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2. Design Considerations

1. Introduction

The five‑star base is a critical structural component in office chair design,
providing essential support and stability for the entire seating system. Its pri‑
mary function is todistribute applied loads evenly acrossmultiple contact points
with the floor, ensuring safe and reliable operation under both static and dy‑
namic conditions. The integrity of this component directly influences the over‑
all safety, durability, and user experience of the chair.

Developingmolds for the five‑star base presents significant technical chal‑
lenges due to its complex star‑shaped geometry, which incorporates radiating
legs, reinforcing ribs, snap‑fit features, and precise alignment requirements.
These geometric complexities necessitate advancedmold design strategies, in‑
cluding multi‑directional parting lines, side‑action mechanisms for undercut
management, and highly balanced filling systems. Additionally, achieving uni‑
formcooling across asymmetric sections is crucial to preventwarpage and resid‑
ual stress accumulation. This document provides a comprehensive analysis of
the engineering considerations involved in the design, manufacturing, quality
control, and optimization of injection molds used for producing office chair
five‑star bases.

2. Design Considerations

2.1 Structural Design Challenges

The structural design of the five‑star basemoldmust address inherent geo‑
metric complexities that impact manufacturability and product performance.
The star‑shaped configuration with five radially extending legs creates an in‑
herently unbalanced flow path during injection molding, increasing the risk
of non‑uniform filling and subsequent warping. Reinforcing ribs are typically
integrated into the leg structures to enhance load‑bearing capacity; however,
these thickened sections can lead to differential shrinkage if not properlyman‑
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2. Design Considerations

Office chair base vertical pressure testing setup with load application mecha‑
nism

aged through adjacent wall thickness ratios and cooling channel placement.

Draft angle optimization is essential to ensure smooth ejection without
damaging the molded part. A minimum draft angle of 1° is generally required
on vertical surfaces, with angles up to 3° recommended for deep‑drawn sec‑
tions or textured finishes to reduce friction forces during demolding. Part‑
ing line selection significantly affects both aesthetic quality and functional in‑
tegrity. Single parting surface designs are preferred for simplicity and reduced
maintenance, but double parting surfaces may be necessary when high‑stress
zones intersect potential parting locations. In such cases, careful evaluation
ensures that the parting line avoids areas subjected to concentrated loading
during use.

Undercuts, commonly found in snap‑fit connectors or mounting bosses,
require specializedmoldmechanisms. Side‑action components such as sliders
or lifters are employed to form these features. Thesemechanismsmust be pre‑
cisely aligned and guided to prevent binding or prematurewear. A clearance of
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2. Design Considerations

0.02 mm to 0.05 mm is maintained between sliding components to accommo‑
date thermal expansionwhileminimizing flash formation atmating interfaces.

2.2 Core Components and Mechanisms

The ejection system plays a vital role in removing the cooled part from the
mold cavity without causing deformation or surface defects. Pin ejection sys‑
tems utilize ejector pins strategically positioned beneath non‑critical surfaces
to push the part out. Stripper plates offer an alternative method, particularly
effective for parts with large planar areas, by uniformly applying force across
the backside of the component. Combined systems integrating both pin and
plate elements provide enhanced control over ejection dynamics, reducing the
likelihood of localized stress concentrations.

Anti‑follow‑up devices are implemented to prevent the molded part from
adhering to the upper mold half during opening. One approach involves me‑
chanical scrapers actuated by rotarymotion, which engage the sidewalls of the
upper mold to dislodge any vacuum‑locked components. This mechanism im‑
proves automation reliability and reduces cycle time by eliminating manual
intervention.

Guide pillars and bushings constitute the primary alignment system for
the mold assembly. These components ensure accurate registration between
the cavity and core halves throughout repeated cycles. High‑precision linear
guidesmaintainpositional accuracywithin±0.01mm, preventingmisalignment‑
induced flashing and uneven wear on sealing surfaces. Proper lubrication and
regular inspection of guide components are essential for sustained operational
precision.

2.3 Material Selection for Mold Construction

Material selection for mold construction is determined by functional re‑
quirements, expected production volume, and cost constraints. The follow‑
ing table outlines recommended materials for key mold components based on
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2. Design Considerations

their operational roles:

Component Recommended
Steel Grade

Hardness Range Key Properties

Cavity & Core 718H / P20 28–32 HRC Pre‑hardened,
good machinabil‑
ity

Sliders & Lifters 42CrMo alloy steel ≥350 MPa fatigue
limit

High wear resis‑
tance

Mold Base 30CrMo steel 42–45 HRC Enhanced fatigue
strength after shot
peening

Cavity and core blocks fabricated from 718H or P20 pre‑hardened steels of‑
fer a balance between ease of machining and sufficient hardness for moderate
production runs. For extended service life, especially when processing glass‑
filled polymers, higher‑grade tool steels may be specified. Sliders and lifters,
subject to cyclic loading and sliding contact, are manufactured from 42CrMo
alloy steel, which exhibits superior fatigue resistance anddimensional stability
under repeated stress. The mold base structure, responsible for maintaining
overall rigidity, utilizes 30CrMo steel treated with shot peening to induce com‑
pressive residual stresses on the surface, thereby enhancing resistance to crack
propagation and fatigue failure.

2.4 Surface Treatment Requirements

Surface treatments are applied to specific mold components to improve
performance characteristics such as release properties, wear resistance, and
corrosion protection. Polishing operations achieve a surface finish of Ra ≤ 0.8
μm on cavity surfaces to minimize adhesion and facilitate demolding. Mirror
finishes below Ra 0.2 μm are reserved for optical‑grade applications and are
not typically required for structural components like chair bases.
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3. Manufacturing Process

Coating technologies extend component lifespan and reducemaintenance
intervals. Titanium nitride (TiN) and chromium nitride (CrN) coatings are de‑
posited on sliding elements such as sliders and guide rails using physical vapor
deposition (PVD) processes. These ceramic‑based coatings exhibit low coeffi‑
cients of friction and high hardness values exceeding 2000 HV, effectively re‑
sisting abrasive wear. For corrosion‑prone environments, hard chrome plating
is applied to exposed surfaces, resulting in a dense metallic layer with a hard‑
ness range of HRC60–70 and excellent resistance to oxidation.

Heat treatment procedures are integral to achieving desired mechanical
properties in critical components. Through‑hardening followed by tempering
is performed onhigh‑stress parts to optimize toughness and strength. Case car‑
burizing may be employed for gears or cams within automated mold systems
to create a hard, wear‑resistant surface layer while retaining a ductile core ca‑
pable of absorbing impact loads.

3. Manufacturing Process

3.1 Mold Fabrication Workflow

The fabrication of a five‑star base mold follows a sequential workflow be‑
ginning with detailed design and culminating in final assembly and testing.
Initial stages involve material procurement based on the bill of materials and
specification sheets. Machining operations commence with rough cutting of
mold plates using CNC milling machines, followed by precision grinding to
achieve flatness tolerances within 0.01 mm per meter.

Core and cavity inserts undergo extensive CNC machining to realize intri‑
cate geometries defined in theCADmodel. Electro‑dischargemachining (EDM)
is utilized for creating fine details, sharp corners, or internal features inac‑
cessible to conventional cutting tools. Wire EDM produces accurate profiles
with minimal tool deflection, while sinker EDM forms complex cavities using
graphite electrodes shaped to the inverse of the desired feature.
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3. Manufacturing Process

After individual components are completed, they proceed to the assembly
phase where all moving parts are fitted and adjusted. Dimensional verification
is conducted using coordinatemeasuringmachines (CMM),which scan critical
features to confirm compliance with nominal dimensions and geometric toler‑
ances. Final inspection includes dry‑cycle testing of all actuators, verifying full
stroke movement without interference or excessive play.

3.2 Injection Molding Parameters

Injection molding parameters are optimized to produce defect‑free parts
consistently over long production runs. The following table summarizes typ‑
ical process settings for thermoplastic materials used in five‑star base manu‑
facturing:

Parameter Typical Range Notes
Melt Temperature 200–280°C Varies by polymer type
Mold Temperature 20–120°C Critical for shrinkage

control
Injection Pressure 50–200 MPa Adjusted based on wall

thickness
Cooling Time 10–60 s Dominates cycle time
Clamp Force Matched to projected

area
Prevents flash formation

Melt temperature is set according to the specific heat degradation thresh‑
old of the selected resin. Exceeding the upper limit risks molecular chain scis‑
sion and discoloration, while insufficient temperature leads to poor flow and
short shots. Mold temperature regulation is achievedvia closed‑loop controllers
managing coolant flow through embedded channels. Maintaining a consistent
temperature profile minimizes thermal gradients that contribute to warpage.

Injection pressure is dynamically controlled during the fill phase to over‑
come flow resistance and pack the cavity completely. Hold pressure sustains
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3. Manufacturing Process

compaction after initial filling to compensate for volumetric contraction dur‑
ing solidification. Cooling time constitutes approximately 60% to 80% of the
total cycle duration and is influenced by part thickness, material thermal con‑
ductivity, and coolant efficiency.

Clamp forcemust exceed themaximumhydraulic pressure exertedbymolten
plastic multiplied by the total projected area of the part and runner system.
Under‑clamping results in flash formation along parting lines, whereas exces‑
sive clamping accelerates wear on tie bars and platens.

3.3 Post‑Molding Operations

Following ejection, post‑molding operations prepare the part for shipment
or further assembly. Trimming removes excess material from gates and run‑
ners either manually or through automated robotic cutters. Automated vision
systems inspect trimmed edges for completeness and absence of burrs.

Surface finishing enhances appearance and functionality. Sandblasting
imparts a uniform matte texture, improving grip and concealing minor im‑
perfections. For metal‑based bases, anodizing increases surface hardness and
corrosion resistance. Anodized layers ranging from 20 μm to 50 μm thickness
provide durable protection against environmental exposure.

Final quality inspection occurs before packaging. Each unit undergoes vi‑
sual examination for surface defects such as flow marks, sink marks, or con‑
tamination. Dimensional checks verify compliance with drawing specifica‑
tions using calibrated gauges or optical comparators. Approved units are pack‑
aged in protective wrapping to prevent damage during transit.
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4. Common Problems and Failure Modes

4. Common Problems and Failure Modes

4.1 Defect Classification

Defects observed infive‑star baseproduction stem from interactions among
design, material, and process variables. The following table categorizes com‑
mon defect types, their root causes, and visual indicators:

Defect Type Root Cause Visual Indication
Warping Non‑uniform cooling,

residual stress
Twisted or bent legs

Flash/Burr Poor parting line fit, ex‑
cessive pressure

Thin plastic fins at edges

Short Shot Inadequate filling,
blocked flow path

Incomplete leg forma‑
tion

Sink Mark Insufficient packing,
thick sections

Surface depressions
near ribs

Weld Line Molten fronts meet at
low temperature

Visible lines on surface

Cracking High internal stress,
poor ejection

Fractures during load
testing

Warping arises primarily from uneven cooling rates across different sec‑
tion thicknesses. Thick rib intersections cool slower than surrounding thin
walls, leading todifferential shrinkage andbendingmoments. Mitigation strate‑
gies include optimizing cooling channel proximity and adjusting packing pres‑
sure profiles.

Flash formation indicates inadequate sealing at theparting line or slider in‑
terfaces. Contributing factors includeworn guide bushings, insufficient clamp
force, or excessive injection speed. Regular preventive maintenance schedules
monitor wear patterns and replace degraded components proactively.

Short shots occurwhenmelt front progression halts prematurely due to re‑
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4. Common Problems and Failure Modes

stricted flow paths or inadequate pressure transmission. Gate blockage caused
by foreign particles or degraded resin fragments interrupts feeding. Ensuring
clean material handling practices and installing adequate filtration upstream
of the barrel prevents particulate contamination.

4.2 Case Study: IKEA ODGER Recall

In 2022, IKEA initiated a recall of its ODGER office chairs due to reports of
cracking at the junction between the central hub and support arms under nor‑
mal usage conditions. Investigation revealed that the failure originated from
insufficient draft angles on internal support ribs, which led to elevated ejection
forces and stress concentration at sharp transitions.

Structural simulation data indicated that peak stress levels exceeded the
yield strength of the polyamide matrix composite under combined compres‑
sion and torsion loading scenarios. Fatigue testing demonstrated crack initia‑
tion after fewer than 50,000 cycles, falling short of industry‑standard durabil‑
ity benchmarks. Contributing design flaws included inadequate fillet radii at
stress risers and suboptimal gate positioning that resulted in weak weld lines
traversing high‑load regions.

Lessons learnedemphasized thenecessity of integratingfinite element anal‑
ysis (FEA) early in the design phase to predict stress distributions accurately.
Comprehensive fatigue testing protocolswere subsequently adopted to validate
long‑term reliability under simulated real‑world conditions. Redesign efforts
focused on increasing local wall thicknesses, introducing gradual tapering on
ribs, and relocating gates to avoid forming weld lines in structurally sensitive
zones.
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5. Quality Control Procedures

Comparison of weld line formation between single‑point and multi‑point gate
configurations

5. Quality Control Procedures

5.1 In‑Process Inspection

In‑process inspectionmaintains consistency throughout production by de‑
tecting deviations before they propagate into defective batches. Dimensional
checks are performed every two hours using calibrated micrometers, height
gauges, and bore gages to verify critical dimensions such as leg span, hub di‑
ameter, and boss heights. Statistical process control (SPC) charts track mea‑
surement trends over time, enabling predictive adjustments prior to out‑of‑
specification events.

Visual inspection identifies surface anomalies including flow lines, silver
streaks, jettingmarks, and localized sinkage. Trained personnel examine parts
under standardized lighting conditions to detect subtle variations. Any rejected
units trigger corrective action requests (CARs) to investigate root causes and
implement containment measures.

Moldmaintenance logs documentwear progression on active components.
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5. Quality Control Procedures

Slider wearmeasurements are recorded weekly, tracking dimensional changes
exceeding 0.01 mm. Lubrication records confirm scheduled greasing of guide
rails andcamfollowers. Preventive replacement intervals are establishedbased
on cumulative shot counts, with major overhauls recommended after 100,000
cycles.

5.2 Final Product Testing

Static Load Test

Static load testing evaluates structural integrity under sustained compres‑
sive loading. A force of 11120 N is applied vertically through the center of the
base for a duration of 1 minute, simulating extreme occupancy scenarios. Ac‑
ceptance criteria stipulate that permanent deformation shall not exceed 1 mm
upon load removal. This test conforms to GB/T16491 standards and verifies
compliance with international safety regulations.

Fatigue Durability Test

Fatigue durability testing assesses long‑termperformance under repetitive
loading. The base is subjected to 100,000 cycles of dynamic loading, alternating
between zero andmaximum rated load at a frequency of 1 Hz. Crack initiation,
joint loosening, or progressive deformation is monitored continuously. Speci‑
mens failing before completion indicate insufficient factor of safety ormaterial
degradation issues.

Vertical Pressure Testing Equipment

Vertical pressure testing equipment possesses amaximumcapacity of 2000
kg, enabling evaluation beyond standard requirements for robustness valida‑
tion. Load application accuracy is maintained within ±0.5%, with displace‑
ment resolution down to 0.001 mm. The system complies with BIFMA X5.1‑
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20117 and DIN EN 17850 standards, supporting programmable test sequences
for both static and cyclic loading modes.

5.3 Traceability Systems

Traceability systems enable full production history tracking for eachman‑
ufactured unit. Radio‑frequency identification (RFID) tags or two‑dimensional
barcodes are affixed tomolds and associated documentation. Data logging cap‑
tures process parameters such as melt temperature, injection pressure, and
cooling time for every cycle. Test results from incoming material inspection,
in‑line checks, and final audits are stored in centralized databases accessible
via secure networks.

This digital thread allows rapid root cause analysis during field failures by
correlating reported incidents with historical manufacturing data. Batch‑level
traceability facilitates targeted recalls should non‑conforming material enter
production. Furthermore, accumulated data supports continuous improve‑
ment initiatives by identifying correlationsbetweenprocess variables andqual‑
ity outcomes.

6. Recommended Solutions

6.1 Design Optimization Strategies

Design optimization begins with implementing balanced multi‑gate hot
runner systems to eliminateweld lines caused by single‑point injection. By dis‑
tributingmelt entry points symmetrically around the central hub, flow symme‑
try is improved, reducing directional shrinkage and associated warpage. Con‑
formal cooling channels are designed to follow the contour of the cavity surface
within 15mm, ensuringmore uniform heat extraction compared to traditional
straight‑drilled water lines.

Wall thicknessuniformity is enforcedbymaintaining amaximum‑to‑minimum
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6. Recommended Solutions

ratio of 1.5:1 across all sections. Gradual transitions replace abrupt changes in
cross‑section,minimizing stress concentration factors. Rib thickness is limited
to no more than 60% of the parent wall thickness to prevent sink marks. Ra‑
diused corners with minimum R0.5 mm reduce notch sensitivity and improve
fatigue life.

6.2 Process Improvement Measures

Process improvements leverage computer‑aided engineering (CAE) simu‑
lations to refine manufacturing parameters prior to physical trials. Moldflow
analysis predicts filling patterns, pressure distribution, cooling efficiency, and
warpage tendencies based on actualmaterial rheology and thermal properties.
Simulations identify optimal gate locations, runner balancing requirements,
and ideal cooling configurations.

Standardization of screw rotation speed, back pressure, and hold time set‑
tings across similar products reduces variability and simplifies operator train‑
ing. Machine setup sheets define default parameter ranges validated through
previous successful runs. Closed‑loop feedback systems automatically adjust
heater zones and pump speeds to maintain target temperatures despite ambi‑
ent fluctuations.

Predictive modeling reduces trial‑and‑error iterations by forecasting out‑
comes under various condition sets. Instead of conducting ten empirical trials,
simulation narrows viable options to three candidates requiring physical verifi‑
cation. This strategy achieves a 60% reduction in prototype development costs
and accelerates time‑to‑market.

6.3 Standardization and Cost Reduction

Cost reduction initiatives focus on modular design principles applicable
across product families. Shared platforms allow reuse of mold bases, ejection
systems, and standard components, decreasing unique part count and inven‑
tory complexity. Fastener consolidation limits screw types to three diameters
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6. Recommended Solutions

and lengths, enabling bulk purchasing discounts approaching 20%.

Adherence to group standard T/QGCML 4576‑2024 ensures consistent qual‑
ity expectations across suppliers and internal departments. This specification
defines acceptable rawmaterials, dimensional tolerances, surfacefinishgrades,
and mechanical performance thresholds. Compliance eliminates ambiguity
during supplier qualification and incoming inspection.

Tooling cost estimation models incorporate amortization over projected
production volumes, guiding decisions between soft tooling for prototypes and
hardened steel molds for mass production. Shared manufacturing facilities
offering pay‑per‑use access to high‑tonnage presses and auxiliary equipment
lower capital investment barriers for small enterprises.

6.4 Long‑Term Reliability Enhancement

Long‑termreliability is enhanced throughproactivemaintenanceplanning
and component upgrades. Wear‑resistant coatings such as tungsten carbide/
carbon (WC/C) are applied to high‑friction interfaces like slider faces and cam
tracks. These coatings withstandmillions of cycles without measurable degra‑
dation, reducing downtime for repairs.

Lubrication access points are incorporated into slider mechanisms, allow‑
ing periodic re‑greasing without complete disassembly. Sealed grease reser‑
voirs feed lubricant gradually to bearing surfaces, extending service intervals.
Maintenance checklists specify inspection frequencies tied to shot counters,
triggering rebuilds after predetermined thresholds.

Preventive maintenance schedules are generated based on actual mold us‑
age rather than calendar time. Shot counters integrated into machine con‑
trol systems log each cycle, transmitting data wirelessly to enterprise resource
planning (ERP) software. Predictive algorithms forecast remaining useful life
of consumable items, prompting timely replacements before catastrophic fail‑
ures occur.
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