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To	calculate	the	overall	star	rating	and	percentage	breakdown	by	star,	we	donâ€™t	use	a	simple	average.	23	1.2.11	Polyarylate	(PAR)	.	550	10.4.1	Preliminary	Mold	Design	.	517	9.3.4	Injection	Molding	Process	Effects	on	Fiber	Glass	Orientation	.	88	1.5.5	Cyanate.	664	10.17	Mold	Venting	Systems	.	Reprocessing	concrete	forms	or	returning	to	cement,
sand,	and	water	are	not	possible.	471	8.11.5	Vibration	Welding	Joint	Design.	1.2	Thermoplastic	Polymers	24.	352	5.12	Factors	Affecting	Journal	Bearing	Dimensions.	For	these	markets,	the	resin	cost	becomes	a	very	competitive	business	aspect	of	manufacturing.	743	11.8.3	Effects	of	Lubricants	.	820	11.34.6	Micro-Organisms.	523	9.6	Moisture	Effects
on	Nylon	Molded	Parts	.	213	3.2	Structural	Rib	Design.	734	11.4.4	Stress-Strain	Tension	and	Compression	Curves.	723	11.1	Property	Data	Sheet	for	Thermoplastics	.	517	9.3.3	Fiber	Glass	Reinforcement	Limitations	.	585	10.9.4	Three-Plate	Mold	Cold	Runner	System	.	Chapter	11	Performance	Testing	of	Thermoplastics:	It	introduces	various	tests	to
which	thermoplastic	polymers	are	subjected,	describes	their	properties	(statistical	analysis),such	as	mechanical,thermal,	chemical	resistance,	rheometer	melt	viscosity,	soldering	heat	resistance,electrical,flammability,smoke	generation,weathering	and	micro-organism	resistance.	on	product	design	dimensions,	surface	finishing,	weld	line	strength	and
impact	resistance	and	other	molding	problems.	This	resultant	raw	polymer	is	then	treated	with	heat	and	base	to	degrade	the	ends	of	the	molecules	back	to	a	–CH2–CH2	“block”	point	at	each	end.	753	11.13.2	Charpy	Impact	Testing	(ASTM	D-256)	.	511	9.1	Polymer	Melt	Behavior.	335	5.2.1	Babbitt	Journal	Bearings.	669	10.17.3	Mold	Deposit	Problems
.	458	8.10.1	Electromagnetic	Welding	Process	.	To	select	the	best	material	for	an	application,	compare	the	different	properties	and	processing	characteristics	of	several	thermoplastic	resins,	which	may	meet	the	application	requirements.However,product	designers	must	make	their	resin	selection	based	on	other	important	characteristics	of	the	resins,
such	as	part	design	flexibility,	and	process	performance.	559	10.6.3	Effects	of	Alloying	Elements	on	Tool	Steel	Properties.	378	6.4	Thermoplastic	Molded	Cantilever	Beam	Springs.	ABS	is	an	excellent	choice	for	use	in	alloys	and	blends.	393	7.2	Thin-Walled	Cylinder	Basic	Principles.	98	1.5.11	Polyimide	(PI).	566	10.6.9	Oil	and	Air	Hardening	Tool
Steels.	Thermoplastic	materials	(35	generic	families),	thermoplastic	elastomer	materials	(8	generic	families),	liquid	injection	molding	of	silicone,	thermoset	materials	(16	generic	families).	5	strength	that	is	not	lower	than	7,000	psi	with	a	minimum	modulus	of	elasticity	of	350,000	psi	are	reasonable	criteria.	777	11.22	Thermal	Conductivity	Testing
(ASTM	C-177)	.	48	1.2.22	Polysulfone	(PSU)	.	806	11.29.3	Hot	Wire	Coil	Ignition	Testing	(UL	746A/ASTM	D-3874)	.	222	3.5	Injection	Molded	Thermoplastic	Threads	.	299	4.10.5	Plastic	Gearing	Technology	Tooth	Form	Design	Variables	.	188	2.15.3	Eccentrically	Loaded	Columns	.	ABS-polycarbonate	(ABS-	PC)	and	ABS-polyvinyl	chloride	(ABS-PVC)	are
well-established	alloys.	791	11.27	Electrical	Insulation	Properties	.	821	11.35.2	Accelerated	Weather	Testing,	Weather-Ometer®	.	454	8.9.9	Uniform	Cross	Section	Cantilever	Beam.	483	8.13.3	Ultrasonic	Welding	Equipment.	337	5.2.6	Cast-iron	Journal	Bearings.	There	is	no	need	to	search	through	many	books	and	catalogs	for	needed	information.	377
6.1	Introduction.	A	total	assessment	of	various	grades	includes	product	design	and	processing	considerations.	3	1.2	Thermoplastic	Polymers	.	Nylon	represents	one	of	the	most	important	new	developments	in	the	plastic	industry.	This	polymer	was	similar	in	structure	to	cellulose	nitrate	but	safer	in	processing	and	use.	413	8.5	Solvent	and	Adhesive
Bonding	Methods	.	Alfredo	Campo	4.	795	11.28.4	Dielectric	Constant	Testing	(ASTM	D-150)	.	Like	any	other	materials,	they	have	their	origin	in	nature.	Carothers	in	the	late	1920s	made	possible	the	introduction	of	the	nylon	technology.	549	10.3.3	Ejector	System.	ABS	resins	are	grouped	into	two	major	divisions:injection	molding	and	extrusion
grades.The	primary	difference	between	these	grades	is	their	melt	viscosity,which	is	significantly	lower	for	injection	molding	resins.	445	8.9.2	Suggestions	for	Stripping	Circular	Undercut	Snap	Fitting	.	608	10.11.3	Balancing	of	Mold	Parting	Line	Surfaces.	751	11.13	Impact	Resistance	Testing	.	409	8.4	Hot	Plate	Welding	Method	.	16	1.2.8	Liquid
Crystal	Polymer	(LCP)	.	367	5.15.3	Vespel®	Wear	Factor	Effects	Caused	by	Temperature	.	Chapter	3	StructuralDesignforThermoplastics:Discusses	the	product	wall	thickness,	structural	rib	design,	sharp	corners,	bosses,	threads,	undercuts,integral	life	hinges,pin	hinges.Encapsulation	of	inserts,	types	of	metal	inserts	and	anchorage,	and	electrical	lead
inserts.	36	1.2.18	Polytetrafluoroethylene	(PTFE)	.	VIII	Preface	Chapter	6	ThermoplasticSpringDesign:	Introduces	cantilever	beam	spring	design,	applications,	and	analysis	examples.	735	11.5.1	Test	Specimen	and	Apparatus	.	31	1.2.15	Polybutylene	Terephthalate	(PBT)	.	158	2.13	Stress	Analysis	of	Beams	.	These	resins	in	this	category	have	the
highest	resistance	retaining	a	high	percentage	of	their	useful	mechanical	properties	at	high	temperatures,	providing	a	longer	service	life	of	the	product.	736	11.6	Surface	Hardness	Testing.	cm.	282	4.4.7	Standard	Gear	Total	Composite	Tolerances	.	In	the	homopolymer	process,	the	formaldehyde	is	separated	from	the	water	and	purified	to	CH2O	gas,
which	is	then	polymerized	to	the	polyoxymethylene	molecule.	518	9.3.6	Flexural	Modulus	Effects	Caused	by	Fiber	Glass	Orientation	.	XII	Contents	4.2.3	Spur	Gear	Terminology	and	Definitions	.	However,	there	is	no	crystalline	plastic	material	exhibiting	solely	a	crystalline	structure,	but	rather	they	have	a	mixed	structure	in	which	crystalline	sections
and	amorphous	sections	coexist.	735	11.5.2	Test	Procedures	.	1.2.3	Acrylonitrile-Butadiene-Styrene	(ABS)	TheABS	resins	have	a	well	balanced	set	of	properties	for	molding	close	dimensio-	nal	control	articles	with	an	outstanding	surface	finishing,good	impact	resistance,	and	metal	plating	characteristics.	57	1.3.3	Styrenic	Block	Copolymer	(SBS).	305
4.10.10	PGT	Close	Mesh	Center	Distance	Between	Spur	Gears	.	480	8.13	Ultrasonic	Welding	Method	.	131	2.7.1	Working	Stress.	12	1.2.6	High	Temperature	Nylon	(HTN)	.	774	11.19.2	Test	Procedure.	482	8.13.2	Ultrasonic	Welding	Basic	Components	.	4	1.2.1	Classification	of	Polymers	by	Performance.	385	6.7	Thermoplastic	Belleville	Spring	Washers
.	757	11.13.7	Instrumented	Impact	Testing.	820	11.34.5	Oxidation.	TP1150.C36	2006	668.4‘23--dc22	2006010219	Bibliograische	Information	Der	Deutschen	Bibliothek	Die	Deutsche	Bibliothek	verzeichnet	diese	Publikation	in	der	Deutschen	Nationalbibliograie;	detaillierte	biblio-graische	Daten	sind	im	Internet	über	abrufbar.	768	11.18	UL	–
Temperature	Index	.	590	10.9.9	Types	of	Hot	Runner	Molding	Systems	.	Chapter	2	Engineering	Product	Design:	Starts	with	the	introduction	to	structural	product	design	principles,	mechanical	strength	pro-	perties	of	thermoplastics.	348	5.8	Journal	Bearing	Load	Carrying	Contact	Surface	(C).	TPEs	are	processed	using	the	same	thermoplastic
equipment	and	methods,such	as	extrusion,	injection	molding,	and	blow	molding.	Each	decade	newer,	more	exciting,	more	versatile	plastics	came	into	existence.	855	About	the	Author	.	Within	each	division	of	ABS	polymers,there	are	the	corresponding	classes	of	grades.StandardABS	grades	are	grouped	by	impact	strength	into	medium,	high,	and	very
high	impact	grades.	805	11.29.1	Test	Description	.	279	4.4.4	Standard	Spur	Gears,	Equations,	and	Calculations	.	817	11.34	Weathering	Tests	for	Thermoplastic	Materials	.	(°F)	176–185	Drying	time	(h)	2.0–4.0	Figure	1-7	Portable	power	tool	housing	1.2	Thermoplastic	Polymers	26.	547	10.2.5	Feather	Edges.	They	also	maintain	properties	at	higher
electrical	frequencies	without	sacrificing	their	chemical	resistance	properties	when	exposed	to	corrosive	elements.These	resins	are	also	inherently	flame	retardant,with	UL-94	flammability	ratings	of	V0	and	5V.	Therefore,	once	polymerized	or	hardened,	the	material	cannot	be	softened	by	heating	without	degrading	some	linkages	of	the	material.	132
2.7.2	Compressive	Stress.	The	binding	matrix	layer	of	SAN	makes	this	polymer’s	two	phases	compatible.	XVII	10.5.1	Major	Steel	Families.	9	1.2.5	Polymethyl	Metacrylate	(Acrylic,	PMMA)	.	744	11.9.1	Purpose	of	the	Mold	Shrinkage	Test.	6	1.2.3	Acrylonitrile-Butadiene-Styrene	(ABS).	820	11.35	Accelerated	Weathering	Testing	(ASTM	G	23)	.	ABS
offers	superior	processibility	and	appearance	as	well	as	low	cost,along	with	a	good	balance	of	engineering	properties.	421	8.6.5	Adhesive	Surface	Preparation.	236	3.10	Conventional	Types	of	Pin	Hinges.	745	11.9.4	Requirements	for	Sampling	.	These	materials	can	be	repeatedly	melted	by	heat	under	pressure	so	they	can	be	formed,then	cooled	and
harden	into	the	final	desired	shape.Chemical	changes	do	not	take	place	during	the	transformation	process.	196	2.16.4	Flat	Circular	Plate	Stresses	.	742	11.8.1	Coefficient	of	Friction	of	Thermoplastic	Materials.	362	5.15	Self-Lubricated	Thermoplastic	Journal	Bearings	.	Small	Appliance	Housings	and	Power	Tool	Applications:	These	include	hair	dryers,
curling	irons,	blenders,	electric	can	openers,	coffee	makers,	food	processors,	electric	fans,	vacuum	cleaners,	electric	drills,	leaf	blowers,	and	lawnmower	decks.	721	11	Performance	Testing	of	Thermoplastics	.	545	10.2	Effects	of	Product	Design	on	the	Injection	Molding	Process.	602	10.10	Number	of	Mold	Cavities	.	654	10.15	Mold	Cavity	Gating	.	355
5.12.5	TFE	and	Nylon	6/6	Moisture	Absorption	Effects.	Test	description,	procedures,	apparatus,test	specimen	and	conditioning,and	their	significance	are	discussed	here.	199	2.16.9	Flat	Circular	Plate	Compensation	Factor	for	Deflection.	335	5.1	Introduction.	503	8.16	Ultrasonic	Stud	Heading	Method	.	Thousands	of	hours	of	research	and	cross



referencing	have	gone	into	the	completion	of	this	work.	The	number	of	permutations	possible	in	combining	chemical	elements	to	create	plastics	with	different	properties	is	almost	endless.	709	10.22.1	Mold	Design	Requirements	.	262	4.2	Standard	Injection	Molded	Thermoplastic	Gears	.	.	Liquid	injection	molding	compounds	are	a	family	of	unique
products.Generally,	these	materials	use	two	liquid	formulations	in	a	1	:	1	ratio.	336	5.2.4	Plugged	Bronze	Journal	Bearings	.	374	5.16.2	Bearing	PV	Limit	Rating.	158	2.13.1	Types	of	Loads.	781	11.25	Capillary	Rheometer	Melt	Viscosity	Testing	(ASTM	D-1703).	It	is	also	essential	that	the	molding	and	maintenance	organizations	are	well	trained,	using
an	up-to-date	technical	training	program	provided	by	a	qualified	instructor.	97	1.5.9	Bismaleimide	(BMI)	.	120	2.2.1	Stress-Strain	Behavior	.	785	11.26.2	How	to	Read	and	Interpret	the	“UL	Yellow	Card”.	The	homopolymer	is	recommended	for	continuous	service	temperature	in	air	and	water	up	to	220	°F.	530	9.10.1	Mold	and	Post-Mold	Shrinkage.	780
11.24.1	Melt	Flow	Rate	.	801	11.28.7	High	Voltage	Arc	Tracking	Rate	(UL-746	A).	672	10.17.7	Mold	Venting	Design	.	606	10.11	Mold	Parting	Line	.	521	9.5	Types	of	Degradations	.	567	10.6.10	Stainless	Steels.	816	11.33	Smoke	Generation	Testing.	768	11.17	Brittleness	Temperature	(ASTM	D-746)	.	361	5.14	Mating	Material	Hardness	and	Surface
Finishing.	406	8.3	Electro	Fusion	Fitting	System	.	559	10.6.4	Chemical	Composition	of	Steels	Used	for	Molds	.	588	10.9.7	Hot	Runner	Mold	Temperature	Control	Systems	.	2.	770	11.18.2	Long	Term	Thermal	Aging	Index	.	337	5.2.8	Rubber	Journal	Bearings.	The	basic	matrix	properties	remain	constant	when	modifications	are	made	to	change	specific
mechanical	properties	of	the	compound.This	intermediate	category	of	resins	includes	acrylics,thermoplastic	olefin	(TPO),	polyphenyleneoxide	(PPO),	thermoplastic	vulcanizate	(TPV),	melt	procesable	rubber	(MPR),	high	impact	polystyrene	(HIPS),	ionomers,	melamine	formaldehyde	(MF),	polyxylene,	polypropylene	(PP),	acrylonitrile-	butadiene-styrene
(ABS),	styrene-acrylonitrile	(SAN),	polyphenylene	ether	(PPE),	polyurethane	(PUR),	urethane	hybrid,	polyester	alkyd	(PAK),	styrenic	block	copolymer	thermoplastic	elastomers	(TPR),	and	ultra	high	molecular	weight	polyethylene	(UHMWPE).	342	5.5	Journal	Bearing	Design	Principles.	359	5.13.3	Journal	Bearing	Failures	Due	to	Small	Clearances.	775
11.19.3	Test	Variables	and	Limitations	.	When	the	plastics	are	combined,	the	positive	features	of	each	can	be	maintained,	or	even	enhanced,	while	the	negative	features	of	each	can	be	reduced.	199	2.16.8	Flat	Circular	Plate	with	Fixed	Edge.	547	10.2.6	Proportional	Boss	Geometries.	For	instance,	turning	a	bar	down	can	be	accomplished	with	a	hand
drill	and	sandpaper.	779	11.23.1	Moisture	Content	.	239	3.11.1	Machined	Metal	Threaded	Insert	Tolerances	.	197	2.16.5	Theory	of	Flexure	Comparison	.	381	6.5.2	Stress-Strain	Curve	Cantilever	Beam	Analysis	Method	.	44	1.2.20	Polypropylene	(PP)	.	Self-lubricated	thermoplastic	bearings.	It	also	analyzed	reviews	to	verify	trustworthiness.	811	11.31.1
Horizontal	Burning	Testing,	UL	94HB.	389	6.7.2	Belleville	Spring	Washer	Loading	Rate.	164	2.14	Beam	Deflection	Analysis	.	They	are	produced	by	combining	three	monomers:	acrylonitrile,butadiene,and	styrene.The	chemical	structure	of	these	monomers	requires	each	monomer	to	be	an	important	component	of	theABS	resins.Acrylo-	nitrile
contributes	heat	resistance,	chemical	resistance,	and	surface	hardness	to	the	system.	606	10.10.2	Number	of	Mold	Cavities	Equation	.	•	•	•	•	•	•	29.	400	7.6	Testing	Prototype	Thermoplastic	Pressure	Vessels	.	The	original	ABS	research	work	was	a	crash	program	during	the	war	for	the	development	of	synthetic	rubber.	553	10.6	Steels	for
Thermoplastic	Injection	Molds	.	104	1.5.14	Silicone	(SI)	.	77	1.4.1	LIM®	Silicone	Processing	.	693	10.18	Mold	Cavity	Insert	Contact	Area	Strength.	707	10.22	General	Specifications	for	Mold	Construction	for	Thermoplastic	Injection	Molding	Resins	.	Polyvinyl	chloride	(PVC)	became	the	second	largest	selling	plastic	for	such	applications	as	flooring,
upholstery,	wire,	and	cable	insulation,	tubing,	hoses,	and	fittings.	337	5.2.9	Self-Lubricated	Thermoplastic	Journal	Bearings.	610	10.12.1	Ejector	Plate	Assembly.	224	3.7	Preferred	Standard	Thread	Forms	for	Thermoplastics	.	726	11.2.3	Specimen	Conditioning	.	736	11.5.3	Significance	and	Limitations	.	851	Nomenclature	.	308	4.10.11	Maximum	Close
Mesh	Center	Distance	.	786	11.26.3	“UL	Insulation	Systems	Recognition”	.	244	3.11.6	Metal	Inserts	Anchorage	for	Thermoplastic	Encapsulation	.	823	11.35.4	Exposure	to	Xenon	Arc	Light	and	Water	Testing	(ASTM	D-2565)	.	745	11.9.3	Injection	Molding	Effects	on	Shrinkage.	198	2.16.6	Circular	Plates	Simply	Supported,	Concentrated	Center	Load	.
115	2.1.1	Plastics	Selection	Guidelines	.	Maximum	suitable	moisture	levels	of	0.2%	for	injection	molding	and	0.03%	for	extrusion	can	be	reached	using	a	dehumidifying	air	dryer.	560	10.6.6	Effects	of	Heat	Treatment	on	Tool	Steel	Properties.	831	12.1	Injection	Molding	Process.	28	1.2.14	Modified	Polyphenylene	Oxide	(PPO).	822	11.35.3	Exposure	to
Carbon	Arc	Light	and	Water	Testing	(ASTM	D-1499)	.	569	10.7	Mold	Cavity	Surface	Finishing	.	825	11.35.5	Outdoor	Weathering	Testing	of	Thermoplastics	(ASTM	D-1435)	.	145	2.10	Viscoelastic	Modulus	Design	Method.	275	4.4.2	Multifunction	Designs	with	Thermoplastic	Gears.	612	10.13	Injection	Mold	Cooling	.	413	8.5.1	Solvents	Used	to	Bond
Thermoplastic	Polymers	.	60	1.3.4	Polyolefin	Thermoplastic	Elastomer	(TPO)	.	473	8.11.7	Vibration	Welding	Tolerances	.	51	1.2.24	Styrene	Acrylonitrile	(SAN).	497	8.14	Ultrasonic	Insertion	.	126	2.4	Tension	and	Compression	Curves	.	These	polymers	have	an	extensive	versatility	of	properties	and	process	automation	while	offering	several	cost
advantages.	441	8.9	Snap	Fitting	Methods.	121	2.2.2	Tensile	Testing	of	Viscoelastic	Materials.	ABS	plating	grades	are	used	in	wheel	covers,	grilles,	headlight,	mirror	housings,	and	decorative	trim.	736	11.6.1	Rockwell	Hardness	Testing	(ASTM	D-785-60T)	.	It	can	also	offer	knowledgeable	advice	for	resin	and	machine	selection	and	processing
parameters.	14	1.2.7	Ionomer	Polymers	.	XX	11.18.3	Creep	Modulus/Creep	Rupture	Tests	.	606	10.10.1	Cavity	Number	Limitations	.	302	4.10.7	Spur	Gear	Tooth	Form	Comparison.	746	11.10	Specific	Gravity	Testing	(ASTM	D-792).	This	mixture	is	then	transferred	to	a	cavity	for	curing	and	hardening	to	become	a	solid	object	(concrete).	549	10.3.1
Runner	System	.	(°F)	N/A	or	not	required	Drying	time	(h)	N/A	or	not	required	Acetal	resins	provide	a	well	balanced	set	of	properties	including	a	hard	self-	lubricated	surface,excellent	chemical	resistance,strength,stiffness,and	toughness	over	a	broad	temperature	range.	745	11.9.5	Test	Procedures	.	ABS	resins	belong	to	a	very	versatile	family	of
thermoplastic	polymers.	XVI	9.1.1	Thermoplastics	Glass	Transition	Temperature.	168	2.14.1	Beam	Deflection	by	Double	Integration	Method	.	107	1.5.15	Urethane	Hybrid.	674	10.17.8	Mold	Venting	Using	Sintered	Porous	Insert	Plugs.	480	8.12.6	Spin	Welding	Process	Suggestions.	439	8.8.2	Circular	Press	Fitting	Assembly	Method	.	293	4.10	Plastic
Gearing	Technology	Designs	.	393	7.1	Thermoplastic	Thin-Walled	Pressure	Vessels	.	762	11.14.3	Procedure	for	Applying	Creep	Modulus	.	549	10.3.2	Mold	Cooling	System.	135	2.7.5	Poisson’s	Ratio	(υ)	.	474	8.12	Spin	Welding	Method.	264	4.2.2	Horsepower	Equations	for	Gears	.	The	chemical	reaction	transforms	the	product	into	concrete.	p.	Styrene-
acrylonitrile	(SAN)	forms	the	con-	tinuous	matrix	phase.The	second	phase	is	composed	of	dispersed	polybutadiene	•	•	•	•	Amorphous	molecules	Figure	1-5	Amorphous	polymer	molecular	structure	Crystalline	structure	Amorphous	molecules	Figure	1-6	Semi-crystalline	polymer	molecular	structure	25.	810	11.30.3	Flammable	Polymers	.	253	3.11.10
Inserts	Preparation	for	Molding	Encapsulation.	611	10.12.2	Ejector	Plate.	1	1.1	Introduction	to	Plastic	Materials	.	Their	outstanding	impact	strength,	thermal	and	dimensional	stability	enabled	engineering	plastic	resins	to	compete	directly	with	metal	materials.	408	8.3.1	The	SEF-System	.	General	Properties	of	ABS	Specific	gravity	1.05	Tensile
modulus	@	73	°F	(Mpsi)	0.3	Tensile	strength	@	yield	(Kpsi)	5.0	Notch	Izod	impact	@	73	°F	(ft-lb/in)	2.50–12.0	Thermal	limits	Service	temp.	1.1.2	Polymer	Families	Plastic	materials	are	the	result	of	the	combination	of	carbon	elements	reacting	with	oxygen,	hydrogen,	nitrogen,	and	other	organic	and	inorganic	elements.	Each	assembly	method	provides
a	descrip-	tion,process	sequence,advantages	and	limitations,typical	applica-	tions,	equipment,	product	joint	design,	and	its	variations.	Engineering	resins	are	fundamentally	unmodified	resins,	whose	properties	are	improved	by	compounding.	728	11.2.7	Crosshead	Speed	Effects	.	The	Complete	Part	Design	Handbook	For	Injection	Molding	of
Thermoplastics	E.	748	11.10.1	Test	Procedures	.	513	9.2	General	Characteristics	of	Polymers	.	720	10.23.1	Mold	Tryout	or	Evaluation.	550	10.3.4	Mold	Venting.	Melamine	resins	were	also	introduced	for	use	in	dishware,	paints,	and	wet	strength	paper.	Design	principles,	performances,	dimensions,	clearances,	molding	effects,	PV	limits	and	surface
finishing.	The	plastics	industry	took	its	second	major	step	41	years	later.	3	refrigerator	liners,	safety	helmets,	tubing,	telephone	handsets,	and	luggage.	758	11.14	Creep,	Rupture,	Relaxation,	and	Fatigue	.	400	7.5.1	Preliminary	Pressure	Vessel	Design.	Figure	1-4	shows	one	of	the	analogies	for	the	thermoset	materials	as	the	chemical	transformation	of
concrete.	Material	costs	become	increasingly	significant	with	higher	volume	and	less	critical	product	requirements.	354	5.12.3	Thermoplastic	Journal	Bearing	Annealing	Effects.	53	1.3	Thermoplastic	Elastomers	(TPE).	351	5.11	Factors	Affecting	Journal	Bearing	Performance	.	368	5.15.4	Vespel®	Wear	Transition	Temperature	.	589	10.9.8	Hot	Runner
Mold	Gates	(Drops)	.	583	10.9.1	Two-Plate	Molds.	E.	Improvise!ToolsSaw	for	cutting	metal	Drill	and	bits	(Drillpress	is	handy,	but	not	necessary)CenterpunchFilesCaliperTape	MeasureVolt/Ohm/Amp	MeterWire	StripperMaterialsPID	Temperature	Controller	(this	is	the	one	I	used	Two	300	Watt	Band	Heaters	(these	are	the	ones	I	used	Aluminum	Tube
for	the	melting	chamber	(I	used	1¼"OD	x	¼"	wall)Aluminum	bar	for	the	piston	(I	used	¾")Aluminum	angle	for	the	framework	(I	used	1¼"	x	1¼"	x	⅛")Aluminum	flat	bar	for	connecting	rods	(I	used	1"	x	⅛")Aluminum	flat	bar	for	compression	lever	(I	used	1¼"	x	⅜")Material	to	clamp	the	melting	chamber	(I	used	stainless	steel	U-bolts)Hardware	to	bolt	it
all	together	(I	used	¼-20	stainless	nuts	and	bolts)An	enclosure	to	hold	the	PID	controller	and	SSR	(I	used	a	laser	cut	box	a	friend	made	for	me,	but	a	generic	project	box	like	this	would	work	fine	Power	cord	1.	Household	Items:	Countertops,	sinks,	and	tub	surrounds,	roof	mounted	air	conditioning	units.	500	8.14.1	Applications.	828	11.37	Bacteria
Resistance	Testing	of	Thermoplastics	(ASTM	G	22)	.	188	2.16	Flat	Circular	Plates	.	255	4	Thermoplastic	Gearing	Design	.	506	8.16.1	Thermoplastic	Stud	Profiles	for	Ultrasonic	Heading	.	455	8.10	Electromagnetic	Welding	Method	.	277	4.4.3	Mounting	Thermoplastic	Gears	on	Metal	Shafts.	I.	354	5.12.4	Acetal	Homopolymer	Moisture	Absorption
Effects	.	261	4.1.4	Gears	for	Straight	Linear	Motion	.	The	homopolymer	grades	exhibit	the	highest	crystallinity,	with	good	strength,	stiffness,and	impact	resistance.The	melting	point	is	350	°F.The	high	crystallinity	also	provides	good	chemical	resistance,with	little	or	no	effect	seen	in	the	material	after	direct	exposure	to	common	hydrocarbons,
aldehydes,	ketones,	alcohols,	and	fuels.	Many	grades	also	have	the	approval	from	the	Food	and	Drug	Administra-	tion	for	repeated	food	contact,	National	Sanitation	Foundation	and	Canadian	Standards	Association	for	potable	water	applications	and	Underwriter’s	Labo-	ratories	UL-94	HB	ratings	for	flammability.	150	2.12	Radius	of	Gyration	.	837	12.9
Mold	Cost	.	335	5.2	Materials	Used	for	Journal	Bearings	.	447	8.9.4	Cantilever	Snap	Fit	Latch	Design	Guidelines	.	258	4.1.1	Gears	Parallel	to	the	Shaft	Axis	.	129	2.6	Stress	and	Strain	Analysis	.	Chapter	12	Thermoplastic	Product	Cost	Analysis:	It	discusses	molding	process	variables	and	capital	equipment	cost.	Thermoplastic	elastomer	(TPE)	resins	are
rubbery	materials	with	the	characteris-	tics	of	a	thermoplastic	and	the	performance	properties	of	a	thermoset	rubber.	669	10.17.4	How	to	Avoid	Venting	Problems	.	These	polymers	have	the	ability	to	change	into	a	liquid	(melt),	and	are	capable	of	being	formed	into	shapes	by	the	application	of	heat	and	pressure.	348	5.7	Self-Centering	Thermoplastic
Journal	Bearings	.	832	12.3	Material	Handling	(Regrinds)	.	450	Contents	12.	183	2.15	Column	Structural	Analysis	.	449	8.9.5	Cantilever	Latch	Snap	Fit	Mathematical	Model.	Plastic	composite	materials	are	used	for	golf	club	shafts,	while	other	flexible	polymers	are	used	as	upholstery	materials	for	furniture.	761	11.14.1	Tensile	Creep	Testing	.	34
1.2.17	Polyethylene	(PE)	.	414	8.6	Adhesive	Bonding	Method	.	The	high	performance	engineering	resins	include	high	temperature	nylon	(PA),	liquid	crystal	polymers	(LCP),	polysulfone	(PSU),	fluoropolymers,	polyetherimide	(PEI),	polyaryletherketone	(PAEK),	polyphenylene	sulfide,	silicone,	and	polyimide	((PMR).	568	10.6.11	Steels	Used	in
Thermoplastic	Injection	Mold	Components	.	94	7.	729	11.2.10	Stress-Strain	Effects	Caused	by	Creep	.	For	my	great	grand	uncle	Rafael	Ramirez	who	paid	for	my	elementary	and	high	school	education	after	I	lost	my	father	at	the	age	of	five.	564	10.6.8	Carburizing	Tool	Steels	.	The	result	is	that	there	is	usually	more	than	one	choice,and	often	several
choices,available	to	meet	the	end	product	performance	requirements.	819	11.34.4	Moisture	.	548	10.2.7	Gate	Type	and	Location	.	381	6.5.1	Initial	Modulus	of	Elasticity	Cantilever	Beam	Analysis	Method	.	Library	of	Congress	Cataloging-in-Publication	Data	Campo,	E.Alfredo.	322	4.12	PGT	Spur	and	Helical	Gears	Horsepower	Rating.	They	have	good
surface	lubricity	and	a	low	coefficient	of	friction	against	metals,	ceramics,	and	other	plastics.	The	complete	part	design	handbook	:	for	injection	molding	of	thermoplastics	/	E.Alfredo	Campo.	776	11.21.1	Test	Procedure.	709	10.22.2	Mold	Drawing	Standards	.	Then,	it	is	necessary	to	establish	efficient	injection	molding	process	setup	conditions	for	the
resin	being	used.	388	Contents	11.	528	9.9	Mold	Cavity	Surface	Temperature	.	420	8.6.4	Ultra	Violet	Curable	Adhesives	.	195	2.16.2	Stress	Analysis	Methods	.	741	11.7.2	Theoretical	Analysis	of	Wear	.	804	11.29	Self	and	Flash	Ignition	Temperature	Testing	(ASTM	D-1929)	.	437	8.8.1	Press	Fitting	Interference	.	55	1.3.1	Thermoplastic	Elastomer
Families	.	198	2.16.7	Flat	Circular	Plate	under	Concentrated	Center	Load	.	Medium	impact	extrusion	and	molding	grades,	including	clear	ABS,	are	used	in	crisper	pans,	breaker	strips,	shelves,	shelf	supports,	evaporator	parts	trays,	and	kick	plates.	494	8.13.8	Weldability	of	Thermoplastic	Materials.	816	11.32.2	Factors	Affecting	the	Test	Results	.	65
1.3.6	Melt	Processible	Rubber	(MPR)	.	273	4.4.1	Gating	Effects	on	Thermoplastic	Gear	Roundness	Dimensions	.	ISBN-10:	3-446-40309-4	ISBN-13:	978-3-446-40309-3	Allrightsreserved.Nopartof	thisbookmaybereproducedortransmittedinanyformor	by	any	means,	electronic	or	mechanical,	including	photocopying	or	by	any	information	storage	and
retrieval	system,	without	permission	in	writing	from	the	publisher.	378	6.3	Thermoplastic	Helical	Compression	Springs	.	212	3.1.2	Wall	Draft	Angle	per	Side	.	410	8.4.1	Hot	Plate	Welding	Joint	Design.	713	10.23	Mold	Tryout	–	Debug	–	Approvals	–	“MQ1”	Requirements.	784	11.26.1	Underwriter’s	Laboratories	(UL)	Yellow	Cards	.	235	3.9.3	Proper	Gate
Design	for	Life	Hinges	.	This	material	was	the	first	commercial	plastic	material.	667	10.17.2	Venting	Characteristics	of	Thermoplastic	Polymers	.	The	third	major	step	in	plastic’s	development	took	place	in	the	1920s	with	the	introduction	of	cellulose	acetate.	Business	and	Consumer	Electronics:	Videocassettes,	televisions,	audiovisual	equipment,
computer	housings,	floppy	disks,	printers,	and	copiers.	813	11.31.4	Factors	Affecting	UL	94	Flammability	Testing	.	347	5.5.3	Mounting	Thermoplastic	Journal	Bearings	.	139	2.8.3	Creep	and	Relaxation	of	Thermoplastics.	When	the	cement	powder	blends	with	water	and	sand,	the	mixture	becomes	a	thick	paste	compound.	283	4.5	Tolerances	and	Mold
Shrinkage	of	Thermoplastic	Gears	.	When	additives,	such	as	flame	retardants	and	stabilizers,	are	compounded	into	the	resin,	the	characteristics	of	the	matrix	are	modified,	sometimes	with	a	loss	of	some	of	the	properties.	V	Dedication	To	my	wife	Sandy,	my	son	Jaime,	and	my	daughter	Michelle	for	the	love	and	understanding	they	gave	me	during	the
six	long	years	that	it	took	me	to	produce	all	the	original	drawings,	calculate	examples	and	write	this	comprehensive	handbook.	509	8.17.1	Hand-Held	Ultrasonic	Spot	Welder	.	698	10.18.1	Cavity	Insert	Sidewall	Strength	.	815	11.32	Limited	Oxygen	Index	Testing	(ASTM	D-2863).	350	5.9	Load	Reaction	Across	the	Length	of	Thermoplastic	Bearing	.
Polyamide	or	nylon	(Du	Pont’s	trade	name)	was	first	developed	as	a	fiber	material.	Radical	changes	in	the	boat	building	industry	were	also	a	war	time	development	introduced	for	military	use.Acrylonitrile-butadiene-styrene	(ABS)	is	best	known	today	as	the	plastic	material	used	for	applications	such	as	appliance	housings,	Figure	1-2	First	phenolic
applications	21.	The	engineering	resins	are	acetal,	polyamide	(nylon,	PA),	polycarbonate	(PC),	polybutylene	terephthalate	(PBT),	polyethylene	terephthalate	(PET),	glass	fiber	reinforced	polypropylene,	block	copolyester	TPE,	polyamide	TPE,	liquid	injec-	tion	molding	silicone,	diallyl	phthalate,	epoxy	(EP),	and	cyanate.	586	10.9.5	Vertical	Insert	Mold	for
Thermoplastic	Encapsulations	.	653	10.14.3	Cold	Runner	Flow	Tab.	227	3.8	Injection	Molded	Products	with	Undercuts.	ABS	plastics	are	two-phase	systems.	The	forth	group	is	the	high	performance	engineering	resins.	377	6.2	Thermoplastic	Molded	Spring	Design	Considerations	.	6	1	Polymeric	Materials	The	economics	involved	in	thermoplastic	resin
selection	are	complex,	because	the	resin	price	is	not	usually	the	most	important	factor.	Plastics	are	among	the	best	electrical	insulating	materials	known	to	mankind.	The	structure	of	plastic	materials	is	based	on	basic	chemical	elements	such	as	carbon,oxygen,hydrogen,nitrogen,chlorine,and	sulfur.These	elements	are	extracted	from	the	air,	water,
gas,	oil,	coal,	and	even	from	living	plants.It	was	man’s	inspiration	to	take	these	elements	and	combine	them	through	various	chemical	reactions	in	an	almost	unending	series	of	combinations	to	produce	the	rich	variety	of	polymers	known	today	as	plastics.	850	Process	Acronyms	.	522	9.5.2	Radiation	Degradation	.	366	5.15.2	Journal	Bearing	Pressure
Equation.	474	8.11.8	Vibration	Welding	Equipment.	VII	1	Polymeric	Materials	.	The	1960s	and	1970s	also	had	their	share	of	new	plastics’	introductions.	There	are	also	transparent	packaging	materials	used	to	protect	consumer	items.	(°F)	200	(short)	175	(long)	Shrinkage	(%)	2.0–2.5	Tm	(°F)	330	Tg	(°F)	–90	Process	temp.	XVIII	10.14.1	Mold	Cold
Runner	System	.	617	10.13.3	Effects	Caused	by	Elevated	Mold	Temperature	.	263	4.2.1	Selection	of	Thermoplastic	Resins	for	Gears	.	Telecommunications:	Telephone	housings,	mobile	phones,	typewriter	hous-	ings,	and	keyboard	keys.	272	4.4	Thermoplastic	Spur	Gear	Design	Requirements	.	Cavity	surfaces	finish	procedures	and	specifications.	740
11.7.1	Taber	Abrasion	Testing	.	There	are	polymers	used	for	shields	that	can	stop	a	bullet.	833	12.6	Injection	Molding	Machine	Cost.	This	polymer	diversity	makes	it	difficult	to	grasp	the	idea	of	a	single	family	of	materials	that	can	provide	an	infinite	range	of	properties,	characteristics,	and	transformation	processes.	370	5.15.9	Vespel®	Journal
Bearing	Inside	Diameter	(dB)	.	403	8	Thermoplastic	Assembly	Methods	.	85	1.5.3	Melamine	Formaldehyde	(MF)	.	724	11.2	Tensile	Testing	(ASTM	D-638).	848	Appendix	.	328	5	Plastic	Journal	Bearing	Design	.	While	the	advice	and	information	in	this	book	are	believed	to	be	true	and	accurate	at	the	date	of	going	to	press,	neither	the	authors	nor	the
editors	nor	the	publisher	can	accept	any	legal	responsibility	for	any	errors	or	omissions	that	may	be	made.	They	are	creep	and	fatigue	resistant	because	of	low	cold	flow	characteristics.	211	3.1	Uniform	and	Symmetrical	Wall	Thickness	.	465	8.11.2	Vibration	Welding	Modes.	Types	of	injection	mold	designs.	733	11.4.1	Compressive	Testing	Apparatus.
496	8.13.9	Effects	Caused	by	Thermoplastic	Additives	on	Ultrasonic	Welding.	However,	we	find	another	type	of	special	plastic	material	capable	of	conducting	electricity.	425	8.7	Metal	Fasteners	Method.	The	first	is	the	commodity	resins,	which	have	a	large	consumption	volume,	extensive	application	end	uses,	low	material	cost,and	limited	property
performances.The	commodity	resins	include	polystyrene	(PS),	polyethylene	(PE),	styrene	acrylonitrile	copolymer	(SAN),	cellulose	nitrate	(CN),	polybutene	(PB),	bismaleimide	(BMI),	unsaturated	polyester	(UP),	and	polyvinyl	chloride	(PVC).	Special	grades	are	also	available	with	US	Department	of	Agriculture	approval	for	direct	contact	with	meat	and
poultry	products	and	Dairy	and	Food	Industries	Supply	Association	approval	for	contact	with	dairy	products.	The	trioxane	is	separated,	purified	and	reacted	with	a	comonomer	(ethylene	oxide)	to	prepare	poly-	oxymethylene	that	has	randomly	distributed	–CH2–CH2	groups	in	the	chain.	The	following	grades	of	acetal	resins	are	commercially	available:
UV	stabilized	and	weatherable	grades,	Low	wear	and	low	coefficient	of	friction	grades,	Toughened	and	impact	modified	grades,	Fiber	glass	reinforced	grades,	Filled	mineral,	glass	bead,	milled	glass	filled	grades,	and	High	melt	flow	grades.	711	10.22.4	Mold	Construction	Requirements	.	It	is	also	important	to	select	the	best	type,	capacity,	and	running
conditions	of	the	injection	molding	machine.	VII	Preface	This	handbook	was	written	for	the	injection	molding	product	designer	who	has	a	limited	knowledge	of	engineering	polymers.It	is	a	guide	for	the	designer	to	decide	which	resin	and	design	geometries	to	use	for	the	design	of	plastic	parts.	345	5.5.1	Journal	Bearing	Nomenclature	and	Equations.
Two	types	of	acetals	are	available.	A	compounded	resin	is	defined	as	a	material	containing	a	matrix	(basic	resin),	additives,	a	reinforcing	ingredient,	such	as	fiber	glass	or	minerals,	heat	and	ultraviolet	stabilizers,	flame	retardants,	and	other	additives.	382	6.6	Thermoplastic	Cantilever	Spring	Applications	.	829	11.38	Fungi	and	Bacteria	Outdoor
Exposure	Resistance	Limitations	.	179	2.14.4	Beam	Deflection	Superposition	Method	.	794	11.28.3	Dielectric	Strength	Testing	(ASTM	D-149).	336	5.2.2	Bronze	Journal	Bearings	.	720	10.23.4	Mold	Cavity	and	Core	Surface	Temperatures.	783	11.26	Electrical	Properties	Testing	.	370	5.15.7	Vespel®	Thrust	Bearing	Ratio	Between	Diameters	.	Alloys	of
ABS-PC	are	available	in	injection	molding	and	plating	grades.ABS-SMA	heat	resistant	alloys	are	available	in	injection	molding,	extrusion,	and	plating	grade	versions.Alloys	of	ABS-PA	are	also	available	in	injection	molding	grades.	751	11.12.2	Test	Procedure.	772	Contents	17.	548	10.2.9	Molded	Product	Tolerances	.	25	1.2.12	Polyetherether	Ketone
(PEEK).	792	11.28.1	Volume	Resistivity	Testing	(ASTM	D-257)	.	71	1.3.8	Polyamide	Thermoplastic	Elastomer	.	375	5.17	Thermoplastic	Kevlar®	Reinforced	Bearings	.	The	Author:	E.Alfredo	Campo,	1213	Cerrito	Perdido	Lane	,	El	Paso,	TX	79912,USA	Distributed	in	the	USA	and	in	Canada	by	Hanser	Gardner	Publications,	Inc.	807	11.29.4	Hot	Mandrel
Testing	.	For	all	the	Du	Pont	Plastics	Customers	that	gave	me	the	opportunity	to	improve	their	plastic	products	and	optimize	their	injection	molding	manufacturing	processes.	Here,	the	resin	cost	represents	a	high	percentage	of	the	molded	components	finished	cost.	Chapter	9	Thermoplastic	Effects	on	Design:	Starts	discussing	the	polymer	melt
behavior,reinforcement,degradation,moisture	characteris-	tics,	mold	shrinkage	and	critical	properties.	Most	plastics	fall	into	one	of	the	following	groups:	thermoplastics,	thermoplastic	elastomers,	liquid	injection	molding	elastomers,	thermosets,	and	thermoset	rubbers.	295	4.10.2	Spur	and	Helical	Gears	PGT-2	Tooth	Design	.	357	5.13	Journal	Bearing
Pressure-Velocity	(PV)	Limits.	517	9.3.5	Tensile	Stress	Effects	Caused	by	Fiber	Glass	Orientation	.	194	2.16.1	Classification	.	593	10.9.10	Thermoplastic	Stack	Injection	Molds.	Figures	1-5	and	1-6	show	the	difference	between	these	families	of	polymers.	841	12.10.1	Cost	Analysis	Basic	Method	.	734	11.4.3	Test	Procedures	.	607	10.11.1	Flat	Mold
Parting	Line.	520	9.4.1	Effects	of	the	Environment.	339	5.4	Journal	Bearings	Design	for	Lubrication	.	425	8.6.7	Joint	Design	for	Adhesive	Bonding.	419	8.6.3	Adhesives	Bonding	Selection	.	396	7.3.2	Maximum	Stresses	with	Internal	and	External	Pressures.	869	Contents	19.	741	11.8	Coefficient	of	Friction	(ASTM	D-1894).	553	ContentsContents	14.	373
5.16.1	Bearing	Physical	Properties	.	704	10.20	Mold	Support	Pillars	.	Stabilizers,	lubricants,	colorants,	and	other	additives	can	be	added	to	the	system,and	while	this	makes	the	production	of	ABS	very	complex,	it	allows	great	flexibility	in	product	property	design.	477	8.12.4	Types	of	Spin	Welding	Processes.	Mold	design	system	and	other
considerations,	such	as	number	of	cavities,	parting	line,	ejection,	cooling,	cold	runner,	gating,	venting,	cavity	inserts	sidewall	strength,	support	pillars,	molded	parts	tolerances,	mold	designer	check	list,	general	specifications	for	mold	construction	are	covered.	However,	the	most	important	celluloid	application	was	the	first	photographic	film	used	by
Eastman	to	produce	the	first	motion	picture	film	in	1882.	XIX	11.3.1	Apparatus.	777	11.23	Melt	Flow	Testing	.	615	10.13.1	Mold	Temperature	Control	.	4	1	Polymeric	Materials	produce	precision	elastomeric	molded	parts	efficiently.	178	2.14.3	Applications	of	Moment	Area	and	Double	Integration	Methods	.	618	10.13.6	Mold	Cavity	Insert	Cooling	.	412
8.4.2	Flash	or	Weld	Bead.	656	10.15.2	Different	Types	of	Hot	Runner	Gates.	137	2.8	Stress-Strain	Recovery	(Hysteresis)	.	Acetals	are	strong,	stiff	and	tough	over	a	broad	temperature	range.	347	5.6	Split	Bushing	Thermoplastic	Journal	Bearings	.	734	11.4.2	Test	Specimens	and	Conditioning.	725	11.2.1	Tensile	Testing	Equipment	.	XXI	11.34.1
Weathering	Creep	Factors	(Degradation)	.	One	is	a	homopolymer	resin	with	higher	mechanical	properties,	higher	end	use	temperatures,	and	higher	melt	flow	index,and	the	other	is	a	copolymer	resin	with	better	processing	characteristics	and	impact	resistance.	237	3.11	Metal	Inserts	for	Thermoplastic	Encapsulation	.	215	3.3	Internal	Sharp	Corners
and	Notches.	402	7.7.1	ASME	Pressure	Vessel	Code	.	The	copolymer	grades	have	random	ethyleneoxy	or	n-butyleneoxy	units	scattered	throughout	the	polymer	backbone.These	comonomer	units	slightly	disrupt	the	crystallinity	of	the	polymer	in	the	solid	state,	leading	to	slightly	lowered	short	term	strength,	stiffness,	impact	resistance,	and	a	melting
point	of	330	°F.	By	the	beginning	of	the	1950s,	plastics	were	on	their	way	to	being	accepted	by	designers	and	engineers	as	basic	industrial	materials.	720	10.23.5	“MQ1”	Requirements	.	For	my	grand	nephew,Alfredo	CampoV.for	winning	the	BMX	world	champion-	ship	and	the	sportsman	of	the	year	in	my	native	country	Ecuador.	547	10.2.3	Smooth
Internal	Sharp	Corners	.	The	end-capping	of	homopolymer	and	copolymer	chains	is	necessary	to	prevent	the	irreversible	depolymerization	of	the	polymer	backbone	during	melt	processing	by	the	thermal	“unzipping”	of	the	–H–O–CH2–O–CH2–	end	group	to	a	formaldehyde	monomer.	805	11.29.2	High	Current	Arc	Ignition	Testing	(UL	746A)	.	69	1.3.7
Copolyester	Thermoplastic	Elastomer	.	This	process	of	liquefying	the	material	to	form	various	shapes	under	heat	and	pressure	is	the	same	process	that	is	still	in	use	by	the	industry	to	produce	thermoset	plastic	materials.	This	decade	also	saw	the	introduction	of	polypropylene	following	the	Nobel	Award	winning	work	of	Karl	Ziegler	in	Germany	and
Giulio	Natta	in	Italy	for	“ordering”	the	molecular	arrangement	of	plastics.	What	is	more	important,	he	also	developed	techniques	for	controlling	and	modifying	the	phenolformaldehyde	reaction.	699	10.18.2	Methods	to	Calculate	the	Strength	of	Cavity	Insert	Sidewall.	Alfredo	Campo	Hanser	Publishers,	Munich	•	Hanser	Gardner	Publications,
Cincinnati	2.	129	2.5	Modulus	of	Elasticity	(E).	It	is	surprising	to	realize	that	a	little	more	than	a	century	ago	there	were	no	such	plastic	materials	any	where	around	the	world.	222	3.4	Injection	Molded	Thermoplastic	Bosses.	587	10.9.6	Hot	Runner	Molding	Systems	.	Special	technology	has	led	to	impact-modified	homopolymer	and	copolymer	grades,
but	increased	impact	resistance	is	offset	by	decreased	strength	and	stiff-	ness.	370	5.15.8	Vespel®	Journal	Bearing	Initial	Clearance	(cI)	.	735	11.5	Shear	Strength	Testing	(ASTM	D-732).	7	particles,	which	have	a	layer	of	SAN	grafted	onto	their	surface.	1.1.1	Beginning	of	Plastics	Plastic	materials	have	played	an	important	role	in	the	development	of
this	modern	civilization.	Customer	Reviews,	including	Product	Star	Ratings	help	customers	to	learn	more	about	the	product	and	decide	whether	it	is	the	right	product	for	them.	671	10.17.6	Mold	Venting	Process	Problems	.	Specialty	ABS	grades	include	high	heat,	plating,	clear,	flame	retardant,	and	structural	foam	grades.	89	1.5.6	Epoxy	(EP).	815
11.32.1	Test	Procedures	.	In	this	case,	the	molecule	is	stabilized	by	a	reaction	with	acetic	anhydride	to	give	acetate	end	groups.	New	illustrations,	graphs	and	equations	have	been	included	to	provide	additional	clarity	for	complex	ideas.The	equations	have	been	verified	to	ensure	correctness	and	not	just	copied	from	another	source.	559	10.6.5	Effects
of	Alloying	on	Tool	Steels	.	345	10.	Plastics	are	true	man-made	materials.	740	11.7	Abrasion	Resistance	Testing	(ASTM	D-1044)	.	571	10.7.1	Mold	Surface	Finishing	Process	Procedures	.	117	2.2	Structural	Design	of	Thermoplastic	Components	.	780	11.24	Melt	Index	Testing	(ASTM	D-1238)	.	Locating,	fixing	clip,	flexible	hinges,and	torsional	spring
applications.Belleville	spring	washers’	equations,	tables,	and	analysis	examples.	The	third	group	is	classified	as	engineering	resins.	294	4.10.1	Spur	and	Helical	Gears	PGT-1	Tooth	Design	.	Standard	grades	of	ABS	generally	meet	the	Underwriter’s	Laboratories	(UL)	rat-	ing	for	slow	burning	(UL-94	HB).	818	Contents	18.	They	use	a	liquid	metering,
mixing,	and	delivery	system,	a	specially	modified	injection	molding	machine,	and	a	high	temperature	precision	mold.	213	3.2.1	Rib	Strength	Analysis	Method	.	169	2.14.2	Beam	Deflection	Moment	Area	Method	.	732	11.3.3	Modulus	of	Elasticity.	134	2.7.4	Coefficient	of	Linear	Thermal	Expansion	(α)	.	X	Contents	1.5.8	Polybutadiene	(PB)	.	46	1.2.21
Polystyrene	(PS)	.	562	10.6.7	Prehardened	Tool	Steels	.	304	4.10.9	PGT	Spur	Mating	Gears	Strength	Balance	.	279	4.4.5	Spur	Gear	Pitch	Backlash	.	39	1.2.19	Polyphenylene	Sulfide	(PPS)	.	812	11.31.3	Vertical	Burning	Testing,	UL	94-5V,	UL	94-5VA,	UL	94-5VB.	259	4.1.3	Hypoid	Gears,	Nonparallel	and	Nonintersecting	Shafts.	744	11.9.2	Factors
Affecting	Mold	Shrinkage.	477	8.12.5	Spin	Welding	Joint	Designs	.	Thermoplastics--Design--Handbooks,	manuals,	etc.	With	few	exceptions,high	performance	engineering	resins	do	not	have	the	higher	Izod	impact	strength	at	room	temperature	that	many	engineering	thermoplastic	resins	have.	In	honor	of	my	beloved	departed	brother,	Leoncio,	and
sister	in-law	Becky.	27	1.2.13	Polycarbonate	(PC)	.	Plastics	are	a	family	of	materials,	not	a	single	kind	of	material.	402	7.6.1	Redesign	and	Retesting	the	Pressure	Vessels	.	355	5.12.6	Temperature	Effects	on	Thermoplastic	Journal	Bearings	.	502	8.14.4	Ultrasonic	Insertion	Equipment	Requirements.	The	publisher	makes	no	warranty,	express	or	implied,
with	respect	to	the	material	contained	herein.	810	11.30.2	Less	Flame	Retardant	Polymers.	551	10.4.2	Detailed	Mold	Design	.	523	9.7	Aqueous	Potassium	Acetate	for	Moisture	Conditioning	Nylon.	463	8.10.4	Available	Welding	Gasket	Shapes	and	Forms	.	246	3.11.7	Metal	Insert	Encapsulating	Process	Problems	.	392	6.7.3	Belleville	Spring	Washer
Long-Term	Loading	Characteristics.	Includes	index.	482	8.13.1	Ultrasonic	Welding	Basic	Principles.	For	Richard	Scott,	Bob	Rackley	and	Bill	Hawkins	from	the	Du	Pont	Film	Department	for	their	leadership,	teaching	and	guidance	in	how	to	be	successful	in	the	engineering	technical	research	and	development	fields.	Instead,	our	system	considers	things
like	how	recent	a	review	is	and	if	the	reviewer	bought	the	item	on	Amazon.	655	10.15.1	Types	of	Mold	Cavity	Gates	.	489	8.13.6	Ultrasonic	Welding	Energy	Director	Butt	Joint	.	5.	531	9.11	Process	Condition	Effects	on	Mold	Shrinkage	.	454	8.9.10	Tapered	Cross	Section	Cantilever	Beam	.	557	10.6.1	General	Steel	Selection	Procedures.	492	8.13.7
Ultrasonic	Welding	Method	Design	Limitations	.	This	was	the	first	plastic	material	to	achieve	world	acceptance.	720	10.23.2	Mold	Debug	Procedures	.	The	heat	shields	that	protect	astronauts	travelling	in	space	are	plastic	materials	based	on	the	technology	known	as“ablative	plastics”.	136	2.7.7	Effects	of	Temperature	on	the	Behavior	of
Thermoplastics	.	618	10.13.5	Mold	Heat	Transfer	Methods.	336	5.2.5	Carbon-Graphite	Journal	Bearings.	705	10.21.1	Factors	Affecting	Dimensional	Control	Tolerances.	101	1.5.12	Polyxylene	.	Typical	Applications	Refrigerators:	Doors	and	food	liners	for	the	interior	surface	of	the	refrigerator.	82	1.5.1	Polyester	Alkyd	(PAK)	.	The	homopolymer	is	also
resistant	to	aqueous	solutions	with	a	PH	range	from	4–10.	360	5.13.4	Definition	of	Different	Types	of	Wear	.	852	English	and	Metric	Units	Conversion	Guide.	Competition	among	resin	producers	to	capture	markets	has	created	an	engineer-	ing	resin	supply	of	thousands	of	resin	grades.	It	came	about	to	overcome	a	shortage	of	ivory	used	to	produce
billiard	balls.With	the	need	for	a	new	material	and	a	production	method	for	this	application,	celluloid	was	developed	and	the	plastics	industry	was	born.	607	10.11.2	Non-Flat	Mold	Parting	Line.	There	are	some	plastics	with	significant	property	improvements	over	existing	materials,	while	other	polymers	can	only	be	described	as	unique	materials	with
exceptional	properties	previously	unknown	to	the	industrial	world.	(°F)	122–176	Drying	temp.	In	this	uncured	condition,	they	conform	to	the	finished	shape	with	or	without	pressure	and	can	be	polymerized	with	chemicals	or	heat.	770	11.18.1	Relative	Thermal	Indices.	Part	design	and	process	characteristics	can	diverge	when	the	resin	properties
between	grades	are	matched.	(°F)	140–200	Drying	temp.	Three	cost	analysis	methods	are	used	to	estimate	the	molded	product	user’s	price.	729	11.2.8	Temperature	Effects	.	For	example,	common	items	such	as	business	machine	housings,	plumbing	(faucets,	valves,	tubing,	and	shower	heads),	kitchenware	and	appliance	components	(refrigerator
liners,	washing	machine	impellers,	and	vacuum	cleaner	housings)	are	price	sensitive	products.	538	9.13	Weld	Lines.	578	10.8.1	Standard	Mold	Base	Components.	1	1	Polymeric	Materials	1.1	Introduction	to	Plastic	Materials	Plastic	materials	are	the	ultimate	tribute	to	man’s	creativity	and	inventiveness.	3.	733	11.4	Compressive	Strength	Testing
(ASTM	D-695)	.	111	2	Engineering	Product	Design.	211	3.1.1	Part	Geometries	Difficult	to	Mold	.	767	11.16.1	Melting	Point,	Glass	Transition	Temperature.	424	8.6.6	Adhesive	Application	and	Curing	Methods	.	731	11.3.2	Test	Procedures	and	Equations	.	(°F)	N/A	or	not	required	Drying	time	(h)	N/A	or	not	required	General	Properties	of	Acetal
Copolymers	Specific	gravity	1.42	Tensile	modulus	@	73	°F	(Mpsi)	360.00	Tensile	strength	@	yield	(Kpsi)	8.5	Notch	Izod	impact	@	73	°F	(ft-lb/in)	1.20	Thermal	limits	service	temp.	Plastic	spur	and	helical	gearing	technology	design,	strength,	horsepower	rating,	equations,	tables,	analysis	examples	and	gear	specification	illustrations.	700	10.19	Mold
Layout	Case	Studies	.	527	9.8	Injection	Molding	Cycles.	639	10.14.2	Determining	the	Injection	Pressure	Needed.	242	3.11.4	Cold	Forged	Metal	Inserts	for	Encapsulation.	803	11.28.8	Comparative	Track	Index	Testing	(ASTM	D-3638/	UL	746	A).	500	8.14.2	Ultrasonic	Insertion	Configurations	.	Theory	and	design	for	lubrica-	tion.	452	8.9.7	Cantilever
Latch	Beam	Assembly	Force	(W).	510	9	Thermoplastic	Effects	on	Product	Design.	617	10.13.4	Effects	Caused	by	Too	Low	a	Mold	Temperature.	–	Recreational:Motorcycle	fairing,sailboats,airplanes,campers,hard-sided	luggage,	and	picnic	cooler	liners.	Automotive:	–	Fuel	handling	systems:	Filler	caps,	level	sensors,	floats,	pumps	and	reservoirs	–	Trims:
Seat	belt	buckle	housings,	window	cranks,	shift	lever	handles,	knobs,buttons,mounting	clips,visor	mounting	brackets,levers,exterior	door	pulls,	mirror	housings,	brackets,	bumper	strip	end	plugs,	and	antenna	bases	–	Instrument	panel	components:	Cluster	gears,	bearings,	housings,	cable	connectors,	slide	plates,	and	panel	locks	–	Under	the	hood
components:	Fans,	fan	blades,	dashpot	housings,	and	tubing	connectors	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	Figure	1-11	Automotive	gasoline	tank	level	sensor	unit	(Courtesy:Du	Pont)	1.2	Thermoplastic	Polymers	730	11.3	Flexural	Testing	(ASTM	D-790).	374	5.16.3	Journal	Bearing	Clearances	(c)	.	The	balanced	properties	and	good	solvent	resistance	of	acetal
make	the	ideal	candidate	to	replace	materials	such	as	metals,thermoset	polymers,	wood,	and	ceramics.	405	8.2.1	Cold	Heading	Procedure	and	Equipment	.	79	1.5	Thermoset	Polymers.	832	12.2	Molding	Cycle	Time	.	476	8.12.3	Spin	Welding	Variables	.	533	9.12	Post-Mold	Shrinkage	.	Melamine	later	became	a	critical	element	(as	a	binder)	in	the
development	of	decorative	laminate	kitchen	counter	tops,	table	tops,	and	panels.	225	3.7.1	Thermoplastic	Threads	Creep	Effects.	XIII	5.5.2	Thermoplastic	Journal	Bearing	Axial	Wall	Thickness.	353	5.12.1	Length-to-Inside	Diameter	Ratio	of	Journal	Bearings	.	257	4.1	Classification	of	Gears	.	Centroid,	section	area,	moment	of	inertia	equations	and
tables.	303	4.10.8	Mating	Spur	Gears	Tooth	Form	Comparison.	405	8.1	Introduction.	Advantages	High	mechanical	properties,	tensile	strength,	rigidity,	and	toughness	Glossy	molded	surfaces	Low	static	and	dynamic	coefficients	of	friction	Retains	electrical	and	mechanical	properties	up	to	250	°F	Low	gas	and	vapor	permeability	Approved	for
applications	used	in	contact	with	food	Excellent	chemical	resistance	to	common	hydrocarbons,aldehydes,ketones,	alcohols,	and	fuels	Disadvantages	and	Limitations	Poor	resistance	to	acids	and	bases	High	mold	shrinkages	Subject	to	UV	degradation,	if	special	acetal	grades	are	not	used	Flammable	(UL-94	HB)	Excessive	process	melt	temperatures
over	450	°F	can	result	in	significant	ther-	mal	degradation	of	the	material,	with	the	release	of	formaldehyde	gases	Violent	thermal	degradation	(explosion)	if	acetal	melt	is	contaminated	with	PVC	Difficult	to	bond	when	the	acetal	surface	is	not	treated	Typical	Applications	Industrial:	Conveyor	links	and	slats,	cams,	bearings,	wear	stops,	hose
connectors,	valve	bodies,	pumps	(housings,	pistons,	valves	and	impellers)	and	gears.	The	introduction	of	polystyrene	made	this	polymer	the	third	largest	selling	plastic	for	house	wares,	toys,	and	for	applications	in	the	packaging	industry.	Also	highlighting	this	decade	was	the	development	of	acetal	and	polycarbonate;	two	plastics	that,	along	with
nylon,	came	to	form	the	nucleus	of	a	subgroup	in	the	plastic’s	family	known	as	the	“Engineering	Thermoplastics”.	83	1.5.2	Diallyl	Phthalate/Isophthalate	(DAP,	DAIP).	A	precision	mold	must	be	designed	and	constructed	for	fast	running	cycles	and	molding	the	maximum	number	of	cavities	automatically.	Flame	retardant	materials	have	UL-94	V0	at
thicknesses	as	low	as	0.062	in	and	UL-94	5V	at	thicknesses	as	low	as	0.125	in.Clear	ABS	grades	use	methyl	methacrylate	providing	light	transmission	of	72%	and	a	haze	level	of	10%.Alloys	of	ABS-PVC	are	available	in	high	and	low	gloss	grades.	The	butadiene	contributes	toughness	and	impact	resistance,	while	the	styrene	component	contributes
processibility,	rigidity,	and	strength.	739	11.6.3	Factors	Affecting	the	Test	Results	.	In	addition,	when	fiber	glass	or	minerals	are	added	to	increase	the	mechanical	strength	properties,	processibility	becomes	more	difficult,	because	the	rheology	or	viscosity	of	the	compounded	product	increases,decreasing	the	melt	flow	rate	(higher	injection	pressures
and	melt/mold	temperature	are	required).	720	10.23.3	Approval	of	Molded	Parts	and	Pre-Production	Molding	Process	.	513	9.2.1	Critical	Properties	of	Thermoplastics.	Learn	more	how	customers	reviews	work	on	Amazon	You	will	see	me	use	tools	in	these	projects	that	are	not	very	common	like	a	metal	lathe	and	a	milling	machine.	853	Subject	Index.
782	11.25.1	Melt	Viscosity	vs.	809	11.30.1	Inherently	Flame	Retardant	Polymers	.	511	Contents	13.	Thermosetting	rubber	materials	are	not	covered	in	this	book,	because	the	technology,	chemistry,	part	design,	mold	design,	and	processing	are	completely	different	and	too	intensive	to	review	in	this	plastic	product	design	handbook.	851	Reinforcement
and	Filler	Acronyms	.	833	12.4	Capital	Equipment	.	6.	797	11.28.5	Dissipation	Factor	Testing	(ASTM	D-150)	.	281	4.4.6	Standard	Spur	Gear	Tooth	Size	Selection	.	756	11.13.6	Falling	Weight	Impact	Testing	.	These	compounds	Figure	1-3	Thermoplastic	materials	analogy,wax	candle	1.1	Introduction	to	Plastic	Materials	22.	369	5.15.6	Vespel®	Journal
Bearings	Length	to	Inside	Diameter	Ratio	.	136	2.7.6	Moisture	Effects	on	Nylon	.	There	are	plastics	that	will	melt	at	200	°F,	while	other	plastic	materials	can	withstand	up	to	1,000	°F.	The	tempo	of	plastic’s	development	picked	up	considerably	in	the	1930s	and	the	1940s.	The	following	topics	are	covered:	Chapter	1	Plastic	Materials	Selection	Guide:
Includes	an	introduction	to	plastic	materials,	the	beginning	of	plastics,	classification	of	polymer	families.	The	ratio	of	crystalline	sections	is	called	the	material’s	crystallinity.	Structure	analysis	of	beams,	columns,	flat	circular	plates,	and	torsion.	130	2.7	Thermoplastics	Elastic	Design	Method	.	793	11.28.2	Surface	Resistivity	Testing	(ASTM	D-257)	.	It	is
this	diversity	that	has	made	plastics	so	applicable	to	such	a	broad	range	of	end	uses	and	products	today.	These	resins	have	mecha-	nical,	thermal,	chemical,	and	electrical	properties	generally	that	are	higher	than	the	commodity	resins.	This	leaves	a	molecule	resistant	to	further	degradation	by	basic	environments.	Chapter	4	Thermoplastic	Gearing
Design:	An	introduction	to	and	classi-	fication	of	gears.	398	7.4	Designing	Cylinders	for	Cost	Reduction	.	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	Figure	1-8	Faucet	chrome	plated	shell	Figure	1-9	Brief	case	external	covers	Figure	1-10	Videocassette	housing	27.	122	2.3	Mechanical	Properties	of	Materials	.	200	2.17	Torsion	Structural	Analysis	.	Shear	Rate
Curves.	405	8.2	Cold	Heading	Method	.	764	11.15	Melting	Point	Test	(ASTM	D-795)	.	IX	Contents	Preface.	459	8.10.2	Electromagnetic	Welding	Coil	Design	.	This	material	is	still	in	use	by	the	motion	picture	industry	today,	under	its	chemical	name	of	cellulose	nitrate.	Generally,	most	resins	have	different	performance	characteristics	that	could	create
molding	problems	and/or	part	failures.	546	10.2.1	Uniform	Wall	Thickness	.	821	11.35.1	Exposure	to	Fluorescent	UV	Lamp,	Condensation	(ASTM	G	53).	240	3.11.2	Thermoplastic	Boss	Wall	Thickness	for	Metal	Inserts.	827	11.36	Fungi	Resistance	Testing	of	Thermoplastics	(ASTM	G	21)	.	XIContents	2.16.3	Flat	Circular	Plate	Equations	.	(°F)	340–420
Mold	temp.	240	3.11.3	Press/Lock	Slotted	Metal	Insert	Installation	After	Molding	.	Chapter	8	ThermoplasticAssemblyMethods:	Joining	two	or	more	compo-	nents	together:	assembly	method	is	selected	based	on	product	design	geometry,size,end	use	requirements,thermoplastic	mate-	rial	characteristics,automatic	or	manual	assembly	operation,and
manufacturing	costs.	324	4.13	PGT	Spur	and	Helical	Gear	Specifications.	158	2.13.2	Normal	Stresses	in	Beams.	800	11.28.6	Arc	Resistance	Testing	(ASTM	D-495).	416	8.6.1	Adhesive	Families	.	829	12	Thermoplastic	Product	Cost	Analysis	.	Thermoset	materials	in	commercial	form	are	supplied	as	resins,	powders,	and	liquid	monomer	mixtures	or	as
partially	polymerized	molding	compounds.	469	8.11.4	Vibration	Welding	Equipment.	666	10.17.1	Product	Design	for	Venting	.	775	11.20	Soldering	Heat	Resistance	.	750	11.12.1	Test	Specimen	.	The	research	development	work	of	W.	In	addition,	more	than	35	years	of	the	“hands-on”	experience	of	a	plastics	expert	have	been	incorporated	in	this
handbook.	427	8.7.1	Thermoplastic	Bosses	and	Self-Tapping	Screws.	350	5.10	Injection	Molded	Journal	Bearings	Process	Defects.	268	4.3	Properties	Required	for	Injection	Molded	Thermoplastic	Gears	.	755	11.13.4	Tensile	Impact	Testing	(ASTM	D-1822)	.	They	have	good	solvent	resistance,because	the	polymer	chains	are	not	capped	with	an	ester
group	and	aqueous	solution	PH	resistance	is	extended	over	a	range	from	4–14.The	copolymer	is	recommended	for	continuous	service	temperatures	both	in	air	and	water	up	to	200	°F.	62	1.3.5	Elastomeric	Alloy	Thermoplastic	Vulcanized	(TPV).	(°F)	167–185	Shrinkage	(%)	0.4–0.7	Tg	(°F)	185–240	Vicat	point	(°F)	237	Process	temp.	807	11.30
Flammability	Characteristics	of	Polymers	.	Cold	runners	(two-	and	three-plate	molds,interchangeable	mold	inserts	and	vertical	insert	encapsulation	mold).Hot	runner	molds	(internally	and	externally	heated,	insulated).	522	9.5.4	Mechanical	Degradation.	363	5.15.1	Vespel®	Polyimide	Bearings	.	416	8.6.2	Adhesive	Concerns.	476	8.12.1	Applications.
503	8.15	Ultrasonic	Stud	Staking	Method	.	250	3.11.9	Electrical	Lead	Inserts	for	Encapsulation.	Injection	molding	of	plastics--Handbooks,	manuals,	etc.	195	8.	139	2.9	Flexural	Beam	Stress	Distribution.	Thermoplastic	resins	consist	of	a	long	chain	of	molecules,	either	linear	or	branched,having	side	chains	or	unattached	groups	to	other	polymer
molecules.	(°F)	410–518	Mold	temp.	547	10.2.2	Balance	Geometrical	Configuration.	514	9.3	Polymer	Reinforcements	.	663	10.16	Gate	Molding	Effects	.	705	10.21	Tolerances	for	Thermoplastic	Molded	Parts	.	The	acetate	capped	homopolymer	is	less	resistant	to	attack	by	base,but	it	has	a	higher	melting	point	and	mechanical	advantages	in
strength,stiffness,toughness,hardness,creep,and	fatigue	than	the	copolymer	acetal.	730	Contents	16.	Other	Applications:	Briefcases,	cosmetic	cases,	household	packaging,	toys,	and	photographic	equipment.	843	12.11	Secondary	Molding	Operations	.	400	7.5	Thermoplastic	Pressure	Vessels	Design	Guidelines	.	6915	Valley	Avenue,	Cincinnati,	Ohio
45244-3029,	USA	Fax:	(513)	527-8801	Phone:	(513)	527-8977	or	1-800-950-8977	www.hansergardner.com	Distributed	in	all	other	countries	by	Carl	Hanser	Verlag	Postfach	86	04	20,	81631	München,	Germany	Fax:	+49	(89)	98	48	09	www.hanser.de	The	use	of	general	descriptive	names,	trademarks,	etc.,	in	this	publication,	even	if	the	former	are	not
especially	identiied,	is	not	to	be	taken	as	a	sign	that	such	names,	as	understood	by	the	Trade	Marks	and	Merchandise	Marks	Act,	may	accordingly	be	used	freely	by	anyone.	472	8.11.6	Vibration	Welding	Aligning	and	Fixturing	.	For	the	Du	Pont	Film	Department,	Textile	Fibers	Department,	Engineering	Polymers	Department,and	Du	Pont	do	Brazil	that
provided	me	several	technical	assignments	in	Plastics	during	thirty	years	of	service	to	the	company.	(°F)	125–185	Drying	temp.	232	3.9.1	Injection	Molded	Integral	Life	Hinge	Design.	549	10.3	Effects	of	Mold	Design	on	the	Injection	Molding	Process	.	849	Acronyms	for	Polymeric	Materials	.	Chapter	5	Plastic	Journal	Bearing	Design:	An	introduction	to
types	of	materials	for	journal	bearings.	522	9.5.1	Oxidative	Degradation	.	227	3.9	Injection	Molded	Integral	Life	Hinges	.	290	4.8	Standard	Worm	Gears	.	573	10.8	Thermoplastic	Injection	Mold	Bases.	359	5.13.2	Journal	Bearing	Coefficient	of	Friction	.	The	most	important	contribution	was	the	thermoplastic	polyesters	used	in	exterior	automotive	parts,
under	the	hood	applications,	and	electrical	and	electronic	components.	375	6	Thermoplastic	Molded	Spring	Design	.	398	7.3.3	Maximum	Stresses	for	Internal	Pressure	Only	.	1	1.1.1	Beginning	of	Plastics	.	371	5.16	Teflon®	(TFE)	Fabric	Composite	Bearings	.	18	1.2.9	Polyamide	(PA,	Nylon)	.	402	7.7	Pressure	Vessel	Regulations	.	548	10.2.10	Surface
Finish	of	Molded	Product	.	Low	dielectric	strength	Only	low	elongation	available	Low	continuous	service	temperature	While	the	mechanical	property	of	the	finished	part	is	not	sensitive	to	moisture,its	presence	during	processing	can	cause	part	appearance	problems.	848	12.12	Additional	Manufacturing	Costs	.	394	7.3	Thick-Walled	Pressure	Vessels	.
503	8.15.1	Ultrasonic	Stud	Staking	Joint	Design.	4	1.2.2	Molecular	Structure	of	Plastic	Materials	.	611	10.12.3	Retaining	Plate	.	501	8.14.3	Ultrasonic	Insertion	Product	Design	.	522	9.5.5	Microbial	Degradation	.	243	3.11.5	Threaded	Female	Metal	Inserts	.	584	10.9.2	Round	Mate®	Interchangeable	Insert	Molds	.	1.2.2	Molecular	Structure	of	Plastic
Materials	Polymeric	materials	are	an	aggregate	of	long-chained	molecular	structures.There	are	two	different	states,	one	of	which	is	comprised	of	high	polymer	compounds	arranged	in	a	crystalline	structure	(crystalline	polymers)	and	the	other	in	the	form	of	flexible	molecular	chains	that	are	entangled	(amorphous	polymers).	©	Carl	Hanser	Verlag,
Munich	2006	Production	Management:	Oswald	Immel	Typeset	by	Manuela	Treindl,	Laaber,	Germany	Coverconcept:	Marc	Müller-Bremer,	Rebranding,	München,	Germany	Coverdesign:	MCP	•	Susanne	Kraus	GbR,	Holzkirchen,	Germany	Printed	and	bound	by	Druckhaus“Thomas	Müntzer”GmbH,	B.	836	12.7	Machine	Installation	and	Safety
Considerations	.	33	1.2.16	Polyethylene	Terephthalate	(PET).	87	1.5.4	Cellulosic	Ester	.	548	10.2.8	Molded	Product	Ejection	Surface	Area	.	109	1.5.16	Vinyl	Ester	(BPA)	.	289	4.7	Standard	Straight	Bevel	Gears	.	This	technology	made	it	possible	to	produce	useful	items,	such	as	marbleized	clock	bases	or	electric	iron	handles,	under	heat	and	pressure
from	phenolic.	Chapter	7	Thermoplastic	Pressure	Vessel	Design:	Discusses	thin-	and	thick-walled	pressure	vessels’	basic	principles,	equations,	tables,	analysis	examples,	design	guidelines,	applications,	and	pressure	vessel	regulations.	Automotive	Applications:	Instrument	panels,	armrests,	interior	trim	panels,	seat	belt	retainers,	glove	compartment
doors,	and	lift	gates.	Plastics	have	an	extensive	number	of	polymers	and	compounds	with	each	kind	of	material	having	its	own	unique	and	special	type	of	properties.	529	9.10	Mold	Cavity	Temperature	Control	.	817	11.33.1	Smoke	Density	Testing	(ASTM	D-2843)	.	It	is,	however,	attacked	by	many	solvents,	including	ketone	and	ester.	558	10.6.2
Properties	and	Characteristics	of	Tool	Steels	.	Drain:	Waste,	vent	pipes,	pipe	fittings,	and	pool	filter	housings.	300	4.10.6	Maximum	Allowable	Outside	Diameter	DO	(Max.)	.	515	9.3.1	Types	of	Fiber	Reinforcements	.	This	book	is	an	indispensable,	all	inclusive,	reference	guide	that	can	be	used	by	any	plastic	product	designer.	466	8.11.3	Comparing
Vibration	Welding	to	Other	Assembly	Methods	.	249	3.11.8	Special	Metal	Inserts	Anchorage	for	Encapsulation	.	639	Contents	15.	709	10.22.3	Required	Types	of	Tool	Steels	for	Mold	Construction	.	Manufacturer	and	end	user	satisfaction	is	the	ultimate	goal.	552	10.5	Types	of	Steels	Required	for	Injection	Molds	.	392	7	Thermoplastic	Pressure	Vessel
Design.	775	11.21	Coefficient	of	Linear	Thermal	Expansion	Testing	.	837	12.8	Auxiliary	Equipment	and	Automation	.	729	11.2.9	Moisture	Absorption	Effects.	755	11.13.5	Drop	Weight	Impact	Testing	(ASTM	D-3029)	.	Polyester	bottles	internally	coated	with	high	nitrile	barrier	resins	(outstanding	resistance	to	gas	permeation)	developed	the	new	drink
bottle	packaging	applications.During	this	time	span,another	subgroup	of	the	plastic’s	family	called“High	Performance	Plastics”found	new	markets;this	group	includes	such	materials	as	polyimide,polyamide-imide,aromatic	polyester,polyphenylene	sulfide,and	polyether	sulfone.These	materials	historically	met	their	objectives	in	the	demanding	thermal
needs	of	aerospace	and	aircraft	applications;	reinforcing	the	vision	of	the	plastic’s	industry	that	the	future	is,	indeed,	plastics.	768	11.17.1	Test	Apparatus	and	Procedures	.	49	1.2.23	Polyvinyl	Chloride	(PVC).	There	are	impact	resistant	and	transparent	polymers	used	as	windshields	for	airplanes,	automobiles,	and	shower	doors.	92	1.5.7	Phenol
Formaldehyde	(Phenolic,	PF).	Several	types	of	compounded	resins	are	formulated	to	improve	specific	properties	required	for	the	application.A	conventional	fiber	glass	reinforced	resin	contains	from	10	to	55%	glass	fiber.	726	11.2.4	Tensile	Strength	Test	Procedures	.	292	4.8.1	Standard	Worm	Gear	Analysis.	Usually,the	commercialshapes	of	the
thermoplasticmaterialsarepellets,granules	or	powders.	506	8.17	Ultrasonic	Spot	Welding	Method.	807	11.29.5	Glow	Wire	Testing	.	Urea-formaldehyde	can	be	processed	like	phenolic,	but	into	light	colored	articles	that	were	more	attractive	than	the	phenolic’s	black	and	brown	colors.	The	plastics	industry	dates	its	beginning	back	to	1868,	when	John
Wesley	Hyatt	mixed	pyroxylin,	made	from	cotton	and	nitric	acid,	with	camphor	to	create	an	entirely	different	and	new	product	called	“Celluloid”.	6	1.2.4	Acetal	(POM,	Polyacetal)	.	233	3.9.2	Mold	Design	Considerations	for	Hinges	.	97	1.5.10	Unsaturated	Polyester	(UP)	.	Standard	spur,	helical,	bevel,	and	worm	gears;	properties	required	for
thermoplastic	molded	spur	gears,mount-	ing	gears	on	metal	shafts,	tolerances	and	mold	shrinkage	of	gears.	838	12.10	Molded	Products	Cost	Analysis	.	Chapter	10	ThermoplasticInjectionMoldDesign:Provides	an	introduction	of	injection	molds,	classification	and	effects	on	product	design.	It	is	possible	to	create	different	polymers	from	different
combinations	of	elements	and	create	almost	any	property	desired	for	an	end	product.These	new	polymers	have	similar	properties	to	existing	conventional	materials	but	they	offer	greater	design	freedom	and	cost	incentives	for	manufacturing.	138	2.8.1	Creep	Behavior	of	Thermoplastics	.	336	5.2.3	Sintered	Porous	Metal	Journal	Bearings	.	9	1.2.4
Acetal	(POM,Polyacetal)	General	Properties	of	Acetal	Homopolymers	Specific	gravity	1.42	Tensile	modulus	@	73	°F	(Mpsi)	400.00	Tensile	strength	@	yield	(Kpsi)	10.0	Notch	Izod	impact	@	73	°F	(ft-lb/in)	1.30	Thermal	limits	service	temp.	The	molding	process	effects	caused	by	molding	cycle,melt/mold	temperature,injection	pressure	and	speed,	etc.
381	6.5.3	Empirical	Data	Cantilever	Spring	Analysis	Method	.	11	The	outstanding	characteristics	of	this	polymer	include	stiffness,which	permits	the	design	of	parts	with	large	areas	and	thin	cross	sections;	high	tensile	strength	and	creep	resistance	under	a	wide	range	of	temperatures	and	humidity	condi-	tions;	high	fatigue	resistance	and	resilience	for
applications	requiring	springiness	and	toughness.Acetal	has	achieved	importance	in	applications	because	of	a	good	balance	of	properties.	188	2.15.1	Long	Slender	Column	Critical	Load	(PCr).	Equations,	tables,	and	analysis	exam-	ples.	133	2.7.3	Flexural	Stress	.	744	11.9	Mold	Shrinkage	Test	(ASTM	D-955)	.	338	5.3	Hydrodynamics	of	Lubrication	.
578	10.8.2	Functions	of	the	Mold	Base	Components.	725	11.2.2	Tensile	Test	Specimen	.	1.2	Thermoplastic	Polymers	28.	369	5.15.5	Frictional	Behavior	of	Vespel®.	430	8.8	Press	Fitting	Method.	487	8.13.5	Ultrasonic	Welding	Joint	Designs	.	476	8.12.2	Basic	Spin	Welding	Equipment	.	810	11.31	UL	94	Flammability	Testing	.	For	my	uncle,	Captain
Jaime	Merchán	and	my	aunt	Ruth	Reichman	for	the	assistance	provided	while	attending	the	University	of	Miami.	The	acetal	homopolymer	was	first	introduced	in	1960	as	a	semi-crystalline	form	of	polymerized	formaldehyde	forming	a	linear	chain	of	molecules	of	oxymethylene.	755	11.13.3	Chip	Impact	Testing.	751	11.13.1	Pendulum	Impact	Tests.	297
4.10.3	Spur	and	Helical	Gears	PGT-3	Tooth	Design	.	811	11.31.2	Vertical	Burning	Testing,	UL	94-V0,	UL	94-V1,	UL	94-V2	.	1.2	Thermoplastic	Polymers	1.2.1	Classification	of	Polymers	by	Performance	Thermoplastic	resin	classifications	divide	the	polymers	into	four	family	groups	based	on	their	application	performance.	547	10.2.4	Draft	Walls	.
Plastics--Handbooks,	manuals,	etc.	75	1.4	Liquid	Injection	Molding	Silicone	(LIM®)	.	The	concrete	becomes	a	new,different	and	strong	material.Thermosetting	materials	are	not	reprocessable	or	recyclable.	519	9.4	Chemical	and	Environmental	Resistance.	More	recent	innovations	have	resulted	in	ABS-styrene-maleic	anhydride	(ABS-SMA)	and	ABS-
polyamide	(ABS-PA)	alloy	products.	502	8.14.5	Ultrasonic	Insertion	Process	Guidelines	.	8	1	Polymeric	Materials	Advantages	Good	impact	resistance	(toughness)	and	rigidity	properties	Low	creep	Good	dimensional	stability	High	strength	properties	Metal	coatings	have	excellent	adherence	to	ABS	Transformed	by	conventional	thermoplastic	methods	A
light-weight	plastic	material	Disadvantages	and	Limitations	ABS	is	resistant	to	acids	(except	concentrated	oxidizing	acids),	alkalis,	salts,	essential	oils,	and	a	wide	range	of	food	and	pharmaceutical	products.	147	2.11	Centroid,	Section	Area,	and	Moment	of	Inertia	.	582	10.9	Types	of	Thermoplastic	Injection	Molds	.	The	second	group	is	classified	as
intermediate	resins.	750	11.12	Water	Absorption	Testing	(ASTM	D-570).	833	12.5	Injection	Molding	Machine	Size	.	356	5.12.7	Thermal	Effects	on	Thermoplastic	Journal	Bearing	Clearances	.	579	10.8.3	Types	of	Standard	Mold	Bases	.	287	4.6	Standard	Helical	Gears.	Dr.	Leo	Hendrik	Baekeland	introduced	the	first	phenol	formaldehyde	“Phenolic”	in
1909.	379	6.5	Cantilever	Beam	Spring	Design	Analysis	.	298	4.10.4	Spur	and	Helical	Gears	PGT-4	Tooth	Design	.	258	4.1.2	Bevel	Gears,	Nonparallel	and	Intersecting	Shafts.	319	4.11.2	PGT-1	Helical	Mating	Gears	Center	Distance	.	The	7	7	7	Figure	1-1	First	photographic	celluloid	film	20.	690	10.17.9	Logic	Seal	(Negative	Coolant	Pressure)	Mold
Venting	.	337	5.2.7	Wooden	Journal	Bearings.	465	8.11.1	High	Frequency	Vibration	Welding	.	The	standard	ABS	versions	are	available	in	a	low	surface	gloss,	a	high	surface	gloss,	and	an	ultra-high	surface	gloss.	I	want	to	point	out	that	these	projects	can	still	be	built	with	far	less.	103	1.5.13	Polyurethane	(PUR).	550	10.4	Design	Considerations	for
Injection	Molds.	670	10.17.5	Planning	Mold	Venting	.	550	10.3.5	Other	Mold	Devices.	773	11.19	Heat	Deflection	Temperature	(ASTM	D-648).	616	10.13.2	Factors	Affecting	Mold	Cooling.	(°F)	230	(short)	195	(long)	Shrinkage	(%)	1.9–2.3	Tm	(°F)	350	Tg	(°F)	–90	Process	temp.	601	10.9.11	Lost	Core	Thermoplastic	Injection	Molds.	309	4.11	PGT	Helical
Thermoplastic	Gearing.	737	11.6.2	Barcol	Hardness	Testing	(ASTM	D-2583).	314	4.11.1	PGT-1	Helical	Mating	Gears	Strength	Balance.	611	10.12.5	Types	of	Mold	Ejection	Systems	.	585	10.9.3	Master	Unit	Die	Interchangeable	Insert	Molds	.	545	10.1	Classification	of	Injection	Molds	.	56	1.3.2	Thermoplastic	Polyurethane	Elastomer	(TPU)	.	When	a
thermoplastic	resin	is	used	for	injection	molding	a	close	dimensional	tolerance	end	product,	the	following	engineering	requirements	are	essential	in	reducing	manufacturing	costs:	Part	geometry	needs	to	be	designed	to	produce	molded	components	with	maximum	productivity.	There	are	flexible	plastic	films	that	protect	grocery	products	and	there	are
rigid	plastics	rugged	enough	to	serve	as	support	beams	in	a	building.	631	10.14	Injection	Molding	Machine	Nozzle.	As	a	result	of	the	unique	morphology	of	ABS,	hundreds	of	different	products	have	been	developed	and	are	available	commercially.	446	8.9.3	Cantilevered	Latch	Snap	Fitting	Joint.	200	2.16.10	Flat	Circular	Plate	Bending	under	Edge
Boundaries.	444	8.9.1	Circular	Undercut	Snap	Fitting	Joints	.	The	transformation	processes	of	the	concrete	items	are	irreversible.	774	11.19.1	Apparatus	and	Test	Specimens	.	541	10	Injection	Mold	Design	.	749	11.11	Density	Gradient	Testing	(ASTM	D-1505)	.	The	level	of	mechanical	properties	that	qualify	as	engineering	grade	is	somewhat	arbitrary;
a	tensile	Figure	1-4	Thermoset	plastics	analogy,	concrete	23.	Langensalza,	Germany	3.	2	1	Polymeric	Materials	development	of	celluloid	was	in	response	to	a	competition	sponsored	by	a	manufacturer	of	billiard	balls.	Celluloid	quickly	moved	into	other	markets,including	new	applications	such	as	shirt	collars,	cuffs	and	shirt	fronts,	dolls,	combs,
buttons,	and	window	curtains	used	on	early	automobiles.	358	5.13.1	Methods	to	Determine	the	PV	Limits	of	Plastics.	159	2.13.3	Shearing	Force.	464	8.11	Vibration	Welding	Method	.	396	7.3.1	Lame’s	Equation	for	Thick-Walled	Cylinders.	Types	of	steels,	chemical	composition,	effects	of	alloying,	heat	treatment,	properties	and	characteristics.	522
9.5.3	Photo	Oxidation.	The	property	balance	of	ABS	is	controlled	by	the	ratio	of	the	monomers	and	by	the	molecular	structure	of	the	two	phases.	323	4.12.1	PGT	Gear	Horsepower	Equation	Basic	Parameters.	Types	of	steels	used	for	mold	bases	and	mold	components.	849	Common	Acronyms.	Beam	deflection	analysis	methods.	792	11.28	Electrical
Resistance	Properties	.	188	2.15.2	Column	Slenderness	Ratio	(L	/	r)	.	224	3.6	Collapsible	Core	for	Molding	Internal	Threads	.	ISBN-13:	978-1-56990-375-9	ISBN-10:	1-56990-375-1	1.	10	1	Polymeric	Materials	In	the	acetal	copolymer	process,	the	formaldehyde	is	first	converted	to	the	cyclic	structure	of	three	formaldehyde	molecules,	trioxane.	Title.	727
11.2.6	Molecular	Orientation	Effects	.	453	8.9.8	Design	and	Material	Considerations	.	In	the	1930s,	the	acrylic	resins	were	introduced	for	signs	and	transparent	articles.	(°F)	375–450	Mold	temp.	516	9.3.2	Isotropic	Warpage	of	Fiber	Reinforced	Resins	.	207	3	Structural	Designs	for	Thermoplastics	.	460	8.10.3	Electromagnetic	Welding	Joint	Design	.
Each	resin	is	discussed	by	its	basic	chemistry,	properties,	processing	characteristics,	advantages,	disadvant-	ages	and	limitations,	typical	applications	and	several	product	illustrations.	767	11.16	Vicat	Softening	Point	(ASTM	D-1525).	429	8.7.2	Thread	Forming	and	Thread	Cutting	Screws	.	Thermoset	materials	have	a	reactive	portion	between	the
chain	cross	link	and	the	long	molecule’s	network	during	polymerization.The	linear	polymer	chains	bond	together	to	form	a	three-dimensional	network.	For	Larry	Gillespie,	Director	of	Du	Pont	Engineering	Polymers	for	providing	me	the	opportunity	to	work	in	most	of	the	technical	positions	in	plastics,	such	as	development	of	new	compounds,	economic
project	analysis,	designs	of	international	compounding	facilities	and	laboratories	in	Japan,	Mexico	and	Brazil.	691	10.17.10	Mold	Cavity	Vacuum	Venting	System	.	138	2.8.2	Creep	and	Rupture	Under	Long-Term	Load.	115	2.1	Understanding	the	Properties	of	Materials	.	XIV	6.7.1	Acetal	Homopolymer	Belleville	Spring	Washer	Analysis.	726	11.2.5
Tensile	Modulus	and	Elongation.	841	12.10.2	Cost	Analysis	Graph	Method	.	611	10.12.4	Ejector	Sleeves.	354	5.12.2	Types	of	Service	and	Motion	of	Journal	Bearings	.	266	9.	761	11.14.2	Flexural	Creep	Testing.	Figure	1-3	shows	a	simple	analogy	for	molding	plastic	resins,	a	wax	block	that	can	be	liquified	by	heat,	poured	into	a	mold,	then	cooled	to
become	a	solid	again.	T.	1	1.1.2	Polymer	Families	.	818	11.34.2	Ultraviolet	(UV)	Radiation	.	The	glass	fibers	are	only	0.125	in	long	and	a	coating	with	a	coupling	agent	is	added	to	the	glass	fiber	to	obtain	a	bond	with	the	matrix.	XV	8.9.6	Cantilever	Snap	Latch	Beam	Permissible	Deflection	(δ)	.	819	11.34.3	Temperature.	20	1.2.10	Polyetherimide	(PEI).
842	12.10.3	Advanced	Cost	Analysis	Method.	610	10.12	Mold	Ejection	Systems	.	483	8.13.4	Ultrasonic	Welding	Process	Variables.	During	the	World	War	II	years	of	the	1940s,	the	demand	for	plastics	accelerated	as	did	research	into	new	plastics	that	could	aid	in	the	defense	effort.Polyethylene,	today	the	most	important	type	of	plastic,	was	a	war	time
development	that	grew	out	of	the	need	for	a	superior	insulating	material	for	applications	such	as	radar	cables.The	thermoset	polyester	resins	were	also	introduced	a	decade	later.

In	materials	science,	a	thermosetting	polymer,	often	called	a	thermoset,	is	a	polymer	that	is	obtained	by	irreversibly	hardening	("curing")	a	soft	solid	or	viscous	liquid	prepolymer	().	Curing	is	induced	by	heat	or	suitable	radiation	and	may	be	promoted	by	high	pressure,	or	mixing	with	a	catalyst.Heat	is	not	necessarily	applied	externally,	but	is	often
generated	by	the	reaction	of	the	…	Another	common	modifier	is	isophthalic	acid,	replacing	some	of	the	1,4-(para-)	linked	terephthalate	units.	The	1,2-(ortho-)	or	1,3-(meta-)	linkage	produces	an	angle	in	the	chain,	which	also	disturbs	crystallinity.Such	copolymers	are	advantageous	for	certain	molding	applications,	such	as	thermoforming,	which	is	used
for	example	to	make	tray	or	blister	packaging	from	co	…
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