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"The first step to developing a product should be to fully understand your application. All

possible variables that can impact your product should be identified."
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Beginning the development of a new plastic product, or redesigning one, can seem daunting given the

vast selection of available materials. The first step to developing a product should be to fully

understand your application. All possible variables that can impact your product should be

identified. These variables should provide the parameters that your product should be designed to and

ensures any safety requirements are met. These variables can include temperatures the product will

be subject to, stress forces, impact forces, elongation, and flammability. These variables will

determine what material is best suited for your application.
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Temperature

Stress

Impact force

Elongation

Flammability



The heat deflection temperature or heat distortion temperature (HDT, HDTUL, or DTUL) is the

temperature at which a polymer or plastic sample deforms under a specified load.

Exceeding a material’s approximate heat deflection temperature can cause the material to distort.

Prolonged exposure to heat while subjected to a load or force can also cause plastic to deform or

“creep” over time.

Most thermoplastic materials have a heat distortion temperature (HDT) of less than 500 degrees F.     

Heat deflection temperature (HDT) is a good comparative specification of how different materials

respond to the HDT test conditions but provides little information regarding the long-term effects

of continuous high temperature exposure on their physical, mechanical, thermal, and electrical

properties.

Temperature will be one of the most significant factors in most applications. A plastic product subject

to excessively high temperatures over time will have its mechanical properties, chemical resistance,

electrical conductivity, material fatigue, and many other attributes affected. Selecting a plastic

thermoforming material with the appropriate temperature properties for your application’s operating

environment is crucial. For example, items on an essential safety, structural, or functional component

for a medical, transportation, or industrial application require the most stringent considerations and

care. Loss of stiffness (flexural modulus) and material distortion (heat deflection) are just a few of the

factors to account for when addressing the temperature requirements of a project. The following is a

list of considerations:

Distortion
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As temperature increases, material stiffness (flexural modulus) will decrease. 

As with most materials, plastic expands as temperature increases (coefficient of thermal expansion

– CTE). This can be a consideration when the plastic is mated with another material, such as metal,

that may have conflicting thermal expansion rates.

If the dimensional change is obstructed, stresses can be induced in the plastic part due to

excessive tensile, shear, or compressive stress loads that could result in unexpected failure.

Thermal Degradation – Plastic materials subjected to prolonged exposure to high temperatures will

lose strength and toughness, becoming more prone to cracking, chipping, and breaking, at a rate

in proportion to the temperature and time of exposure. Materials exposed to higher heat for longer

duration will wear substantially faster than those exposed to more moderate temperatures and

exposure times.        

The Continuous Use Temperature Rating is based on a thermal aging test that predicts the

temperature at which a 50% loss of the original mechanical properties will occur after 100,000

hours of continuous exposure at that temperature. (see table below in Table 1)

Softening     

Expansion

      

Service Life
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The quantity of heat that passes through a cube of the material in a certain period of time when

the difference in temperature between the two surfaces becomes one degree.

Plastic materials generally have a much lower Thermal Conductivity than metals. This makes them

excellent replacement materials when thermal insulation is important.

Thermal Conductivity
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Table 1

Polypropylene (PP)

Polyvinylchloride (PVC)

Acrylonitrile butadiene styrene (ABS)

Acetal (POM)

Liquid crystalline polymer (LCP)

Polybutylene terephthalate (PBT)

Polyethylene terephthalate (PET)

Nylon 6,6 (PA)

Epoxy

Phenolic

Polycarbonate (PC)

Polyester, unsaturated

Polyether ether ketone (PEEK)

Polyetherimide (PEI)

Polyimide (PI)

Polyphenylene oxide (PPO)

Polyphenylene sulfide (PPS)

Polystyrene (PS)

Polytetrafluoroethylene (PTFE)

Polysulfone (PSO)

Polyethylene (PE)

Plastic Material

65 - 125 (149 - 257)

65 - 110 (149 - 230)

75 - 90 (167 - 194)

85 - 110 (185 - 230)

180 - 240 (356 - 464)

120 - 140 (248 - 284)

140 - 155 (284 - 311)

110 - 140 (230 - 284)

90 - 160 (194 - 320)

150 - 180 (302 - 356)

110 - 130 (230 - 266)

130 - 180 (266 - 356)

180 - 260 (356 - 500)

160 - 180 (320 - 356)

220 - 240 (428 - 464)

85 - 110 (185 - 230)

200 - 220 (392 - 428)

50 (122)

180 (356)

140 - 160 (284 - 320)

50 (122)

Representative continuous use

temperature ratings, °C (°F)



Strength: measure of the resistance of a material to external stress.        

Stiffness: measure of the resistance of a material to deformation through elongation.       

Hardness: measure of the resistance of a material to deformation under concentrated

compressive load.       

Toughness: measure of the energy absorption capacity of a material during impacts.   

   In applications where plastic components are designed to withstand stress, the mechanical

properties of polymers play a particularly important role. The fundamental mechanical material

characteristics include:

         

 

The relationship between between these mechanical properties is illustrated by the graph in Figure 1

below.
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Figure 1



Such properties can be investigated and compared between different products using standardized

test methods. For example, tensile properties of plastics such as plastic tensile strength and rigidity

(elongation) can be determined according to the standard DIN EN ISO 527 by briefly applying load

in one direction with a tensile test. The possible results and typical values observed during such test,

depending on material behavior, are summarized in the following graph in Figure 2:
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Figure 2
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Ultimate elongation values of several hundred percent are common for elastomers and

film/packaging polyolefins.         

Rigid plastics, especially fiber reinforced ones, often exhibit values under 5%.        

Fibers have a low elongation-to-break and elastomers have a high elongation-to-break. 

Elongation at break is important in components that absorb energy by plastic deformation, and

measures how much bending and shaping a material can withstand without breaking. The measured

elongation at break values are an indication of the ductility of a polymer. Elongation at Break, also

known as fracture strain or tensile elongation at break, is the ratio between increased length and

initial length after breakage of the tested specimen at a controlled temperature. It is related to the

ability of a plastic specimen to resist changes of shape without cracking. 

 

The elongation is calculated as the relative increase in length.

 

Elongation = ɛ = (ΔL/L) x 100 

 

Where:

  » ΔL: Final Length

  » L: Initial Length

 

Elongation at Break is measured in % (% of elongation vs. initial size when break occurs). The

maximum elongation i.e. at break, emax is also called “strain to failure”. 

        

 

The combination of high ultimate tensile strength and high elongation leads to materials of high

toughness.
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ASTM D638 – Standard Test Method for Tensile Properties of Plastics        

ISO 527-1:2012 – Determination of tensile properties. General principles

Tensile strength (at yield and at break)        

Tensile modulus        

Strain        

Elongation and percent elongation at yield       

Elongation and percent elongation at break

Velocity of Testing – Slow testing allows for polymer relaxation and higher elongation at break

values        

Orientation Level – Fibers that are less oriented tend to exhibit greater degrees of elongation at

break       

Temperature – In general, the elongation at break increases with an increase in temperature        

Filler Content – The elongation at break of composites decreases with an increase in the filler

content

The most common way to test for Elongation at Break are tensile tests. Tensile tests measure the

force required to break a specimen and the extent to which the specimen stretches or elongates to

that breaking point. In general, “tensile test methods” are applied measure elongation at break of

materials. The common methods used to investigate the tensile behavior of the test specimens are:

        

 

ASTM D638 and ISO 527 test methods cover the determination of the tensile properties of plastics

and plastic composites under defined conditions in the form of standard dumbbell-shaped test

specimens. The defined conditions can range from pretreatment, temperature, humidity, to testing

machine speed.

 

The following calculations can be made from tensile test results:

         

 

For ASTM D638 the test speed is determined by the material specification. For ISO 527 the test

speed is typically 5 or 50mm/min for measuring strength and elongation and 1mm/min for measuring

modulus using an extensometer. 

 

Factors affecting Elongation at Break include the following:

       



Electrical overload        

Component failure       

Insulation breakdown        

Loose connections

Being able to touch a component carrying this voltage through an opening in the enclosure.        

Exposure to such voltages as a result of the failure of the enclosure.        

Steady state voltages up to 42,4 V peak, or 60 V DC are not generally regarded as hazardous

under dry conditions for an area of contact equivalent to a human hand. Bare parts which have

to be touched or handled should be at earth potential or properly insulated.

Not being able to access a hazard such as a moving gear, sharp edges, etc.       

Exposure to these hazards as a result of the failure of the enclosure

The flammability of a material is extremely important for applications where the material will be

subject to high temperatures. Most plastics are carbon-based materials and will burn and give off

gases and smoke when subjected to a flame. Plastics are excellent fuels but are generally classed

as ordinary combustibles and fall into the same category as wood, leather and many other common

materials. All of these materials will degrade at very high temperatures into volatile and gaseous

combustion products. There are several main areas of safety related to plastic material and design

including:

 

Fire– Prevent Spread of fire originating within equipment.  

This can be due to:

       

 

Energy and Related – Injury or fire may result from a 

short circuit between adjacen poles of high current 

supplies – burns caused due to contact with hot  

accessible parts or high capacitance circuits.

 

Electrical – Prevent human contact with hazardous voltage. This includes:

        

 

Mechanical – Enclosures must have adequate mechanical strength and should be constructed as to

remain safe in the meeting of this standard when subjected to handling as may be expected. This

includes:
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FLAMMABILITY 

Fire Enclosure: part of the equipment intended to minimize the spread of fire or flames from

within.

Mechanical Enclosure: part of the equipment intended to reduce the risk of injury due to

mechanical and other physical hazards.      

Electrical Enclosure: part of the equipment intended to limit access to parts that may be at

hazardous voltages or hazardous energy levels.

Decorative Part: part of the equipment, outside the enclosure, which has no safety function.

To limit failure consequences, compliance agencies have established performance criteria that can

be used during material selection and part design. The burning behavior of plastics is not just a

material characteristic. Part design and nominal wall thickness are key factors in flammability

certification. The most universally accepted independent organization to have established provides

product safety testing and certifications is Underwriters Laboratories (UL). Their UL94 testing

procedures and rating system for thermoplastics flammability are the generally accepted standard

throughout most of the world. UL 94 is the standard to which the ignition characteristics of plastic

materials is rated. UL testing is a method of classifying a material’s tendency to either extinguish or

spread a flame once it has been ignited and although originally developed by UL, it has now been

incorporated into many National and International Standards (ISO 9772 and 9773). UL 94 evaluates

the flammability of polymeric (plastic) materials, used for parts in devices and appliances in

response to a small, open flame or radiant heat source under controlled laboratory conditions. The

scope of UL 94 clearly indicates that it does not cover polymeric materials used for building

construction, finishing or contents such as wall and floor coverings, furnishings or decorative objects.

The results of most UL 94 flammability tests are not applicable to materials whose thickness exceeds

13.0 mm, or whose surface area exceeds 1 m2.

UL 94 ratings typically are associated with enclosures. There are four types of enclosures and their

requirements vary based on its weight, if it is mounted to a wall, hand held or portable. 

 

The enclosure types are:
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FLAMMABILITY 

HB: slow burning on a horizontal specimen; burning rate < 76 mm/min for thickness < 3 mm or

burning stops before 100 mm

V-2: burning stops within 30 seconds on a vertical specimen; drips of flaming particles are

allowed.

V-1: burning stops within 30 seconds on a vertical specimen; drips of particles allowed as long as

they are not inflamed.

V-0: burning stops within 10 seconds on a vertical specimen; drips of particles allowed as long as

they are not inflamed.

5VB: burning stops within 60 seconds on a vertical specimen; no drips allowed; plaque

specimens may develop a hole.

5VA: burning stops within 60 seconds on a vertical specimen; no drips allowed; plaque

specimens may not develop a hole. 

In the case of fire enclosures, movable equipment > 18 kg and stationary equipment will require a

5VB rating, movable equipment < or equal to 18 kg will require a V1 rating. Components including

enclosures outside fire enclosure (such as an over molded cover) will require a HB rating, while the

components including enclosures inside fire enclosures will require a V2 rating. 

 

Two UL 94 ratings that users most often run across are HB and V (V-0, V-1, or V-2). These ratings are

established using small-scale tests in which approximately 5 by ½ inch samples are subject to a ¾
inch, 50 W Tirrill burner flame ignition source. To achieve a HB rating, test samples, placed

horizontally, burn slowly across the sample when the test flame is applied to the end of the sample.

To achieve a V rating (e.g. V-2, V-1, or V-0) the test samples, placed vertically with the test flame

impinging on the bottom of the sample, must extinguish within specified times, not burning to the top

clamp or dripping molten material which ignites a cotton indicator. 

 

The tests range from HB to 5VA and represent from the least flame resistant to the most respectively.
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FLAMMABILITY 

Other aspects to test for on enclosures are their impact resistance, application of a steady force,

stress relief, and openings in the enclosures. The impact resistance, application of a steady force,

and stress relief on a material is explored in greater detail in “Mechanical Properties” section above

explaining the fundamental mechanical material characteristics. Stress relief, however, may also

refer to shrinkage or distortion of the material due to release of internal stresses caused by the

molding or forming operation and should not result in the exposure of hazardous parts.

 

Opening in enclosures are classified as top or side openings. The IEC 62368-1 standard details the

requirements for top/side openings. The standard does not rule out other options such as providing

a mesh or barrier, the acceptability of which will need to be determined upon review of an actual

sample. Additionally, the standard has no requirement specifying the maximum number of top/side

openings that may be provided. There are also no requirements regarding the spacings between the

openings for top/side opening. However, it should be noted that too many openings may affect the

strength of the enclosure.
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CONCLUSION - MATERIALS TABLE

Understanding the above factors affecting plastics and using that knowledge to select the

appropriate material for your product is made much easier through the use of data sheets for

specific materials. However, narrowing down a specific material from the many available materials is

no small task.  

The following table, Table 2, lists the many types of materials available on the market with general

attributes specific to that material, its mechanical properties, as well as common manufacturing

processes in which said materials are used. For flammability and UL 94 rating information regarding

a specific material, the material supplier that will be used to supply the material should be able to

provide the specifications or will usually make them available through their website.

 

To find out more about plastics material selection, please reach out

to us at info@amfasinternational.com
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CONCLUSION - MATERIALS TABLE

Material Attributes
Tensile

Strength

Impact

Strength

Heat

Deflection

Elongation

at Break

Manufacturing

Process

Dimensional stabilityABS
5,000-12,000

psi
3-7.5 ft-lb/in² 140-200°F 20-30%

CNC Machining
Impact resistance

Cosmetic Appearance
Injection Molding

Accuracy

DurabilityABS-Like 5.7-7.8 ksi 0.79-0.91 ft-lb/in² 115-138°F 6.1-20% 3D Printing

Impact Resistance

ABS/PC
6,400-18,000

psi
8-12 ft-lb/in² 140-210°F 40-50% Injection Molding

Flame resistanceCPVC 7,300 psi 9 ft-lb/in² 198°F 27% CNC Machining

Crack resistance

DurabilityETPU 10,000 psi 10 ft-lb/in² 280°F 90% Injection Molding

Impact resistance

Durability
Injection Molding

Impact resistantHDPE
2,900-4,500

psi 80 ft-lb/in² 130-250°F 350-950%
CNC Machining

Stiffness

Strength 12,000-32,000

psiTemperature resistance
LCP 10 ft-lb/in² 525°F 1.60% Injection Molding

Crack resistance Injection Molding

FlexibilityLDPE
1,200-4,000

psi
130 ft-lb/in² 130-190°F 400-500% CNC Machining

Impact resistance

FlexibilityLLDPE 1,400 psi 190 ft-lb/in² 190°F 600% Injection Molding

Rigidity Injection Molding

StrengthPA (Nylon)
6,000-29,000

psi
2-8 ft-lb/in² 180-350°F 10-60% CNC Machining

Temperature resistance 3D Printing

Chemical resistance

Dimensional stabilityPBT
6,000-17,500

psi
1-3 ft-lb/in² 200-420°F 2-50% Injection Molding

Low moisture absorption

Dimensional stability Injection Molding

Impact resistance

Polycarbonate

(PC)

9,000-23,000

psi 2-18 ft-lb/in² 150-300°F 5-120% CNC Machining

Accuracy

StiffnessPC-Like 6.8-11.6 ksi 118-506°F 0.7-13% 3D Printing

Temperature tolerance

Impact resistancePC/PBT 6,300 psi 17 ft-lb/in² 210°F 3-120% Injection Molding

Chemical resistance

Injection MoldingSterilizability
PEEK

CNC MachiningStiffness

13,000-30,000

psi

3.5-4.5 ft-

lb/in² 300-625°F 40-50%

Strength

Cosmetic Appearance

Dimensional stability

Impact resistance
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CONCLUSION - MATERIALS TABLE

Material Attributes
Tensile

Strength

Impact

Strength

Heat

Deflection

Elongation

at Break

Manufacturing

Process

PEEK

Heat resistance

Impact resistance

Strength

Chemical resistance

Stiffness

Strength

Durability

Transparency

Optical clarity

Rigidity

Chemical resistance

Chemical resistance

Solvent resistance

Dimensional stability

Low moisture absorption

Suitable for fluids

Accuracy

Durability

Flexibility

Chemical resistance

Temperature resistance

Chemical resistance

Flame resistance

Impact resistance

Impact resistance

Stiffness

Corrosion resistance

Mineral resistance

Sterilizability

Strength

Chemical resistance

14,000-28,000

psi

7,000-23,000

psi

7,250 psi

2,800-13,000

psi

6,000-22,000

psi

3,900-18,500

psi

8,500 psi

4.4-4.7 ksi

14,000-28,000

psi

10,100 psi

4,200-11,000

psi

9,500-18,000

psi

PEI (Ultem)

PET

PETG

PMMA

(Acrylic)

POM

(Acetal/Delrin)

PP

PPE/PS

PP-Like

PPS

PPSU

PS

PSU

1-2 ft-lb/in²

0.5-8 ft-lb/in²

3 ft-lb/in²

0.25-1 ft-lb/in²

0.75-2 ft-lb/in²

0.5-5.5 ft-lb/in²

2.5-8 ft-lb/in²

0.9-1.0 ft-lb/in²

0.5-6 ft-lb/in²

13 ft-lb/in²

0.25-7 ft-

lb/in²

0.5-7 ft-lb/in²

350-420°F

250-470°F

185°F

180-215°F

180-300°F

120-300°F

250-280°F

120-300°F

400-500°F

428°F

185-190°F

300-350°F

4-60%

1-45%

100-130%

3-7%

10-40%

10-230%

15-30%

15-20%

1-2%

40-120%

3-30%

50-100%

Injection Molding

CNC Machining

Injection Molding

CNC Machining

Injection Molding

Injection Molding

CNC Machining

Injection Molding

CNC Machining

Injection Molding

CNC Machining

Injection Molding

CNC Machining

3D Printing

Injection Molding

Injection Molding

CNC Machining

Injection Molding

CNC Machining

Injection Molding

CNC Machining

Flame resistance
2,900-5,000

psi
PTFE (Teflon) 2-6 ft-lb/in² 500°F 210-400% CNC Machining

Temperature resistance

Chemical resistance

Corrosion resistance 7,800 psiPVC 0.8 ft-lb/in² 162-172° F 150% CNC Machining

Flame resistance
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CONCLUSION - MATERIALS TABLE

Material Attributes
Tensile

Strength

Impact

Strength

Heat

Deflection

Elongation

at Break

Manufacturing

Process

Polycarbonate 4,850 psiSB 0.5-1 ft-lb/in² 150-160° F 30% Injection Molding

Durability 5,800 psiUHMW 116°F 300% CNC Machining


