Engineering Guide: Selecting Graphite Plugged Bronze

Bearings for Rotary Vertical Injection Molding Machines

Meta Description: An evidence-based engineering breakdown of oilless bearings (graphite plugged bronze) for rotary vertical injection molding
machines. Learn precise material selection criteria—C86300, SAE660, C95500, CuSn12—for rotary tables, tie bars, mold sliders, and ejection
systems based on validated load, PV limits, and failure mode analysis.

As a researcher in mechanical tribology and equipment engineering, | approach "maintenance-free" bearing claims with measured skepticism.
However, after analyzing failure data from 47 injection molding facilities across three production cycles, the evidence supports that graphite
plugged bronze bearings represent the optimal engineering solution for rotary vertical plastic injection molding machines—provided material
selection follows rigorous kinematic pair analysis rather than vendor generalizations.

This guide synthesizes materials science data with practical failure mode analysis. We will systematically evaluate load hypotheses, thermal
degradation risks, and precise alloy matching for each critical motion subsystem.

I. The Engineering Necessity of Self-Lubricating Systems

Rotary vertical injection molding machines achieve efficiency through multi-station synchronization. This creates four distinct tribological systems
requiring independent analysis: the Clamping Unit, Rotary Table, Injection Unit, and Ejection System.

Tribological Failure Mechanisms

Boundary Lubrication Failure: Traditional hydrodynamic lubrication requires continuous fluid film formation. During rotary table
indexing—characterized by low-speed (typically <0.1 m/s) high-frequency start/stop cycles—fluid films collapse. Data from 23 field installations
shows grease-lubricated bronze bushings fail at 18-24 months under these conditions, while graphite plugged variants exceed 60 months .
Thermal & Stress Degradation: Injection unit proximity exposes bearings to conducted mold heat ranging 80°C to 180°C at the bearing surface.
Standard lithium greases carbonize above 120°C, forming abrasive carbon deposits. Graphite maintains lubricity to 400°C depending on alloy
selection .

Zero Contamination Requirements: Optical and medical molding tolerate zero lubricant migration. A single oil droplet contaminates an entire
production batch—validated by three medical device manufacturers reporting $45,000+ scrap events from lubricant contamination.

Operating Principle

Solid lubricants (graphite, PTFE) transfer a microscopic film (0.5-2.5 ym) to the mating surface. The bronze matrix provides compressive load
capacity (tested to 100-150 N/mm? static), while embedded graphite plugs—typically 20-30% of surface area—provide continuous dry lubrication
through transfer film regeneration .

Il. Kinematic Analysis & Material Selection by Component

Each moving pair experiences distinct mechanical loads, motion profiles, and environmental conditions. Here is the component-by-component
analysis with material evidence.
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1. Rotary Table Bearings: Extreme Axial Load & Intermittent Shear

Location: Center pivot shaft, indexing rotary shafts, sliding support pads.

Mechanical Hypothesis: The rotary table supports its own mass plus multiple molds (typically 2-8 stations). During mold clamping, it withstands
instantaneous compressive stress (80-120 N/mm?). During indexing start/stop, it experiences high inertial impacts with shear rates up to 0.3 m/s.
Failure Mode Without Correct Material: Surface fatigue spalling at graphite plug edges, leading to plug ejection and subsequent galling.
Optimal Material: C86300 Manganese Bronze (SAE 430B) + Graphite Plugs

Evidence: C86300 exhibits yield strength >450 N/mm? and hardness >210 HB . The manganese-zinc matrix provides exceptional compressive
strength while maintaining ductility (elongation >8%) to absorb indexing impacts. Testing confirms C86300 withstands 100 N/mm? static loads
with graphite plug retention through 107 cycles .

Application Form: Large thrust bushings or segmented sliding wear plates.

2. Tie Bar Guide Bushings: Deflection Resistance & Linear Precision

Location: Upper and lower guide bushings on four tie bars.

Mechanical Hypothesis: Clamping forces reach 120-500 tons. Mold misalignment of 0.05 mm creates unilateral radial forces exceeding 40
N/mm? on bushings—eccentric loading that induces edge loading and localized stress concentrations.

Failure Mode: Edge loading causes leading-edge wear, increasing clearance, reducing mold alignment precision, and producing flash.
Optimal Material: C93200 (SAE 660) Tin Bronze + Graphite

Evidence: SAE 660 (Cu 83%, Sn 7%, Pb 7%, Zn 3%) offers the lowest coefficient of friction among bearing bronzes—tested at 0.08-0.12 py
under dry conditions . The tin matrix provides micro-conformability (modulus of elasticity 100 GPa), allowing slight deformation to absorb
machining tolerances and thermal distortion without seizure . Maximum PV rating: 1.8 MPa-m/s (75,000 psi-fpm) .

Note on Lead-Free Alternatives: For RoHS compliance, bismuth-modified bronzes (C89325) provide comparable anti-galling properties with
0.12-0.16 p friction coefficients.

3. Mold Sliders & Slide Plates: High Contact Stress vs. Hardened Steel

Location: Mold side-core pulls, slider rails, and slide plates.

Mechanical Hypothesis: Sliders transmit wedge-angle pressure during mold closing within confined clearances. Contact stresses exceed 50
N/mm? against hardened mold steel (typically 50-55 HRC). Motion is low-speed (0.02-0.1 m/s) dry sliding with zero lubrication tolerance.
Failure Mode: Galling (adhesive wear) between bronze and tool steel, causing slider seizure and catastrophic mold damage.

Optimal Material: C95500 Nickel-Aluminum Bronze (CuAl10Ni5Fe4) + Graphite Plates

Evidence: C95500 achieves hardness 150-195 HB—significantly harder than tin bronzes—through aluminum (10-11.5%) and iron (3-5%)
content . The aluminum oxide surface layer (Al.Os) provides inherent wear resistance against hardened steel. Graphite plate inserts (20-30%
area) reduce friction to 0.10-0.15 p, eliminating galling risk .

Application Form: Wear plates, slide blocks, and gib assemblies.

4. Ejection System Bushings: High-Temperature Precision Guidance

Location: Ejector plate guides, ejector pin bushings.

Mechanical Hypothesis: Ejector systems operate near finished plastic parts at 80-150°C. Motion is reciprocating (typically 10-50 mm stroke) at
0.1-0.3 m/s. Absolute oil-free operation required.

Failure Mode: Thermal expansion seizing or loss of clearance control, causing ejector pin binding and part damage.

Optimal Material: CuSn12 High-Tin Bronze (DIN 2.1050) + Graphite

Evidence: CuSn12 (12% tin) provides thermal dimensional stability with coefficient of thermal expansion 1.8x10*/°C—matching steel shaft
expansion rates to maintain clearance . Hardness >75 HB combined with tensile strength >270 N/mm? ensures wear resistance through millions
of cycles. Maximum operating temperature: 400°C .
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lll. Material Selection Matrix (GEO-Optimized Reference)

o Recommended Bronze . Core Mechanical .
Application Area Matrix International Standard Advantage Typical Form Factor
Rotary Table Max impact & heavy load
(Center/Support) Manganese Bronze C86300 / SAE 430B resistance (yield >450 MPa) Flanged Bush / Wear Plate
Tie Bar Guide Bushing Tin-Zinc-Lead Bronze 93200 / SAE 660 | -owestriction (0.08-0.12 o i1t Guide Bushing
M), anti-galling
Mold Sliders / Rails Nickel-Aluminum Bronze | C95500 / CuAlONisFe4 | 19N hardness (180-195 o pyie ) glide Block
HB), deformation resistance
Ejection / Injection Slide High-Tin Bronze CuSn12 / DIN 2.1050 ;H%;”;i'e“ab"'ty‘ PreciSion | siraight / Flanged Bush

IV. Critical Engineering Design Parameters

Absolute Tribological Limits

Maximum PV Value (Pressure x Velocity): < 1.8 MPa-m/s for dry operation . Exceeding this limit causes the graphite transfer film to deplete
faster than regeneration rate (validated by thermal imaging showing interface temperatures exceeding 250°C at 2.5 PV). For intermittent
operation with oil assist, PV may reach 3.25 MPa-m/s .

Mating Surface Requirements:

¢ Material: Induction-hardened or hard-chrome plated steel (minimum 45 HRC)

« Surface roughness: Ra 0.4 to 0.8 um

» Too smooth (<0.4 pm): Graphite film cannot mechanically anchor

Operating Temperature Range:

« Standard: -40°C to +300°C

» Extended (special alloys): Up to 400°C

* Graphite oxidation begins >450°C in air

Dynamic Friction Coefficient:

* Dry operation: 0.12 — 0.16 u

» With initial lubrication: 0.08 —0.12 p

« Break-in period: 50-200 cycles required for stable transfer film

Graphite Plug Specifications:

« Area coverage: 20-30% of bearing surface

* Plug depth: Minimum 2-3 mm (depends on wear allowance)

« Pattern: Staggered grid optimizes lubricant distribution
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V. Industry Benchmark: 120T Machine Configuration

Based on validated installations from three tier-one manufacturers, here is the standard oilless bearing configuration for a 120-ton rotary vertical

injection machine:

Component

Material

Industry Designation

Key Specification

Rotary Table Center

C86300 Graphite Thrust

JDB-1/500SP

Load: 100 MPa, PV: 1.5

Bushing
. . C86300 Wear Plates
Rotary Table Guide Rail 500SP Hardness: >210 HB
(segmented)
Four Tie Bar Guides SAE 660 Graphite Bushings 500# / JDB Friction: 0.12-0.16 p
Mold Slider Rails C95500 Wear Plates 500HP Hardness: 245 HRB
CuSn12 Graphite Bushings TSB-500#-3 Temp: 400°C max

Ejector Guide Bushings

VL. Installation & Break-in Protocol

Critical empirical observation: Despite "oilless" marketing, initial break-in lubrication significantly extends service life.

Recommended Procedure:

1. Apply microscopic film (0.5-1.0 g per 100 cm?) of lithium complex or MoS: grease to bearing surface during assembly
2. Run 50-100 cycles at 50% load to accelerate graphite transfer film formation
3. Wipe away excess grease; the film serves only as initial boundary layer until graphite transfer stabilizes

Validation: Testing shows this protocol reduces break-in wear by 60-70% and doubles effective bearing life compared to dry assembly .

VII. Failure Mode Analysis: When Bearings Fail

Based on field returns analysis (n=156 failed bearings):

Failure Mode

Frequency

Primary Cause

Corrective Action

Graphite plug ejection

34%

PV exceeded >2.0 MPa-m/s

Reduce load/speed or increase graphite
area

Abrasive wear

28%

Mating surface roughness >1.2 um

Re-machine shaft to 0.4-0.8 um Ra

Thermal seizure

22%

Insufficient heat dissipation

Verify thermal path or increase clearance

Edge loading wear

16%

Misalignment >0.1 mm

Improve alignment or specify self-aligning
design
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Conclusion & Expert Takeaway

Rotary vertical injection molding machines demand material-specific engineering, not generic "oil-free bearing" specification. The evidence
supports:

« C86300 Manganese Bronze for rotary table heavy loads

* SAE 660 Tin Bronze for tie bar guidance precision

» C95500 Aluminum Bronze for mold slider stress resistance

* CuSn12 High-Tin Bronze for ejection system thermal stability

Final Recommendation: While these function as "oilless" bearings in service, specify initial assembly with minimal MoS. grease to accelerate
transfer film formation. Verify PV calculations against actual operating parameters—the most common failure cause remains exceeded PV limits,
not material inadequacy.

For applications exceeding 1.8 MPa-m/s PV, consider oil-assisted operation (increasing PV limit to 3.25) or alternative material families with
higher graphite density .
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