrupt transitions, and unbalanced
cooling can add residual stress or local distortion. A material change alone may not solve the problem if the gate,
cooling layout, or support geometry continues to drive the same deformation.

Mold design should protect functional faces and features. Gate position and flow direction need to be reviewed
against the locations where flatness, hole position, or local stiffness matter. Ribs should support the intended load
path without creating unnecessarily heavy sections. Cooling should be balanced around relevant faces and bosses,
and ejection should avoid imposing loads that permanently distort a warm part. If the component uses an overmolded
insert, both insert location and retention must remain stable after molding and thermal exposure.

When molding alone cannot hold the interface
A functional gauge can reveal assembly interference, but it should not replace measurements that identify which
feature causes the problem. If a critical interface cannot be held robustly by molding alone, possible responses
include revising the gate or cooling concept, changing local geometry, using a qualified insert, or finish-machining a
defined feature. Any secondary operation must preserve the datum chain and be revalidated after changes to
material, mold, insert, or fastening process.
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4. Failure Mechanisms and Root-Cause Diagnosis
A loss of retained clamp force should not automatically be blamed on the polymer grade. The joint may be settling, a
washer or insert may be embedding, a fastener may be loosening, or another component in the stack may be
changing dimension. Conversely, increasing torque may temporarily conceal a creep problem while raising local
stress and creating a different failure mode. Diagnosis should separate force retention, part deformation, hardware
movement, and changes elsewhere in the assembly.

Distortion, local damage, and interface movement
If the end plate bows or a contact face loses flatness, compare the deformation pattern with support points and the
actual load direction. A broad, smooth distortion may indicate insufficient section stiffness or uneven support;
localized deformation near a fastener may point to bearing stress or a poorly supported boss. A hole or locator that
shifts after conditioning should be measured relative to the functional datum, not treated as an isolated feature.

Cracking around a fastener or insert can result from high local bearing stress, sharp geometric transitions, excessive
installation preload, insufficient edge distance, a local molding defect, or an unsuitable conditioned material state.
The fracture origin and surrounding deformation are more informative than the final crack alone. A change to the
resin will not reliably fix a joint whose load path concentrates stress at the same thin wall or boss root.

A disciplined root-cause example
Consider an illustrative case in which a molded interface initially assembles correctly but later shows reduced
retention and a growing gap. Replacing the polymer immediately would be premature. The investigation should first
determine whether the gap comes from local creep beneath the fastener, joint settlement, movement of the metal
support, or a tolerance stack that leaves insufficient compression margin.

If measurements identify polymer deformation at a bearing surface, the response may involve a larger supported
contact area, a revised insert or washer arrangement, lower sustained stress, a different grade, or a change in which
component carries the load. If the movement is instead concentrated at the metal-to-metal joint or in another part of
the stack, changing the polymer could add cost without addressing the cause. This is a general engineering scenario,
not a reported TechInherit customer result.

Preserve the as-received assembly and document its age, service history, environmental exposure, fastening method,
and known load changes. Where safe and feasible, record initial geometry and retained force or a validated proxy
before disassembly. Inspect contact marks, fasteners, inserts, fracture surfaces, and mating components; then repeat
measurements after a controlled load or conditioning sequence. Change one suspected factor at a time so that the
effect can be attributed to a cause.

Battery modules may involve stored electrical energy and safety-critical mechanical constraints. Any load,
environmental, or electrical testing must follow the approved system procedure and use suitable laboratory fixtures.
An improvised test on an energized module is not a substitute for controlled validation.
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5. Validation and Production Design Release
Validation should connect the end plate's design intent to the assembled module's functional requirements. The test
plan depends on the actual architecture: a polymer component that carries primary load requires different evidence
from a molded insulating cover fitted to a metal end plate. In either case, the approved drawing and system
specification must define acceptance limits, conditioning, sample plan, and exposure sequence.

First article and assembled fit
Begin with dimensional first-article inspection of functional datums, contact faces, hole or slot positions, and any
clearance or insulation features. Record the cavity, material lot, conditioning state, and measurement method. Build
representative assemblies using the intended mating parts and fastening sequence, then confirm seating, alignment,
and assembled clearances. If the joint relies on preload, the assembly method and its repeatability must be
established rather than inferred from nominal torque alone.

The inspection method must expose the mechanism being controlled. A single overall dimension may miss local
bowing; a two-point measurement may not reveal a distorted hole or contact face. Use datums that reproduce the
actual assembly location, and record where measurements were taken so that parts from different cavities or
production lots can be compared consistently.

Long-term and environmental validation
For sustained-load applications, evaluate creep and force retention over a duration and temperature profile derived
from intended service. The measurement should distinguish deformation of the molded part from settling or
movement elsewhere in the joint. Where thermal cycling, moisture exposure, vibration, or chemical contact is
relevant, repeat critical dimensional and functional checks after the specified exposure. Electrical insulation and
clearance verification should be included when those functions belong to the molded component or its interface.

A passing test on one sample does not demonstrate production consistency. Representative parts from the intended
tooling should be assessed across relevant cavities and production lots. Process records should be traceable to
dimensional results so a recurring shift can be linked to material condition, gate or cooling changes, packing
conditions, or cavity-specific variation. The agreed validation plan should state what constitutes unacceptable
permanent set, loss of retention, clearance reduction, cracking, or functional change.

Production release
The drawing and control plan should identify the approved material and conditioning assumptions, functional datums,
critical interface dimensions, hardware or insert details, assembly sequence, and required post-exposure checks.
Avoid unnecessarily tight tolerances on features that do not affect function, but do not leave load-bearing or
insulation-critical relationships undefined. Any change to resin grade, reinforcement, insert, mold, gate, or fastening
process should trigger a review of the original validation evidence.

Engineering conclusion. Reliable battery module end plates require a clear definition of the structural load path, an
understanding of long-term polymer behavior, and control of the interfaces that govern assembly and retention.
Clamp-load distribution, creep, stress relaxation, shrinkage, and warpage cannot be evaluated independently: each
can change how force travels through the complete module. The most effective approach is to identify the actual
function of the molded part, assess it in the assembled state, and validate the relevant dimensions and retained
performance under service-representative conditions.

Production sign-off: release should be supported by an approved drawing revision, representative molded
parts and hardware, documented assembly conditions, accepted measurement methods, and a validation
record tied to the component's real function.



