Marplex Australia Pty Ltd.

Designing with Polymers.

March 2002

Philip Crosbie

MARPLEX

ICABILITY




Index of Topics.

Thermal Expansion of Engineering Thermoplastics.
Dependence of Surface Temperature on Colour.

Tooling Metals Used for Injection Moulding.

Self Tapping Screws for Engineering Thermoplastics.

Snap Fit Assembly for Engineering Thermoplastics.

Using Metal Inserts with Engineering Thermoplastics.

Metal Replacement with Engineering Thermoplastics.

Automotive Painting of Engineering Thermoplastics.




Thermal Expansion of Engineering Thermoplastics.

Dimensional change of thermoplastics under heat has become a major issue in the
automotive area and is currently one of the main material choice factors.

The Coefficient of Linear Thermal Expansion (CLTE) is a single point parameter used to
describe changes in size of a component across a temperature range.

If a component is free to expand and contract, then there is usually no problem.

If the component forms part of an assembly, then movement of the part can be
restricted and thermal stresses will be developed within the part. Depending on the
service conditions, these stresses may be high enough to cause deformation.

Material CLTE (single point) Modulus Yield Stress
Astaloy M130S 7.2x10"° mm/mm/°C 2,450 MPa 55 MPa

Xyron G703H 2.8x10°°> mm/mm/°C 6,660 MPa 118 MPa

Steel 1.2x10°* mm/mm/°C 206,800 MPa 445 MPa (yield)

Calculations :

Change in length (DL) = (CLTE 4eria) X (T¢- T;) X L
Thermal stress (Si,erma) = (CLTE - CLTE ge) X (T;-T;)) X E(at T)
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Thermal Expansion of Engineering Thermoplastics.

Example : Instrument Panel Retainer anchored to steel cross member.
Temperature range : 20°C to 110°C.
Length of assembly : 1800 mm.
Material DL DL Stress Proportion of
(free standing) (relative to steel) Level Tensile Stress
Astaloy M130S 11.7 mm 9.8 mm 12 MPa 12 /55 (21%)
Xyron G703H 4.5 mm 2.6 mm 5.4 MPa 5.4/118 (4.5%)
Steel 1.9 mm n/a n/a n/a

We may expect a problem with Astaloy M130S Metal —
against steel, but not with Xyron G703H. =

Options to counter thermal expansion are :
- Match CLTE of materials.

- Provide expansion joints.

- Use flexible adhesives.

Plastic
/ Part




Dependence of Surface Temperature on Colour.

Colour can affect the surface temperature of all materials. This in turn directly affects
useability, resistance to warpage and ability to retain colour and physical properties.

The trend to towards darker colours in automotive (interior colours) has demonstrated
this with components of light and dark colours yielding different heat test results.

The presence of a backing layer also adds heat to the assembly. The table below
illustrates exposed surface temperatures experienced by unbacked and foam backed
ABS panels in a good airflow at an ambient temperature of 38°C.

Panel Colour Surface Temperature Surface Temperature
(Unbacked) (Backed with Urethane Foam)
White 49°C 53°C
Light Blue 530C 58°C
Medium Blue 58°C 69°C
Dark Blue 62°C 79°C
Medium Red 53°C 61°C
Dark Red 58°C 76°C
Black 64°C 78°C




Tooling Metals Used for Injection Moulding.

The cost of steel in an injection moulding tool is between 10% and 20% of the total cost.
Common mould steels are referred to an AlSI grade (American Iron and Steel Institute).

P-20 alloy tool steel is the general choice for cores, cavities and inserts.

- Good machining (spark erosion or conventional metal cutting).

- Reasonable corrosion resistance (contains Chromium).

- Is supplied soft and hardened after machining via processes such as Carburising, Nitriding,
Flame or Induction Hardening. Some dimensional change will occur on hardening.

H-13 alloy tool steel is used over P-20 where extra wear resistance is needed :

- Along tool life is required (eg : over 1 million shots).

- Extra wear opposite a gate is expected due to abrasive material (ie : glass filled Nylon).
- Contains Tungsten Carbide, so machining and polishing are more difficult and costly.
- Is hardened as per P-20.

Stainless 420 alloy steel contains about 13% Chromium and is primarily used for
corrosive polymers such as PVC or flame retardant materials.

- Is not magnetic and is difficult to spark erode (added cost).
- Has an excellent dimensional stabilty on heat treatment.
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Tooling Metals Used for Injection Moulding.

Berrilium-Copper (Be-Cu) is a completely non-ferrous alloy.

- Has excellent heat conductivity (use in difficult to cool inserts).
- Needs to be plated for acceptable wear resistance.

Aluminium is used for cheap, short build time prototype or limited volume tooling.

AlSI Hardness Thermal Machining Polishing Main Features
Type Rating Conductivity Rating Rating of Metal

P-20 C35 28 W/m.K 10/10 9/10 Standard choice
H-13 C51 28 W/m.K 8/10 9/10 Abrasion resistant
SS420 C52 25 W/m.K 7110 10/ 10 Corrosion resistant
Be-Cu C25 242 W/m.K 9/10 5/10 High conductivity
Al B88 121 W/m.K 10/10 3/10 Low cost machining

Metal sintered and cast tools have developed to the point they are viable for production
runs up 10,000 parts - but they are still limited in reliability.
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Self Tapping Screws for Engineering Thermoplastics.

Self Tapping Screws performance depends on the mounting boss design :

- Inside diameter of the boss should be 80% of the threaded (ie : total) diameter of the screw.
- The outside diameter of the boss should be 2.5 times the inner diameter.

- A draft angle of at least 0.5° should be used on the outside of the boss.

- Minimal draft angle (less than 0.5°) should be used inside the boss.

- The length of screw engagement to be typically no more than 3.0 times the screw diameter.
- The mounting boss junctions should be radiused to lower stress concentrations.

- The central core pin (forms inner boss) should also be radiused at the end.

- Adding counterbore will assist in starting the screw and prevent plastic chipping.
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Self Tapping Screws for Engineering Thermoplastics.

There are two main designs of self tapping screw for polymer useage.
- Thread Forming Screws form threads in the mounting boss by displacing polymer.

- Thread Cutting Screws cut threads out of the mounting boss because there is a sharp
edge at the leading edge of the screw. This edge is in the form of a slot cut into the
end of the screw.

Thread forming Screws provide : Thread Cutting Screws provide :

- Low drive torque - High strip torque and pull out force

Good strip torque and pull-out force Low hoop stresses on boss walls

High hoop stresses on boss wall Weldlines are not crucial (ie : less boss spliting)
Multiple re-assemblies are possible Minimal allowable re-assemblies

Good results in structural foam Good results in thick wall bosses

Low cost Stress relaxation of polymer not an issue

Thread cutting screws are preferred for most engineering applications. This is because
less stress is produced when the mounting boss is cut and displaced rather than being
compressed into position.

Note that some of the guidelines for ensuring high strength robust mounting bosses
contradict other guidelines for optimum appearance (especially sink marks).
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Self Tapping Screws for Engineering Thermoplastics.

Sketches of mounting boss and screw designs.




Snap Fit Assembly for Engineering Thermoplastics.

Snap Fits are an integrally moulded feature designed to reduce the number of separate
parts and design operations used in making up an assembly.

The ability to incorporate snap fits
and other moulded features such
as hinges, grilles and springs are
often a major component of being
able to justify injection moulding.

In many cases, snap fits are able to
offer improved performance over
conventional mechanical methods
of component sub-assembly by
offering aspects such as reduced
vibration or the prevention of
corrosion.

Examples of snap ft designs :




Snap Fit Assembly for Engineering Thermoplastics.

The main features of successful Snap Fits are :

- The snap beam is less than 50% - 70% of full wall thickness to lessen sink marks.

- Stress concentrations are avoided by adding fillets (radii) to all corners and intersections.

- The snap event is very quick (less than 1 second).

- Recommended critical (working) strains for the material are not exceeded.

- Once snapped into place, the snap beam returns to an almost “no load” condition to prevent
creep and loosening of the snap fit (ie : no residual deflection after snap engagement).

- The length of snap beam should be at least 3.0 times the thickness.

The mathematics behind snap fits are based on conventional beam theory (infinite
length assumed) and as polymers do not have large elastic components of deformation,
any calculated answers are only approximate. We generally calculate strain during the
snap event to maximise usefulness of answers. Answers will generally be pessimistic
to actual stress and strain experienced.

A tapered beam is preferred to a straight beam as tapering better distributes bending
stresses during the snap event.

Material type ABS PC SAN GF-PAG6
Maximum working strain <4.0% <6.0% <15% <25%




Snap Fit As

sembly for Engineering Thermoplastics.

« Snap Fit designs :

e Straight Beam
T =15xtxd/L2
« Tapered Beam

1 =092xtxd/L2

Example :

An ABS design snap fit needs to deflect (d) = 1.8 mm for assembly
Length of snap beam can be 5 mm, 10 mm, 15 mm or 20 mm
Wall thickness at base (t) = 2.5 mm

ABS maximum working strain (I _..) =4.0 %

Snap Fit Type 5.0 mm 10 mm 15 mm 20 mm Result
Straight Beam 27 % 6.8 % 3.0% 1.7 % Use 10 - 15 mm
Tapered Beam 17 % 4.1 % 1.8% 1.0% Use 5.0-10 mm




Using Metal Inserts with Engineering Thermoplastics.

Threaded metal inserts are used when higher strengths than the base polymer alone are
required, parts are to be disassembled, only small lengths of engagement are possible
or fine screw threads are needed. Typical applications are in business machines and
other precision equipment.

The five main metal inserts techniques are :

Ultrasonic Inserts High frequency energy is used to melt polymer around the metal
insert which is then pressed into the insert boss under pressure.
Thermal Inserts Directly applied heat is used to melt polymer around the metal
insert which is pressed into the insert boss under pressure.
Expansion Inserts The act of screwing the assembly together forces the fluted
metal insert to expand and embed into the insert boss.
Press Fit Inserts Insert is forced into the boss under pressure (no heat involved).
Moulded-In Inserts Heated inserts are placed into the moulding tool before each shot.

Environmental Stress Cracking (ESC) is a key factor when some amorphous polymers
(ie : ABS, PC, PMMA, HIPS) are used with metal inserts. All lubricants and machining
oils must be removed before the insert is used.




Using Metal Inserts with Engineering Thermoplastics.

Examples of metal insert (Ultrasonic type)

Brass or aluminium inserts rather than steel should be used because thermal
conductivity is better (less heat required for melt insertion) and the CLTE of brass and
aluminium are closer to engineering thermoplastics.

Ribs and knurls on the outer circumference need to match deign requirements :

- Circumferential ribs and knurls provide better resistance to tensile pull-out forces.
- Longitudinal ribs and knurls are better at resisting rotational to torsional forces.




Using Metal Inserts with Engineering Thermoplastics.

Advantages and disadvantages of five metal insert methods.

Ultrasonic Rapid insertion. High equipment cost.
Inserts Low residual stresses.
Good material flow around insert.

Thermal Low equipment costs. Slow insertion.
Inserts Low residual stresses.
Good material flow around insert.

Expansion No additional cost for equipment. Possible high hoop stresses.
Inserts Rapid assembly. Poor material flow around insert.
Stress relaxation around inserts.
Press Fit Rapid assembly. Possible high hoop stresses.
Inserts Minimal assembly equipment. Poor material flow around insert.
Stress relaxation around inserts.
Moulded-In No operations after moulding. Increased moulding cycle time.
Inserts Excellent material flow around insert. Mould damage if insert not aligned.

Ultrasonic, Thermal and Moulded-In inserts are the preferred methods with weldlines
being a particular issue when Expansion or Press Fits inserts are used.




Metal Replacement with Engineering Thermoplastics.

Metal replacement allows the realisation of :

- Sub-assembly weight savings.

- Lower manufacturing costs.

- Reduction in the number of secondary operations.

- Less separate parts in an assembly.

- Greater design flexibility.

- Improved vibration and noise damping.

- Metal bracing inserts or component anchorage points can be moulded-in.

Property 50% GF 35% GF ABS/PC AlSI Steel
PA-MXDG6 PA-66 Alloy 1330

Specific Gravity 1.65 1.41 1.12 7.87
Tensile Strength (MPa) 285 -215 210 - 150 55 445 (yield)
Young’s Modulus (MPa) 17,400 - 13,900 11,500 - 8,500 2,450 206,800
CLTE (mm/mm/°C) 1.1x10° 1.7x10° 7.2x10° 1.2x10°
Heat Conductivity (W/m.K)  0.55 0.65 0.16 28
Service Temperature (°C) 100-125 125-135 60-75 >600

Note : Polyamide results include Dry-As-Moulded and Conditioned Results




Metal Replacement with Engineering Thermoplastics.

« Volkswagon Four Cylinder Intake Manifold :

- 50 % cost reduction over metal assembly.
- 60 % weight reduction.

- 5 % performance improvement.

- Vibration welded (only six pieces).

* Integration of parts.

- Manifold.
- Fuel Ralil.
- Resonator.

Ultramid® B3WG6
(PA6 + 30% GF)




Automotive Painting of Engineering Thermoplastics.

The drive for cost reductions has meant that primerless painting of exterior colours
using ABS and ABS/PC is now viable against painted Polypropylene or Polyamide.

ABS and ABS/PC are amorphous polymers and are readily chemically attacked by
conventional paint solvents. This means we can obtain good paint adhesion, but are
usually treading a fine line between enough chemical attack (good paint adhesion) and
too much chemical attack (stress marking of the substrate). Note these systems need
to be baked at up to 80°C to cure.

Most automotive paints involve an extremely durable basecoat and clearcoat system.
The degree to which these need to attack the polymer substrate for adequate adhesion
are far more significant than (for example) an air dry interior single colour system.

Painting PP involves the use of aggressive primers or flame treatments to activate the
surface and allow paint to adhere, but chemical attack is not an issue. The same applies
to other semi-crystalline polymers like Polyamide 6, Polyamide 66 and PBT.

Key process controls are :

- Material consistency (ie : formulation and QA properties).

Complete control of moulding conditions (ie : closed loop machines).
Consistency of paint and solvent/reducer system.

Complete control of painting conditions (ie : temperature and humidity).




