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The	through	these	obstacles	given	approximately	by	Eq.	(5-10).	131.	of	deformation	bands	increases	with	temperature.	Dislocation	Damping	Damping	Capacity	8-9.	1588,	1956.	1	H.	brittle,	The	while	the	small	specimens	will	be	completely	ductile.	The	area	under	the	loop	will	depend	upon	the	initial	overstrain	of	times	the	cycle	is	repeated.	It	is	hoped
that	the	breadth	ardized	textbook	on	mechanical	metallurgy.	(London),	vol.	Johnston,	"Dislocations	and	Mechanical	Properties	Crystals,"	John	Wiley	&	Sons,	Inc.,	New	York,	1957.	The	effect	of	adding	the	variable	of	high	strain	rate	is	complex.	In	the	region	between	these	two	transition	temper-	atures	fractures	are	difficult	to	initiate,	but	once	initiated
they	propa-	gate	rapidly	with	little	energy	absorption.	212,	p.	Most	fractures	in	machine	parts	are	due	to	fatigue.	595,	1950;	B.	of	tests	subject	the	notch	to	simultaneous	tension	and	This	can	be	done	by	eccentrically	loading	a	notched	tensile	Sow	Impact	cut	^	(^	Weld	A_	Heat	applied	Liquid	Ng	coolant	[a)	Fig.	(8036	views)	Solid	Mechanics	Lecture
Notes	by	Piaras	Kelly	-	The	University	of	AucklandLecture	notes	on	solid	mechanics	for	engineering	students.	15-36).	It	is	assumed	that	the	reader	either	has	completed	tests,	a	conventional	course	in	materials	testing	or	will	be	concurrently	taking	a	laboratory	course	in	which	familiarization	with	the	testing	techniques	be	acquired.	Analysis	of
Indentation	by	a	Spherical	Indenter	between	Hardness	and	the	Tensile-flow	Curve	Vickers	Hardness	Rockwell	Hardness	Test	Microhardness	Tests	11-5.	59,	pp.	Flow	and	Fracture	under	Very	Rapid	Rates	of	Loading	The	mechanical	properties	of	metals	can	be	appreciably	changed	when	they	are	subjected	to	very	rapidly	applied	loads.	A	biaxial	state	of
stress	beam	when	the	width	is	is	produced	during	the	bending	of	an	unnotched	much	greater	than	the	thickness.	limit,	the	tension	stress-strain	strain-measuring	For	these	reasons	point	A'.	For	high-purity	it	was	found	that	oxygen	contents	above	0.003	per	cent	produced	intergranular	fracture	and	corresponding	low	energy	absorption.	S.	Stress	Field
of	171	6-8.	Logarithmic	creep	has	been	observed	for	copper	below	200°K.	area	subjected	to	tensile	residual	stresses.	14-10.	6-4.	ble	to	predict	the	fatigue	performance	of	a	combined	stress	system	by	substituting	the	fatigue	strength	for	simple	types	of	loading	into	the	equation	of	the	failure	criterion,	just	as	the	yield	stress	in	tension	can	be	used	with
the	distortion-energy	criterion	of	failure	to	predict	static	yield-	Although	the	data	on	combinedand	less	reliable	than	for	static	yielding,	Fatigue	tests	with	different	certain	generalizations	can	be	made.	2	C.	Extended	dislocation	C	[121]	foi]	to	=	3	Fully	slipped	No	=	^[2Tl]	slip	>^1=^[10T]	Fig.	1	2-1	1	However,	stress	(To	Goodman	.	Shank,	M.	C.
dislocation	loop	is	pure	screw	at	point	A	and	pure	edge	at	point	B,	while	along	most	of	its	length	it	has	mixed	edge	and	screw	components.	prevented,	it	stress-	rupture	data	(schematic).	81,	p.	As	these	easy-to-move	dislocations	are	exhausted,	creep	can	continue	only	recovery	cannot	occur.	2-11.	For	the	longitudinal	stress	pattern	in	Fig.	This	is	nice
link	to	download	the	great	books.	Spot	welding	and	butt	welding	both	produce	high	tensile	stresses	at	the	center	of	the	area	of	application	of	heat.	This	will	be	discussed	further	in	Chap.	Brun,	John	C.	niques	for	detecting	dislocations	in	real	metals	are	considered,	and	experi-	mental	evidence	to	support	the	theory	is	given	wherever	possible	in
subsequent	portions	of	the	chapter.	from	Elastic	Strains	•	•	2-11.	37,	Physical	Society,	London,	1948.	Follow	these	steps	to	enable	get	access	PDF	Mechanical	Metallurgy	Free:	Download:	Read	Mechanical	Metallurgy.	However,	not	all	metals	show	a	permanent	softening	after	strain	reversal,	and	those	which	do	show	only	a	small	effect.	*	I.	Figure	5-4
shows	an	etch-pit	structure	in	an	iron-silicon	alloy	which	was	made	visible	by	diffusion	of	carbon	atoms	to	the	dislocations.	Brittle	Failure	14-1.	may	be	high	enough	to	cause	fracture,	and	the	plate	is	said	to	have	scabbed.	Most	engineering	metals	are	made	up	of	more	than	one	phase,	with	different	mechanical	properties,	such	that	on	a	micro	scale
they	are	heterogeneous.	89,	p.	14-8.	The	existence	of	a	recrystallization	texture	depends	on	a	preferential	orientation	of	the	nuclei	of	the	recrystallized	grains.	would	have	to	slip	by	a	different	amount	Slip	plane	relative	to	another	part	of	crystal	and	Burgers	vector	would	mean	that	another	dislocation	line	would	the	this	run	across	the	slipped	region.
Fullman,	R.	This	is	from	While	the	yield	A	stress	in	tension	was	to	C,	the	yield	stress	in	compression	the	Bauschinger	effect.	361,	1953.	Large	subgrains,	or	by	high	temperature	and	a	low	stress	or	creep	rate.	Defects	in	Formed	Parts	57]	22-10.	Engineering	Physical	Metallurgy	by	Y.	15-1.	6-3.	The	resulting	from	deformation	is	strongly	and	twinning
systems	available	for	deformation,	but	it	is	not	generally	affected	by	processing	variables	such	as	die	angle,	roll	The	direction	of	flow	is	the	diameter,	roll	speed,	and	reduction	per	pass.	Structural	Features	of	Fatigue	12-6.	boundary.	Stress-Strain	Relations	2-10.	Residual	Stresses	^	technique.	is	Failures	due	to	excessive	elastic	deformation	are	con-	by
the	modulus	usually	little	of	elasticity,	not	by	the	strength	of	the	material.	In	a	comparison	of	the	transition	temperature	measured	with	a	slow-bend	test	and	a	Charpy	impact	test	with	identically	notched	specimens	it	was	found	that	the	ductility	transition	was	raised	by	impact	but	that	the	fracture	From	this	and	other	work,	it	transition	was	lower	for
the	impact	test.	of	study	because	its	thin	oxide	skin	eliminates	problems	from	oxidation.)	made	of	creep	deformation	in	iron,	magnesium,	important	to	remember	that	all	the	studies	of	high-temperature	deformation	have	been	made	under	conditions	which	give	a	creep	rate	of	several	per	cent	in	100	or	1,000	hr,	while	for	many	engineering	applications
a	creep	rate	of	less	than	1	per	cent	in	100,000	hr	is	Because	the	deformation	processes	which	occur	at	elevated	required.	6-7]	=	ro	around	the	dislocation	=	a	small	cylindrical	0,	must	be	excluded	from	the	line	analysis.	all	introduced	in	Chap.	Lattice	Defects	4-4.	Engineering	metallurgy	pdf	free	download.	experiencing	strain	a	The	determination	limit
is	of	the	elastic	quite	tedious,	not	at	Strain	e	all	1-3.	7	4-4.	Classification	of	Forging	Processes	18-2.	15-6.	Stress	Rupture	349	rate	during	transient	creep	arises	from	the	increasing	dislocation	density	and	the	formation	of	low-angle	The	recovery	mechanisms	operating	during	boundaries.	The	same	stress	at	point	in	plane	would	be	obtained	if	the	free
body	were	constructed	by	removing	part	2	of	the	solid	body.	and	scope	of	this	requirements.	2.	Taylor,	Proc.	22-7.	d	20	i5	10	100	80	fe"60	to	40	20	-60	-40	-20	20	40	60	100	120	140	20	40	60	100	120	140	Ductility	transition	160	Temporcture,	"F	Fig.	Jogs	in	Dislocations	178	179	181	and	Vacancy	Interaction	6-12.	perature	at	25	ft-lb	was	350°F	lower
for	the	tempered	martensitic	strucFurther	discussion	of	the	notch	toughness	of	heat-treated	steels	ture.	(.4.	It	is	promoted	by	increasing	the	temperature	and/or	decreasing	the	strain	rate.	3,	:	168	Metallurgical	Fundamentals	known	of	the	strain	dislocations	moving	on	if	their	Burgers	vectors	two	dislocations	A	is	moving	in	a	tion	B	They	as	Cottrell-
Lomer	harriers.	6-2]	159	extensively	and	applied	to	practically	every	aspect	of	the	plastic	deforma-	Because	there	were	no	really	reliable	methods	for	detectit	was	necessary	to	build	much	of	this	tion	of	metals.	ds	dlb/A,	where	slip	plane.	9-5.	pletely	brittle	re-	fracture-initiation	cleavage	t	Ductility	transition	tennperature	fracture	occurs	readily	below
the	ductility	transition	temperature.	For	a	given	reduction	in	cross	section,	different	metalworking	processes,	such	as	rolling,	drawing,	etc.,	produce	somewhat	different	effective	lization	behavior	increases	with	increased	8.	to	D.	1	Creep	and	3-7]	The	decreasing	creep	transient	creep.	An	edge	dislocation	is	formed	in	this	region	with	a	Burgers	vector
(ao/3)[lll].	{J	D.	382	Applications	to	Materials	Testing	[Chap.	The	greatest	number	of	data	exist	for	failed	hull	plates	in	welded	ships.	Because	the	driving	force	for	grain	growth	is	appreciably	lower	than	the	driving	force	for	recrystallization,	at	a	temperature	at	which	recrystallization	occurs	readily	grain	growth	will	occur	slowly.	Effect	of	Section	Size
14-8.	It	is	repelled	from	the	line	and	forms	a	stacking	fault	bounded	by	two	[110]	lines,	the	line	and	the	line	of	the	dislocation.	stress-strain	relationships	given	in	the	previous	and	tain	three	elastic	constants	E,	G,	v.	Actual	materials	do	not	have	two	distinct	transition	temperatures	such	as	were	shown	in	Fig.	Method	of	plotting	Further,	for	applications
where	creep	deformation	can	be	tolerated	but	fracture	applications.	2	Pellini,	op.	The	simplest	situation	to	consider	screw	dislocations.	60-	S40-	l5	20-	+40	+	80	+120	Temperature,	°F	Fig.	Part	Three,	Applications	to	Materials	Testing,	deals	with	the	engineer-	common	testing	techniques	of	mechanical	failure	of	are	devoted	to	the	tension,	torsion,
hardness,	fatigue,	Chapters	metals.	The	ductility	transition	temperature	usually	occurs	at	^	380	[Chap.	Aluminum-NaCl	5.	The	formation	of	cells,	or	subgrains,	as	creep	progresses	has	been	observed	by	means	of	X	rays	and	metallographic	techniques.	Silicon	additions	of	around	2.25	per	cent	are	50	4330	8	4340:	45	40	35	30	|-25	Klingler,	Ch	Bornett,
388	Applications	to	Materials	Testing	[Chap.	However,	the	stress	will	be	different	on	any	other	plane	passing	through	point	0,	such	as	the	plane	nn.	Anelasticity	.	A	typical	delayed-fracture	curve	is	shown	in	Fig.	The	the	thinking	on	this	subject.	Note	that	the	notched	tensile	strength	of	a	charged	specimen	may	be	much	lower	than	the	strength	of	a
hydrogen-free	specimen.	6	can	vary	considerably	for	different	fee	metals	and	alloys	and	this	in	turn	can	have	an	important	influence	on	their	deformation	behavior.	It	is	generally	considered	in	this	country	that	the	creep	curve	has	three	stages.	14-11.	Like	the	recrystallization	Jeffries''	temperature,	the	ECT	is	not	a	fixed	one.	all	A	similar	method	of
detecting	dislocations	is	to	form	a	visible	precipitate	Usually	a	small	amount	of	impurity	is	added	The	procedure	is	often	called	"decoration"	of	dislocations.	12.	This	results	in	a	stress	raiser	or	stress	concentration	(see	Sec.	1	to	3	can	be	considered	the	mathematical	framework	on	which	much	of	the	remainder	of	the	book	rests.	164	Metallurgical
Fundamentals	[Chap.	A	good	way	of	minimizing	a	recrystallization	texture	is	first	to	produce	a	strong	preferred	orientation	by	a	heavy	This	is	folinitial	reduction	and	then	use	a	high	anneaUng	temperature.	The	transition	temperature	for	a	given	steel	will	be	different	for	different-shaped	specimens	and	for	different	types	The	correlation	of	transition	of
loading	with	different	states	of	stress.	/'''	1	U	=	n\	2	Jro	But	cos	6=1	along	the	Trebdr	2	slip	/"''	1	=	rob"	cos	=	plane	y	dr	^—	(6-11)	r	Jro	so	that	the	strain	energy	0,	is	given	by	U=	.	284-343,	American	Society	for	Metals,	Metals	Park,	Ohio,	1957.	The	dislocation	(ao/6)[112]	is	a	Shockley	partial	which	glides	in	the	(111)	plane.	The	two	(ao/2)[lll],	is
gliding	in	the	intersecting	slip	plane	(101).	Introduction	Hardness	Meyer	Hardness	11-2.	energy	on	the	undergo	cross	very	difficult	in	of	the	stacking-fault	ability	of	a	metal	to	Cross	slip.	"The	Embrittlement	of	Metals,"	American	Society	for	Metals,	Metals	Park,	Ohio,	1956.	6-2.	The	most	powerful	method	available	today	for	the	detection	of	dislocations
in	metals	is	transmission	electron	microscopy	of	thin	foils.*	Thin	sheet,	less	than	1	thick,	is	thinned	after	deformation	by	electropolishing	to	a	thickness	of	about	1,000	A.	Increasing	the	carbon	content	also	has	a	pronounced	effect	on	the	maximum	energy	and	the	shape	of	the	energy	transition-temperature	curves	(Fig.	Two	standards	of	this	parameter
are	commonly	used	in	this	country,	(1)	the	stress	to	produce	a	creep	rate	of	0.0001	per	cent/hr	or	1	per	cent/10,000	hr,	or	(2)	the	stress	for	a	creep	rate	of	0.00001	per	cent/hr	or	1	per	cent/	100,000	hr	(about	11	years).	Chaudhuri,	H.	1175-1214,	1951.	The	superposition	of	several	deformation	operations	does	not	produce	a	final	residual-stress
distribution	which	is	the	algebraic	sum	of	the	stress	distributions	produced	by	the	preceding	operations.	The	center	fibers	tend	to	restrain	the	surface	from	elongating,	while	the	surface	fibers	seek	to	stretch	the	central	fibers	of	the	sheet	The	result	is	a	residual-stress	pattern	in.	228-231.	As	the	temperature	is	increased,	the	dislocation	networks	tend
to	contract	and	the	regions	low	dislocation	density	begin	to	grow.	toughness.	236A,	p.	^	S.	F.	Kleppe,	pp.	More	rapid	embrittlement	results	from	slow	cooling	through	the	critical	temperature	region	than	from	isothermal	treatment.	The	Deformation	at	Elevated	Temperature	principal	deformation	processes	at	elevated	temperature	are	subgrain	slip,
and	grain-boundary	sHding.	is	an	imperfect	glissile	dislocation	similar	to	the	fee	lattice.	19-5.	Roy.	exists,	the	rings	will	The	dense	areas	of	the	X-ray	photograph	indicate	the	orientation	of	the	poles	of	the	planes	corresponding	to	the	diffraction	ring	in	question.	An	approximation	often	used	is	F	~	0.5Gb^.	183	184	186	190	Fracture	Introduction	7-2.	in
Phys.,	vol.	17-4.	This	test	provides	a	sharp	transition	temperature	and	is	quite	reproducible.	Analysis	of	Variance	16-9.	Forming	Processes	Effect	of	Temperature	on	Forming	Processes	Effect	of	Speed	of	Deformation	on	Forming	Processes	Effect	of	Metallurgical	Structure	on	Forming	Processes	Mechanics	of	Metal	Forming	Work	of	Plastic	Deformation
Formability	Tests	and	Criteria	Friction	in	Forming	Operations	Experimental	Techniques	for	Forming	Analysis	Classification	of	393	397	398	403	407	411	415	417	419	419	420	421	424	426	430	432	435	439	441	442	444	446	Forming	of	Metals	17.	was	shown	that	a	brittle	material	fractures	loads	with	little	outward	evidence	of	yielding.	158,	p.	is	as	the
result	of	grain-boundary	sliding	are	schematically	in	Fig.	A	straight	screw	dislocation	in	an	isotropic	medium	has	complete	symmetry.	slip	is	stainless	steel,	even	at	high	strains,	so	that	the	dislocations	are	confined	to	the	slip	planes.	5	ductivity	increases	rapidly	toward	the	annealed	value	during	recovery,	and	lattice	strain,	as	measured	with	properties
that	are	most	affected	to	point	defects.	The	objective	has	been	to	include	the	entire	scope	of	mechanical	metallurgy	in	one	fairly	comprehensive	volume.	•	the	rate	ot	straui	•	hardenmg	may	i	i	^e	either	increased	or	decreased	compared	with	the	behavior	for	the	pure	metal.	5	Mechanical	and	crystallographic	producing	directional	mechanical
properties	of	plastically	worked	metal	shapes	such	as	sheet	and	rods.	(a)	id)	Inhomogeneous	deformation	in	rolling	of	sheet;	(6)	resulting	distribu-	tion	of	longitudinal	residual	stress	over	thickness	of	sheet	(schematic).	1	Creep	and	3-4]	Stress	Rupture	343	in	the	(1210)	directions	above	570°F,	and	there	is	evidence	of	nonbasal	high-temperature	slip	in
magnesium.	partly	screw	in	character.	creep	predominates.	cut	with	a	jeweler's	saw	A	14	starter	crack	at	one	side	of	the	specimen.	A	similar	type	of	delayed	fracture,	in	which	there	is	no	warning	by	yielding	prior	to	failure,	occurs	at	room	temperature	when	steel	is	statically	loaded	in	the	presence	of	hydrogen.	7-15.	6-3),	stacking	faults,	dislocation
pile-up	at	grain	boundaries	(Fig.	Iron	Steel	T.	2-13).	5-19).	Therefore,	the	dissociation	reaction	+	+	+	63^.	7,	p.	The	Department	of	Physical	Metallurgy	and	Science	of	Materials	in	..	Because	a	dislocation	represents	the	boundary	between	the	slipped	and	unslipped	region	of	a	crystal,	topographic	considerations	demand	that	it	either	must	be	a	closed
loop	or	else	must	end	at	the	free	surface	of	the	crystal.	33,	>	14-5]	specimen	and	Impact	Testing	Brittle	Failure	is	379	placed	over	a	circular	die	and	subjected	to	the	force	of	a	The	explosion	produces	a	compressive	shock	wave	controlled	explosion.	376	Applications	to	Materials	Testing	[Chap.	Conversely,	dislocations	of	like	sign	on	the	same	slip	plane
will	Dislocations	of	opposite	sign	on	the	other,	run	together,	repel	each	other.	Mechanical	Metallurgy	by	George	Ellwood	Dieter	Publisher:	McGraw-Hill	1961ISBN/ASIN:	0070168911Number	of	pages:	650	Description:In	writing	'Mechanical	Metallurgy'	an	attempt	has	been	made	to	cover,	in	some	measure,	the	great	diversity	of	interests.	Methods
based	on	the	physical	structure	at	a	dislocation	site	include	transmission	electron	microscopy	of	thin	films	and	X-ray	diffraction	techniques.	When	the	oxygen	content	was	raised	from	0.001	per	cent	to	the	high	value	of	iron^	Corbon	280	200	200	400	Temperature,	°F	Fig.	In	Chap.	Dislocation	Pile-up	6-13.	This	method	The	method	residual	stresses
vary	in	longitudinal	is	commonly	known	401	as	the	Sachs	boring-out	Hmited	to	cylindrical	bodies	in	which	the	the	radial	direction	but	are	constant	in	the	is	and	circumferential	directions.	of	slip	and	grain-boundary	displacement	to	importance	The	relative	has	been	investigated	by	McLean-	for	alumideformation	the	total	creep	this	relatively	low	temAt
num	at	200°C.	5-8.	8	[Chap.	Dislocation	6-14.	Bond,	and	M.	Robertson^	devised	an	interesting	test	for	determining	the	temperature	at	which	a	rapidly	moving	crack	comes	to	rest.	is	Further	improvements	on	the	techniques	are	needed	before	these	measurements	can	be	used	without	ambiguity.	6	movement	has	been	observed	by	generating	thermal
stresses	in	the	thin	with	the	electron	beam.	Because	climb	is	such	as	perfect	dislocations	or	Shockley	partials,	are	called	glissile.	Thus,	for	the	case	of	the	rolled	sheet,	the	surface	which	consists	of	a	high	residual	stress	at	the	center	of	the	sheet	(Fig.	Relaxation	Spectrum	8-5.	If	now	a	compressive	stress	is	applied,	plastic	flow	will	begin	at	the	stress
corresponding	to	point	E,	which	is	appreciably	lower	than	the	original	compressive	yield	stress	of	the	material.	12-11	may	actually	be	curves.	operative	when	metals	are	deformed	at	lU	100}	Zinc	shps	on	the	nonbasal	{1010}	planes	Slip	occurs	in	aluminum-*	along	the	or	{211}	planes	above	500°F.	Because	the	strain	energy	of	a	dislocation	line	is
proportional	to	its	work	must	be	performed	to	increase	its	length.	Subsequent	work	on	aluminum	and	its	alloys^'	^	showed	that	the	slip-band	spacing	was	first	inversely	proportional	to	the	applied	stress	but	independent	of	temperature.	Rod	and	Wire	Drawing	Defects	in	Rod	and	Wire	Wire	Drawing	Wire	Drawing	without	Friction	Wire	Drawing	with
Friction	Tube-drawing	Processes	21-4.	8,	vol.	Fr	The	force	screws)	is	=	re.h	=	^	(6-16)	attractive	for	dislocations	of	opposite	sign	and	repulsive	for	dislocations	of	the	same	(antiparallel	sign	(parallel	screws).	ppm	of	hydrogen.	Westmacott,	Phil.	value	of	stress	for	a	particular	material	used	in	a	particular	way	which	is	For	considered	to	be	a	safe	stress
is	usually	called	the	working	stress	(Tw.	static	applications	the	working	stress	of	ductile	metals	is	usually	based	on	the	yield	strength	ao	and	for	brittle	metals	on	the	ultimate	tensile	strength	o-,,.	Dislocations	in	the	Face-centered	Cubic	Lattice	Hexagonal	Close-packed	Lattice	6-5.	Instead,	Fig.	is	element	of	the	disloca-	displaced	in	the	direction	of	slip
normal	to	ds	by	an	amount	dl.	The	second	type	of	intergranular	fracture	is	characterized	by	the	formation	of	voids	at	grain	boundaries,	particularly	those	which	are	perpendicular	to	the	tensile	stress.	Low-carbon	steels	can	exhibit	two	types	of	aging	phenomena	which	produce	an	increase	in	transition	temperature.	vol.	will	be	discussed	In	one	of	the
These	amounts	of	significance	of	fine	slip	to	creep	deformation	later.	The	-S-iV	Curve	Nature	12-4.	1	5-2.	148	Metallurgical	Fundamentals	energy	is	[Chap.	Brittle	Behavior	1-7.	Temper	Embrittlement	14-10.	Doubling	the	annealing	time	is	approximately	equivalent	to	increasing	temperature.	For	the	occasional	oversights	that	may	have	developed
during	the	"boilingfound	in	this	process"	the	author	offers	his	apologies.	However,	superposition	of	stress	distributions	is	a	valid	procedure	when	one	is	considering	the	effect	of	residual	stress	on	the	response	of	a	body	For	all	practical	purposes	residual	stresses	to	an	external	stress	system.	Strain	5.	R.	Because	it	falls	in	the	area	of	structural
engineering,	it	will	not	be	considered	further	in	this	chapter.	[PDF]	engineering	metallurgy	by	higgins	Free	download	PDF	file	manual	engineering.	7-11.	325	Fatigue	of	Metals	Sec.	reason	it	is	called	a	sessile	dislocation.	Phenomenological	Description	of	Internal	Friction	222	224	227	227	229	229	230	232	8-3.	158,	pp.	can	reduce	their	energy	by
dissociating	into	Shockley	partials	according	to	the	reaction	ao[1120]^	ao[10lO]	+	ao[OlTO]	The	stacking	fault	produced	by	this	reaction	lies	in	the	basal	plane,	and	the	extended	dislocation	which	forms	it	is	confined	to	glide	in	this	plane.	The	over-all	process	of	annealing	can	be	divided	into	three	fairly	distinct	processes,	recovery,	recrystallization,
and	grain	growth.	The	fracture	of	a	temper-embrittled	steel	is	intergranular,	while	the	brittle	fracture	of	a	nonembrittled	steel	is	transgranular.	Rinehart,	J.	Monson.)	Fig.	Heidenreich	and	W.	The	system	existing	in	a	body	must	be	in	static	equiThus,	the	total	force	acting	on	any	plane	through	the	body	and	the	total	moment	of	forces	on	any	plane	must
be	zero.	directionality	of	strain	hardening	called	the	Bauschinger	effect.	At	this	thickness	the	specimen	Although	the	is	transparent	to	electrons	in	the	electron	microscope.	Refrigeration	and	Air	Conditioning	Book	PDF	Free	Download,.	1197,	1951.)	0.057	per	cent,	the	transition	temperature	was	raised	from	5	to	650°F.	Gerber	parabola	Goodman	line
Compression	Fig.	In	mathematical	terms,	the	rate	of	strain	hardening	can	be	expressed	by	the	strain-hardening	coefficient	ally,	is	n	in	Eq.	Gener-	(3-1).	Consulting	Editor	B.	Tension	Test	10-2.	The	recovery	of	the	original	dimensions	of	a	deformed	body	when	the	jected	to	external	load.	equipment	is	simpler	to	build,	maintain,	and	operate	than	creep-
testing	equipment,	and	therefore	The	units.	221,	pp.	diameter	of	the	hollow	cylinder,	extreme	care	being	taken	to	prevent	overheating.	41,	1954.	A	=	6	=	The	longitudinal,	tangential,	and	cl	e	important	to	distinguish	between	macro	residual	stresses	and	Macro	residual	stresses,	with	which	this	chapter	is	primicrostresses.	176-198,	American	Society
1957.	unstrained	state	and	that	Lo	is	the	gage	length	between	these	marks.	ever,	the	grain	alignment	that	accounts	for	the	preferred	orientation	Different	again	introduces	an	anisotropy	in	mechanical	properties.	is	based	on	the	original	area	from	maximum	load	to	fracture.	Two	types	of	intergranular	fracture	have	been	observed	under	creep	Under
conditions	where	grain-boundary	sliding	can	occur,	cracks	may	be	initiated	at	triple	points	where	three	grain	boundaries	conditions.	One	characteristic	of	these	criteria	is	that	a	transition	temperature	based	on	fracture	appearance	always	occurs	at	a	higher	temperature	than	if	based	on	a	ductility	or	energy	criterion.	Full	scale,	one-half	scale,	and	one-
quarter	scale	models	were	tested.	If	the	test	is	of	suitable	duration,	it	is	customary	to	make	elongation	measurements	as	a	function	of	time	and	from	this	to	determine	the	minimum	creep	rate.	recrystallized	grain	size.	3	348	Applications	to	Materials	Testing	[Chap.	School	of	Metallurgy	and	Materials,	University	of	..	Theories	of	Low-temperature	Creep
13-7.	7-14.	for	further	spread	of	the	crack	cannot	be	supplied	by	the	stored	elastic	For	each	applied	tensile	stress	there	is	a	temperature	above	energy.	For	most	materials,	as	long	as	the	load	does	not	exceed	the	elastic	limit,	the	known	deformation	as	Hooke's	law;	to	strain.	interesting	of	these	tests,	which	give	indication	of	attaining	more	general
steel	acceptance.	Note	that	these	equations	indicate	that	a	shear	stress	can	produce	a	linear	strain	in	an	elastically	anisotropic	material.	It	the	dislocation	lines.	Therefore,	by	interposing	annealing	operations	after	severe	deformation	it	is	possible	to	deform	most	metals	to	a	very	great	extent.	2	R.	The	partial	dislocations	will	an	equilibrium	separation
determined	primarily	by	the	stackingenergy.	351-359,	1953,	1	1952;	"^	172	Metallurgical	Fundamentals	[Chap.	A	water	quench	from	the	tempering	temperature	will	serve	to	minimize	embrittlement	on	cooling.	CottreU,	is	strain	Slip	2,	to	the	"Dislocations	and	Plastic	Flow	in	Crystals,"	p.	Pages	2013	1.92	MB	1,278	Downloads	Free	PDF.	32,	p.
Rebstock,	appears	to	occur	p.	followed	by	long	annealing	at	a	high	temperature	to	allow	selective	grain	growth	to	produce	a	strong	texture.	analysis	of	the	poly-	Since	the	individual	grains	in	a	polycrystalline	aggregate	cannot	rotate	freely,	lattice	bending	and	fragmentation	will	occur.	ASTM,	vol.	57^	Constants,	and	Conversion	Factors	Problems	577	,
.	Austenitic	stainless	steel,	with	a	stacking-fault	energy	around	13	ergs/cm^,	shows	dislocation	net-	works	only	along	slip	planes,	even	for	large	deformations.	Dislocation	{After	A.	Residual	Stresses	in	Rolled	Products	19-11.	The	dislocation	structure	of	a	crystal	can	be	detected	diffraction	microradiographic	techniques.^	The	The	method	has	the
location	results	in	a	different	diffracted	intensity.	38,	1944.	Solid	curve	A	is	for	two	edge	disDashed	curve	B	is	for	two	unlike	edge	dislocations.	unlikely	that	tertiary	creep	It	is	is	due	solely	to	necking	of	the	specimen,	since	many	at	strains	which	are	too	small	to	produce	necking.	For	grain-boundary	deformation	to	occur	without	producing	cracks
direction	which	is	inclined	to	the	grain	boundary.	in	the	presence	of	the	cracklike	notch.	15-.3a).	X	component	M	component	component	-¥2	y	z	The	above	%+M	=	76	reaction	favorable	since	there	is	—	energetically	a	decrease	in	energy	proportional	change	ao~/2	—>	air/3.	The	experimental	determination	of	these	localized	stresses	in	two-phase
systems	is	very	difficult,	although	measureIt	is	Sec.	is	There	often	considerable	deviation	from	the	ideal	texture,	so	that	pole	figures	are	useful	for	describing	the	degree	of	preferred	orientation.^	Precision	determination	of	the	rolling	texture	in	fee	metals	has	shown	that	the	texture	may	be	described	best	by	the	{123}	planes	lying	parallel	to	the	plane
of	the	sheet	with	the	(112)	direction	parallel	to	the	rolling	direction.^	This	texture	changes	to	the	more	common	{110}	(112)	texture	by	the	addiIn	bcc	metals	the	{100}	planes	tion	of	solid-solution	alloying	elements.	The	Snoek	8-7.	Test	data	for	ductile	metals	generally	fall	However,	because	of	the	scatter	in	the	results	and	the	fact	that	tests	on
notched	specimens	fall	closer	to	the	closer	to	the	parabolic	curve.	Grant,	Trans.	rate	of	change	of	length	(13-2).	and	of	Stress	13	of	15	and	the	Types	of	Stress	Strain	and	the	Types	of	Strain	17	Strain	Relationships	for	Elastic	Behavior	2-1.	2	P.	49,	pp.	Orowan^	has	pointed	out	that,	beyond	the	the	cycle	if	is	yield	stress	repeated	and	the	number	many
times,	the	Bauschinger	effect	is	failure	due	solely	to	the	effect	of	back	stresses,	the	flow	curve	after	reversal	of	strain	ought	always	to	be	softer	than	the	flow	curve	for	the	original	direction	of	strain.	657-	659,	1953.	solid	line	represents	the	circle	after	For	the	case	the	dislocation	has	been	introduced.	which	the	crack	will	not	propagate.	line.	Slip	in	a
Perfect	Lattice	4-6.	marily	concerned,	vary	continuously	through	the	volume	of	the	body	and	act	over	regions	which	are	large	compared	with	atomic	dimensions.	99s-llls,	1954.	and	Tubing	Rod,	Wire,	and	Tube	Drawing	21-1.	ENGINEERING	Mechanical,	Production,	Industrial,	Metallurgy,	and.	The	magnitude	of	this	force	is	T/R,	where	r	is	the	line
tension	and	R	is	the	radius	of	curvature	of	the	bent	dislocation	line.	cooling	rate	from	the	normalizing	treatment	are	variables	which	also	Using	the	lowest	deoxidation	result	in	a	lower	transition	temperature.	You	can	download	the	in	the	PDF	format	of	this	ebook.	and	Samples	Frequency	Distribution	Measures	of	Central	Tendency	and	Dispersion	The
Normal	Distribution	16-6.	Annealins	of	Cold-worked	Metal	The	cold-worked	undeformed	metal.	A	part	made	from	a	ductile	metal	which	is	loaded	statically	rarely	fractures	like	a	tensile	specimen,	because	it	will	first	fail	by	excessive	plastic	deformation.	9-3.	Moreover,	it	is	an	area	of	intense	activity	in	which	the	lifetime	of	a	concept	or	theory	may	be
rather	short.	F.:	The	Brittle	Fracture	of	Metals	at	Atmospheric	and	Sub-zero	Temperatures,	Met.	R.:	"Brittle	Behavior	of	Engineering	Structures,"	John	Wiley	Inc.,	New	:	ASTM	1	J.	formation	of	a	dislocation	on	the	cleavage	plane	by	slip	on	intersecting	{110}	planes	is	equivalent	to	introducing	a	crack	one	lattice	spacing	thick	(Fig.	Slow-bend	Tests	The
slow	bending	of	flat-beam	specimens	in	a	testing	machine	is	sometimes	used	as	a	method	of	determining	the	transition	temperature.	Frank,	Physica,	vol.	Effect	of	13.	Still	great	diversity	of	interests.	55,	p.	However,	the	(001)	plane	is	171	the	cleavage	Cottrell	suggests	that	the	plane	along	which	brittle	fracture	occurs.	Clark,	Proc.	Cool	49,	p.	Since	the
stress	becomes	infinite	at	r	line.	The	Flow	Curve	3-3.	fixed	ends,	at	changes	in	cross	section,	and	at	discontinuities	within	the	A	compression	wave	is	reflected	from	a	surface	as	a	tension	wave,	metal.	If	the	loading	cycle	in	Fig.	the	rate	of	strain	hardening	lower	for	hep	metals	than	for	Increasing	tempera-	cubic	metals.	When	the	center	of	the	slab
finally	cools,	the	total	contraction	will	be	greater	for	the	center	than	the	edges	because	the	center	contracts	owing	to	both	cooling	and	plastic	deformation	(Fig.	State	of	Stress	in	2-4.	o	Introduction	Methods	of	Detecting	Dislocations	6-3.	is	due	to	the	reaction	of	390	Applications	to	Materials	Testing	[Chap.	The	main	effect	of	stress	is	to	assist	in	the
accumulation	of	this	concenThe	minimum	critical	stress	in	Fig.	1-8]	where	=	=	(r„	=	iVo	=	Nu	=	ay,	working	cro	yield	strength,	psi	13	stress,	psi	tensile	strength,	psi	factor	of	safety	based	on	yield	strength	factor	of	safety	based	on	tensile	strength	The	value	assigned	to	the	factor	of	safety	depends	on	an	estimate	of	In	addition,	careful	consideration
should	be	given	to	the	consequences	which	would	result	from	failure.	stress	pattern	occurs	In	scientific	work	stresses	are	(ksi).	7,	A.	Hirsch,	p.	101-140,	1959;	J.	[O.	Invariants	of	Stress	3-8.	2-5.	Mech.	1,	p.	0.25	per	cent,	appears	to	raise	the	transition	temperature.	Extreme-value	Distributions	16-2.	1748-1755,	1959.	169,	1956.	Link	to	download
Material	Science	and	Metallurgy	Study	material	for	free.	The	fracture	transition	temperature	always	occurs	at	a	higher	temperature	than	the	ductility	transition	temperature.	Metallurgiof	the	material	in	Part	Two	has	been	some	covered	in	a	previous	course	in	physical	metallurgy,	since	mechanical	is	part	of	the	broader	field	of	physical	metallurgy.	10-
18,	1955-56.	Torsional	Stresses	for	Large	Plastic	Strains	10-4.	Sines,	Failure	of	Materials	under	Combined	Repeated	Stresses	with	Superimposed	Static	Stresses,	NACA	Tech.	Scope	of	mechanical	metallurgy	in	one	fairly	comprehensive	volume.	206,	p.	Etch-pit	techniques	are	useful	because	they	can	be	used	with	bulk	samples.	In	the	creep	test	the
total	strain	is	often	less	than	0.5	per	cent,	while	in	the	stressrupture	test	the	total	strain	may	be	around	50	per	cent.	19-8.	A	characteristic	of	the	fee	lattice	is	that	any	Burgers	vector	is	common	This	presents	the	possibility	that	screw	dislocations,	to	two	shp	planes.	Effect	Part	Three.	It	is	uncertain,	at	present,	whether	voids	are	initiated	at	grain
boundaries	by	a	process	of	vacancy	condensation	or	as	to	explain	the	sintering	of	metals.	5	P.	Mechanical	H2SO4	and	MgCl2	solution	Methods	for	Residual-stress	Measurement	Residual	stresses	cannot	be	determined	directly	from	strain-gage	is	the	case	for	stresses	due	to	externally	applied	loads.	13-1	is	found,	however,	in	constant-stress	tests
metallurgical	changes	occur	in	the	metal.	The	Kinzel	and	Lehigh	Notch-bend	(Fig.	ized	technology	associated	with	each	metalworking	process,	such	as	rolling	or	extrusion,	although	some	effort	has	been	made	to	give	a	general	impression	of	the	mechanical	equipment	required	and	to	familiarize	the	Major	reader	with	the	specialized	vocabulary	of	the
metalworking	field.	slip	in	a	cubic	lattice	from	a	cube	corner	to	the	center	of	one	face	has	the	components	an/2,	ao/2,	0.	of	lattice	defects	Many	Today,	with	properties	of	the	theoretical	by	experiment,	while	others	have	had	to	some	abandoned.	In	general	the	force	will	not	be	uniformly	distributed	over	any	cross	body	illustrated	in	Fig.	The	magnitude
of	the	stored	energy	increases	with	the	melting	point	of	the	metal	and	with	solute	additions.	114-123,	McGraw-Hill	Book	Company,	Inc.,	New	York,	1953.	6-1	.	Brass-mercurous	nitrate	in	water;	standardized	for	detection	(ASTM	B154)	of	residual	stress	in	brass	cartridge	cases	2.	If,	however,	materials	are	compared	on	the	basis	of	room-temperature
impact	properties,	orientation	can	greatly	affect	the	results.	is	an	example	of	a	material	with	a	nonlinear	stress-strain	relationship	that	still	satisfies	the	definition	of	an	elastic	material.	Grain-boundary	sliding	is	a	shear	process	which	occurs	in	the	direction	of	the	grain	boundary.	The	strength	X	rays,	is	by	recovery	properties,	which	are	controlled	by
locations,	are	not	affected	at	recovery	temperatures.	For	a	tough	V-notch	Charpy	specimens	generally	give	somewhat	higher	values	than	keyhole	specimens.	-0.3	Fig.	Since	the	equations	of	equilibrium	must	be	expressed	in	terms	of	forces	in	strength	of	materials	the	first	step	the	general	is	to	acting	external	to	the	body,	it	is	necessary	to	make	the
internal	resisting	done	by	passing	a	plane	through	the	part	of	the	body	lying	on	one	side	interest.	In	view	of	these	results,	it	is	not	surprising	that	deoxidation	practice	has	an	important	effect	on	the	transition	temperature.	(a)	Specimen	used	in	Navy	tear	test;	(6)	specimen	used	in	Robertson	test.	Obstacles	to	dislocation	motion	are	considered	to	be
other	dislocations,	inclusions,	move	precipitate	particles,	etc.	materials	fail	in	Tertiary	creep	is	creep	more	probably	the	result	of	structural	changes	occurring	in	the	metal.	Hirsch,	Met.	Troiano,	Trans.	42,	p.	In	metals,	etch-pit	formation	at	dislocations	appears	to	be	dependent	on	purity.^	Because	of	solute	segregation	to	the	dislocation,	the	region	^J-
>..	is	in	agreement	with	the	fact	that	compressive	residual	stress	increases	the	fatigue	limit.	The	situation	is	not	quite	so	Actually,	for	a	complete	analysis,	the	residual	stresses	acting	across	the	width	and	thickness	of	the	sheet	should	be	considered,	and	the	state	of	residual	stress	at	any	point	is	a	combined	stress	derived	from	the	residual	stresses	in
the	three	principal	directions.	When	ture,	mechanical	behavior	it	is	them.	is	is	For	magnesium	and	its	alloys	(1010)	is	below	450°	C,	while	above	this	parallel	to	the	wire	axis	for	deformation	temperature	(2110)	is	parallel	to	the	fiber	axis.	4-8.	3-11.	Velocity	of	209	210	...	The	and	Impact	Testing	370	Problem	Notched-bar	Impact	Tests	Slow-bend	Tests
370	Brittle-failure	371	Temperature	Significance	of	the	Transition	Temperature	Metallurgical	Factors	Affecting	Transition	Temperature	14-4.	Lateral	contraction	at	the	notch	and	bend	angle	are	also	measured.	Andrade's	pioneer	work	on	creep^	has	had	considerable	influence	on	He	considers	that	the	constant-stress	creep	curve	represents	the
superposition	of	two	separate	creep	processes	which	occur	after	the	sudden	strain	which	results	from	applying	the	load.	When	a	bar	is	subjected	to	tension	impact,	it	is	found	that	there	is	a	critical	velocity	which	produces	rupture	at	the	impacted	end	at	the	instant	of	impact.	1-6.	Orowan,	Z.	17-7.	And	is	available	to	read	online	for	free	as	a	PDF	digital
download,.	The	use	of	a	fully	killed	deoxidation	practice	is	not	a	completely	practical	answer	to	the	problem	of	making	steel	plate	with	high	notch	toughness	because	there	is	Grain	1	W.	However,	roughly	about	10	per	cent	of	the	expended	of	relatively	perfect	regions	of	the	lattice	other	by	boundaries	of	dislocation	networks.	For	example,	the	same
deformation	texture	is	produced	whether	a	rod	is	made	by	rolling,	drawing,	or	swaging.	portions	ic)	{After	W.	region	r	173	Dislocation	Theory	Sec.	Introduction	to	Physical	Metallurgy	(This	is	the	major	reference	for	this	course).	This	book,	or	parts	thereof,	may	not	be	reproduced	in	any	form	without	permission	of	the	publishers.	5-12]	Plastic
DcFormation	of	Polycrystalline	Aggregates	153	anisotropy	in	mechanical	properties.	If	=	da/dt	is	the	rate	of	stress-strain	curve	at	the	applied	stress	a	and	r	the	steady-state	condition	recovery	of	the	flow	stress	on	annealing,	then	requires	that	the	flow	stress	must	remain	constant.	15-2.	The	most	suitable	criterion	for	selecting	the	transition
temperature	is	whether	or	not	it	correlates	with	service	performance.	7-16.	Mader,	and	R.	By	combining	Eqs.	Warren	and	B.	testing.	13-5.	Recovery	is	Figure	5-20	will	usually	defined	as	the	restoration	of	the	physical	properties	of	the	cold-worked	metal	without	any	observable	change	in	microstructure.	mation	studies	at	elevated	temperature	have
been	made	with	large-grain(Aluminum	is	favored	for	this	type	size	sheet	specimens	of	aluminum.	218,	p.	P	is	applied	to	one	end	of	the	bar,	and	the	gage	length	undergoes	The	distance	a	slight	increase	in	length	and	decrease	in	diameter.	Flakes	On	the	other	hand,	very	high	amounts	of	hydrogen	can	be	tolerated	without	causing	flakes	if	the
transformation	stresses	are	minimized	posing	the	austenite	above	the	Ms	by	decom-	temperature	before	cooling	to	room	temperature.	As	0.0001	weight	per	cent	of	hydrogen	can	cause	cracking	in	steel.	Inst.	(Tc	=	E	dei	Since	the	cylinder	was	initially	in	equi-	librium	before	the	skin	was	removed,	the	force	in	the	center	core	must	[a)	[d)	balance	the
force	in	the	removed	mateFig.	creep	test	is	on	precision	determination	of	strain,	particularly	as	to	the	determination	of	the	minimum	creep	rate.	5-12]	Plastic	155	Deformation	of	Polycrystalline	Aggregates	equation	of	the	form	X=	where	B	and	n'	are	constants.	Robertson's	data	showed	that	this	arrest	temperature	decreases	sharply	for	most	mild-steel
plates	when	the	applied	tensile	stress	is	lowered	to	about	10,000	psi.	The	scatter	decreases	with	increasing	reduction,	until	at	about	80	to	90	per	cent	reduction	the	pre-	The	type	of	preferred	orientadeveloped	depends	primarily	on	the	number	and	type	of	slip	systems	available	and	on	the	principal	strains.	15-la).	Geisler,	"Modern	Research	Techniques
in	Physical	Metallurgy,"	American	Society	for	Metals,	Metals	Park,	Ohio,	1953.	15-3]	399	compressive	stresses	at	the	center.	This	specimen	is	used	in	the	Navy	tear	test.^	It	employs	the	full	thickness	of	the	steel	plate.	fibering	are	important	factors	in	The	grains	have	either	(111)	or	(100)	parallel	to	the	wire	axis	and	have	random	orientations	around
the	axis.	Variables	in	21-5.	Sines-	has	shown	that	these	results	can	be	rationalized	1	C.	cent	energy	level	is	close	to	the	ductility	transition	for	the	keyhole	specinear	the	fracture	transition	for	the	V-notch	specimen.	The	welded	side	of	the	specimen	is	placed	face	down	over	end	supports,	and	the	center	of	the	specimen	is	struck	with	a	60-lb	falling
weight.	and	M.	30,	pp.	20-6.	555,	1951;	On	Fractures	Caused	by	Explosions	and	Impacts,	Quart.	Servi	and	N.	1,	(P.	Therefore,	the	activation	energy	for	the	process	continuously	increases,	and	the	creep	rate	decreases.	The	important	problem	of	dislocation	multiplication	by	means	of	the	Frank-Read	source	is	given	particular	attention.	21,	p.	5,	to	help
values	of	yield	stress	observed	in	real	crystals.	The	screw	dislocation,	there	stress	field	is	simply	The	are	no	tensile	or	compressive	normal	stresses.	Tension	Mean	stress	ct^^j	-^	Completely	reversed	stress	data	plotted	here	Fig.	»	R.	This	figure	also	illustrates	the	relative	shapes	of	the	The	curves	obtained	with	keyhole	and	V-notch	Charpy	specimens.
3-5.	Burgers	Vector	and	the	Dislocation	The	Burgers	vector	b	direction	of	slip.	5-11]	Plastic	of	principal	strain	Deformation	of	Polycrystalline	Aggregates	was	considered	in	the	previous	chapter.	99-102,	1953.	McLean,	J.	Note	that	dislocations	of	Figure	6-12	is	the	same	sign	repel	each	other	other	1	when	x	45°).	172	pp.	Elements	of	the	Theory	of
Plasticity	3-1.	The	stored	energy	increases	with	strain	corresponding	to	saturation.	Nickel	is	generally	accepted	to	be	beneficial	to	notch	toughness	in	amounts	up	to	2	per	cent	and	seems	to	be	particularly	effective	in	lowerSilicon,	in	amounts	over	ing	the	ductility	transition	temperature.	Typical	solutions	which	are	used	for	this	purpose	are	listed
Residual	stress	is	just	as	effective	as	stress	load	in	producing	stress	corrosion	cracking.	Therefore,	Orowan	considers	that	the	Bauschinger	effect	can	be	explained	by	the	same	mechanism	which	he	proposed	for	dispersion	hardening	(Sec.	Now,	the	static	equilibrium	of	forces	if	springs,	the	compressed	springs	The	amount	gate	(Fig.	stress	fatigue
failure	are	fewer	^	maximum	materials	a	principal	stress	theory	provides	the	best	criterion	of	failure.	5-9]	Plastic	which	by	virtue	Deformation	of	Polycrystallinc	Asgregates	147	of	their	interaction	results	in	a	higher	state	of	internal	An	annealed	metal	contains	about	10®	to	10^	dislocations	per	square	centimeter,	while	a	severely	plastically	deformed
metal	contains	about	10^^	dislocations	per	square	centimeter.	No	attempt	is	made	to	carry	the	topics	in	Part	One	to	Instead,	the	degree	of	completion	required	for	original	problem	solving.	The	equilibrium	condition	length,	175	Dislocation	Theory	Sec.	17-9.	Rev.,	vol.	Volume	changes	need	not	necessarily	involve	rapid	quenching	or	phase	changes	to
produce	residual	stresses.	6-9a.	13	Applications	to	Materials	Testing	is	subtracted	from	the	total	strain	in	the	creep	specimen	to	give	the	strain	due	only	to	creep.	140,	1959.	a	continuous	whole,	the	surface	strain	fibers	and	center	and	tend	to	elongate,	Since	the	sheet	must	remain	of	the	sheet	must	undergo	a	accommodation.	203,	p.	Control	Charts
16-12.	strain	curve	deviates	in	this	region	is	the	by	the	proportional	the	stress	at	which	the	stressof	the	stress-strain	curve	For	engineering	purposes	the	limit	of	usable	elastic	behavior	is	described	by	the	yield	strength,	point	B.	given	to	providing	abundant	references	to	been	thought	has	book,	some	Therefore,	more	references	are	metallurgy.	J.
important	to	note	that	brittleness	is	not	an	absolute	property	of	A	metal	such	as	tungsten,	which	is	brittle	at	room	temperature,	is	ductile	at	an	elevated	temperature.	be	found	in	Sec.	by	Barrett,	op.	67,	1924;	C.	Therefore,	Cottrell-Lomer	locking	provides	an	effective	barrier	to	Studies	by	transmission	electron	slip.	Thus,	a	compressive	residual	stress
will	reduce	the	effectiveness	of	an	applied	tensile	stress	in	producing	fatigue	failure,	and	residual	tensile	stresses	will	increase	the	ease	with	which	failure	occurs.	"Relation	of	Properties	to	Microstructure,"	American	Society	for	Metals,	Metals	Park,	Ohio,	1954.	8,	pp.	Phillips,	and	Dr.	A.	16-5.	Therefore,	with	impulsive	loads	it	may	be	found	that	cracks
have	formed	but	did	not	have	time	to	propagate	before	the	stress	Reflections	of	stress	waves	occur	at	free	surfaces	and	state	changed.	Dislocations	in	the	Body-centered	Cubic	Lattice	Shp	occurs	in	the	(111)	direction	in	the	bcc	lattice.	Methods	of	compensating	for	the	change	in	dimensions	of	the	specimen	so	as	to	carry	out	the	creep	test	under
constant-stress	Sudden	Creep	curve	Transient	creep	strain	+	+	Time	Fig.	expression	for	the	stress	is	then	substituted	into	the	equations	of	equiFor	present	purposes	stress	is	defined	as	the	change	will	be	given	later.	Exptl.	Six	grain	The	They	are	of	prior	deformation,	(2)	temperature,	(3)	time,	(4)	initial	size,	(5)	composition,	and	(6)	amount	of
recovery	or	polygonization	Because	the	temperature	at	which	recrystallization	occurs	depends	on	the	above	variables,	it	is	not	a	fixed	temperature	in	the	sense	of	a	melting	temperature.	239-	243,	1957.	Furthermore,	a	metal	which	is	ductile	in	tension	at	room	temperature	can	become	brittle	in	the	presence	of	notches,	low	temperature,	high	rates	of
loading,	or	embrittling	agents	such	as	hydrogen.	Research	Natl.	Fig-	ure	14-11	shows	the	temperature	dependence	of	impact	resistance	for	a	number	of	different	alloy	steels,	all	having	about	0.4	per	cent	carbon	and	with	a	tempered	martensite	structure	produced	by	quenching	and	tempering	to	a	hardness	of	Re	35.	It	will	be	recalled	that	shp	lines	in
iron	have	been	found	to	occur	on	{110},	lattice	vector	{112},	and	{123},	although	in	other	bcc	metals	predominantly	on	the	{110}	planes.	When	n'	=	1,	Eq.	(13-6)	becomes	n'	are	empirical	constants.	&	Sons,	Inc.,	New	York,	1957.)	work	has	been	done	along	these	lines	with	the	Al-Cu	precipitationhardening	system	and	with	silicon	crystals.	emphasis
has	been	placed	on	presenting	a	fairly	simplified	picture	of	the	and	how	geometrical	and	metallurgical	the	forming	loads	and	the	success	of	the	metalworking	forces	involved	in	each	process	factors	affect	process.	495,	1953].	The	book	has	been	divided	into	four	parts.	Reported	values	of	stored	energy^	range	from	about	0.01	to	1.0	cal/g	of	metal.	is
larger	for	the	grain-boundary	strength	than	for	AIME,	vol.	Deformation	of	a	circle	con-	shown	by	a	dashed	is	lem	can	be	treated	as	one	The	un-	taining	an	edge	dislocation.	thermal	treatments	in	this	temperature	region.	60,	pp.	The	orientation	of	the	notch	in	specimen	A	is	generally	preferred.	Kolsky,	"Stress	Waves	in	Solids,"	Oxford	University	Press,
New	York,	1953-	4	392	Applications	to	Materials	Testing	Measurement	of	the	dynamic	stress-strain	curve	[Chap.	1,	Pellini,	Temperature	on	the	pp.	Recommend	saving	the	file	to	your	computer	(right	click	and	choose	save	link	as)	and	viewing	with	Adobe	PDF	reader.	18-8.	Harris.	High-temperature	Alloys	13-4.	L	=	"^^	dt	When	/3	=	+	Io(l	=	0t''^)	(13-
4)	yiU&t-^'^	0,	L	y-	=	exp	dL	Kt	kLq	exp	Kt	=	kL	dt	The	exponent	k	therefore	represents	an	extension,	per	unit	length,	which	proceeds	at	a	constant	rate.	Usunotch	is	used	to	introduce	triaxial	stress,	in	which	case	the	transition	temperature	is	raised.	12	Mechanical	Fundamentals	[Chap.	In	the	cooling	of	a	large,	hot	ingot	of	a	metal	w^hich	shows	no
phase	change,	the	temperature	differences	which	are	present	between	the	surface	and	the	center	may	be	enough	to	in	the	distribution	of	microstresses	1	J.	French,	Trans.	G.:	"Elements	of	Physical	Metallurgy,"	2d	ed.,	Addison-Wesley	Publishing	Company,	Reading,	Mass.,	1959.	Transport	Phenomena	in	Materials	Processing	Poirier-Geiger.PDF.	7-5.	1
3-2.	Forces	and	Geometrical	Relationships	in	Rolling	19-4.	Transverse	specimens	are	used	in	cases	where	the	stress	distribution	is	such	that	the	crack	would	propagate	parallel	to	the	rolling	direction.	and	it	is	this	reflected	tension	wave	which	in	most	cases	causes	fracture	under	impulsive	loading.	This	suggests	that	temper	brittleness	is	due	to	a
grain-boundary	weakness.	As	was	noted	in	Chap.	However,	if	the	reaction	does	not	proceed	uniformly	over	the	cross	section	of	the	body	because	of	differences	in	either	example	of	a	chemical	composition	or	rate	of	heat	transfer,	there	will	be	a	variation	produce	macro	residual	stresses.	fjKiN	MECHANICAL	METALLURGY	Metallurgy	and	Metallurgical
Engineering	Series	Robert	Michael	Mehl,	F.	its	minimum	This	type	of	plot	Stress	Rupture	341	creep	rate	frequently	results	in	a	very	useful	for	design	purposes,	and	is	use	will	be	discussed	more	fully	in	a	later	part	of	this	chapter.	1	W.	1-6]	and	strain	according	to	the	equations	in	the	previous	(More	complete	details	on	the	tension	test	are	given	in
Chap.	These	experimental	techniques	can	be	roughly	classified	into	two	cateutilize	the	strain	field	chemical	reactions	with	the	dislocation,	and	those	changes	at	the	site	of	a	dislocation.-	Chemical	methods	include	etch-pit	techniques	and	precipitation	techniques.	21-8.	544-550,	1956.	Frank,	Proc.	Deformation	by	4-5.	may	The	ft-lb	is	used	to	ductility
transition	temper-	determined	from	measurements	of	the	contraction	at	The	fracture-appearance	transition	temperature	is	measured	by	the	per	cent	shear	in	the	fracture	surface.	Andrade's	equation	for	describing	transient	and	steady-state	creep	was	An	alternative	general	equation	for	the	time	laws	of	creep	was	suggested	by	Cottrell.^	discussed	in
Sec.	The	yield	strength	is	defined	as	the	stress	which	will	produce	a	small	amount	of	permanent	deformation,	generally	a	strain	equal	to	0.2	per	cent	or	0.002	inches	per	inch.	203,	pp.	In	face-centered	cubic	metals	a	double	fiber	texture	is	usually	observed.	deformations.	cylindrical	Since	there	is	^	no	extra	half	plane	a;	atoms	of	in	a	one	of	shear.	5-10.
Dislocation	moving	on	the	(111)	plane	with	a	Burgers	vector	(ao/2)[101].	Classification	of	Extrusion	Processes	Extrusion	Equipment	Variables	in	Extrusion	Deformation	in	Extrusion	Extrusion	Defects	Extrusion	under	Ideal	Conditions	20-7.	43,	p.	332117,	POWDER	METALLURGY	PART	MFG	Con..	15-16).	The	driving	force	for	grain	growth	is	the
decrease	in	free	energy	resulting	from	a	decreased	grainboundary	area	due	to	an	increase	in	grain	size.	To	obtain	the	stress	at	some	in	a	plane	such	as	mm,	part	1	of	the	body	is	removed	and	replaced	point	by	the	system	of	external	forces	on	which	will	retain	each	point	in	section	of	the	mm	part	2	of	the	body	in	the	same	position	as	before	the	removal
of	part	Fig.	For	steel	the	region	of	greatest	susceptibility	to	hydrogen	embrittlement	is	in	the	vicinity	of	room	temSlow	bend	tests	and	notched	and	unnotched	tension	tests	will	perature.	Roij	Soc.	Parker,	E.	.4	/il/E,	vol.	Microstresses,	or	textural	stresses,	act	over	dimensions	as	small	as	several	unit	cells,	although	their	effects	may	extend	throughout
most	of	a	grain.	Therefore,	it	is	convenient	to	consider	that	a	dislocation	possesses	a	line	tension	which	attempts	to	minimize	its	energy	by	shortening	its	length.	2	When	In	(13-7)	f	is	the	logarithmic	creep	law	found	at	low	=	^,	Eq.	(13-6)	becomes	Andrade's	equation	This	n'	a	for	transient	creep,	e	=	(13-8)	I3t'^^	Logarithmic	creep	occurs	at	low
temperatures	and	low	stresses,	where	It	is	believed	to	be	a	true	exhaustion	process	in	which	the	rate-determining	step	is	the	activation	energy	to	move	a	dislocation.	state	of	stress	due	to	larger	structure	can	contain	a	stress	raisers,	vides	a	large	reservoir	for	stored	elastic	energy.	One	common	type	of	delayed	fracture	is	stress-rupture	failure,	which
occurs	when	a	metal	has	been	statically	loaded	at	an	elevated	temperature	for	a	long	period	of	time.	The	equations	given	below	apply	to	straight	edge	and	screw	dislocations	in	an	isotropic	crystal.	E.:	"Control	of	Steel	Construction	to	Avoid	Brittle	Failure,"	Welding	Research	Council,	New	York,	1957.	it	is	The	proportional	often	replaced	limit	is	from
linearity.	17-6.	Dislocations	in	the	Face-centered	Cubic	Lattice	Shp	occurs	in	the	fee	lattice	on	the	{111}	plane	in	the	(110)	direction.	W.	Alternative	method	of	plotting	the	line,	the	linear	relationship	These	relationships	design.	Ransom,	discussion	in	Proc.	(a)	Stress-strain	curve	for	com-	pletely	brittle	material	(ideal	behavior);	(b)	stress-strain	curve
for	brittle	metal	with	slight	amount	of	ductility.	deformation	texture,	which	is	It	is	similarity	to	the	arrangement	in	naturally	fibrous	materials.	formation,	deformation	is	ments	of	local	creep	elongation^	at	various	locations	in	a	creep	specimen	have	shown	that	the	local	strain	undergoes	many	periodic	changes	with	time	that	are	not	recorded	in	the
changes	in	strain	of	the	total	gage	In	large-grained	specimens,	local	regions	may	length	of	the	specimen.	The	maximum	load	divided	by	the	original	area	of	the	specimen	is	the	ultimate	For	a	ductile	metal	the	diameter	of	the	specimen	tensile	strength.	Brinell	11-3.	below:	1.	r..	Assume	that	two	gage	marks	are	put	on	the	surface	of	the	bar	in	1-1).
Figure	14-7	shows	the	transition-temperature	curves	for	such	an	ideal	material.	6	Dislocation	reactions	have	not	been	studied	so	extensively	in	the	bcc	Cottrell^	has	suggested	that	a	perfect	dis-	lattice	as	in	the	fee	lattice.	Effect	of	Metallurgical	Variables	13-12.	Severe	deformation	produces	a	reorientation	of	the	grains	into	a	preferred	In	addition	to
the	changes	in	tensile	properties	orientation	(Sec.	386	Applications	to	Materials	Testing	[Chap.	When	fracture	strength	was	measured	in	terms	of	pounds	per	square	inch	of	the	net	cross-sectional	area,	the	fullsized	specimen	had	only	about	one-half	the	strength	of	the	quarter-scale	model.	However,	no	evidence	for	a	grain-boundary	film	or	precipitate
has	been	uncovered	from	studies	by	means	of	the	electron	microscope	of	the	microstructure	of	temper-embrittled	steel.	tions	in	a	NaCl	crystal	Figure	6-2	shows	a	hexagonal	network	of	disloca-	which	was	made	visible	by	decoration.	The	sudden	buckling	type	of	failure	may	occur	in	a	slender	column	when	the	axial	load	exceeds	the	Euler	critical	load
or	when	the	external	pres.sure	acting	against	a	thin-walled	shell	exceeds	a	critical	value.	This	is	not	a	particularly	and	tubes	made	by	most	forming	oper-	restrictive	condition	since	bars	ations	have	the	required	symmetrical	residual-stress	pattern.	Part	One,	Mechanical	Fundamentals,	presents	the	mathematical	framework	for	many	of	the	chapters
which	follow.	829-835,	1957;	J.	Birchenall,	C.	metallurgical	control	can	be	exercised	over	the	elastic	The	most	effective	way	to	increase	the	stiffness	of	a	member	by	changing	its	shape	and	increasing	the	dimensions	of	its	cross	section.	1063-1071,	1958.	USA,	p.	Extrusion	of	and	Nonhomogeneous	Deformation	Tubing	20-9.	Meakin	and	around	the
dislocation	becomes	anodic	to	the	surrounding	metal,	and	consequently	preferential	etching	occurs	at	the	dislocation.	Harris,	Jr.,	Trans.	pp.	For	students	of	engineering	who	have	had	an	advanced	course	in	strength	of	materials	or	machine	design,	it	probaHowever,	for	bly	will	be	possible	to	skim	rapidly	over	these	chapters.	At	this	point	the	two
dislocations	react	according	to	Lomer's	reaction	ao	f	[101]+	I	[Oil]	to	form	a	new	dislocation	Since	all	[110]	of	three	dislocations	reduced	energy.	Chaudhuri,	Creep	and	Fracture,	in	"Creep	and	Recovery,"	pp.	Residual	Stresses	15-4.	4,	no.	Bauschinger	effect	and	hys-	teresis	loop.	15-2c).	ability	Figure	1-3	illustrates	the	tension	stressstrain	curve	of	a
ductile	material.	Production	of	Seamless	Pipe	21	.	22-8.	Part	I:An	Introduction	to	Solid	Mechanics	Part	II:Engineering	Solid	Mechanics	Part	III:Foundations	of	Continuum	Solid	Mechanics	Part	IV:	Material	Models	in	Continuum	Solid	Mechanics.	)ec.	Slip	4-7.	965,	1952.	The	driving	force	for	exaggerated	grain	growth	is	the	decrease	in	surface	energy,
not	stored	energy,	but	because	the	phenomenon	shows	kinetics	similar	to	those	of	recrystallizalized	tion	it	is	5-1	3.	This	free	32-page	booklet	describes,	in	some	detail,	why	products	are	made	by	the	PM	process;	powder	production	methods;.	Thus,	Eqs.	Variables	in	RoUing	Deformation	in	Rolling	Defects	in	RoUed	Products	Main	19-10.	locations	of	A.
Stress	Cycles	12-3.	18-7.	hep	structure	has	a	length	ao	and	Therefore,	the	Burgers	vector	is	a	close-packed	plane	with	the	is	.	three	orthogonal	coordinate	axes,	are	given	The	notation	is	the	same	as	that	used	in	by(3x-To	by(x'-	-	+	ij^)	(6-1)	y^)	(6-2)	To	(6-3)	where	To	G	=	-	v)	bx{x^	—	27r(l	Txy	—	(6-4)	(x^	-\-	y'^'Y	=	Ty,	Txz	y'^)	To	..	A	completely
brittle	material	would	10	Mechanical	Fundamentals	[Chap.	The	two	sections	conThese	are	the	only	material	constants	needed	to	describe	the	elastic	stress-strain	behavior	provided	However,	many	materials	that	the	material	can	be	considered	isotropic.	52,	pp.	Generally	the	factors	which	favor	the	formation	of	a	fine	recrystallized	grain	size	also	favor
the	formation	of	an	essentially	random	orientation	of	recrystallized	grains.	Residual	Stresses	Sec.	Elastic	deformations	in	metals	are	quite	small	and	require	very	sensiUltrasensitive	instruments	tive	instruments	for	their	measurement.	174	Metallurgical	Fundamentals	many	dislocation	lines	is	the	si^t^	[Chap.	curve	B	is	for	dislocations	of	opposite
sign.	is	intended	for	college	seniors,	graduate	students,	and	book	Since	this	it	is	expected	to	become	a	part	of	their	professional	engineers,	practicing	Although	there	has	been	no	attempt	to	make	this	book	a	handlibrary.	Kateina	Skotnicov,	Miroslav	Kursa,	Ivo	Szurman.	Barrett,	"Structure	of	Metals,"	2d	ed.,	chap.	Aluminum	also	has	the	beneficial
effect	of	combining	with	nitrogen	to	form	insoluble	aluminum	nitride.	stressed	in	residual	tension,	(d)	ia)	Fig.	The	effect	of	various	alloying	elements	on	this	embrittlement	can	then	be	explained	on	the	basis	of	their	rates	of	diffusion	and	relative	solubilities	at	the	grain	boundaries	and	within	the	grains.	See	N.	In	general,	a	dislocation	line	cannot	end
inside	of	a	crystal.	For	the	case	of	a	perfect	dislocation	a	good	approximation	of	the	stress	field	can	be	obtained	from	the	mathematical	theory	of	elasticity	for	continuous	media.	strained	circle	The	that	direction	are	zero	and	the	prob-	6-10.	ture-appearance	ature	is	The	transition	frac-	temper-	related	to	the	crack-prop-	agation	material.	E.:	"Physical
Metallurgy,"	McGraw-Hill	Book	Company,	Inc.,	New	York,	1959.	fundamentals	least	to	control	lurgical	is	understood	in	terms	of	metallurgical	struc-	generally	possible	to	improve	the	mechanical	properties	or	at	Two	of	this	book	is	concerned	with	the	metal-	Part	of	the	cal	students	will	find	that	mechanical	behavior	of	metals.	It	is	apparent	that	a	creep
curve	with	three	welldefined	stages	will	be	found	for	only	certain	combinations	of	stress	and	temperature.	AB	represents	the	perfect	dislocation	line	having	the	full	slip	vector	bi.	This	picture	of	a	graded	transition	in	the	way	the	dislocations	are	arranged	is	in	agreement	with	the	intiuence	low	strains.	In	accordance	with	the	Sachs	analysis,	the
longitudinal	and	tangential	strains	are	combined	in	two	parameters.	Ransom	of	the	du	Pont	Company,	the	Thompson-Ramo-Wooldridge	Corp.	T.	Dislocation	6-15.	*Si	+	S2	reduces	the	permissible	value	of	is	positive,	When	aa.	Body-centered	cubic	metals	have	a	simple	(1	10)	wire	texture.	15-5.	Considering	that	this	book	is	nearly	extinct	in	print,
archive	has	done	a	great	service	by	preserving	it	here!	Register	for	a	new	account	on	Studynama.	The	depends	chiefly	on	the	degree	of	deformation	and	on	the	annealing	temperature.	209,	pp.	Introduction	to	Physical	Metallurgy	and	Engineering	Materials,	IPM	Notes	For	exam	preparations,	pdf	free	download	Classroom	notes,	Engineering	exam
notes,.	5-11).	notch-bend	specimens	are	frequently	used	for	studying	the	effect	of	welding	and	metallurgical	variables	on	notch	toughness.	103,	p.	The	size	of	the	suband	the	temperature.	Deformation	of	the	grains	will	occur	by	shear	along	the	grain	boundaries	and	by	the	breakup	of	the	grains	into	"cells,"	or	subgrains.^	Deformation	at	high
temperatures	and/or	low	in	the	which	it	is	difficult	to	detect	slip	lines	but	which	there	is	abundant	evidence	of	grain-boundary	deformation.	of	the	observed	•	.	13	amount	will	Grain	boundary	ECT	Temperature	[a]	of	grain-boundary	area	a	material	with	a	large	grain	size	have	higher	strength	above	the	Sec.	due	to	an	externally	applied	Examples	of
combinations	which	produce	stress	corrosion	cracking	are	mercury	or	ammonia	compounds	with	brass	(season	cracking)	and	chlorides	with	austenitic	stainless	steels	and	certain	age-hardenable	aluminum	alloys.	glides	in	a	(111)	plane	//	Disloca-	with	a	Burgers	vector	(ao/2)[011].	If	part	of	a	body	containing	residual	stresses	is	machined	away,	keyway
in	a	cold-drawn	bar,	the	residual	stresses	in	the	material	removed	are	also	eliminated.	Mag.,	vol.	Therefore,	in	writing	these	chapters	an	attempt	has	been	made	to	include	only	material	which	is	generally	valid	and	to	minimize	the	controversial	aspects	of	the	subject.	Metallurgical	Factors	Affecting	Transition	Temperature	Changes	temperature	of	over
100°F	can	be	produced	by	chemical	composition	or	microstructure	of	mild	steel.	rial.	A	number	of	secondary	deformation	processes	have	been	observed	in	metals	at	elevated	temperature.	Owen,	D.	Classification	of	Rolling	Processes	19-2.	17-3.	location	in	a	(112)	plane	can	dissociate	according	to	the	reaction	f	[111]	^	1°	[112]	+	The	dislocation	(ao/3)
[112]	vector	lies	is	perpendicular	to	the	1°	[111]	a	pure	edge	dislocation	since	slip	plane.	Theories	of	Fatigue	12-7.	Lomer,	2	A.	This	is	Resolution	of	total	stress	into	We	then	the	situation	in	Fig.	This	is	due	to	the	difficulty	of	obtaining	uniformly	Generally	speaking,	allowfine	pearlite	and	grain	size	in	a	thick	section.	E.	SisniFicance	of	the	Transition
Temperature	The	notch	toughness	of	a	material	should	really	be	considered	in	terms	of	two	distinct	transition	temperatures.	While	engineering	materials	such	as	steel,	cast	iron,	and	aluminum	may	appear	to	meet	these	conditions	when	viewed	on	a	gross	scale,	it	is	readily	apparent	when	they	are	viewed	through	a	microscope	that	they	are	anything
but	homogeneous	and	isotropic.	»	Dislocations	in	the	Body-centered	Cubic	Lattice	.	Part	Two	stem	from	physical	metallurgy.	9-6.	Sachs,	Proc.	Inc.,	152	Metallurgical	Fundamentals	main	[Chap.	around	several	dislocations	is	equal	to	the	sum	of	their	separate	Burgers	vectors.	ASM,	vol.	5-11.	2	G.	245Burke	and	D.	*	1	,:,	'	"'	"*	Etch	pits	on	slip	bands	in
alpha	brass	crystals.	(19129	views)	MIRROR1	MIRROR2	.	recrystallization	process	can	be	summarized^	as	follows.	13	Polygoiiization	can	take	place	concurrently	with	lattice	bending	because	dislocation	climb	can	occur	readily	at	high	temperature	(see	Sec.	14	up	and	produces	fracture.	Forces	between	Dislocations	175	Contents	xi	Climb	6-10.	Rees,
B.	must	be	has	direct	application	in	design.	dissociation	of	a	unit	dislocation	into	stacking	fault	two	imperfect	is	dislocations.	BIBLIOGRAPHY	Barrett,	C.	Press,	2	of	this	reaction	is	a	p.	by	the	core	=	dLi/L,	where	Li	is	the	expanded	The	stress	relength	of	the	element.	The	Lehigh	specimen	provides	are	obtained	Load-deflection	curves	terms	of	energy
absorbed	to	maxi-	duplicate	tests.	The	intention	here	is	to	describe	the	metallurgy,	surface	modification,	wear	resistance,	and.	Specialized	Tests	for	Transition	Temperature	A	number	of	new	tests	for	determining	the	transition	temperature	of	have	been	developed	as	a	result	of	the	research	on	the	brittle	failure	Space	will	permit	only	a	brief	description
of	several	of	the	most	of	ships.	Seeger,	J.	by	the	path	does	not	contain	a	dislocation,	However,	if	the	path	encloses	a	dislocation,	the	Burgers	circuit	will	not	close.	The	largest	changes	in	transition	temperature	result	from	changes	in	the	changes	in	transition	in	the	of	carbon	and	manganese.^	The	15-ft-lb	transition	temperature	V-notch	Charpy
specimens	(ductility	transition)	is	raised	about	25°F	for	each	increase	of	0.1	per	cent	carbon.	Bur.	'"'s-	A	Frank	partial	dislocation	or	{After	A.	Molybdenum	raises	the	transition	almost	as	rapidly	as	carbon,	while	chromium	has	little	effect.	Hanson	and	M.	the	curve	is	which	within	Point	obeyed.	The	material	covered	in	Chaps.	Hardness	at	Elevated
Temperatures	11-9.	Since	the	purpose	of	the	drop-weight	test	is	to	see	whether	or	not	fracture	will	occur	at	a	sharp	notch	when	the	amount	of	yielding	that	can	occur	is	restricted,	the	bending	fixture	is	designed	so	as	to	limit	the	deflection	of	the	specimen	to	5°.	Dislocation	Sources	7.	The	phase	transformation	from	austenite	to	martensite	which
occurs	during	the	quenching	of	steel	is	an	outstanding	example	of	a	nonuniform	volume	change	leading	to	high	residual	stresses.	dislocations	come	together	and	react	to	lower	their	strain	energy	by	the	in	the	bcc	lattice	reaction	f	[ni]-f|[lll]^ao[001]	The	product	(001)	plane.	axial	load.	1	'	'C.	New	Lissner,	York,	1955.	507,	1951-1952.	aluminum,	which
has	a	very	narrow	stacking-fault	ribbon,	while	it	is	copper,	which	has	a	wide	stacking-fault	ribbon.	between	the	gage	marks	has	increased	by	an	amount	5,	called	the	deforits	A	load	mation.	Since	the	decreases	with	increasing	grain	size,	[Chap.	162	Metallurgical	Fundamentals	[Chap.	Other	factors	which	may	be	important	are	the	temperature	of
deformation	and	the	type	of	texture	present	prior	to	deformation.	New	cycles.	MetaUog.,	vol.	Part	Two,	especially	Chap.	Effect	of	carbon	content	on	the	energy-transition-temperature	curves	for	steel.	The	center	will	then	be	and	the	edges	will	be	in	compression.	was	presented	4,	where	the	geometry	of	for	the	case	of	a	simple	cubic	lattice.	For	a
curved	dislocation	line,	the	line	tension	produces	a	restoring	force	which	tends	to	straighten	it	out.	Tempering	at	a	higher	temperature	for	a	short	time	may	be	better	than	a	long	tempering	treatment	at	a	lower	temperature.	However,	grain	growth	is	strongly	temperature-dependent,	and	a	grain-coarsening	region	soon	be	reached	in	which	the	grains
increase	in	size	very	rapidly.	2	A	summary	Dislocation	Theory	Sec.	Effect	of	Mean	12-12.	Kissel,	Trans.	Averbach,	"Modern	Research	Techniques	in	Physical	Metallvirgy,"	American	Society	for	Metals,	Metals	Park,	Ohio,	1953;	B.	Graphical	representation	of	Eq.	(6-18).	Thus,	in	order	to	provide	a	margin	of	safety	and	to	protect	against	failure	from
unpredictable	causes,	it	is	necessary	that	the	allowThe	able	stresses	be	smaller	than	the	stresses	which	produce	failure.	Metals,	vol.	Andrus,	Phys.	The	dislocation	reaction	is	given	by	bi—>	b2	+	bs	+	|"[10Tj-.f[2TT)	To	check	|'|112]	summa-	this	reaction,	the	tion	of	the	X,	y,	z	components	of	the	right-hand	side	of	the	equation	must	add	up	to	the	x,	y,	z
components	of	the	original	dislocation.	Introduction	.	348,	1932.	upset	by	removing	the	outer	is	will	elon-	^—1--.	CottrelP	has	suggested	another	dislocation	reaction,	which	appears	to	lead	to	the	formation	of	immobile	dislocations	in	the	bcc	lattice.	170	Metallurgical	Fundamentals	[Chap.	Because	the	transition	temperature	is	not	sharply	defined,	tant
to	understand	the	criteria	which	have	been	adopted	for	it	is	impor-	its	definition.	Beck,	Adv.	The	drop-weight	test	establishes	a	temperature	below	which	the	material	is	very	susceptible	to	fracture	initiation,	while	the	explosion-bulge	test	establishes	a	temper-	ature	above	which	the	material	is	immune	to	brittle-fracture	propagation.	Residual	1	W.	10,
p.	Library	of	Congress	Catalog	Number	61-11385	in	the	12	13	14	15	16-	ISBN	07-016890-3	MAMM	-	7	5	4	3	PREFACE	Mechanical	metallurgy	is	the	area	of	knowledge	which	deals	with	the	behavior	and	response	of	metals	to	applied	forces.	cm.	Smallman,	J.	Preferred	orientations	are	determined	by	X-ray	methods.	cisely	defined	area,	some	it	others
will	it	will	mean	mean	mechanical	Since	it	is	not	a	pre-	different	things	to	different	persons.	Tipler,	/.	10	20	30	40	50	Reduction	by	cold	work,	60	70	%	Fig.	The	slip	bands	produced	at	high	temperature	do	not	generally	resemble	the	straight	slip	lines	which	are	usually	found	after	room-temperature	deformation.	Generalized	Stress-Strain	Relationships
2-12.	Effect	of	no.	a	small	crack	forms	and	grows,	to	link	up	with	the	previous	main	crack.	2	3	^	6	«	D.	Pearson,	"Behavior	of	Metals	under	Impulsive	Loads,"	S.	138A,	p.	This	side	is	kept	at	a	higher	temThus,	a	temperature	gradient	is	maintained	across	the	width	perature.	The	simplest	chemical	technique	is	the	use	of	an	etchant	which	forms	Etch	pits
a	pit	at	the	point	where	a	dislocation	intersects	the	surface.	The	effects	of	strain	hardening	are	recovered	by	the	escape	of	screw	dislocations	from	pile-ups	by	cross	about	Although	there	T'm/2.	6-6]	Dislocation	Theory	169	This	combination	of	three	dislocations	produced	by	the	faults	join.	which	will	Gurland,	Trans.	539-583.	Andrade's	equation	has
been	verified	for	conditions	extending	up	to	several	hundred	hours,	which	result	in	total	extensions	in	excess	of	1	per	cent.	Forging	Equipment	Deformation	in	Compression	Forging	in	Plane	Strain	with	Coulomb	Friction	Forging	in	Plane	Strain	with	Sticking	Friction	Forging	of	a	Cylinder	in	Plane	Strain	Forging	Defects	Residual	Stresses	in	Forgings
488	19.	Mott	and	F.	,^"	47r(l	-	,	v)	In	^	In	the	same	way,	the	strain	energy	of	a	screw	dislocation	U=	^	2	\	Te^h	dr	Jro	=	(6-12)	ro	^	-'ro	is	given	by	(6-13)	47r	Note	that,	in	accordance	with	our	assumption	up	to	this	point,	the	strain	energy	per	unit	length	of	dislocation	is	proportional	to	Gh'^.	229,	1931.	And	Materials	Engineering,	Laval	University,
Quebec	City,	Canada	G1V	0A6,	Tel.	The	average	linear	strain	e	is	the	ratio	of	the	change	in	length	to	the	original	length.	Good	correlation	has	been	shown	between	the	drop-weight-test	nil-ductility	transition	and	service	The	correlation	problem	is	well	illustrated	by	the	work	of	the	fractures.	Rinebolt	and	W.	not	subjected	to	external	loads,	different



structure	may	members	of	the	assembly.	52,	APM-52-2,	1930.	1-3.	.,	.	of	14.	Deformation	Bands	and	Kink	Bands	Hardening	of	Single	Crystals	Ill	4-12.	Strain	3.	1949.	Strain	hardening	or	cold	work	can	be	readily	detected	by	X-ray	diffraction,	although	detailed	analysis	of	the	X-ray	patterns	in	terms	of	the	structure	of	the	cold-worked	In	Laue	patterns
cold	work	produces	a	state	is	not	usually	possible.	Detailed	consideration	of	the	theories	of	yielding	and	an	introduction	to	the	concepts	of	plasticity	are	given.	The	third	dislocation	with	by	the	line	where	the	two	stacking	Burgers	vector	(ao/6)[110]	hes	along	the	line	»	W.	cit.,	*	)ec.	18-3.	Description	of	Stress	at	a	Point	17	Two	Dimensions	(Plane
Mohr's	Circle	of	Stress—	Two	Dimensions	State	of	Stress	in	Three	Dimensions	Mohr's	Circle	Three	Dimensions	2-3.	Gibbs	free	energy,	H	enthalpy	(a	from	of	energy),	T	absolute	temperature.	type	of	equipment	will	also	influence	the	factor	of	safety.	For	a	rectangular-coordinate	system	only	two	components	of	stress	are	not	equal	to	zero.	4,	October,
1960.	form	the	precipitate	after	suitable	heat	treatment.	mation	of	the	line	tension.	(6480	views)	Applied	Mechanics	by	Gaetano	Lanza	-	J.	are	sometimes	referred	to	as	Residual	stresses	are	produced	whenever	a	body	undergoes	nonuniform	plastic	deformation.	Austenitic	stainless	steel-boiling	solution	of	10	per	cent	10	per	cent	CUSO4,	or	boiling	1
NaOH	3.	.	In	method	of	analysis	used	assume	that	the	member	is	in	equilibrium.	The	smaller	the	degree	of	deformation,	the	higher	the	temperature	required	to	cause	recrystallization.	Since	the	stress	the	force	between	two	parallel	is	field	of	symmetrical,	the	force	between	them	a	screw	dislocation	is	radially	a	central	force	which	depends	is	only	on
the	distance	that	they	are	apart.	For	shock	loads	below	Vu	the	bar	would	undergo	deformation	but	would	not	fracture.	15-1]	ments	Residual	Stresses	of	their	average	value	have	been	made	with	X	lations	of	the	microstresses	existing	in	two-phase	systems	by	Lazlo/	who	395	Calcu-	rays.''^	have	been	made	uses	the	terminology	"tessellated	stresses"	for
this	type	of	residual	stress.	lead	at	room	temperature,	primary	creep	is	the	predominant	sient	creep	in	virtue	of	its	the	creep	of	own	creep	process.	internal	stresses,	or	locked-in	stresses.	Relationship	11-6.	operated	cafeterias,	in-plant	medical	services,	free	parking.	steel	tested	in	axial	fatigue	indicate	that	the	allowable	stress	range	increases	with
increasing	compressive	mean	stress	up	to	the	yield	stress	Fig.	Dieter,	G.E.,	Mechanical	metallurgy,	1988,	SI	metric	edition,.	At	still	higher	temperatures	the	plate	bulges	considerably	more,	and	the	crack	becomes	a	shear	crack	which	is	confined	to	The	fracture-appearance	the	center	of	the	specimen.	677,	1956;	1	J.	Credit	is	given	in	the	captions	of
the	illustrations.	Origin	of	Residual	Stresses	15-2.	The	presence	of	temper	embrittlement	is	usually	determined	by	measuring	the	transition	temperature	by	means	of	a	notched-bar	impact	test.	1	M.	21-9.	The	residual-stress	distribution	shown	in	Fig.	This	is	obtained	from	Eq.	(6-13)	when	typical	values	ri	=	1,000	A	and	=	ro	2	A	are	used.	is	1-4.0),	while
a	brittle	metal,	such	measure	of	plasticity	before	fracture	an	important	engineering	consideration,	because	it	allows	the	mate-	rial	to	redistribute	localized	stresses.	Figure	4-26	this	requires	the	formation	of	a	constriction	in	the	stacking-	The	greater	the	width	of	the	stacking	fault,	or	the	lower	the	stacking	fault	energy,	the	more	difficult	it	is	to
produce	constrictions	in	the	stacking	faults.	neering	design.	lowed	by	enough	added	cold	reduction	to	break	up	this	orientation	and	produce	a	fine	recrystallized	grain	size	at	a	low	temperature.	introduced	the	concept	of	the	equicohesive	temperature	(EOT),	which	was	defined	as	that	temperature	at	which	the	grains	and	grain	boundaries	have	equal
strength	(Fig.	For	example,	a	shaft	which	is	too	flexible	can	cause	rapid	wear	of	the	bearing,	or	the	excessive	deflection	of	closely	mating	parts	can	result	in	interference	and	damage	to	the	parts.	Introduction	221	8-2.	375	377	379	381	384	385	387	388	390	393	15.	Home,	in	this	L.	from	the	stress-rupture	test	is	the	time	to	cause	failure	at	a	given
nominal	stress	for	a	constant	temperature.	Jeffries,	Trans.	This	is	in	agreement	with	the	type	of	flow	curve	usually	observed	for	the	Bauschinger	effect.	The	basic	difference	for	this	case	would	be	that	all	the	curves	would	originate	from	the	same	point	on	the	strain	axis.	The	ductility	transition	temperature	is	sometimes	arbitrarily	set	at	1	per	cent
lateral	contraction	at	the	notch.	Bauer,	Intern.	by	X-ray-	strain	field	at	the	dis-	32,500	X.	By	means	beam	is	altered	of	this	technique	it	has	been	possible	to	observe	dislocation	networks	(Fig.	Read,	Jr.,	"Dislocations	in	Crystals,"	pp.	Cold	working	by	itself	will	increase	the	transition	temperature,	but	strain	aging	results	in	a	greater	increase,	usually
around	40	to	60°F.	treatment	book	will	It	is	further	of	the	field	of	provide	material	for	these	somewhat	diverse	hoped	that	the	existence	mechanical	metallurgy	of	a	comprehensive	will	stimulate	the	develop-	which	cover	the	total	subject.	A	conscientious	effort	has	been	made	throughout	to	give	credit	to	original	sources.	Modifications	of	these
equations	will	be	considered	in	another	section	of	this	chapter.	These	dislocations	attract	each	other	and	move	toward	the	intersection	point	0,	which	is	the	intersection	of	the	two	Burgers	vectors	along	the	direction	[110].	A	crack	is	started	at	the	cold	end	by	an	impact	gun.	brittle	materials,	localized	stresses	Fig.	(a)	recrystallization.	The	shortest
lattice	vector	is	(ao/2)	[110],	which	connects	an	atom	at	a	cube	corner	with	a	neighboring	atom	at	the	center	of	a	cube	face.	increased	by	strain	hardening	was	decreased.	14-8	is	more	characteristic	of	the	type	of	curves	that	are	obtained	with	Charpy	V-notch	tests	on	mild	steel.	The	mean	stress.	A	similar	set	of	six	equations	relates	the	stress	to	the
strain	in	Cl2,	•	,	cTx	terms	of	the	elastic	coefficients	Cn,	Cij.	Amelinckx,	in	"Dislocations	and	Mechanical	Properties	of	Crystals,"	John	Wiley	Fig	6-2.	Introduction	1^	2-2.	location.	lead,	397	Residual	Stresses	5-2]	cadmium,	and	Soft	coatings	such	as	room	temperature	to	relieve	Hard	coatings	like	chromium	and	nickel	zinc	creep	sufficiently	at	most	of
tfiese	plating	stresses.	ing	and	measuring	the	know	the	The	stress	by	the	stress^	acting	the	integral	of	the	stress	is	In	order	to	evaluate	this	distribution	of	the	stress	over	the	distribution	is	strain	distribution	in	the	arrived	at	member,	by	observ-	since	stress	cannot	be	physically	measured.	The	resolving	power	of	the	best	electron	microscope	would
have	to	be	improved	by	a	factor	of	5	to	10	in	order	to	observe	directly	the	distortion	of	the	individual	lattice	planes	around	a	dislocation	in	a	metal	crystal.^	Practically	all	the	experimental	techniques	for	detecting	dislocations	around	a	dislocation	to	increase	its	effective	size.	Grain-boundary	migration	is	a	motion	of	the	grain	boundary	in	a	It	may	be
considered	Grain-boundary	migration	is	a	creep	recovery	process	which	is	important	because	it	allows	the	distorted	material	adjacent	to	the	grain	boundary	to	undergo	further	deformation.	Even	greater	spread	in	transition	temperature	would	be	obtained	if	the	tempering	temperature	were	adjusted	to	give	a	higher	hardness.^	Slack	all	1	H.	lattices	A
cell.	2	326	Applications	to	Materials	Testing	[Chap.	G.	Time	Time	Time	Andrade's	analysis	of	the	competing	processes	which	determine	the	creep	When	conditions	have	been	developed.	This	upsets	the	static	equilibrium	of	internal	forces	and	moments,	and	the	body	distorts	to	establish	a	new	equilibrium	condition.	Department	of	Metallurgical	&
Materials	Engineering	(MME).	Issue	of	Powder	Metallurgy	Review	now	available	for	free	download.	Slip	on	intersecting	(110)	planes.	Forces	on	Dislocations	When	an	external	force	of	sufficient	magnitude	the	dislocations	move	and	produce	is	applied	to	a	crystal,	Thus,	there	is	a	force	acting	on	a	dislocation	line	which	tends	to	drive	it	slip.	Dana,	895-
905,	1955.	cylinder	without	a	dislocation	is	shown	by	the	dashed	line.	Bever,	"Progress	5-10]	Plastic	Deformation	of	Polycrystallinc	Aggregates	149	parameters	with	increasing	amount	of	cold	work.	11-7.	3	5	6	7	8	9	Scope	of	This	Book	Strength	of	Materials	Basic	Assumptions	Elastic	and	Plastic	Behavior	2.	The	amount	of	deformation	required	to
produce	equivalent	recrystal-	temperature	of	working.	In	aluminum,	cross	slip	is	very	prevalent,	and	screw	dislocations	can	easily	arrange	themselves	into	a	network	of	low-angle	boundaries.	Brown,	Trans.	is	difficult	1	because	of	the	short	time	during	which	events	occur	and	because	care	must	be	taken	The	information	which	is	to	consider	all	wave-
propagation	phenomena.	Overstressing	Stress	on	Fatigue	Combined	Stresses	and	Understressing	on	Fatigue	Properties	Temperature	on	Fatigue	12-14.	Now,	consider	pression,	the	yield	strength	that	a	new	specimen	is	loaded	in	tension	past	the	tensile	yield	stress	to	C	along	the	path	OAC.	Rolling	of	19-7.	The	particle	velocity	Vp	is	related	to	the	wave
velocity	co	by	the	following	equations:	Vp	=	f\,de	=	Jo	~	("—	P	Jo	(14-3)	Co	These	equations	can	be	used	to	determine	the	stress	or	strain	in	a	dynamically	loaded	metal	provided	that	the	wave	and	particle	velocities	can	be	determined.	Grain	Boundaries	and	Deformation	Low-angle	Grain	Boundaries	Solid-solution	Hardening	5-3.	296	12.	With
increasing	temperature	Eventually	the	the	cold-worked	state	becomes	more	and	more	unstable.	is	Loop	the	vector	which	defines	the	magnitude	and	Therefore,	it	is	the	most	characteristic	feature	of	a	dis-	has	already	been	shown	that	for	a	pure	edge	dislocation	the	Burgers	vector	is	perpendicular	to	the	dislocation	line,	while	for	a	pure	screw
dislocation	the	Burgers	vector	is	parallel	to	the	dislocation	line.	number	of	pole	figures	for	rolling	textures	are	given	chap.	Silcox,	R.	Metallurgy	pdf	free	download.	Since	glide	must	be	restricted	to	the	plane	of	the	stacking	fault	and	the	Burgers	vector	is	normal	to	For	this	this	plane,	the	Frank	partial	dislocation	cannot	move	by	glide.	A	number
bending.	When	localized	stresses	at	notches	and	other	accidental	stress	concentrations	do	not	have	to	be	considered,	static	strain	it	is	possible	to	design	for	situations	on	the	average	basis	of	However,	with	stresses.	Stroh,	Proc.	Powder	Metallurgy,	Edited	by	Katsuyoshi	Kondoh	p.	At	temperatures	significantly	greater	than	room	temperature	metals	no
longer	exhibit	strain	hardening.	The	working	stress	may	be	considered	as	either	the	yield	strength	or	the	tensile	strength	divided	by	a	number	called	the	factor	of	safety.	14-6a.	Ewen,	J.	18-5.	O-w	"^	-jTf•/V	or	CTu,	=	-rj-	iV	u	(l-5j	Introduction	Sec.	Wood,	G.	modern	physical	metallurgy	and	materials	engineering	pdf,	modern	physical	metallurgy	and.	4-
8,	which	shows	the	atomic	arrangement	around	an	edge	dislocation.	13-3.	Rhines,	W.	Notch	Toughness	14-9.	tend	to	be	oriented	parallel	to	the	plane	of	the	sheet	with	the	(110)	direcFor	hep	metals	the	tion	within	a	few	degrees	of	the	rolling	direction.	Dislocation	Theory	Sec.	Thompson	and	W.	Surface	Residual	Stresses	15-8.	5-12.	67B,	p.	Since	a
high-compression	region	will	retard	crack	propagation,	a	test	which	combines	both	bending	and	tension	aids	in	crack	propagation.	29,	pp.	Aul,	and	G.	Conversely,	compressive	residual	stresses	will	increase	the	yield	stress.	Part	of	the	difficulty	in	correlating	notch-impact	data	has	been	caused	by	failure	to	recognize	and	distinguish	between	the	two
general	types	of	Sec.	size	5	to	ASTM	Decreasing	the	grain	diameter	from	grain	size	10	can	change	the	10-ft-lb	transition	temperature^	from	about	70	to	—	60°F.	Trans.	amount	slip	plane	of	an	A	the	area	of	the	is	done	by	the	shear	plane	is	dW	=	TA{ds	dlh)/A.	Theory	of	Elasticity	2-13.	Materials	science	pdf	notes,	materials	science	pdf	free	download,
callister	materials	science	pdf,	engineering	materials	science	pdf,	computational	materials.	9.)	The	data	obtained	from	the	tension	test	are	generally	plotted	as	a	Figure	1-3	shows	a	typical	stress-strain	curve	for	stress-strain	diagram.	is	Since	the	forces	the	cut	section	of	the	part	of	the	body	that	remains.	If	by	fatigue	is	likely	to	occur.	sary	in
calculating	the	stresses	for	Allowance	must	be	made	for	the	possibility	of	accidental	loads	of	high	magnitude.	Recrystallization	is	readily	detected	by	metallographic	methods	and	is	evidenced	by	a	The	density	decrease	in	hardness	or	strength	and	an	increase	in	ductility.	AIME,	for	Metals,	Metals	Park,	Ohio,	1954.	by	the	diffusion	of	atoms	or	vacancies
to	or	from	the	fault,	i.e.,	by	the	not	a	likely	process	at	ordinary	temperatures,	sessile	dislocations	provide	obstacles	to	the	movement	of	other	dislocations.	17-8.	meet	on	a	plane	of	polish.	Phys.,	vol.	crystal	lattice	cannot	be	resolved,	individual	dislocation	lines	can	be	mm	observed	because	the	intensity	of	the	diffracted	electron	by	the	strain	field	of	the
dislocation.	f	6	the	strain	energies	of	the	individiml	dislocations,	plus	terms	expressing	the	interactions	of	the	stress	fields	of	the	dislocations,	plus	a	term	describing	the	internal	stresses	developed	by	the	external	forces.	Ductile	Fracture	7-12.	502-532,	1947.	For	higher	alloy	steels	a	higher	value	minimum	impact	resistance	may	be	required.	have
shown	that	the	elastic	limits	of	metals	are	much	lower	than	the	values	usually	measured	in	engineering	tests	of	materials.	S.:	"Structure	of	Metals,"	2d	ed.,	chap.	Delayed	Yielding	Crack	Propagation	7-10.	alternative	This	12-12.	9	was	shown	that	the	tensile	properties	of	tempered	martensites	of	the	same	hardness	and	carbon	content	are	alike,
irrespective	of	the	amount	it	of	other	alloy	additions.	1	3-4.	the	existence	of	a	dislocationlike	defect	is	It	was	shown	that	necessary	to	explain	the	low	A	general	picture	has	been	given	of	the	interaction	of	dislocations	with	foreign	atoms,	precipitate	particles,	and	other	dislocations.	the	annealing	temperature	10°C.	50,	pp.	1	and	rarely	In	general,	a
dislocation	will	be	partly	edge	and	As	shown	by	Figs.	43,	pp.	Yielding,	or	excessive	plastic	deformation	3.	alloy	steels	80	70	60	-50	S40	°-30	20	10	and	14-9]	Brittle	Failure	and	Impact	Testing	387	from	e-carbide	during	the	second	stage	of	tempering.	One	way	of	describing	the	schinger	strain	13	amount	of	This	is	(Fig.	A	third	source	of	residual	stress
may	The	exist	in	built-up	assemblies,	the	structure	is	such	as	welded	structures.	503s-511s,	1957.	Lomer^	pointed	out	that	and	combine	intersecting	slip	planes	will	attract	have	suitable	orientations.	Pellini,	ASTM	Spec.	Nitriding	and	carburizing	are	processes	in	which	a	microstress	distribution	is	produced	around	each	nitride	or	carbide	particle,	but
because	these	diffusion-controlled	reactions	occur	only	on	the	surface,	there	is	a	nonuniform	volume	increase	in	this	region.	Engineering	Stress-Strain	Curve	True-stress-True-strain	Curve	Instability	in	Tension	Stress	Distribution	at	the	Neck	Strain	Distribution	in	the	Tensile	Specimen	Effect	of	Strain	Rate	on	Tensile	Properties	Effect	of	Temperature
on	Tensile	Properties	Combined	Effect	of	Notch	Tensile	Test	Strain	Rate	and	Temperature	9-10.	stress.	of	etch-pit	techniques	in	metals	is	given	by	L.	Shot	peening,	surface	hammering,	and	surface	rolling	produce	shallow	biaxial	compressive	stresses	on	a	surface	which	are	balanced	by	biaxial	tension	stresses	in	the	interior.	line	For	Debye-Scherrer
patterns	the	lines	X-ray	Regions	of	relatively	broadening	can	be	due	to	both	a	decrease	in	size	of	the	diffraction	would	occur	if	the	grains	were	fragmented	by	cold	work,	and	an	increase	in	lattice	strain	due	Techto	dislocation	interaction.	1	3-7.	However,	this	equation	will	not	give	a	true	indication	of	the	actual	stress	which	o	originally	existed	in	the
second	radial	tr	layer	of	the	bar,	because	the	removal	1—	bar	has	caused	a	redistribution	of	stress	in	the	remainder	of	the	bar.	It	is	expected	that	much	more	information	will	be	gained	with	this	method	as	techniques	for	preparing	and	deforming	foil	thin	foils	are	improved.	1-4]	which	behave	elastically	will	have	a	linear	stress-strain	relationship.	l5-
2d).	In	general,	the	final	deformation	process	determines	the	resulting	residual-stress	pattern.	Balluffi	and	L.	Goodman	12-12.	Plastic	Deformation	of	Polycrystalline	Aggregates	5-1.	•(_4.	[Chap.	If	the	design	is	based	on	the	yield	strength,	as	indicated	by	the	dashed	Soderberg	line	in	Fig.	Deflection	xiii	453	453	455	458	459	462	466	468	470	471
Contents	xlv	473	18.	This,	in	turn,	develops	tensile	stresses	in	the	matrix	in	directions	radial	and	tangential	to	the	second-phase	particles.	Cottrell,	"Dislocations	and	Plastic	Flow	Crystals,"	in	University	p.	magnitude	Further,	uncertainties	usually	exist	regarding	the	of	the	applied	loads,	and	approximations	are	usually	necesall	but	the	most	simple
member.	Theories	of	High-temperature	Creep	13-8.	Stress	10	Constitutes	Failure?	One.	sessile	dislocation.	282	11.	-f-	+	+	+	+	+	,	Sn(72	-f-	SuTxy	+	+	»Sl34Txy	*S430'j	-j-	SuTxy	Sb^O'z	-\-	SbiTxy	SeaO'z	+	S^iTxy	S230'z	S^^a^	>S,y	SiiTxy	+	+	+	+	+	+	SnTyz	S^bTyz	S^bTyz	Si^Tyz	Sf,5Tyz	SebTyz	-\-	+	+	+	+	+	SieTzx	'S26Tzi	Ss^Tzx	/o	oo\
S^^Tsx	S^GTzx	SeeTzx	are	the	elastic	compliances.	119	Pages	2011	7.44	MB	1,851	Downloads	Free	Download.	2,	no.	the	order	of	several	thousand	feet	per	second.	Significance	of	regions	of	transition-temperature	curve.	BIBLIOGRAPHY	&	Sons	York,	1957.	6-3,	dislocations	will	Dislocation	Theory	Sec.	Even	though	the	applied	stress	is	below	the
yield	stress,	not	all	the	instantaneous	strain	is	elastic.	Typical	curve.	20-3.	2	A.	The	Consider	the	^	E.	1	is	Added	a	transient	creep,	which	has	a	decreasing	creep	rate	to	this	is	a	constant-rate	creep	process	called	viscous	The	superposition	of	these	creep	processes	is	illustrated	in	Fig.	19	Stress)	Measurement	a	Point	of	Surface	Strain	2-9.	The
increased	number	of	low-angle	boundaries	provides	barriers	to	dislocation	movement	and	results	in	a	decrease	in	creep	strain.	Greenberg,	Metal	Progr.,	vol.	Examples	of	this	are	in	the	high-temperature	behavior	of	metals,	where	the	metallurgical	structure	may	continuously	change	with	time,	or	in	the	ductile-to-brittle	transition,	which	occurs	in	plain
carbon	steel.	Stress	Anal.,	vol.	The	all	the	factors	discussed	above.	682,	1955.	Figure	13-3	shows	the	effect	of	applied	stress	on	the	creep	curve	at	constant	temperature.	Colo.	of	the	work	on	deformation	processes	during	creep	has	been	reviewed	by	SuUy^	and	Grant	and	Chaudhuri.^	Deformation	hy	Slip	New	slip	systems	may	become	elevated
temperature.	now	the	forces	between	two	parallel	edge	dislocations	with	same	Burgers	vectors.	Tests	of	Significance	16-8.	The	Burgers	vector	is	therefore	(ao/2)	[110].	The	kinetics	of	the	process	produces	a	C-shaped	curve	when	some	parameter	of	embrittlement	is	plotted	on	temperature-time	coordinates.	If	the	specimen	is	then	unloaded,	it	will
follow	the	Fig.	1	J.	Polanyi,	Z.	Mechanical	metallurgy	is	the	area	of	knowledge	which	deals	with	the	behavior	and.	the	diffusion	of	hydrogen	to	the	region	of	high	triaxial	stress	just	ahead	When	a	critical	hydrogen	concentration	is	obtained,	of	the	crack	tip.	13-4).	and	all	scratches	due	to	the.	Plastic	58	62	65	66	67	69	72	73	74	Stress	Tests	Two.	A	great
deal	of	information	about	dislocation	behavior	in	the	ionic	crystal	LiF	has	been	obtained	in	this	way	by	Oilman	and	Johnston.'^	Important	information	about	gories,	those	involving	utilizing	the	physical	has	been	possible	by	means	of	an	electron	microscope	to	observe	this	lattice	disan	organic	crystal	of	platinum	phthalocyanine,	which	has	a	very	large
lattice	spacing	(12	A)	[J.	Statistical	Aspects	of	Size	Effect	in	Brittle	Fracture	16-13.	And	a	very	high	quality	scan	too!	Principle	Of	Powder	Metallurgy.pdf	-	Scribd.com.	For	example,	the	magnitude	of	the	Burgers	vector	given	above	is	\h\	=	ao/\/2.	bar	subjected	to	-^P	dA	Free-body	diagram	for	Fig.	Theories	of	Cold	Rolling	Hot	RoUing	Torque	and
Horsepower	19-12.	Introduction	12-2.	The	highest	temperature	of	fracture	is	termed	the	nilductility	transition	temperature.	What	Constitutes	Failure?	Mechanical	Fundamentals	The	equinbrium	equation	the	cross-sectional	area	of	the	bar.	been	included	cal	students	The	in	order	to	provide	continuity	who	may	not	have	had	last	three	chapters	of	and	to
assist	nonmetallurgi-	a	course	in	physical	metallurgy.	The	higher	the	temperature,	the	greater	t-he	creep	rate.	13.	Although	the	individual	grains	of	a	metal	are	anisotropic	with	respect	to	mechanical	properties,	when	these	grains	are	combined	in	a	random	fashion	into	a	polycrystalline	aggregate	Howthe	mechanical	properties	of	the	aggregate	tend	to
be	isotropic.	Creep	and	Stress	Rupture	13-1.	with	Burgers	vector	aaluvw]	is	\h\	—	ao[w^	+	w^	+	w'^Y'-.	is	a	well-	Residual	stresses	are	responsible	for	warping	and	dimensional	instability.	For	example,	no	correlation	is	found	between	the	keyhole	and	V-notch	Charpy	tests	when	the	transition	temperature	is	measured	at	a	level	correspondThis	is
because	the	50	per	ing	to	50	per	cent	of	the	maximum	energy.	1327,	1951.	Figure	5-21	shows	the	progression	from	a	cold-worked	microstructure	to	a	fine	recrystallized	grain	structure,	and	finally	to	a	larger	grain	size	by	grain	growth.	1	stresses	are	developed	in	electroplated	coatings.	6-9.	is	proportional	to	the	load.	structure	on	transition
temperature,	in	an	SAE	4340	steel	for	which	a	tempered	martensitic	structure	and	pearlitic	structure	were	compared	at	the	same	hardness,	it	was	found	that	the	Charpy-keyhole	transition	temcompletely	tempered	martensite.	At	lower	temperatures	recovery	proc-	by	the	combined	action	of	H.	5,000	X.	^	For	moderate	amounts	of	deformation	the
hexagonal	axis	(0001)	of	zinc	hexagonal	axis	parallel	to	the	fiber	axis,	while	for	severe	deformation	the	about	20°	from	the	wire	axis.	346	Applications	to	Materials	Testing	the	strength	of	the	grains.	The	force	P	makes	an	angle	6	with	the	normal	z	to	the	plane	of	the	area	A.	Fatigue	of	metals	is	discussed	in	greater	detail	in	Chap.	may	concerned	The
forces	from	the	use	of	the	metal	as	a	member	or	part	in	a	structure	or	machine,	in	which	case	it	is	necessary	to	know	something	about	the	limiting	values	which	can	be	withstood	without	failure.	This	is	due	to	both	metallurgical	and	geometrical	factors.	3.	To	obtain	a	nearly	perfect	recrystallization	texture,	it	is	necessary	to	produce	This	is	a	high
degree	of	preferred	orientation	in	the	cold-worked	metal.	Press,	New	this	two-stage	process	creates	a	stacking	fault	the	stacking	sequence.	Introduction	to	Physical	Metallurgy	by	Sidney	Avner.	14-5)	test	specimens.	thousands	of	pounds,	an	obvious	simpHfication	is	to	work	with	units	of	The	stress	may	be	expressed	in	units	of	kips	per	1,000	lb,	called
kips.	{After	A.	6-7]	the	dislocation	is	immobile.	In	a	ductile	metal	under	conditions	of	static	loading	at	room	temperature	yielding	rarely	results	in	fracture,	because	the	metal	strain	hardens	as	it	deforms,	and	an	increased	stress	is	required	to	produce	further	deformaFailure	by	excessive	plastic	deformation	is	controlled	by	the	yield	tion.	6-5.	This
technique	was	first	used	along	the	dislocation	lines.	445-448,	1951;	J.	3,	Interscience	Publishers,	Inc.,	New	York,	1952.	Home	page	url	Download	or	read	it	online	for	free	here:	Download	link	(multiple	formats)	Mechanisms:	Materials	by	Robert	F.	Attempts	have	been	made	will	Introduction	Sec.	3,	pp.	Fracture	An	fail	to	perform	their	understanding	of
the	common	types	of	failure	is	important	in	good	it	is	always	necessary	to	relate	the	loads	and	dimensions	of	the	member	to	some	significant	material	parameter	which	limits	the	load-carrying	capacity	of	the	member.	to	be	stress-induced	grain	growth.	The	dis-	For	derivations	see	F.	The	recrystallization	temperature	decreases	with	increasing	purity	of
the	metal.	when	the	yield	somewhat	above	and	that	these	lines	shown	on	usually	stopped	data	usually	a^^^	lines,	respectively,	so	lie	A	conservative	approximation	of	the	be	obtained,	in	lieu	of	actual	test	data,	by	drawing	straight	lines	from	the	fatigue	limit	for	completely	reversed	stress	(which	is	usually	available	from	the	literature)	to	the	tensile
strength.	That	are	more	physical	metallurgy	than	mechanical	Dieter,	George	Ellwood	Mechanical.	Annealing	Textures	recrystallization	of	a	cold-worked	metal	orientation	which	is	different	may	from	that	existing	produce	a	preferred	deformed	metal.	American	Institute	and	Metallurgical	Engineers,	New	York,	2	A.	Plastic	deformation	begins	this	elastic
limit	is	exceeded.	by	a	pile-up	of	dislocations	is	an	example	of	this	type	of	residual	stress.	Chen	and	E.	14	mediate	between	that	of	the	tensile	test	and	a	notched-impact	test.	221^	228,	Cambridge	University	Press,	New	York,	1934.	In	addition	to	the	effect	of	and	temperature	on	the	ECT,	the	strain	rate	has	an	important	influence.	Guy,	A.	For	a	given
metal	the	amount	of	stored	energy	depends	on	the	type	of	deformation	process,	e.g.,	wire	drawing	vs.	6	dislocations	in	metals	has	also	been	obtained	with	etch-pit	techniques.	of	safety	p	Mechanical	Fundamentals	14;	[Chap,	forces	due	to	high-speed	rotation	ential	over	the	body	(thermal	and	forces	due	to	temperature	1	diffe)'-	stress).	higher	the
average	hydrogen	content,	the	lower	the	necessary	critical	stress.	(1	ksi	=	1,000	psi.)	often	expressed	in	units	of	kilograms	per	square	millimeter	or	dynes	per	10^	dynes/cml)	(1	kg/mm^	=	9.81	square	centimeter.	in	length	per	unit	length.	5-17.	191,	p.	Statistical	Treatment	of	the	Fatigue	Limit	Part	Four.	579	Answers	to	Selected	Problems	599	Name
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length	should	be	at	least	three	times	the	diameter.	700-706,	1961.	11-4.	You	can	download	the	in	the	PDF	format	of	this	lecture	notes.	Manufacturing	..	Magnesium-potassium	chromate	solution	5-3.	Principles	of	Extractive	Metallurgy	Training	Course	on	Mineral	Processing	and.	Duwez	and	D.	The	formation	of	hairline	cracks,	or	flakes,	in	large	ingots
and	forgings	during	cooling	or	room-temperature	aging	has	long	been	attributed	to	the	Studies^	of	flake	formation	have	shown	that	in	presence	of	hydrogen.	This	crack	can	then	grow	by	additional	dislocations	gliding	While	this	particular	dislocation	reaction	has	not	over	the	{110}	planes.	Metallographic	Aspects	of	Brittle	Fracture	7-8.	Special
mention	should	be	given	to	Professor	Grosvenor,	Drexel	Institute	of	Technology,	Dr.	G.	The	main	grain-boundary	processes	which	are	observed	in	high-temperature	creep	are	grain-boundary	sliding,	grain-	boundary	migration,	and	fold	formation.	The	first	criterion	is	more	typical	of	the	requirements	for	jet-engine	alloys,	while	the	last	criterion	is	used
for	steam	turbines	and	similar	equipment.	Hirsch,	and	A.	Model	of	the	structure	of	coldIt	is	size	have	been	developed.^	worked	metal	(schematic).	1,	pp.	A	preferred	orientation	can	be	detected	with	X	rays	after	about	a	20	to	30	per	cent	reduction	in	cross-sectional	area	by	cold	working.	6,	'	S.	applied	to	a	specimen	of	the	type	shown	in	Fig.	6-9]	for
this	to	occur	is	Therefore,	the	shear	stress	needed	to	maintain	a	dislocation	line	in	a	radius	of	curvature	R	is	=	i^	r	(6-15)	Orowan^	has	pointed	out	that	the	determination	of	this	stress	bears	an	analogy	with	the	problem	of	blowing	a	bubble	from	a	nozzle	submerged	The	line	tension	will	vary	from	point	to	point	along	a	disin	a	liquid.	With	these
optically	transparent	crystals	this	technique	has	the	advantage	that	it	shows	the	internal	structure	of	by	Hedges	and	MitchelP	to	decorate	dislocations	silver.	Sines^	has	suggested	a	failure	criterion	that	accounts	for	the	effect	of	combined	stresses	4=	[(^1	V2	^2)2	+	and	the	influence	(cr2	-	a^y	+	(c73	of	a	static	-	ai)Y'	=	mean	and	decreases	in	cross-
sectional	area,	the	axial	stress	increases.	to	oppose	it,	A	stress	in	excess	of	this	value,	will	relieve	itself	value	of	the	yield	by	is	The	the	elastic	limit	with	no	external	force	plastic	deformation	until	it	reaches	the	stress.	by	Fig.	14-5.	portion	of	initial	linear	OA	the	elastic	region	Hooke's	A	is	the	law	is	elastic	limit,	defined	as	the	greatest	stress	Fracture
that	the	metal	can	withstand	with-	out	permanent	when	the	load	is	removed.	2253	-	Engineering	Materials	and	Metallurgy.pdf.	3	slip	by	J.	RoUing	Equipment	Hot	RoUing	19-3.	19-9.	strain	rates	are	conditions	for	for	Suhgrain	Formation	Creep	deformation	is	quite	inhomogeneous,	so	that	there	are	opportunities	for	lattice	bending	to	occur.	Figure	6-1
shows	the	excellent	resolution	obtainable	from	etch-pit	studies	Pits	only	500	A	apart	have	been	resolved.	This	phenomenon	is	known	as	exaggerated,	or	abnormal,	grain	growth.	The	ductility	transition	temperature	is	usuature	also	be	the	root	of	the	notch.	Stresses	Many	machine	parts	must	withstand	complex	loadings	with	both	Ideally,	it	should	be
possialternating	and	steady	components	of	stress.	Wernick,	Metal	Prog.,	vol.	Therefore,	the	force	ing	on	the	element	ds	in	the	direction	of	per	unit	length	acting	on	the	dislocation	line	F	=	This	force	and	is	is	normal	to	the	dislocation	is	Th	line	at	(6-14)	every	point	along	its	length	directed	toward	the	unslipped	part	of	the	glide	plane.	likely	that
improvements	in	this	method	and	more	widespread	application	of	the	technique	will	result	in	better	understanding	of	the	structure	of	cold-worked	metal.	A	The	crack-starter	weld	is	applied	to	the	center	of	a	14-in.-square	plate.	measurements,	as	Rather,	residual	stresses	are	calculated	from	the	measurements	of	strain	that	are	obtained	when	the	body
is	sectioned	and	the	locked-in	residual	stresses	are	released.	importance.	(S.	Molybdenum	is	the	only	alloying	element	which	decreases	the	susceptibility	to	temper	embrittlement.	take	an	area	acts	on	this	area.	It	is	a	cell-like	structure	consisting	which	are	connected	with	each	According	to	this	model	the	dislocation	density	varies	drastically	from	a
high	value	in	the	distorted	boundaries	to	a	low	value	in	the	relatively	perfect	regions.	Bever,	Associate	Consulting	Editor	Barrett	Structure	of	Metals	BiRCHENALL	Physical	Metallurgy	Bridgman	Studies	in	Large	Plastic	Flow	and	Fracture	Briggs	The	Metallurgy	of	Steel	Castings	•	•	•	•	Butts	•	Metallurgical	Problems	Darken	and	Gurry	Dieter	•
Physical	Chemistry	of	Metals	Mechanical	Metallurgy	•	Gaudin	Flotation	Hansen	Constitution	of	Binary	Alloys	Kehl	The	Principles	of	Metallographic	Laboratory	Rhines	Phase	Diagrams	in	Metallurgy	Seitz	The	Physics	of	-Metals	•	•	•	Practice	•	•	Smith	•	Properties	of	Metals	at	Elevated	Temperatures	Williams	and	Homerberg	•	Principles	of
Metallography	VSL	Mechanical	Metallurgy	GEORGE	DIETER,	JR.	Further,	good	correlation	has	been	obtained'	between	the	nil-ductility	transition	measured	by	the	dropweight	test	and	the	Charpy	V-notch	test.	Fine	slip	lines,	which	are	difficult	to	resolve	with	the	optical	microscope,	have	been	found	between	the	coarse	slip	bands	in	creep	specimens
of	aluminum.^	represent	the	traces	of	slip	planes	on	which	only	very	small	The	shear	have	occurred.	However,	since	stress	is	proportional	to	strain	for	the	small	deformations	involved	in	most	work,	the	determi-	The	nation	of	the	strain	distribution	provides	the	stress	distribution.	Perry	Company,	Inc.,	and	H.	A	method	by	which	a	missing	row	of	atoms
can	be	created	in	the	(111)	Eviplane	is	by	the	condensation	of	a	disk	of	vacancies	on	that	plane.	microscopy	of	dislocation	interaction	in	thin	foils	have	confirmed	the	existence	of	interaction	that	is	in	agreement	with	the	model	of	Cottrell-	Lomer	locking.	The	study	of	the	dislocation	structure	of	cold-worked	metal	with	thin-film	electron	microscopy	is	a
very	active	area	of	research	which	should	provide	valuable	information	about	how	these	networks	vary	with	composition,	deformation,	and	temperature.	tion,	in	the	sense	of	the	dislocation.	There	is	no	general	correlation	between	any	of	the	brittle-fracture	tests	and	service	performance.	Sangdahl,	E.	For	the	stress	to	be	absolutelyuniform,	every
longitudinal	element	in	the	bar	would	have	to	experience	exactly	the	same	strain,	and	the	proportionality	between	stress	and	strain	would	have	to	be	identical	for	each	element.	Shockley,	Acta	Met.,	vol.	between	grains	in	a	polycrystalline	plete	uniformity	of	stress	over	a	body	when	there	is	an	abrupt	change	in	cross	section.	22-6.	While	most
universities	have	instituted	courses	in	mechanical	metallurgy	or	mechanical	properties,	there	is	a	great	diversity	in	the	material	covered	and	in	the	background	of	the	students	taking	Thus,	for	the	present	there	can	be	nothing	like	a	standthese	courses.	Therefore,	the	Burgers	vector	is	(ao/2)[lll].	Avener	pdf	free	download	written	by	sankartheone.	An
analysis^	of	the	atomic	positions	giving	rise	to	stacking	faults	on	{112}	planes	shows	that	there	are	two	types	which	may	result.	The	center	part	of	the	middle	A	plane	is	missing.	Cohen,	and	B.	159,	1951.	The	precipitation	of	second-phase	particles	in	a	metal	matrix	is	an	nonuniform	volume	change	which	produces	very	localized	micro	residual
stresses.	For	this	reason,	secondary	creep	is	usually	referred	to	as	steady-state	creep.	Part	Four,	a	course	tory	common	mechanical	for	producing	usethe	processes	with	deals	Metals,	emphasis	is	the	descriptive	Little	given	aspects	of	shapes.	Shortsleeve,	and	A.	However,	Charpy	tests	on	specimens	of	varying	size	but	identical	metallurgical	and
geometrically	similar	notches	show	that	there	is	a	size	At	some	temperature	the	largest	specimens	will	be	completely	structure	effect.	In	military	equipment,	where	light	weight	may	be	a	prime	consideration,	the	factor	The	factor	of	of	safety	may	be	lower	than	in	commercial	equipment.	Met.	Yielding	produces	permanent	change	of	shape,	which	may
prevent	the	part	from	functioning	properly	any	longer.	A	similar	family	of	curves	is	obtained	for	creep	at	constant	stress	for	different	temperatures.	1954.	The	stress	is	plotted	against	the	rupture	time	on	a	The	basic	information	obtained	log-log	scale	(Fig.	1-56.	Average	Stress	and	Strain	As	a	starting	point	in	the	discussion	of	stress	and	strain,
consider	a	uniform	cylindrical	bar	which	is	subjected	to	an	axial	tensile	load	(Fig.	It	Actually,	dislocations	in	real	crystals	are	rarely	straight	lines	lie	in	a	single	plane.	However,	metallurgy	these	subjects	are	considered	in	greater	detail	than	is	usually	the	case	in	In	addition,	certain	topics	which	pertain	more	to	physical	metallurgy	than	mechanical
metallurgy	have	a	first	course	in	physical	metallurgy.	where	the	grains	are	oriented	in	the	easy	direction	of	magnetization.	An	exhaustion	theory	does	not	adequately	describe	the	behavior	during	A.	that	grain-boundary	sliding	grain	past	another	because	it	is	preceded	by	appreciable	amounts	of	plastic	flow	in	adjacent	crystals.	15,	New	McGraw-Hill
Book	Company,	York,	1952.	forward.	Hopkins,	and	H.	Bauschinger	Effect	In	an	earlier	discussion	of	the	strain	hardening	of	single	crystals	shown	that	generally	a	lower	slip	on	a	certain	continue	The	is	slip	in	stress	it	was	required	to	reverse	the	direction	of	is	plane	than	to	slip	the	original	direction.	197,	p.	Time,	hr	Schematic	representation	of	effect
of	stress	on	creep	curves	at	constant	temperature.	Creep	under	Combined	Stresses	13-13.	1-2]	5	to	present	mathematical	analyses	of	the	principal	metalworking	processes,	although	in	certain	cases	this	has	not	been	possible,	either	because	of	the	considerable	detail	required	or	because	the	analysis	is	beyond	the	scope	No	attempt	has	been	made	to
include	the	extensive	special-	of	this	book.	Sometimes	the	formation	of	a	strong	recrj	stallization	texture	is	beneThe	best	example	is	cube-oriented	silicon-iron	transformer	sheet,	ficial.	The	transient	creep	is	represented	by	the	constant	/3.	more	pertinent	initiate	a	crack,	then	to	service	performance,	because	it	is	if	not	necessary	to	worry	about	it	its	is
difficult	to	propagation.	locations,	in	"The	Publishers,	Inc.,	Structure	of	Metals,"	Institution	of	Metallurgists,	Interscience	New	York,	1959.	21-6.	The	wire	texture	in	hep	metals	is	not	so	simple.	attributes	this	"missing	creep"	to	deformation	by	fine	slip,	which	is	very	difficult	to	detect	with	the	I	deformation	by	fine	slip	can	explain	the	observations	Fig.
5-18.	109,	H.	Newton	and	H.	The	concept	of	the	dislocation	is	introduced	early	in	Part	Two	and	is	used	throughout	to	provide	qualitative	explanations	for	such	phenomena	as	strain	hardening,	the	yield	point,	dispersed	phase	hardening,	and	fracture.	For	the	usual	type	of	grain	growth,	where	the	grains	increase	in	size	uniformly,	theory	predicts	that	at
a	given	temperature	the	grain	size	Z>	at	a	time	t	is	given	by	will	/)2	-	D^	=	Ct	(5-13)	However,	most	experimental	data	agree	best	with	an	equation	where	n	varies	from	about	0.2	to	0.5,	depending	on	the	metal	and	the	temperature.	on	mechanical	the	literature	ment	of	courses	References	have	been	is	usual	in	the	ordinary	textbook.	specimen	or	by
using	a	specimen	such	as	shown	in	Fig.	The	terial	the	initial	yield	stress	of	in	tension	is	A.	This	condition	has	often	been	called	"slipless	flow."	Complex	deformation	processes	occur	in	the	vicinity	of	the	grain	boundaries.	Effect	of	specimen	orientation	on	Charpy	transition-temperature	curves.	Emphasis	is	on	the	atomistics	of	flow	and	fracture	and	the
way	in	which	metallurgical	structure	affects	these	processes.	The	failure	criterion	under	creep	conditions	is	complicated	by	the	fact	that	stress	is	not	proportional	to	strain	and	the	further	fact	that	the	mechanical	properThis	comties	of	the	material	may	change	appreciably	during	service.	Changes	in	microstructure	of	cold-worked	70-30	brass	with
annealing.	trolled	Generally,	modulus.	14-66.	B.	Cottrell,	Phil.	the	point	and	note	that	a	force	AP	its	1.	Part	Four	considers	the	metallurgical	and	mechanical	factors	involved	in	the	forming	of	metals	into	useful	shapes.	216-261,	1954.	Fatigue	under	12-13.	are	those	which	are	sensitive	An	dis-	exception	to	hep	metals	which	have	deformed	on	only	one
set	For	this	situation	it	is	possible	to	recover	com-	pletely	the	yield	stress	of	a	strain-hardened	crystal	without	producing	(a)	(D	(b)	5-21.	3-12.	A	straight	line	will	usually	be	obtained	for	Changes	in	the	slope	of	the	stress-rupture	line	are	due	to	structural	changes	occurring	in	the	material,	e.g.,	changes	from	3	342	[Chap.	Hirsch,	J.	Press,	same	Cottrell,
New	sign.	Mechanical	metallurgy	pdf	free	download.	1	2	Sec.	is	in	the	core	=	asdAi	and	the	skin	results	in	an	equation	for	the	average	stress	in	the	skin.	6-6	shows,	the	dislocation	with	Burgers	vector	bi	has	been	dissociated	into	two	partial	dislocations	bo	and	bs.	Lang,	/.	detect	hydrogen	embrittlement	by	a	drastic	decrease	in	ductility,	but	notched-
impact	tests	are	of	no	use	for	detecting	the	phenomenon.	Mechanical	Metallurgy	By	George	E.	Extrusion	with	Friction	20-8.	1-1.	At	this	stage	of	reduction	there	is	appreciable	scatter	in	the	orientation	of	individual	crystals	about	the	ideal	orientation.	Since	the	periodic	force	field	of	the	crystal	lattice	requires	that	atoms	must	move	from	one
equilibrium	position	to	another,	it	follows	that	the	Burgers	vector	must	always	connect	one	equilibrium	lattice	position	with	The	exception	Therefore,	the	crystal	structure	will	determine	the	possible	another.	written	for	the	senior	or	first-year	graduate	student	in	metallurgical	or	mechanical	engineering,	as	well	as	for	practicing	engi-	neers	in	industry.
Theories	of	19-13.	indicates	that	a	minimum	Charpy	V-notch	value	of	15	ft-lb	at	the	lowest	operating	temperature	should	prevent	brittle	fracture	if	the	nominal	stresses	are	of	the	order	of	one-half	the	yield	point.	18.	222,	Sec.	Zener,	Micromechanism	of	Fracture,	in	"Fracturing	of	Metals,"	p.	Mechanics	of	materials,	2005,	SI	second	edition.	Cottrell,	,
r,vi	jpi	Crysandi	rtastic	blow	in	n	Dislocations	^^/^	-	^	75^	Oxford	University	Press,	New	,	SCrew	dislocations	occurs,	and	at	high	strains	they	try	to	form	low-	York,	1953.)	angle	boundary	networks	to	lower	their	strain	energy.	The	effect	on	dislocation	behavior	of	considering	real	fee,	bcc,	or	hep	crystal	structures	is	considered.	14-3.	13-1	require
further	explanation.	AIME,	7,	p.	The	nature	of	the	dislocation	network	in	fee	in	difficult	in	^	metals	changes	with	the	stacking-fault	energy.	.118	118	119	123	128	132	135	137	145	146	149	150	153	156	Phenomenon	Aging	Strengthening	from	Second-phase	Particles	Hardening	Due	to	Point	Defects	Strain	Hardening	and	Cold	Work	Bauschinger	Effect
Preferred	Orientation	Annealing	of	Cold-worked	Metal	Anneahng	Textures	Dislocation	Theory	.	{J.	{After	"Dislocations	and	Plastic	Flow	in	Crystals,"	p.	Dislocation	M.	6-10,	the	edge	dislocations	are	at	P	and	Q,	parallel	to	the	z	axis,	with	their	Burgers	vectors	along	the	X	axis.	J*	oi	,	H.	14-6]	Brittle	Failure	and	Impact	Testing	381	Comparisons	should
not	be	made	of	transition-temperature	criteria.	It	is	also	its	Burgers	an	imperfect	sessile	boundary	of	a	stacking	fault	in	the	(112)	planes.	Body-centered	cubic	and	hexagonal	close-packed	amounts	metals	are	most	susceptible	to	hydrogen	embrittlement.	WileyThe	work	is	a	treatise	on	strength	and	stability,	a	number	of	subjects	usually	included	in
treatises	on	applied	mechanics	are	omitted.	362,	1934;	E.	Extrusion	20-1.	Robertson,	Engineering,	vol.	Extreme	care	should	be	taken	to	minimize	residual	stress	when	these	situations	are	likely	to	be	encountered.	Meakin	and	H.	They	can	be	formed	at	temperatures	as	low	as	212°F	and	as	high	as	800°F,	depending	on	the	time	allowed	for	the	reaction.
Anisotropy	of	Tensile	Properties	237	243	248	250	252	254	256	258	260	262	269	xii	Contents	273	10.	is	stress	required	to	given	shear	stress	a	dislocation	line	will	move	over	a	dislocation	For	a	the	slip	plane	until	it	meets	a	row	of	obstacles	that	are	strong	enough	to	resist	shearing	and	close	enough	to	resist	the	dislocation	loop	from	squeezing	between
them.	2	E.	The	inherent	anisotropy	metal	rules	out	the	possibility	of	comThe	presence	of	macroscopic	size.	The	shortest	extends	from	an	atom	corner	to	the	atom	at	the	center	of	the	unit	cube.	Stress	Relief	16.	Pollock,	of	George	E.	1900	Physical	Metallurgy,	Crystal	Physics,	Statistical	Physics,	Modern.	Theoretical	Cohesive	Strength	of	Metals	7-4.	14-
13.	;	^x	€y	Cz	7x2,	Jyz	7zx	=	=	=	=	=	=	The	constants	SllCTx	S2lO'x	SsiCTx	Suffjc	SblO-x	SeiCx	+	+	+	+	+	+	^Sn,	*Si2,	Sl2(^y	S^-lCy	S320^y	Si2Cry	Sh20'y	S62cry	.	Mehl,	Recrystallization,	in	"Metals	Handbook,"	pp.	The	Torsion	Test	273	273	276	278	279	10-1.	of	residual	stresses	during	cooling	of	a	hot	ingot.	the	purpose	is	to	acquaint
metallurgically	trained	persons	with	the	mathematical	language	encountered	in	some	areas	of	mechanical	metallurgy.	slip	directions.	For	these	steels	the	crack	will	not	be	arrested	if	the	stress	exceeds	this	value	and	the	temperature	is	below	room	temperature.	occurs,	the	slip	planes	are	weaker	than	the	grain	boundaries,	while	for	intergranular
fracture	the	grain	boundary	is	the	weaker	component.	192,	1958.	18-4.	The	orientation	with	respect	to	the	principal	directions	of	working	is	best	shown	by	means	of	a	pole	For	a	description	of	the	methods	of	determining	pole	figures	and	figure.	The	area	swept	out	by	the	line	element	then	ds	dl.	strength	of	a	cold-worked	solid-solution	alloy	is	However,
the	final	almost	always	greater	than	that	of	the	pure	metal	cold-worked	to	the	same	extent.	"The	Strain	Gage	Primer,"	McGraw-Hill	Book	42	Mechanical	Fundamentals	[Chap.	12	manner	The	planes	of	maximum	alternating	shear	stress	and	the	static	normal	stresses	Si	and	S2	on	these	planes	in	the	following	:	are	determined,	When	are	established.
These	platelets	have	no	effect	on	the	reduction	of	area	of	a	tensile	specimen,	but	they	severely	reduce	the	impact	resistance.	License,	which	allows	users	to	download,	copy	and	build	upon	published	articles	even	for.	Referring	to	Fig.	•>	.(	.	Figure	13-66	shows	that	decreasing	the	strain	rate	lowers	the	ECT	and	therefore	increases	the	tendency	for
intergranular	fracture.	Introduction	to	physical	metallurgy	ebook,lecture	notes,pdf	download	for	ME.	of	the	grains	of	a	particular	crystallographic	orientation	a	compilation	of	pole	figures	describing	the	deformation	textures	in	many	The	current	use	of	Geigertechniques'has	made	it	possible	to	deterX-ray	diffractometer	counter	mine	pole	figures	with
greater	accuracy	and	less	labor	than	with	older	metals,	the	reader	is	referred	to	Barrett.^	film	methods.	847-848.	A	complete	determination	ual	stress	in	three	dimensions	is	of	the	state	of	resid-	a	very	considerable	undertaking.	The	per.	The	region	between	them	is	a	stacking	fault	representing	a	part	of	the	crystal	which	has	undergone	slip
intermediate	between	full	slip	and	no	slip.	Chalmers,	Proc.	One	mechanism	is	based	on	the	idea	that	the	voids	are	formed	by	the	condensation	of	vacancies	and	grow	by	the	diffusion	of	vacancies.	An	increase	P.	obtained	has	been	dence	for	the	collapse	of	disks	of	vacancies	in	aluminum	by	transmission	electron	microscopy.	A	free	online	edition	of	this
book	is	available	at	www.intechopen.com.	Theoretical	treatments	of	exhaustion	creep	that	result	in	a	logarithmic	equation	have	been	proposed	by	Mott	and	Nabarro*	and	Cottrell.4	Low-temperature	logarithmic	creep	obeys	a	mechanical	equation	of	i.e.,	the	rate	of	strain	at	a	given	time	depends	only	on	the	instantaneous	values	of	stress	and	strain	and
not	on	the	previous	strain	history.	^	region	of	heavy	slip	shown	in	this	electron	micrograph	the	dislocation	density	is	10^"	cm^^.	5.	to	Engineering,"	9th	ed.,	Longmans,	Green	York,	1930.	Sons,	Inc.,	3	The	6,	It	is,	John	Wiley	York,	1957.	Full-text	(PDF)	A	non-profit	publisher	devoted	to	the	diffusion	of	extractive	metallurgy	literature.	In	general,
criteria	for	determining	the	transition	temperature	are	based	on	a	transition	in	energy	absorbed,	change	in	the	appearance	of	the	fracture,	or	a	transition	in	the	ductility,	as	measured	by	the	contraction	at	the	root	of	the	notch.'	Figure	14-4	shows	that	the	same	type	of	curve	is	obtained	for	each	criterion.	271-395,	W.	most	important	process	variable.
Yielding	Criteria	for	Ductile	Metals	3-5.	218,	pp.	Estimates	of	these	microstresses	can	be	made	from	detailed	analysis	of	the	broadening	of	X-ray	plastically	diffraction	lines.	The	simi-	larity	of	the	delayed	fracture	curve	to	the	fatigue	S-N	curve	has	led	to	the	use	of	the	term	"static	fatigue"	for	the	delayed-fracture	The	minimum	non.	For	example,
consider	a	metal	sheet	which	is	being	rolled	under	conditions	such	that	plastic	flow	occurs	only	near	the	surfaces	of	the	sheet	(Fig.	However,	because	[111]	is	the	dislocation	that	forms	the	The	dislocation	(ao/6)[lll]	the	Shockley	partial	of	line	of	intersection	of	three	planes	of	the	type	{112},	this	dislocation	can	glide	out	of	the	plane	of	the	stacking
fault	too	easily	to	be	part	of	a	true	extended	dislocation.	Schematic	drawing	indicating	recovery,	recrystallization,	and	the	and	grain	growth	chief	property	changes	in	each	region.	7-13.	niques	for	analyzing	the	entire	peak	profile	of	X-ray	lines	and	perfect	lottice-	Groin	boundary	unit,	as	separating	out	the	Distorted	regions	of	high	dislocation	density
contribution	due	to	lattice	strain	and	particle	Fig.	489,	1956.	What	1-8.	917,	1951.	15	successive	removal	of	thin	layers,	Eq.	(15-1)	gives	the	residual	stress	in	the	first	layer	removed.	Nabarro,	"Report	on	Strength	of	Solids,"	p.	14	Applications	to	Materials	Testing	an	energy-	level	of	5	to	20	ft-lb.	AIMS,	vol.	Home,	and	M.	3	N.	This	type	of	fracture	is
most	prevalent	when	low	stresses	result	in	failure	in	relatively	long	times.	direction	of	mechanical	working.	maximum	value	which	the	residual	stress	can	reach	of	the	material.	Experience	with	rimmed	and	semikilled	mild-steel	plates	in	thicknesses	up	to	1	in.	Earlier	in	this	section	we	have	seen	how	the	residual	stress	in	the	rolling	direction	of	a	sheet
results	from	inhomogeneous	deformation	through	the	certain	extent	thickness	of	the	sheet.	A	dislocation	of	unit	strength,	or	unit	dislocation,	has	a	minimum	energy	when	Burgers	vector	is	parallel	to	a	direction	of	closest	atomic	packing	This	agrees	with	the	experimental	observation	that	A	unit	discrystals	almost	always	slip	in	the	close-packed
directions.	when	there	Finally,	a	crack	forms	at	one	or	more	points	of	spreads	rapidly	over	the	section.	Whelan,	Proc.	6-8.	School	Mines,	vol.	The	phenomenon	of	blue	hrittleness,	in	which	a	decrease	in	impact	resistance	occurs	on	heating	to	around	400°F,	is	due	to	strain	will	aging.	Higher	loads	out	the	test	with	stress-rupture	than	in	and	therefore	the
test	a	creep	test,	used	are	Ordinarily	the	creep	test	is	carried	out	at	the	creep	rates	are	higher.	1	4-5.	If	the	region	enclosed	the	Burgers	circuit	will	close.	A	more	mathematical	treatment	of	the	properThe	topics	covered	in	ties	of	dislocations	is	given	in	a	separate	chapter.	Slip	by	Dislocation	Movement	Critical	Resolved	Shear	Stress	for	Slip	4-8.
Nabarro,	Advances	in	Phys.,	vol.	MachHn,	Acta	Met.,	vol.	It	is	further	load	is	removed	is	known	as	elastic	behavior.	Orowan,	Causes	and	Effects	of	Internal	Stresses,	in	"Internal	Stresses	and	Fatigue	in	Metals,"	Elsevier	Publishing	Company,	New	York,	1959.	With	impulsive	loads	there	is	not	time	for	the	stress	to	be	disturbed	throughout	the	entire
body,	so	that	fracture	can	occur	in	one	part	of	the	body	independently	of	what	happens	in	another	part.	15	compressive	stress	at	the	surface	and	a	tensile	In	general,	the	sign	of	the	residual	stress	which	is	produced	by	inhomogeneous	deformation	will	be	opposite	to	the	sign	of	the	plastic	strain	which	produced	the	residual	stress.	Quickly	have	and	you
will	know	the	special	meanings	of	this	book.	Griffith	Theory	of	Brittle	Fracture	190	190	192	194	Modifications	of	the	Griffith	Theory	197	199	200	204	7-1.	Recrystallization	is	the	reversion	by	thermal	activation	of	the	coldworked	structure	to	its	original	strain-free	condition.	mechanism	[Ch	ap.	Although	high-tem^	perature	slip	may	start	initially	as
fairly	uniformly	spaced	slip	bands,	as	deformation	proceeds	there	is	a	tendency	for	further	shear	to	be	restricted	The	tendency	for	cross	slip	and	the	formation	to	a	few	of	the	slip	bands.	5-7).	323,	1957.	Physical	Metallurgy	By	Vijendra	Singh	Pdf	Free	Download	-	e1977f8242.	A	dislocation	in	the	(112)	plane	energy	by	dissociating	according	to	the
reaction	may	also	lower	its	f	[lll]->|°[lll]+f	[111]	As	discussed	above,	both	the	partial	dislocations	formed	by	this	reaction	are	pure	screw,	and	because	of	the	geometry	of	the	situation,	they	are	not	completely	confined	to	the	(112)	slip	plane.	Evidence	has	been	found	for	void	formation	and	extensive	crack	formation	during	this	stage.	6,	pp.	Effect	of
Section	S	ize	Difficulty	with	brittle	fracture	usually	increases	as	the	size	of	the	struc-	ture	increases.	sites	of	main	amount	(1)	relative	values	of	If	A^	is	large	and	the	rate	of	growth	N	and	G	determine	the	with	respect	to	G,	there	are	many	nucleation	and	the	grain	size	will	be	relatively	small.	Although	the	instantaneous	strain	is	not	really	creep,	it	is
important	because	it	may	constitute	a	considerable	fraction	of	the	allowable	total	strain	in	machine	parts.	higher	it	lends	stresses	itself	more	readily	to	multiple	testing	and	creep	rates	of	the	stress-rupture	test	cause	structural	changes	to	occur	in	metals	at	shorter	times	than	would	be	observed	ordinarily	in	the	creep	test,	and	therefore	stress-rupture
can	usually	be	terminated	in	These	factors	have	con1,000	hr.	tension.	tion	are	measured	at	frequent	intervals	during	the	test	and	are	expressed	Introduction	Sec.	151	The	same	situation	exists	in	a	polycrystalline	aggregate,	but	the	complex	inter-	makes	actions	between	the	multiple	slip	systems	much	more	crystalline	situation	difficult.	Types	of
Torsion	Failures	10-5.	lies	in	on	the	basal	plane	smallest	unit	vector	for	the	the	close-packed	(1120)	direction.	The	mathematical	details	may	be	found	in	A.	63^,	but	not	if	61"	<	62^	bs	will	occur	when	br^	>	hi^	bi—	Dislocations	with	strengths	less	than	unity	are	possible	in	close-packed	b2	^	where	the	equilibrium	positions	are	not	the	edges	of	the
structure	Burgers	vector	is	specified	by	giving	its	components	along	the	Thus,	the	Burgers	vector	for	axes	of	the	crystallographic	structure	cell.	48,	p.	1	fracture	almost	at	the	elastic	limit	(Fig.	temperature	depend	on	the	rate	of	strain	as	well	as	the	temperature,	it	is	not	always	possible	to	extrapolate	the	results	obtained	for	high	strain-	Studies	have
also	been	and	lead.	Solid-solution	alloying	additions	always	raise	the	recrystalrecjuired	to	lization	temperature.	15-26.	Moderate	cold	reductions	and	low	annealing	of	Sec.	The	X-ray	pattern	of	a	fine-grained	randomly	oriented	metal	will	show	rings	corre-	sponding	to	different	planes	where	the	angles	satisfy	the	condition	for	Bragg	reflections.	shown	in
Fig.	addition	to	containing	hydrogen	the	steel	must	be	subjected	to	transfor-	mation	stresses	for	flaking	to	occur.	Sec.	This	is	the	process	However,	in	order	to	do	this,	the	extended	dislocations	of	cross	slip.	6	considerations	dislocations	with	strengths	larger	than	unity	are	generally	unstable	and	dissociate	into	two	or	more	dislocations	of	lower
strength.	172,	pp.	16-4.	Sheet-metal	Forming	22-1.	If	the	grain	size	smaller	than	the	slip-band	spacing,	the	slip	bands	will	not	be	visible	is	specimen	after	deformation.	Sessile	dislocations	are	produced	locations	on	intersecting	(111)	1	-'	in	the	fee	lattice	planes.	Cottrell,	/.	Who	are	not	majors	in	metallurgy	as	well	as	to	engineering	students	as	an	..	8.
This	dislocation	reaction	may	be	important	to	the	brittle	fracture	of	bcc	metals.	21-10.	Creep	tests	are	frequently	stress-rupture	test	is	conducted	for	periods	of	2,000	hr	and	often	to	10,000	hr.	Millington,	J.	Feely,	D.	Fatisue	under	Combined	in	static	stress	negative,	the	per-	Finally,	when	Si	is	increased.	BEND	SPECIMEN	Fis.	14,	pp.	bands,	and	local
bending	near	grain	boundaries	are	1	A.	In	fact,	accelerated	stress	corrosion	cracking	may	be	used	as	a	qualitative	test	to	indicate	the	presence	of	residual	stresses.	some	slight	Adequate	ductility	1-46).	This	transition	temperature	is	lowered	about	10°F	for	each	increase	of	0.1	per	cent	manganese.	True	Strain	of	Stress	and	Strain	....	the	sheet	393	394
Applications	to	Materials	Testing	[Chap.	Thus,	when	k	=	0,	Eq.	(13-3)	yields	a	creep	rate	which	vanishes	at	long	times.	size	has	a	strong	effect	on	transition	temperature.	15-3]	by	Sachs.	Lo	+	S-	Ln-^P	'a	Fig.	677,	1956.)	advantage	of	being	nondestructive	and	giving	information	on	a	bulk	sample.	Yield-point	5-6.	Testing	of	Single	Crystals	4-9.	The
Hardness	Test	11-1.	Soderberg,	Trans.	The	formation	of	a	crack	which	can	result	in	complete	disruption	of	continuity	of	the	member	constitutes	fracture.	In	a	relatively	brittle	material	like	high-	strength	steel	the	presence	of	tensile	residual	stresses	can	cause	a	decrease	in	the	fracture	strength.	Strength	of	Materials	Strength	of	materials	—	Basic
Assumptions	the	body	of	knowledge	which	deals	with	the	is	relation	betw^een	internal	forces,	deformation,	and	external	loads.	A	body	is	homogeneous	if	it	has	identical	properties	at	all	points.	Stroh,	Phil.	only	shown	that	a	small	has	perature	he	deformation	is	due	to	total	the	of	fraction	grain-boundary	displacement,	about	half	the	total	deformation	is
due	to	slip	which	is	end	of	a	grain	^	readily	attributed	to	coarse	slip	bands,	while	the	remainder	of	the	total	deformation	cannot	be	attributed	to	any	microscopic	defor-	McLean	mation	mechanism.	Love,	"A	Treatise	on	the	Mathematical	Theory	of	Elasticity,"	pp.	While	this	concept	explains	the	general	idea	of	hydrogen	embrittlement,	it	is	not	in
agreement	with	all	the	experimental	facts.	The	total	energy	of	a	crystal	containing	1	W.	It	is	primarily	a	text-book,	the	different	subjects	are	presented	in	the	best	way	for	the	progress	of	the	class.	Preferred	Orientation	A	metal	which	has	undergone	a	severe	amount	of	deformation,	as	in	develop	a	preferred	orientation,	or	texture,	in	which	certain
crystallographic	planes	tend	to	orient	themselves	in	a	preThe	ferred	manner	with	respect	to	the	direction	of	maximum	strain.	22-5.	21-7.	Fracture	of	Single	Crystals	7-7.	6-4,	the	resolved	into	edge	and	screw	components.	ing	this	book	an	attempt	has	been	made	to	cover,	in	some	measure,	this	aspects	of	the	lurgy.	Dislocations	The	in	the	Hexagonal
Close-packed	Lattice	basal	plane	of	the	hep	lattice	stacking	sequence	ABABAB	•	•	•	Slip	occurs	The	(0001)	in	the	direction	(Fig.	These	voids	might	be	true	voids,	microcracks,	or	perhaps	simply	regions	of	high	dislocation	density.	1,	no.	9-7.	Excessive	elastic	deformation	of	a	machine	part	can	mean	failure	of	the	machine	just	as	much	as	if	the	part
completely	fractured.	region.	If	sufficiently	thin	layers	are	removed	and	the	process	is	repeated	enough	of	longitudinal	residual	stress	is	times,	the	shown	measured	in	Fig.	Andrade	and	B.	Download	eBooks	for	Engineering	Materials	pdf	ppt	doc,	Materials	science,	Modern	Physical	Metallurgy	and	Strength	of	Materials	text	books.	Reviews,	vol.	grains
depends	on	the	stress	cells,	are	produced	The	decreasing	creep	rate	found	during	primary	creep	is	the	result	of	the	formation	of	more	and	more	subgrains	as	creep	continues.	It	is	inconvenient	to	use	a	stress	which	is	inclined	at	some	arbitrary	angle	to	the	area	over	which	it	acts.	This	leads	to	a	in	certain	alloys	introduces	the	possibility	of	stress-
corrosion	cracking.	the	shear	modulus.	In	engineering	practice,	the	load	is	usually	measured	in	pounds	and	the	area	in	square	inches,	so	that	stress	has	units	of	pounds	per	square	Since	it	is	common	for	engineers	to	deal	with	loads	in	the	inch	(psi).	ature	is	selected	as	the	temperature	at	transition	temper-	which	cracking	is	confined	to	the	bulged
region	of	the	plate.	Under	certain	conditions,	some	of	the	grains	of	a	fine-grained	recrystal-	metal	will	begin	to	grow	rapidly	at	the	expense	of	the	other	grains	when	heated	at	a	higher	temperature.	state	is	a	condition	of	higher	internal	energy	than	the	Therefore,	there	Reco\/ery	i	is	Recrystollization	Temperature	Fig.	=	e	where	a	is	a	constant.	Flow
Theories	Deformation	Theories	Two-dimensional	Plastic	Flow	Slip-field	Theory	3-10.	770-782,	1956.	Introduction;	Stress	and	Strain	Relationships	for	Elastic	Behavior.	Kahn	and	E.	2-6.	The	work	stress	acting	in	the	slip	This	corresponds	to	a	force	dW/dl	actits	normal.	The	formation	of	a	strong	preferred	orientation	will	result	in	an	preferred	dependent
on	the	orientation	slip	^	It	has	been	suggested	that	a	(111)	texture	is	favored	by	easy	cross	sUp,	which	occurs	most	readily	in	metals	with	high	stacking-fault	energy.	These	ideas	are	borne	out	by	electron-microscope	transmission	studies	of	dislocation	networks	in	thin	foils.	Andrade,	Proc.	1-2.	This	problem	is	considered	in	example	Chap.	The	as	the
stress	needed	to	cause	a	critical	accumulation	of	hydrogen.	results	from	the	consideration	of	a	Appreciably	greater	complexity	crystal	with	anisotropic	elastic	constants.^	Figure	6-10	represents	the	cross	section	of	a	cylindrical	piece	of	elastic	parallel	material	containing	an	edge	dislocation	running	through	point	undistorted	original	The	to	the	z	axis
(normal	to	the	plane	of	the	figure).	A	maximum	decrease	of	about	100°F	in	transition	temperThe	practical	ature	appears	possible	by	going	to	higher	Mn	C	ratios.	This	chapter	is	intended	to	present	a	more	complete	and	somewhat	more	The	rapidly	improving	tech-	rigorous	treatment	of	dislocation	theory.	These	include	multiple	slip,	the	formation	of
extremely	coarse	slip	bands,	kink	bands,	fold	formation	at	Many	of	the	deforgrain	boundaries,	and	grain-boundary	migration.	work	The	larger	the	original	grain	size,	the	greater	the	amount	of	cold	produce	an	equivalent	recrystallization	temperature.	605,	614,	634,	1934;	M.	Prediction	of	Long-time	Properties	13-10.	Jr..	the	of	The	energy	available
from	the	impact	is	not	sufficient	to	make	the	crack	grow	very	large,	but	the	applied	tensile	stress	tends	to	keep	it	growing.	Grain-boundary	Deformation	It	has	already	been	shown	in	Sec.	A	uniform	tensile	stress	1	2	N.	contribution	to	the	total	deformation	from	grain-boundary	displacement	microscope.	The	advantage	of	a	combined	tension	plus
bending	load	over	one	of	bending	alone	is	that	by	suitably	increasing	the	tensile	load	the	compression	region	developed	by	the	bending	load	can	be	eliminated.	explain	solid-solution	hardening,	dispersed-phase	hardening,	yield-point	behavior,	and	strain	aging.	12-9.	5-3)	can	be	considered	an	intermediate	situation	between	recovery	and
recrystallization.	55,	no.	4-3).	Only	3°	of	bend	is	needed	to	produce	a	crack	in	the	brittle	weld	bead.	York,	1953.)	component	along	the	x	direction,	which	is	the	slip	direction,	is	of	most	interest.	147-202,	Pergamon	Press,	Ltd.,	London,	1959.	at	the	grain	boundaries,	'	2	it	is	necessary	to	achieve	continuity	of	strain	H.	More	Diagram	Pdf	user	guide
properties	engineering	materials	higgins.	9-4.	xv	Forming	Methods	and	Blanking	Bending	Stretch	Forming	Deep	Drawing	Redrawing	Operations	Ironing	and	Sinking	550	555	557	562	563	568	569	22-3.	in	that	at	a	given	1	F.	The	residual-stress	pattern	in	steels	may	also	be	altered	by	the	transformation	of	retained	austenite	to	martensite	on	aging.
Goodman	diagram	may	A	diagram	similar	to	12-11	may	be	constructed	for	the	fatigue	Very	few	test	data	exist	for	conditions	Data^	for	SAE	4340	is	compressive.	Effects	of	Residual	Stresses	The	presence	rial	of	residual	stresses	to	externally	applied	stresses.	—	Plane	Strain	Metallurgical	Fundamentals	81	Deformation	of	Single	Crystals	81	4-1.
Residual	stresses	arise	from	nonuniform	plastic	deformation	of	a	body.	15,	p.	Posts	about	Introduction	to	Physical	Metallurgy	by	Sidney	H.	Powder	metallurgy	books	pdf	free	Download	Link	Mechanical	Metallurgy	by	George	Ellwood	Dieter	-	free	book	at	E-Books	Directory.	249A,	A.	Vacher,	J.	While	grain	boundaries	restrict	deformation	at	high
temperature	to	a	lesser	extent	than	at	room	temperature,	they	still	exert	a	restraining	influence	on	deformation.	Ductility	transition	Shear	fracture	Ductile	behavior	in	service	Difficult	crack	initiation	and	propogation	Temperature	Fig.	Grain-boundary	Relaxation	8-4.	1-18,	1948.	It	links	three	important	facts:	physical	properties	of	materials,
mathematical	models	and	the	propagation	of	waves.	undergo	lattice	rotations	which	produce	areas	of	misorientation.	metal	to	revert	to	the	strain-free	condition.	The	point	of	the	body	at	replaced	and	by	the	forces	it	exerted	on	plane	is	removed	cutting	the	of	This	forces	into	external	forces.	Carreker,	and	J.	919,	1956.	transient	creep	Analysis	of
existing	data^	indicates	that	the	are	not	well	established.	are	anisotropic	i.e.,	the	elastic	properties	vary	with	direction.	Titchener	in	Metal	Physics,"	vol.	The	hydrogen	content	of	may	be	reduced	by	"baking,"	or	heating	at	around	300	to	500°F.	internal	resisting	forces	are	usually	expressed	over	a	certain	area,	so	that	the	internal	force	times	the
differential	area	over	which	it	acts.	32,	pp.	It	is	believed	that	would	be	expected	at	higher	temperatures	and	lower	1	stresses.	Wheeler,	J.	The	higher	structures	is	transition	temperature	or	lower	fracture	stress	of	large	due	to	two	more	unfavorable	The	factors.	1	5-3.	16-50,	1911.	is	alternating	stress	is	in	Fig.	Frequently,	because	of	symmetry,	only	the
residual	stress	in	one	direction	need	be	considered.	To	illustrate	this	point,	consider	Fig.	M.	fiber	axis.	Machlin,	Trans.	A	ASTM	grain	Charpy	V-notch	similar	effect	of	decreasing	transition	temperature	with	decreasing	austenite	grain	size	is	observed	with	higher	alloyed	heat-treated	steels.	1-4.	existence	of	such	instabilities,	since	serious	errors	in
extrapolation	of	the	data	to	longer	times	can	result	if	they	are	not	detected.	Smallman,	and	K.	In	a	similar	way,	the	dislocation	(ao/6)[112]	glides	in	the	(111)	plane	and	forms	a	stacking	fault	bounded	and	the	line	of	the	dislocation.	^	J.	Chalmers,	B.:	"Physical	Metallurgy,"	John	Wiley	&	Sons,	Inc.,	New	York,	1959.	an	increase	+	Si	S2	stress	+	2-1	2.	1	a
material	with	a	ductile-to-brittle	transition.	vary	inversely	with	distance	from	the	dislocation	1	It	is	interesting	that	this	problem	was	analyzed	by	Volterra	in	1907,	long	before	the	concept	of	dislocations	was	originated.	.spacing	is	A	dislocation	with	a	Burgers	vector	equal	to	one	lattice	Because	of	energy	said	to	be	a	dislocation	of	unit	strength.	20-2.
For	most	steels	this	transition	temperature	will	fall	40	to	60°F	above	the	nil-ductility	transition	of	the	drop-weight	test.	Northrup,	Welding	J.,	vol.	is	391	not	instantaneously	Rather,	at	a	brief	instant	remote	portions	of	the	body	remain	The	deformation	and	stress	produced	by	the	load	move	through	the	body	in	the	form	of	a	wave	that	travels	with	a
velocity	ot	after	the	load	has	been	applied	the	undisturbed.	In	specimen	C	this	notch	orientation	is	used,	but	the	specimen	is	oriented	transverse	to	the	rolling	direction.	"	For	a	review	of	Lazlo's	exten:sivo	and	detailed	work,	see	F.	Since	in	most	coldworking	processes	one	or	two	dimensions	of	the	metal	are	reduced	at	the	expense	of	an	increase	in	the
other	dimensions,	cold	work	produces	elongation	of	the	grains	in	the	principal	direction	of	working.	which	At	reflected	is	from	the	bottom	of	the	plate	as	a	tensile	wave.	Dieter,	Jr.	CONTENTS	v	Preface	List	of	xvii	Symbols	Part	1.	195-261,	1957.	This	is	called	a	Frank	partial	dislocation.	71,	pp.	Norton,	and	N.	If	the	elastic	limit	is	exceeded,	the	body
will	experience	a	permanent	set	or	deformation	when	the	load	is	removed.	Therefore	it	is	generally	hypothesized	that	temper	embrittlement	is	due	to	the	segregation	of	impurities	to	the	grain	boundaries	without	the	formation	of	an	observable	precipitate	phase.	Now,	when	the	load	is	removed,	the	dislocation	line	will	not	move	appreciably	unless	there
are	very	high	back	stresses.	Cottrell,	"Dislocations	and	pure	edge	dislocation	which	lies	on	the	common	slip	plane	in	the	bcc	lattice,	Plastic	Flow	in	Crystals,"	Oxford	University	New	York,	1953.	Efifect	of	Stress	Concentration	on	Fatigue	12-8.	Shockley,	"Report	on	Strength	of	Solids,"	p.	Since	the	average	stress	it	off	until	of	the	specimen,	1-6.	P.	pany,
New	9,	McGraw-Hill	Book	Com-	York,	1952.	From	studying^	the	thickness	of	the	scabs	it	is	possible	to	arrive	at	values	for	a	critical	normal	fracture	stress.	principal	methods	by	which	this	can	occur	are	by	inhomogeneous	changes	in	volume	and	in	shape.	The	plane	(001)	contains	both	the	Burgers	6-8.	Concept	Concept	1-9.	metal	softens	and	reverts
to	a	strain-free	condition.	Notch	toughness	is	particularly	influenced	by	oxygen.	Grain-boundary	migration	displaces	the	strained	grain	boundary	to	a	new	unstrained	mits	the	region	of	the	crystal,	while	the	formation	of	folds	per-	concentration	at	grain	corners	by	plastic	defor-	relief	of	stress	mation	within	the	grains.	path	CD,	small	elastic-hysteresis
effects	being	neglected.	4-8),	where	the	superposition	of	a	positive	and	negative	dislocation	on	the	same	slip	plane	would	eliminate	the	extra	plane	of	atoms	and	therefore	the	dislocation	would	disappear.	are	broadened	by	cold	work.	3	P.	For	different	types	of	failure,	different	significant	parameters	will	be	important.	There	is	a	re-	gion	in	which	the
time	to	fracture	depends	only	slightly	on	the	applied	There	is	also	a	minimum	critical	value	below	which	delayed	stress.	514	517	518	522	524	525	526	527	529	532	532	532	534	535	536	539	541	542	543	545	547	549	549	Contents	22-2.	The	often	called	secondary	recrystallization.	Note,	however,	that	the	Burgers	vector	is	the	same	along	the	entire
dislocation	If	this	were	not	so,	part	of	the	crystal	above	the	slipped	region	loop.	Mathewson,	Trans.	Figure	5-17	is	a	schematic	drawing	of	the	cold-worked	structure	that	occurs	within	a	single	grain.	Free	falling,	molten	metal	comes	in	contact	with	atomizing	medium	after	some	distance.	Fatigue	failures	occur	in	parts	which	are	subjected	to
alternating,	or	fluctuating,	stresses.	329-342,	1914;	Metals	Park,	Ohio,	for	Metals,	Sec.	The	first	known	as	primary	creep,	represents	a	region	of	Primary	creep	is	a	period	of	predominantly	tran-	stage	of	creep,	decreasing	creep	rate.	Imbemo,	Welding	J.,	vol.	Thermoelastic	Internal	Friction	8-8.	Statistics	16-1.	The	the	shear	stress	is	symmetry	radial
strain	field	of	this	stress	field	apparent	when	is	expressed	in	a	polar-coordinate	system.	Fi9.	in	the	impact	test	of	an	alloy	steel	at	a	given	absorbed	The	energy	increases	with	increasing	tempering	tempergenerally	temperature	test	minimum	in	the	curve	in	the	general	region	is	a	there	However,	ature.	5-4.	stress	distribution	will	When	approach	the
distribution	is	measured	by	the	the	stress	distribution	400	Applications	to	Materials	Testing	[Chap.	2-1	1	Generalized	Stress-Strain	Relationships	.	Forces	between	Dislocations	same	slip	plane	will	attract	each	and	annihilate	each	other.	The	determination	of	the	relationship	between	mechanical	behavior	and	structure	(as	detected	chiefly	with
microscopic	and	X-ray	techniques)	is	the	main	responsibility	of	the	mechanical	metallurgist.	The	method	developed	by	Bauer	and	Heyntudinal	residual	stresses	in	a	cylinder	niques	involved.	The	High-temperature	Materials	Problem	The	Creep	Curve	The	Stress-rupture	Test	Deformation	at	Elevated	Temperature	Elevated	Temperature	13-6.	6-10	a
distance	h	along	the	slip	plane.	The	explosion-bulge	test	was	developed	by	the	Naval	Research	Laboratory^	to	measure	susceptibility	to	propagation	of	brittle	fracture.	L.	541,	1949.)	The	forming	operations	required	to	convert	metals	to	finished	and	semifinished	shapes	rarely	produce	homogeneous	deformation	of	the	metal.	Two	general	types	of
excessive	elastic	deformation	may	occur:	(1)	excessive	deflection	under	conditions	of	stable	equilibrium,	such	as	the	design	because	Sec.	Dislocation	loop	lying	in	a	slip	plane	(schematic).	Menter,	Proc.	Dieter.	The	experiments	are	presented	in	an	action-oriented	format	combininga	textbook	with	a	laboratory	manual.	The	hydrogen	content	necessary
for	flaking	varies	widely	with	composition,	size,	have	been	observed	in	steel	with	as	low	as	3	and	segregation.	The	Burgers	vector	is	[ao/2,	ao/2,	0],	or,	as	The	strength	of	a	dislocation	generally	written,	b	=	(ao/2)	[110].	Powder	metallurgy	pdf	free	download.	location	was	produced	by	making	a	radial	cut	along	the	plane	OA),	(line	6	?/	=	sliding	the	cut
surfaces	along	each	other	the	distance	A	A',	and	joining	them	back	together	This	sequence	of	operations^	produces	a	positive	edge	dislocation	running	along	the	z	axis	with	a	strain	field	identical	with	that	around	a	dislocation	model	such	as	that	of	again.	The	elongation	and	reduction	of	area	at	fracture	are	also	determined.	The	Stress-rupture	Test
The	is	basically	similar	to	the	creep	test	except	that	always	carried	to	the	failure	of	the	material.	.511	514	20.	limitations	to	extending	this	beyond	7	1	are	that	manganese	contents	above	about	1.4	per	cent	lead	to	trouble	with	retained	austenite,	while	about	0.2	per	cent	carbon	is	needed	to	maintain	the	required	tensile	amount	for	:	:	properties.	53-63,
1952.	The	hydrogen	embrittlement	are	its	strain-rate	temperature	dependence,	and	its	susceptibility	to	delayed	Unlike	most	embrittling	phenomena,	hydrogen	embrittlement	fracture.	Hirth,	J.	1	Cottrell-Lomer	barriers	can	be	overcome	at	high	stresses	and/or	A	mathematical	analysis	of	the	stress	required	to	break	down	a	barrier	either	by	slip	on	the
(001)	plane	or	by	dissociation	into	the	dislocations	from	which	it	was	formed	has	been	given	by	Stroh.^	temperatures.	It	represents	the	viscous	component	of	Strictly	speaking,	k	represents	quasi-viscous	flow	because	the	is	not	proportional	to	stress	as	required	by	Eq.	Sometimes	transient	creep	(steady-state)	creep	is	is	referred	to	as	/3	flow,	and
viscous	referred	to	as	k	flow	in	keeping	with	Andrade's	analysis	of	the	creep	curve.	14	quenching	so	that	the	microstructure	consists	of	a	mixture	of	tempered	martensite,	bainite,	and	peariite	results	in	even	greater	differences	between	in	a	general	increase	in	the	transition	temperature.	Part	Two,	Metallurgical	Fundamentals,	deals	with	the	structural
aspects	of	plastic	deformation	and	fracture.	when	and	a	creep	curve	similar	to	Accelerated	creep	is	B	in	Fig.	All	rights	reserved.	Since	the	dislocation	line	parallel	to	the	z	axis,	strains	in	is	in	plane	strain.	Hedges	and	J.	6-6.	Since	ductility	transition	temperatures	are	evaluated	in	this	region	of	energy,	it	seems	that	specimen	and	notch	orientation	are



not	a	very	important	variable	for	this	criterion.	tion.	The	vector	bs	is	given	by	the	vector	sum	of	bi	and	b2.	90A,	pp.	Vogel,	and	J.	1	which	are	not	dependent	on	diffusion,	such	as	cross	slip,	play	imporHigh-temperature	creep	is	predominantly	steady-state	or	viscous	creep,	while	below	Tml'^	transient,	or	primary,	esses	tant	roles	in	the	creep	process.	It
has	already	been	the	atomic	packing	on	a	close-packed	(111)	plane.	investigations	of	creep-deformation	processes,	Hanson	and	Wheeler^	established	that	the	slip-band	spacing	increases	with	either	an	increase	in	temperature	or	a	decrease	in	stress.	A	dramatic	demonstration	of	size	effect	was	obtained	in	tests	of	ship	hatch	corners	carried	out	at	the
University	of	California.	lieved	by	this	expansion,	o-f,	is	related	is	dei	to	the	strain	through	Hooke's	law.	On	the	other	hand,	the	ductility	transition	temperature	depends	very	strongly	on	the	testing	conditions.	These	by	the	sessile	glide	of	dis-	dislocations	are	F.	Because	of	the	increased	internal	energy	erties.	Inc.,	Chapter	6	DISLOCATION	THEORY	6-
1.	action	of	dislocations	during	cold	working.	Specialized	Tests	for	Transition	14-5.	Hrtko,	S.	Strain	aging	occurs	in	low-carbon	steel	which	has	been	cold-worked.	Dislocations	in	the	basal	plane	ao[1120].	3-4).	Gl,	In.-titute	of	.^!etals,	London,	1948.	Stacking	faults	and	twin	faults	are	probably	responsible	for	a	small	fraction	of	the	stored	energy.	A
continuous	body	is	one	which	does	not	contain	voids	or	empty	spaces	of	any	kind.	Fold	formation	at	a	^^P^^	P^^'^t	(schematic).	no	stress	if	no	still	concentration,	and	it	stress	concentrations	are	occur	suddenly	because	the	tensile	strength	are	practically	identical.	Ship	Structure	Committee.^	14-6.	Spherical	2-15.	Elastic	and	Plastic	Experience
shows	that	Behavior	all	solid	materials	can	be	deformed	when	sub-	found	that	up	to	certain	limiting	loads	a	solid	will	recover	its	original	dimensions	when	the	load	is	removed.	2	166	Metallurgical	Fundamentals	[Chap.	Applications	to	Materials	Testing	237	The	Tension	Test	9-1.	14-6]	one	of	Brittle	Failure	ASTM	number	and	Impact	Testing	383	in	the
ferrite	grain	size	(actually	a	decrease	in	grain	diameter)	can	result	in	a	decrease	in	transition	temperature	of	30°F	for	mild	steel.	9.	13-2.	Figure	12-12	is	obtained	for	alternating	axial	or	bending	stresses	with	static	tension	or	compression	or	alternating	torsion	with	static	tension.	and	Phys.	5-19	is	completed	by	loading	further	in	compression	to	point
F,	then	unloading,	and	reloading	in	tension,	a	mechanical-hysteresis	loop	is	obtained.	8-6.	r	hardening.	Variation	of	tensile	properties	with	amount	of	cold	work.	Press,	171,	New	Oxford	vector	[110]	and	the	line	[lIO].	ASME,	vol.	p.	202,	1949.	Usually	it	is	taken	at	the	temperature	at	which	50	per	cent	fibrous	fracture	is	obtained.	80,	p.	Dislocation	A,
with	Burgers	vector	(ao/2)[lll],	is	gliding	in	the	Dislocation	B,	with	Burgers	vector	(101)	plane.	14-13	can	be	interpreted	tration.	Force	acting	on	a	dis	location	line.	AP/AA	AA	is	is	the	mm	lim	AA^O	—-r	=	AA	(1-6)	cr	stress	will	be	in	the	direction	of	the	resultant	force	P	and	will	generbe	inclined	at	an	angle	to	A	A.	Rolling	of	Metals	19-1.	Because	it	is	a
small	interstitial	atom,	it	diffuses	very	rapidly	at	temperatures	above	room	temperatvire.	Rinehart	and	American	Society	ASM,	vol.	Values	of	working	stress	are	established	by	local	and	Federal	agencies	and	by	technical	organizations	such	as	the	American	Society	of	Mechanical	Engineers	(ASME).	Lowell,	F.	233-235.	7.	up	to	a	limiting	value	It
increases	with,	decreasing	temperature	of	Very	careful	calorimeter	measurements	are	required	to	measure	the	small	amounts	of	energy	stored	by	cold	working.	Cottrell,	Trans.	the	result	of	localized	plastic	yielding.	I.	Rachinger,	J.	in	below	the	allel	slip	plane	within	the	dislocation	loop.	Tensile	Properties	of	Steels	9-11.	(2-33)	can	be	written	as	all	ex	=
SnCx	+	Su(Ty	+	Snf^z	Jxp	=	SuTxy	62	=	+	Sz2(^v	+	SzZ(^z	Izx	—	SeeTzx	(2-35)	By	comparing	that	*Sii	is	Si\(^x	these	equations	with	Eqs.	Diffusioncontrolled	processes	are	important	chiefly	at	temperatures	greater	than	about	one-half	the	melting	point.	This	test	has	been	modified	for	use	without	a	temperature	gradient.^	The	drop-weight	test	was
developed	by	the	Naval	Research	Labois	cooled	with	liquid	nitrogen,	and	the	other	side	is	ratory^	to	measure	susceptibility	to	the	initiation	of	brittle	fracture	in	The	specimen	is	a	flat	plate	with	a	metal	applied	at	the	center	and	notched	to	half	depth.	cit.	Cold-worked	40	per	cent;	(6)	400°C,	15	min;	(c)	575°C,	15min.	Sometimes	the	instantaneous
strain	340	[Chap.	Creep	and	3-5]	1	Stress	Rupture	345	A	common	method	of	accommodating	grainalong	the	grain	boundary.	'*»	i'	f*J	:	ir.	However,	vacancies	are	so	much	more	mobile	than	dislocations	that	they	readily	escape	from	most	metals	deformed	at	room	temperature.	Sheihing	-	Delmar	PublishersThis	text	is	an	introductory	treatment	of
Modern	Materials,	combining	the	elements	of	mechanical	theory	with	those	of	material	and	its	behavior.	On	the	other	hand,	the	objective	may	be	to	convert	a	cast	ingot	into	a	more	useful	shape,	such	as	a	flat	plate,	and	here	it	is	necessary	to	know	the	conditions	of	temperature	and	rate	of	loading	which	minimize	the	forces	that	are	needed	to	do	the
job.	is	P	=	jadA	If	the	stress	(1-2)	distributed	uniformly	over	the	area	A,	that	is	1	is,	if	a	is	con-	becomes	stant,	Eq.	(1-2)	P	=	cr	=	aj	dA	=	(tA	(1-3)	j	In	general,	the	stress	will	not	be	uniform	over	the	area	A,	and	therefore	Eq.	(1-3)	represents	an	average	stress.	Thus,	simpler	Stress-rupture	strain-measuring	devices,	such	as	dial	gages,	can	be	used.	A
property	which	varies	with	orientation	with	respect	to	some	system	of	axes	is	said	to	be	anisotropic.	Yielding,	or	excessive	plastic	deformation,	occurs	when	the	elastic	limit	metal	has	been	exceeded.	Applications	to	Materials	Testing	,	1	transgranular	to	intergraniilar	fracture,	oxidation,	recrystallization	and	grain	growth,	or	other	structural	changes
such	as	spheroidization,	graphiIt	is	important	to	know	about	the	tization,	or	sigma-phase	formation.	tests	tributed	to	the	increased	use	of	the	stress-rupture	test.	However,	the	surface	tension	of	the	stacking	fault	tends	to	pull	them	together.	1,	ser.	Physical	metallurgy	pdf	free	download.	6-9).	{Courtesy	L.	(6-5)	For	polar	coordinates,	the	equations	are
CTr	—	(Te	—	—Toh	sin	Q	(6-6)	r	TrB	ar	acts	in	—	TBt	—	h	cos	d	To	(6-7)	the	radial	direction,	while	ae	acts	in	a	plane	perpendicular	to	Note	that	the	stresses	r.	Marked	differences	occur	between	fracture	under	impulsive	loads	and	under	static	loads.	Baldwin,	Jr.,	Proc.	by	the	movement	of	dislocations	of	higher	activation	energy.	a	tendency	for	strain-
hardened	|	Grain	growth	—	5-20.	5	stored	in	the	lattice	as	an	increase	in	internal	energy.	5-13]	Plastic	Deformation	oF	Polycrystalline	Aggregates	157	temperatures	are	beneficial.	Introduction	Mechanical	Properties	in	Torsion	10-3.	Servi.	171.	Anneal{	ing-texture	formation	depends	on	a	amount	and	type	number	of	processing	variables,	the
deformation	preceding	annealing,	the	composition	of	the	alloy,	the	grain	size,	the	annealing	temperature	and	time,	and	the	preferred	orientation	produced	by	the	deformation.	made	by	New	the	role	of	nitrogen	to	assess	because	of	its	interaction	with	other	elements.	1,	Physical	Society,	London,	1948.	help	to	distinguish	between	these	processes.	fibers
which	were	elongated	left	in	in	the	longitudinal	direction	a	state	of	compressive	residual	stress	when	the	by	rolling	are	external	load	is	removed.	strength	of	the	metal	for	a	uniaxial	condition	of	loading.	20-5.	A	is	at	a	node,	where	three	or	four	dislocation	lines	meet.	When	grain-boundary	migration	and	fold	formation	can	occur,	the	tendency	for	grain-
boundary	fracture	is	diminished.	cations	to	Materials	Testing,	considers	each	of	the	Part	Three,	Appli-	common	mechanical	not	from	the	usual	standpoint	of	testing	techniques,	but	instead	from	the	consideration	of	what	these	tests	tell	about	the	service	performance	of	metals	and	how	metallurgical	variables	affect	the	results	of	these	tests.	About	5	per
cent	of	cross-sectional	area	should	be	removed	between	each	measurement	of	strain.	down	Finally,	the	author	wishes	to	acknowledge	the	advised	him	A.	6	Mechanical	Fundamentals	[Chap.	14	The	notched-impact	properties	of	rolled	or	forged	products	vary	with	orientation	in	the	plate	or	bar.	96-96D,	1959.	22-9.	1	3	Since	this	is	not	a	A.	area	where
direct	observation	is	practically	impossible	and	definitive	experiments	of	an	indirect	nature	are	difficult	to	conceive.	Depending	upon	the	stress	and	the	temperature	there	may	be	no	yielding	prior	to	fracture.	Deformation	by	Twinning	4-10.	The	phenomenon	is	150	Metallurgical	Fundamentals	reversible,	for	had	the	specimen	[Chap.	Origin	of	Residual
Stresses	Residual	stresses	are	the	system	of	stresses	which	can	exist	in	a	body	when	it	is	free	from	external	They	forces.	covered	in	the	usual	undergraduate	course	in	physical	metalCertain	topics	that	are	more	physical	metallurgy	than	mechanical	Prefe	rreracc	VI	metallurgy	are	included	to	provide	continuity	and	the	necessary	background	for
readers	who	have	not	studied	modern	physical	metallurgy.	Size	Effect	12-9.	4"	/^	KINZEL	BEND	SPECIMEN	Notch	radius	1	mm	-	0.080"	deep	LEHIGH.	Increasing	the	annealing	time	decreases	the	recrystallization	However,	temperature	is	far	more	important	than	time.	(23311	views)	Theory	of	Waves	in	Materials	by	Jeremiah	Rushchitsky	-
BookBoonThe	book	unites	the	basic	theoretical	facts	of	solid	mechanics	-	mechanics	of	materials	and	mechanics	of	wave	processes.	control	phosphorus,	it	is	not	generally	advisable	to	use	steel	Bessemer	process	for	low-temperature	applications.	safety	will	also	depend	on	the	expected	type	of	loading.	48,	Oxford	University	6-12.	Since	the	hot	cannot
support	the	compressive	stress	imposed	on	that	region	and	because	of	plastic	deformation	the	center	of	distribution	of	longitudinal	stresses	center	has	a	lower	yield	stress,	it	the	ingot	shrinks	to	relieve	some	of	the	stress	(Fig.	The	bead	of	hard-facing	metal	cracks	in	a	brittle	manner,	producing	a	sharp,	cracklike	notch.	—Foreign-atom	Interaction
Multiplication	of	Dislocations	—	Frank-Read	Source	6-16.	where	Co	da/de	p	the	If	=	=	=	velocity	of	('^'	(14-1)	wave	propagation	slope	of	stress-strain	curve	density	of	metal	wave	amplitude	is	low,	so	that	the	elastic	limit	is	not	exceeded,	Eq.	(14-1)	can	be	written	Co	=	(-T	(14-2)	Corresponding	to	the	wave	velocity	co,	a	certain	particle	velocity	Vp	is
produced	in	the	metal.	In	order	to	consider	the	possibility	of	elastic	constants	which	vary	with	orientation	in	the	material,	Hooke's	law	can	be	written	in	completely	general	terms	as	a	linear	relationship	between	strain	and	stress.	However,	with	the	resolution	at	present	available	it	is	limited	to	crystals	of	low	dislocation	density	(approximately	lO^cm-
^).	each	test	temperature.	ure	5-19	is	an	example	of	stress-strain	curve	that	when	the	Fig-	type	obtained	of	the	is	Bauschinger	effect	is	considered.	The	voids	grow	and	coalesce	into	grain-boundary	cracks.	However,	care	must	be	taken	to	ensure	that	pits	are	formed	only	at	dislocation	sites	and	that	dislocations	intersecting	the	surface	are	revealed.
strain	represented	(plastic).	(a)	Heyn's	spring	model	for	longitudinal	residual	stresses	in	AiE	dei	=	If	Ao	is	a	cylinder;	(b)	elongation	of	center	portion,	due	to	removal	of	restraint	-Pskin	the	original	area	of	the	cylin-	drical	bar,	then	the	area	of	the	skin	dAi	=	Aq	—	Ai.	The	average	the	force	in	the	skin	may	stress	existing	in	the	skin	is	as,	so	that	be
written	Pskin	Equating	the	force	of	outer	springs.	Basic	data	concerning	the	strength	of	metals	and	measurements	for	the	routine	control	of	mechanical	properties	are	obtained	from	a	relatively	small	number	of	standardized	mechanical	tests.	^2	has	no	effect	on	Ca	regardless	of	the	applied	static	missible	value	of	aa	1	is	is	zero,	the	static	stress.	Thus,
a	macro	compressive	residual	stress	is	produced	on	the	surface,	and	this	is	balanced	by	tensile	residual	stresses	in	the	interior.	Averbach,	Welding	J.,	vol.	A	metallic	single	crystal	is	an	extreme	example	of	an	anisotropic	elastic	material,	while	cold-worked	metals	may	also	exhibit	anisotropic	elastic	behavior.	Tensile	Deformation	of	Ductile	Metal	The
basic	data	on	the	mechanical	properties	of	a	ductile	metal	are	obtained	from	a	tension	test,	in	which	a	suitably	designed	specimen	is	The	load	and	elongasubjected	to	increasing	axial	load	until	it	fractures.	components.	plex	phenomenon	will	be	considered	in	greater	detail	in	Chap.	For	metals,	which	have	crystal	structures	of	relatively	high	symmetry,
the	maximum	number	of	constants	that	need	to	be	considered	is	12.	1-7]	Introduction	deflection	of	beam	under	gradually	applied	loads;	(2)	sudden	11	deflection,	or	buckling,	under	conditions	of	unstable	equilibrium.	Mechanical	Methods	of	Residual-stress	Measurement	Methods	X-ray	Determination	Quenching	Stresses	of	Residual	Stress	15-7.	246A,
p.	Therefore,	not	surprising	that	the	grain	boundaries	it	is	behave	in	a	manner	to	indicate	considerable	mobility	when	creep	is	produced	at	high	temperature.	344	Applications	to	Materials	Testing	[Chap.	474-576,	1919.	223,	1953.	2	when	with	unequal	subscripts	are	equivalent	is	the	order	of	the	subscripts	reversed.	9-9.	Where	the	fracture
appearance	changes	gradually	from	shear	through	mixtures	of	shear	and	cleavage	to	complete	cleavage,	with	decreasing	temperature,	the	transition	temperature	is	frequently	selected	to	correspond	to	a	temperature	where	50	per	cent	fibrous	(shear)	fracture	is	obtained.	18-6.	17-5.	D.	Effect	of	Metallurgical	Variables	12-15.	'	e	where	A	and	=	At-'''
(13-6)	Different	types	of	creep	behavEq.	depending	by	upon	the	value	of	n'	If	n'	=	0,	(13-6)	creep	rate	constant	and	Eq.	the	is	(13-6)	represents	steady-state	creep.	5	Therefore,	identical	recrystallization	behavior	may	not	be	obtained.	Excessive	elastic	deformation	2.	89,	pp.	of	elon-	gation	experienced	by	the	center	springs	is	directly	proportional	to	the
force	ex-	erted	on	The	them	by	the	outer	strain	experienced	springs.	3	Ibid.,	pp.	Tech.	^	Creep	and	13-3]	A	log-log	plot	of	stress	vs.	Since	it	is	necessary	to	ature.	perfect	dislocation	there	is	perfect	alignment	of	atom	planes	above	and	its	the	lattice.	*	strain	is	The	companion	term	More	complete	definitions	defined	as	force	per	unit	area.	Much	more
information	is	needed	before	a	detailed	mechanism	of	temper	embrittlement	can	be	determined.	Important	assumptions	in	strength	of	materials	are	that	the	body	which	is	being	analyzed	is	continuous,	homogeneous,	and	isotropic.	The	hardness	and	tensile	properties	are	not	sensitive	to	the	embrittlement,	except	for	very	extreme	cases,	but	the
transition	temperature	can	be	increased	around	200°F	by	ordinary	embrittling	heat	treatments.	Methods	of	Detectins	Dislocations	The	concept	of	the	dislocation	was	proposed	independently	by	Taylor,	Orowan,	and	Polan^d^	in	1934,	but	the	idea	lay	relatively	undeveloped	until	the	end	of	World	War	II	There	followed	a	period	of	approximately	10
years	in	which	the	theory	of	dislocation	behavior	was	developed	1	G.	14-11]	Brittle	Failure	This	the	metal.'	transmitted	to	all	is	and	Impact	Testing	because	a	rapidly	applied	load	parts	of	the	loaded	body.	tests.	The	value	of	critical	impact	velocity	for	most	metals	lies	in	the	range	of	200	to	500	ft/sec.	Figure	6-8	illustrates	slip	planes	of	an	fee	lattice.
Because	of	line	tension,	a	dislocation	line	can	have	an	equilibrium	curvature	only	if	it	is	acted	on	by	a	shear	stress.	Diehl,	S.	Gemmell	and	N.	"	R.	1-5.	Averbach,	J.	247-338,	Pergamon	Press,	Ltd.,	London,	1958.	As	Oxford	University	73,	York,	1953.)	ABC	A'C	ABC	in	Fig.	Andrade	found	that	the	creep	curve	could	be	represented	by	the	E.	Mitchell,	Phil.
The	simplest	deformation	texture	is	produced	by	the	drawing	or	rolling	This	is	often	referred	to	as	a	fiber	texture	because	of	its	of	a	wire	or	rod.	Ductile	vs.	for	practical	purposes	testing	is	below	the	exceeded.	Semikilled	steels,	which	are	deoxidized	with	silicon,	have	a	lower	transition	temperature,	while	for	steels	which	are	fully	killed	with	silicon
plus	aluminum	the	15	ft-lb	transition	temperature	will	be	around	—	75°F.	ture	also	lowers	the	rate	of	strain	For	alloys	strength-	ened	by	solid-solution	additions	,,	.	Residual	stresses	are	to	be	considered	as	only	elastic	stresses.	-	show	the	167	Dislocation	Theory	Sec.	345,	1958.	Stress	Concentration	and	Deviator	Components	Energy	2-14.	6-2	and	A.
Mechanical	Fundamentals	3	Introduction	1-1.	AIME,	vol.	150X.	of	Metallurgical	Fundamentals	160	[Chap.	Wyatt,	Proc.	44,	p.	temperatures	measured	in	different	ways	will	be	discussed	in	a	later	steel	section.	6.3.4	Free	energy	of	transformation.	194,	p.	which	have	no	fixed	glide	plane,	may	surmount	obstacles	by	gliding	onto	another	slip	plane	having
a	common	slip	direction.	9-8.	Notch	Toughness	of	Heat-treated	Steels	It	has	been	demonstrated	many	times	that	a	tempered	martensitic	structure	produces	the	best	combination	of	strength	and	impact	resist-	ance	of	any	microstructure	that	can	be	produced	in	steel.	of	a	straight	edge	dislocation	in	an	elastically	isotropic	material	the	stresses,	in	terms
of	by	the	following	equations.	Effects	of	Residual	Stresses	15-3.	6-4]	dislocations	arranged	in	complex	three-dimensional	networks	at	This	changes	into	poorly	developed	subboundaries	at	higher	Aluminum,	with	a	stacking-fault	energy	of	200	ergs/cm-,	shows	almost	perfect	subboundaries.	Curve	B	should	be	con-	sidered	representative	of	the	basic
creep	curve	for	a	metal.	Because	of	the	anisotropy	of	the	elastic	properties	of	crystals,	microThe	back	stress	developed	stresses	will	vary	greatly	from	grain	to	grain.	23	24	27	31	33	35	39	41	43	46	50	^2	54	54	^^	57	ix	Contents	K	3-4.	Oilman	and	W.	897,	1958.	Bond	and	J.	temperatures.	Slip	in	a	close-packed	(111)	plane	in	an	fee	lattice.	Emphasis	in
the	relatively	low	stresses	so	as	to	avoid	tertiary	creep.	(2-23)	and	(2-24)	it	can	be	seen	the	reciprocal	of	the	modulus	of	elasticity	in	the	x	direction,	that	S21	determines	the	component	of	linear	strain	produced	in	the	y	Table	2-3	Elastic	Compliances	for	Metal	Crystals	Units	of	10~^2	cm^/dyne	Metal	Aluminum	Copper	Iron	Iron	(polycrystalline)
Tungsten	Magnesium	Zinc	direction	due	to	thing	for	the	-Sii	^12	s.	21-11.	and	who	desires	some	check	on	his	comprehension	of	Preface	vii	The	task	of	writing	this	book	has	been	mainly	one	of	sifting	and	sorting	and	information	from	the	literature	and	the	many	excellent	texts	on	facts	specialized	aspects	of	this	subject.	This	fact	is	used	to	strengthen
gun	tubes	and	pressure	vessels	by	the	process	known	as	autofrettage.	153s-165s,	1949.	A	sessile	dislocation	can	move	only	the	fee	lattice.	F:c	=	_	~	Fr	cos	e	-	Gh^x(x^	27r(l	-	Fe	sin	—	p)(x^^	6	y'^)	(6-18)	+	yT	a	plot	of	the	variation	of	F^	with	distance	x,	where	x	is	Curve	A	is	for	dislocations	of	the	same	sign;	expressed	in	units	of	y.	16-7.	The	strain
energy	involved	in	the	formation	of	an	edge	dislocation	can	be	estimated	from	the	work	involved	in	displacing	the	cut	OA	in	intensity	is	in	tions	for	a	stress	field	Fig.	Types	of	Fracture	in	Metals	7-3.	Lakhtin.	Nemy	J.	Note	that	a	maximum	variation	of	about	200°F	in	the	transition	temperature	at	the	20-ft-lb	level	is	possible.	Polygonization	(Sec.	in
thickness.	291	292	293	Hardness-conversion	Relationships	11-10.	Queneau,	B.	However,	it	tions	piled	has	been	shown''	that	for	the	important	case	of	screw	dislocaup	at	Cottrell-Lomer	barriers	the	screw	dislocations	can	by	generally	escape	the	pile-up	cross	slip	before	the	stress	is	high	enough	to	collapse	the	barrier.	CottrelP	showed	that	the	product
of	Lomer's	reaction	could	be	truly	immobile	by	the	following	I	[110]	The	products	-^	made	dislocation	reaction	^	[112]	+	^	[112]	+	^	[110]	of	this	dislocation	reaction	are	imperfect	edge	dislocations	which	form	the	boundaries	of	stacking	faults.	In	autofrettage	thick-walled	cylinders	are	purposely	strained	beyond	the	elastic	limit	of	the	material	at	the
bore	of	the	cylinder	so	that	this	region	will	contain	compressive	residual	stresses	when	the	cylinder	is	unloaded.	36,	384	Applications	to	Materials	Testing	[Chap.	Faupel,	and	J.	14-6.	must	first	Dissociation	of	a	dislocation	into	two	partial	dislocations.	This	approach	is	the	basis	for	the	rational	design	of	structural	members	and	machine	parts,	and	the
three	topics	of	strength	of	materials,	elasticity,	and	plasticity	are	covered	in	Part	One	of	this	book	from	a	more	generalized	point	of	view	than	is	usually	considered	in	a	first	arise	course	in	strength	of	materials.	is	The	second	stage	of	creep,	known	also	as	secondary	creep,	a	period	of	nearly	constant	creep	rate	which	results	from	a	balance	between	the
competing	processes	of	strain	hardening	and	recovery.	High-temperature	Measurecharacterized	by	extreme	inhomogeneity.	1175,	1953.	da	C.	84,	pp.	H.	lent	for	high	stresses,	This	type	of	grain-boundary	failure	where	the	total	by	which	cracks	form'	life	is	fairly	short.	(14-1)	and	(14-3)	the	equation	for	the	critical	velocity	is	obtained.	tendency	for	the
slip	planes	in	a	single	crystal	to	rotate	parallel	to	the	axis	rolling	or	wire	drawing,	will	1	E.	it	is	more	frequently	stated	This	relationship	is	as	stress	is	proportional	Hooke's	law	requires	that	the	load-deformation	relationship	However,	it	does	not	necessarily	follow	that	all	mate-	should	be	linear.	Further	insight	into	the	mechanism	has	resulted	from	the
work	of	Troiano	and	coworkers.^	By	into	the	voids,	the	pressure	builds	determining	the	rate	of	crack	propagation	by	means	of	resistivity	measurements	they	were	able	to	show	that	the	crack	propagates	discontinuThis	indicates	that	the	rate	of	crack	propagation	is	controlled	by	ously.	15	changes	when	material	is	removed	from	a	body	is	methods	for
measuring	residual	stresses.	—	Average	Stress	and	Strain	Tensile	Deformation	of	Ductile	Metal	Ductile	vs.	A	metal	which	is	brittle	in	tension	may	be	ductile	under	hydrostatic	compression.	Good	correlation	is	found	between	the	two	specimens	when	they	are	both	evalu-	men	but	ated	with	common	ductility	criteria.	54,	pp.	=	(6-10)	^^	around	an	edge
dislocation	in	a	silicon	crystal	observed'	by	means	of	polarized	infrared	radiation.	square	inch	X	Below	the	Hooke's	law	can	be	considered	vaHd,	so	that	proportional	to	the	average	strain,	elastic	limit	the	average	stress	is	-	=	E	=	constant	(1-4)	e	The	constant	E	is	the	modulus	of	elasticity,	or	Young's	modulus.	Eventually	the	load	reaches	a	maximum
value.	Fracture	at	Elevated	Temperature	It	has	been	known	since	the	early	work	of	Rosenhain	and	Ewen'	that	metals	undergo	a	transition	from	transgranular	fracture	to	intergranular	When	transgranular	fracture	fracture	as	the	temperature	is	increased.	between	test	results	where	the	two	criteria	have	been	mixed.	3	97,	pp.	However,	creep	at	higher
temperatures	is	strongly	dependent	on	prior	strain	and	thermal	history	and	hence	does	not	follow	a	mechanical	equastate;	tion	of	state.	The	propagation	velocity	of	a	compressive	or	tensile	stress	wave	given	by	is	=	c.	The	appreciably	reduced.	Shock	loading	can	be	produced	by	high-velocity	impact	machines^	or	by	shock	waves	from	the	detonation	of
explosives.*	In	considering	dynamic	loading	of	this	type	it	is	important	to	consider	effects	due	to	stress-wave	propagation	within	1	A.	An	indication	of	the	lattice	distortion	at	a	dislocation	in	metals	has	been	obtained	by	'	It	tortion	in	making	use	of	the	magnification	resulting	from	moire	patterns	produced	by	electron	transmission	through	two	thin
overlapping	crystals	with	slightly	different	orienta-	See	G.	5-13.	Chapter	15	RESIDUAL	STRESSES	1	5-1	.	14-9.	Each	particular	plastic	forming	process	has	a	residual-stress	distribution	which	is	characteristic	of	the	process	and	is	influenced	to	a	by	the	way	in	which	the	process	has	been	carried	out.	Tests	on	these	steels	showed	that	they	all	had
Charpy	V-notch	values	of	11.4	ft-lb	or	less	when	tested	at	the	temperature	at	which	failure	occurred.	Hydrogen	is	present	in	solution	as	monatomic	hj^drogen.	predictions	have	been	confirmed	be	modified	and	many	materials.	on	than	in	of	these	tests	will	be	a	concurrent	laboraperformance	covered	actual	Plastic	Forming	of	or	in	separate	course.	Iron
Steel	Inst.	This	may	explain	why	cross	slip	is	quite	prevalent	fault	ribbon.	196,	1958.)	been	established	by	experiment	in	bcc	metals,	ate	in	cubic	ionic	crystals	such	as	LiF	it	has	been	found	to	oper-	and	MgO.	6-10).	{London),	vol.	9-2.	Figure	5-18	shows	the	typical	variation	of	strength	and	ductility	For	a	comprehensive	review	of	the	stored	energy	of
cold	work	see	A.	Undoubtedly,	better	experimental	techniques,	applicable	to	a	wider	variety	of	materials,	will	be	developed	As	more	information	is	obtained	on	dislocation	behavior	in	in	the	future.	Fisher,	Traris.	79,	p.	temperature	is	by	the	formation	of	folds	at	the	boundary	strain	at	high	Figure	13-5	shows	a	sketch	of	a	fold.	Dislocations	which	glide
freely	over	the	slip	plane,	process	of	climb.	These	changes	result	from	the	deformation	required	to	maintain	equilibrium	when	the	residual-stress	distribution	changes	from	stress	relaxation	on	long-time	room-temperature	aging.	12,	shot	peening	is	an	effective	method	of	reducing	fatigue	failures.	Presentation	of	Engineering	Creep	Data	13-9.	be
written	as	+	+	+	*Sl2(0'2	+	+	+^ec.	The	stress	around	a	straight	dislocation	will	be	a	good	approximation	to	that	around	a	curved	dislocation	at	distances	that	are	small	1	compared	with	the	radius	of	curvature.	Others	take	up	the	important	subjects	of	impact	and	creep,	statistical	analysis	of	mechanical-property	data.	is	Strain	hardening	or	cold
working	is	an	important	industrial	process	that	used	to	harden	metals	or	alloys	that	do	not	respond	to	heat	treatment.	Stroh^	has	shown	that	Eq.	(6-13)	provides	a	good	approxilocation	line.	can	have	either	high	tensile	or	compressive	residual	stresses,	depending	upon	the	conditions	of	the	plating	process.	o-max	and	The	test	is	diagram.	A	commonly
held	concept	of	hydrogen	embrittlement	is	that	monatomic	hydrogen	precipitates	at	internal	voids	as	molecular	hydrogen.	Torsion	Test	vs.	of	Heat-treated	Steels	Hydrogen	Embrittlement	Flow	and	Fracture	under	Very	Rapid	Rates	of	Loading	15-1.	Grant	and	A.	259-268,	American	Society	for	Metals,	Metals	Park,	Ohio,	1948.	Bauschinger	effect	is	by
the	Bau-	the	difference	in	strain	between	the	tension	and	compression	curves	at	a	given	stress.	The	unnotched-bend	test	represents	a	condition	of	severity	inter-	Evaluation	of	the	Significance	of	Charpy	Tests,	Symposium	on	Brittle	Behavior	of	Metals	with	Particular	Reference	to	Low	Temperatures,	ASTM	Spec.	While	the	existence	of	stacking	faults
has	been	demonstrated	by	X-ray	diffraction,	detailed	studies	of	the	dislocation	reactions	discussed	in	this	paragraph	have	not	yet	been	made.	variables	influence	recrystallization	behavior.	It	is	a	combination	of	many	disciplines	and	many	approaches	to	the	problem	of	understanding	the	response	of	materials	to	forces.	in	the	This	is	called	an	annealing
texture,	or	recrystallization	texture.	There	is	generally	an	increase	in	the	energy	to	fracture	with	increasing	impact	velocity	up	to	the	point	where	the	critical	velocity	is	reached.	Whelan,	Phil.	Grain-boundary	shearing	occurs	discontinuously	in	time,	and	the	amount	of	shear	displacement	is	not	uniform	along	the	^	Although	the	exact	mechanism	is	not
known,	it	is	clear	is	not	due	to	simple	viscous	sliding	of	one	grain	boundary.	The	additional	2°	of	bend	provides	a	test	of	whether	or	not	the	steel	can	deform	the	presence	of	a	cracklike	notch.	Solids,	vol.	Most	of	the	energy	expended	in	deforming	a	metal	by	cold	working	is	converted	into	heat.	Dislocation	Theories	of	Fracture	7-6.	{.W	S.	The	average
value	of	the	creep	rate	during	secondary	creep	is	called	the	minimum	creep	rate.	15-46	can	be	determined	by	the	Bauer	and	Heyn	method	if	the	stresses	are	determined	by	removing	thin	layers	and	measuring	the	deformation	in	the	remaining	portion.	As	the	measrials	Rubber	uring	devices	become	more	sensitive,	the	elastic	limit	is	decreased,	so	that
most	metals	there	is	only	a	rather	narrow	range	of	loads	over	which	for	Hooke's	law	This	is,	however,	primarily	of	academic	Hooke's	law	remains	a	quite	valid	relationship	for	engi-	strictly	applies.	A	fairly	reliable	model	of	the	structure	of	cold-worked	metal	has	developed	from	microbeam	X-ray	studies^	and	from	electron	microscopy	of	thin	films.	N.
ma-	the	same	If	ductile	material	were	tested	in	comwould	be	approximately	the	same,	point	B	on	the	dashed	curve.	when	it	has	the	very	Actually,	the	distribution	more	likely	to	vary	in	the	continuous	manner	shown	in	Fig.	the	surface	is	flat	and	free	of	nicks,	burrs,	etc..	characteristics	Above	the	of	the	fracture	temperature	cracks	do	not	propagate
catastrophically,	because	fracture	occurs	by	the	shear	mode	with	appreciable	ab-	Temperature	—	transition	sorption	of	energy.	Engineering	Resources	-	Free	study	guides	and	resources	for	Engineers	in	India.	(a)	Fig.	Fatigue	of	Metals	296	297	299	301	304	307	310	314	315	320	323	326	327	329	332	12-1.	Grain	growth	is	inhibited	considerably	by	the
presence	of	a	fine	dispersion	of	second-phase	particles,	which	restricts	grain-boundary	movement.	For	more	complex	loading	conditions	the	yield	strength	is	still	the	significant	parameter,	but	it	must	be	used	with	a	suitable	failure	criterion	(Sec.	Refrigeration	and	Air	Conditioning	Book	PDF	Free	Download,	air	conditioning	and	refrigeration	books	pdf,
air	conditioning	and	refrigeration	books	free.	Consider	Fig.	as	white	cast	iron,	shows	(Fig.	A	sudden	In	the	previous	section	it	under	static	brittle	type	of	fracture	can	also	occur	in	ordinarily	ductile	metals	under	Plain	carbon	structural	steel	is	the	most	common	certain	conditions.	Burgers	Vector	and	the	Dislocation	Loop	6-1.	3-in.-long	bead	of	hard-
facing	This	is	a	"go-no	go"	type	of	test	temperature	the	specimen	either	fractures	completely	or	remains	intact.	ing	dislocations	in	real	materials,	theory	on	the	basis	of	indirect	observations	of	dislocation	behavior.	On	the	initial	application	of	stress,	the	dislocations	with	the	lowest	activation	energy	move	first	to	produce	the	initial	creep	strain.	The
much	theories	of	strength	of	materials,	elasticity,	of	their	power	when	the	structure	of	the	and	plasticity	lose	metal	becomes	an	impor3	4	Mechanical	Fundamentals	[Chap.	The	elastic	constants	1	C.	The	velocity	of	propagation	of	stress	waves	in	solids	lies	in	the	range	3,000	to	20,000	ft/sec,	while	the	velocity	of	crack	propagation	is	about	6,000	ft/sec.
Introduction	A	dislocation	is	the	linear	lattice	defect	that	is	responsible	for	nearly	This	concept	was	edge	and	screw	dislocations	aspects	of	the	plastic	deformation	of	metals.	Many	of	the	variables	concerned	with	processing	mild	steel	affect	the	ferrite	grain	size	and	Since	normalizing	after	hot	therefore	affect	the	transition	temperature.	A	reduction	in
short-range	order	during	the	deformaof	the	stored	energy	for	metals	tion	of	solid	solutions	may	also	contribute	to	stored	energy.	The	fact	that	the	time	for	the	initiation	of	the	first	crack	has	been	found	to	be	insensitive	to	applied	stress	supports	the	idea	that	the	process	depends	on	the	attainment	of	a	critical	hydrogen	concentration.	Vacancies
account	for	part	deformed	at	very	low	temperature.	By	the	spring	analogy,	the	center	springs	would	be	compressed	and	the	outer	springs	elongated	(Fig.	3	R.	Amelinckx,	"Dislocations	and	Mechanical	Properties	of	Crystals,"	John	Wiley	Sons,	Inc.,	New	York,	1957.	known	AIME,	to	occur.	state	condition	is	achieved	for	is	all	and	the	escape	of	edge
dislocations	by	climb.	Concepts	of	Crystal	Geometry	82	85	90	95	97	99	102	104	108	110	4-3.	Specimens	A	and	B	are	oriented	in	the	longitudinal	direction	of	the	plate.	The	concepts	of	combined	stress	and	strain	are	reviewed	and	extended	into	three	dimensions.	In	Fig.	Turnbull,	"Progress	in	Metal	Physics,"	vol.	many	Carnegie	Institute	of	Technology,
Drs.	Description	of	Strain	at	2-8.	appears	as	if	the	fracture	transition	temperature	is	not	sensitive	to	ally	a	strain	rate.	Dislocations	in	the	6-6.	174	a	Dislocation	Forces	on	Dislocations	6-9.	1	58	158	158	162	164	169	169	6-7.	Kelly,	Acta	Cryst.,	vol.	The	major	part	of	the	stored	energy	is	due	to	the	generation	and	interdeformation.	For	a	given	chemical
composition	and	deoxidation	practice,	the	transition	temperature	will	be	appreciably	higher	in	thick	hot-rolled	plates	than	in	thin	plates.	frac-	tures	for	in-between	specimens	will	vary	from	almost	fully	ductile	to	almost	fully	brittle.	BoUmann,	Phys.	and	the	data	plotted	in	mum	load,	energy	absorbed	after	maximum	load	to	fracture,	or	total	energy
absorbed.	end	of	the	volume.	6-3]	163	ordinarily	take	the	form	of	curves	or	loops,	which	in	three	dimensions	form	an	interlocking	dislocation	network.	359,	1959.	Tube	Sinking	Tube	Drawing	with	a	Stationary	Mandrel	Tube	Drawing	with	a	Moving	Mandrel	Residual	Stresses	in	Rod,	Wire,	and	Tubes	22.	2	A	AIME,	large	vol.	4-10,	the	stacking-fault
energy	settle	at	fault	1	F.	Fatigue	failure	occurs	without	any	visible	sign	of	yield-	ing	at	nominal	or	average	stresses	that	are	well	below	the	tensile	strength	of	the	metal.	^J.	Soc.	stress	The	effect	of	strain	believed	to	be	1	2	3	much	rate	on	the	strength-temperature	relationship	H.	427,	1954.	For	practical	considerations	a	recrystallization	temperature
can	be	defined	as	the	temperature	at	which	a	given	alloy	in	a	highly	cold-worked	state	completely	The	relationship	of	the	above	variables	to	the	recrystallizes	in	1	hr.	For	a	given	material	the	fracture-appearance	transition	temperature	is	fairly	constant	regardless	of	specimen	geometry,	notch	sharpness,	and	rate	of	loading.	Concept	of	two	transition
temperatures.	The	fraction	of	the	microstructure	that	has	recrystallized	in	a	time	t	can	be	represented	by	an	of	initially	.	These	models	were	similar	in	all	details	and	were	made	from	the	same	material	by	the	same	welding	procedures.	Warping	due	to	redistribution	of	residual	stresses	when	surface	layers	are	removed	can	be	exceedingly	troublesome,
particularly	with	precision	parts	like	tools	and	dies.	The	limiting	load	beyond	which	the	material	no	longer	behaves	elastically	is	the	elastic	limit.	1211,	1956.	236-238,	1961.	1	3-6.	Why	Applied	to	Materials	Testing	Statistics?	Download	it	once	and	read	it	on	your	Kindle	device,	PC,	phones	or	tablets.	In	considering	a	dislocation	loop	in	a	slip	plane	any
small	segment	of	the	dislocation	line	can	be	For	example,	in	Fig.	only	limited	capacity	for	this	type	of	production.	1	A	minimum	amount	of	deformation	is	needed	to	cause	recrystallizaprior	to	the	start	of	recrystallization.	66B,	p.	54-80,	1960.	Interaction	of	dislocations	with	other	dislocations,	vacancies,	and	foreign	atoms	is	discussed	in	some	detail.	The
Mn:C	ratio	should	be	at	least	3:1	for	satisfactory	notch	14-9).	Warren,	"Progress	in	Metal	Physics,"	vol.	The	crack	travels	across	the	width	of	the	specimen	until	it	reaches	a	point	where	the	temperature	is	high	enough	to	permit	enough	yielding	This	occurs	when	the	plastic	deformation	required	to	stop	the	crack.	Sij	—	Ci	Sji	\jji	Therefore,	even	for	the
least	symmetrical	crystal	structure	(triclinic)	the	number	of	independent	constants	is	reduced	to	21.	This	corresponds	to	an	average	displacement	of	the	crystal	above	the	slip	plane	to	the	crystal	below	the	is	6-11.	Wilsdorf,	Trans.	101,	p.	5,	p.	Because	b2	and	bs	are	at	a	60°	angle,	there	will	be	a	repulsive	force	between	them	(Sec.	Plastic	17-2.	of
earlier	workers	that	creep	deformation	Greater	occurs	without	slip	(slipless	flow).	The	minimum	creep	rate	is	the	most	important	design	parameter	derived	from	the	creep	curve.	At	low^	temperatures	and	high	temis	peratures	hydrogen	embrittlement	is	negligible,	but	it	is	most	severe	in	some	intermediate	temperature	region.	154	Metallurgical
Fundamentals	[Chap.	Nutting,	Seeing	Dis-	tions	or	lattice	spacings.	Both	specimens	incorporate	a	longitudinal	weld	bead	which	is	notched	so	that	the	weld	metal,	the	heat-affected	zone,	and	the	unaffected	base	metal	are	exposed	to	the	stress	at	the	root	of	the	notch.	beyond	the	scope	of	the	book,	or	analyses	out	derivations	point	given	to	or	detailed
controversial	on	information	further	key	provide	the	to	to	included	than	to	emphasize	important	papers	which	are	worthy	of	further	In	addition,	a	bibliography	of	general	references	will	be	found	A	collection	of	problems	is	included	at	the	at	the	end	of	each	chapter.	must	be	parallel	reaction	to	the	line	of	intersection	of	the	slip	plane,	leading	to	Cottrell-
Lomer	bar-	[lIO],	the	edge	dislocation	formed	by	Lomer's	reaction	has	a	slip	plane	(001).	7-9.	If	the	grains	are	randomly	oriented,	the	intensity	of	the	rings	will	be	uniform	for	all	angles,	but	if	a	preferred	orientation	be	broken	up	into	short	arcs,	or	spots.	layer	strain	removed	from	the	bore,	measurements	are	made	cl	and	tangential	strain	ei.	He	is
indebted	to	many	authors	and	publishers	who	consented	to	the	reproduction	of	illustrations.	21-3.	1-3	permanent	strain,	or	offset,	is	OC.	Because	of	the	technological	importance	of	this	situation,	it	will	be	considered	in	a	separate	section	of	this	chapter.	For	metals	which	'Jll	=	*J22	=	AJ33,	*J12	=	Therefore,	Eq.	(2-35)	Cx	Qy	62	The	exist	*J13	may	=
Siiax	=	Snay	=	8\\Crz	=	in	S2I	one	=	of	023	=	cubic	=	crystal	032,	and	=	SuTxy	O44	—	structures	*^55	=	066.	Frank'	pointed	out	that	another	type	of	partial	dislocation	can	exist	in	Figure	6-7	illustrates	a	set	of	(111)	planes	viewed	from	the	edge.	ABC	ABC	sequence	shown	that	the	{111}	planes	are	stacked	in	a	•	The	vector	1	bi	=	(ao/2)	[lOl]	defines
one	F.	See	P.	Nabarro,	posiuni	on	Internal	Stresses,"	p.	However,	the	equations	obtained	dislocation	is	surrounded	by	an	forces	on	other	dislocations	and	elastic	stress	field	that	results	in	interaction	are	not	valid	close	to	the	core	of	the	dislocation	line.	This	interpreted	in	terms	of	the	appearance	of	the	fracture	in	the	plate.	Faculty	of	Metallurgy	and
Materials	Engineering.	Errors	16-3.	When	a	thick	plate	is	subjected	to	explosive	loading	against	one	surface,	the	interference	from	the	incident	and	reflected	wave	from	the	opposite	surface	will	cause	a	tensile	stress	to	be	The	tensile	stress	built	up	a	short	distance	from	the	opposite	surface.	Fortunately,	since	1955	improved	techniques	have	made	it
possible	to	observe	dislocations	as	they	actually	exist	there	is	no	question	as	to	the	existence	in	similar	to	those	ascribed	to	the	dislocation.	737-745,	1960.	)ec,	Dislocation	Theory	6-4]	However,	the	atoms	are	considered	as	hard	spheres,	^	if	it	is	165	easier	for	an	atom	on	a	type	B	plane	to	move	along	a	zigzag	path	b2	+	bg	in	the	valleys	instead	of
moving	over	the	hump	that	lies	in	the	path	of	the	vector	61.	Basis	of	the	Theories	of	Plasticity	3-9.	62A,	p.	5-5.	The	greater	the	degree	final	grain	size	to	a	lesser	extent	deformation	and	the	lower	the	annealing	temperature,	the	smaller	the	of	recrystallized	grain	size.	Pashley,	Proc.	Brittle	Behavior	The	general	behavior	of	materials	under	load	can	be
classified	as	ductile	or	brittle	depending	upon	whether	or	not	the	material	exhibits	the	to	undergo	plastic	deformation.	Rimmed	steel,	with	its	high	iron	oxide	content,	generally	shows	a	transition	temperature	above	room	temperature.	"Sym	396	Applications	to	Materials	Testing	[Chap.	Wilms,	and	W.	ment	one	of	dimensional	of	the	established	Stress
corrosion	cracking^	a	type	of	failure	which	occurs	is	when	cer-	tain	metals	are	subjected	to	stress	in	specific	chemical	enviroments.	158,	1954.	3,	American	Society	for	Metals,	Metals	Park,	Ohio,	1948.	Orovvan,	"Dislocations	in	Metals,"	pp.	Dimensional	instability	refers	to	changes	in	dimensions	which	occur	without	any	removal	of	material.	fracture
wnll	not	occur.	AiE	dei	(15-1)	dAi	The	above	equation	expresses	the	residual	stress	arbitrary	distribution	shown	in	Fig.	A	convenient	way	of	defining	the	Burgers	vector	of	a	dislocation	is	by	means	of	the	Burgers	circuit.	riers.	Whitmore,	M.	which	the	creep	resistance	of	the	material	increases	by	For	low	temperatures	and	stresses,	as	in	deformation.
175,	p.	156	Metallurgical	Fundamentals	deformations.	However,	for	alternating	torsion	with	static	torsion	or	alternating	bending	with	static	torsion	there	is	no	effect	of	the	static	stress	on	the	allowable	range	of	alternating	stress	provided	that	the	static	yield	strength	is	not	exceeded.	Corrosion	Fatigue	12-11.	The	equations	of	static	equilibrium	are
applied	to	the	forces	acting	on	some	part	of	the	body	in	order	to	obtain	a	relationship	between	the	external	forces	acting	on	the	member	and	the	internal	forces	resisting	the	action	of	the	external	loads.	existing	at	the	root	of	The	possibility	of	machined	notches	is	unknown	residual	stresses	a	problem	in	notch	tensile	The	effect	of	residual	stresses	on
fatigue	performance	recognized	phenomenon	and	was	considered	in	Sec.	Both	specimens	are	bent	with	the	load	applied	opposite	to	the	notch.	A	body	is	considered	to	be	isotropic	with	respect	to	some	property	librium,	sions	of	the	when	that	property	does	not	vary	with	direction	or	orientation.	Statistical	of	Fatigue	12-5.	The	best	solution	to	the
problem	is	to	avoid	tempering	in	the	region	of	greatest	susceptibility	to	embrittlement.	Dislocation	network	in	cold-worked	aluminum.	Linear	Regression	16-11.	energy	transition	temperature	for	V-notch	Charpy	specimens	is	frequently	set	at	a	level	of	10	or	15	ft-lb.	Part	4.	Octahedral	Shear	Stress	and	Shear	Strain	and	Strain	3-7.	acting	on	the	"free
body"	hold	it	in	equilibrium,	the	equations	of	equi-.	Calculation	of	Stresses	...	5	originally	been	stressed	plastically	in	compression,	the	yield	stress	in	tension	would	have	been	decreased.	Fathi	Habashi,	Professor	Emeritus,	Department	of	Mining,	Metallurgical,.	1	2	^	Cottrell,	op.	22,	p.	Its	Burgers	vector	is	perpendicular	to	the	central	stacking	fault.
Forging	473	476	479	481	483	483	484	486	18-1.	When	the	width	to	thickness	is	close	to	unity,	the	stress	is	essentially	unibut	as	the	width	increases,	the	ratio	of	the	transverse	to	longitudinal	stress	approaches	a	value	of	}'2,	the	condition	for	a	state	of	plane	ratio	of	axial,	stress.^	W.	For	Mechanical	Engineering	Study	material,	text	book,	e	book,	pdf.
escape	of	screw	dislocations	from	pile-ups	by	cross	slip	may	be	the	chief	recovery	mechanism	in	fee	metals.	IB.	line	Figure	6-11	shows	a	dislocation	in	the	direction	of	its	Burgers	moving	vector	under	the	influence	of	a	uniform	shear	stress	tion	line	ds	An	t.	continue	to	build	up	is	Even	present	in	a	brittle	material,	fracture	will	yield	stress	and	local
yielding.	down	on	(111)	along	[111].	14-2.	ferred	orientation	tion,	or	is	essentially	complete.	of	more	than	one	phase	also	gives	rise	to	nonuniformity	of	stress	on	a	If	the	bar	is	not	straight	or	not	centrally	loaded,	the	microscopic	scale.	This	book	is	FREE	for	you,	just	download	this	book	Read	Mechanical	Metallurgy	PDF.	possible	finishing	temperature
for	hot	rolling	of	plate	is	also	beneficial.	Air	cooling	and	aluminum	perature,	this	treatment	results	in	reduced	transition	temperature.	phenome-	critical	stress,	or	"static	fatigue	limit,"	increases	with	a	decrease	in	hydrogen	content	or	a	decrease	in	the	severity	of	the	notch.	These	observations	aluminum	with	a	If	may	be	interpreted	in	the	following
way:	certain	initial	grain	size	is	tested	at	a	certain	stress,	there	will	be	a	certain	characteristic	slip-band	spacing.	This	can	be	seen	readily	for	the	case	of	an	edge	dislocation	(Fig.	660,	1934.	211	Notch	Effect	in	Fracture	Concept	of	the	Fracture	Curve	Classical	Theory	of	the	Ductile-to-Brittle	Transition	Fracture	under	Combined	Stresses	Effect	of	High
Hydrostatic	Pressure	on	Fracture	213	215	216	218	219	221	Internal	Friction	8-1.	7,	pp.	blurring,	or	asterism,	of	the	spots.	Menter,	and	D.	The	combination	of	the	two	partials	AC	and	is	known	as	an	extended	dis-	AD	location.	Parker,	"Brittle	Behavior	of	Engineering	Structures,"	chap.	of	Mining	[Chap.	Seigle,	Ada	Met.,	vol.	of	This	Book	Mechanical
metallurgy	is	the	area	of	metallurgy	which	is	primarily	with	the	response	of	metals	to	forces	or	loads.	Printed	United	States	of	America.	and	derivation	of	the	equations	and	graphical	solutions	for	these	equations	are	discussed	in	texts^	on	strain-	gage	technology.	Although	dislocation	decoration	has	not	been	used	extensively	with	metals,	'^	some
X^''^^	Hexagonal	network	of	dislocations	in	XaCl	detected	by	a	decoration	technique.	5	N.	a	metal	such	as	aluminum	or	copas	average	stress	section.	114,	1958;	all	possible	dis-	location	reactions	in	the	fee	lattice	have	been	worked	out	Phys.,	vol.	where	€„	is	the	strain	corresponding	to	the	tensile	strength	of	the	metal.	1	Creep	and	3-2]	Stress
Rupture	339	following	empirical	equation,	L	=	where	Lo,	/3,	L	=	K	=	Lo(l	+	131''^)	length	of	specimen	at	time	exp	(13-3)	Kt	t	empirically	determined	constants	The	constant	Lo	approximates	the	length	of	the	specimen	when	the	sudden	strain	produced	by	the	application	of	the	load	has	ceased.	recombine	into	perfect	dislocations	since	an	extended
disloca-	tion	cannot	glide	on	shows	that	any	plane	except	the	plane	of	the	fault.	Phil.	Professor	and	Head	of	Department	of	Metallurgical	Engineering	Drexel	Institute	of	Technologij	Philadelphia	4,	Pa.	McGRAW-HILL	BOOK	COMPANY	New	York	Toronto	London	1961	MECHANICAL	METALLURGY	©	Copyright	1961	by	the	McGraw-Hill	Book	Company,
Inc.	creep.	206,	pp.	real	materials,	there	certainly	will	be	other	changes	in	current	concepts	of	dislocation	theory.	most	students	of	metallurgy	and	for	practicing	engineers	in	industry,	it	is	worth	spending	the	time	to	become	familiar	with	the	mathematics	presented	in	Part	One.	The	Department	of	Physical	Metallurgy	and	Science	..	14-10	shows	that
quite	large	differences	can	be	expected	for	different	specimen	orientations	at	high	energy	levels,	but	the	differences	become	much	less	at	energy	levels	below	20	ft-lb.	The	of	the	first	layer	from,	the	t	actual	stress	in	the	second	layer	as	existed	in	the	original	bar	AiE	de2	dA2	is	it	given	by	Sec.	Steps	in	powder	metallurgy:	Powder	production,
Compaction,	Sintering,	&.	AA	If	surrounding	the	area	continuously	reduced	to	zero,	the	limiting	value	of	the	ratio	stress	at	the	point	on	plane	of	body	2.	6-2]	161	in	AgBr	with	photolytic	has	since	been	used	with	many	other	ionic	crystals,^	such	as	AgCl,	NaCl,	KCl,	and	CaF2.	Most	of	this	strain	is	instantly	recoverable	upon	the	release	of	the	load
(elastic),	while	part	is	recoverable	with	time	(anelastic),	and	the	rest	is	nonrecoverable	stages.	Dislocation	177	6-11.	This	dislocation	reaction	was	suggested	by	Heidenreich	and	Shockley,-	and	therefore	this	dislocation	arrangement	is	often	known	as	Shockley	ones	which	do	not	produce	Figure	6-6	represents	the	situation	looking	partials,	since	the
dislocations	are	imperfect	complete	lattice	translations.	Symposium	on	Effect	of	Temperature	on	the	Brittle	Behavior	of	Metals	with	ParSpec.	important	to	note	that	a	distinction	should	be	made	between	the	crystallographic	fibering	produced	by	crystallographic	reorientation	of	the	grains	during	deformation	and	mechanical	fibering,	which	is	brought
about	by	the	alignment	of	inclusions,	cavities,	and	second-phase	constituents	in	the	1	C.	Fracture	at	13-11.	119,	1956].	119,	1913.	Cylindrical	Fig.	Since	(001)	is	not	a	common	slip	plane	in	the	fee	lattice,	York,	1953.)	the	dislocation	formed	from	Lomer's	reac-	However,	it	is	not	a	true	sessile	dislocaFrank	partial,	because	it	is	not	d,n	imperfect	tion
should	not	glide	freely.	As	the	dislocation	line	moves,	it	encounters,	on	the	average,	stronger	and	closer	obstacles,	so	that	the	shear	stress	continuously	increases	with	strain.	Modern	Physical	Metallurgy	and	Materials	Engineering.	For	static	loading,	as	in	a	building,	the	factor	would	be	lower	than	in	a	machine,	which	is	subjected	to	vibration	and
fluctuating	stresses.	in.	routine,	sitivity	and	dependent	on	the	senof	instrument.	Theories	of	Hish-temperaturc	Creep	Steady-state,	or	secondary,	creep	predominates	at	temperatures	above	some	question	whether	a	true	steadycombinations	of	stress	and	temperature,	there	is	ample	experimental	evidence	to	indicate	that	approximate	steadystate
conditions	are	achieved	After	a	short	period	of	testing	in	the	hightemperature	region.	158	Dislocation	Theory	Sec.	Fig.	ally	—	14-8.	Chaps.	8,	p.	The	wavy	grain	boundaries	which	are	frequently	observed	during	high-temperature	creep	are	a	result	of	inhomogeneous	grain-boundary	deformation	and	grain-boundary	migration.	Statistical	Design	of
Experiments	16-10.	cit.,	pp.	2,	p.	However,	consideration	of	the	atomic	arrangement	on	the	{111}	slip	Figure	6-5	represents	plane	shows	that	slip	will	not	take	place	so	simply.	Introduction	5-2.	when	the	begins	to	decrease	rapidly	beyona	maximum	required	to	continue	deformation	drops	also	decreases	load,	so	that	the	load	the	specimen	fractures.
Recrystallization	is	the	replacement	of	the	cold-	worked	structure	by	a	new	set	of	strain-free	grains.	A	common	method	of	studying	hydrogen	embrittlement	is	to	charge	notched	tensile	specimens	with	know^n	amounts	of	hydrogen,	load	them	to	different	stresses	in	a	dead-weight	machine,	and	observe	the	time	to	chief	characteristics	of	sensitivity,	its
failure.	135-180,	Pergamon	Press,	Ltd.,	London,	1956.	A	straight-line	Goodman,	while	the	parabolic	curve	^	plotted	against	the	relationship	follows	the	suggestion	of	was	proposed	by	Gerber.	Introduction	21-2.	a	higher	temperature	the	plate	bulges,	but	the	cracks	still	run	to	the	test	is	edges	of	the	plate.	Mechanical	metallurgy	is	not	a	subject	which
can	be	neatly	isolated	and	studied	by	itself.	Quench	aging	is	caused	by	carbide	precipitation	in	a	low-carbon	steel	which	has	been	quenched	from	around	1300°F.	Sully,	"Progress	in	Metal	Physics,"	vol.	Also,	the	plane	containing	the	normal	and	P	intersects	the	plane	A	along	a	dashed	line	that	makes	an	The	ally	mm	angle	,	shown	and	Strain
Relationships	for	Elastic	Behavior	41	for	the	three	gages	in	the	rectangular	Cc	The	in	Fig.	1	and	they	are	solved	for	stress	in	terms	of	the	loads	and	dimenmember.	Considered	appropriate	for	the	teaching	of	physical	metallurgy	to	students	who	are	..	In	the	on	alpha	brass.	The	force	between	them	is	not	a	central	force,	and	so	it	is	necessary	to	consider
both	a	radial	and	a	tangential	component.	For	brittle	ing	under	a	complex	state	of	stress.	Strain	5-7.	....	Bassett,	J.	of	an	aggregate	of	crystal	grains	having	different	properties	in	different	The	reason	why	the	equations	of	strength	behavior	of	real	metals	is	that,	in	general,	the	crystallographic	directions.	rolling	results	in	a	grain	refinement,	if	not
carried	out	at	too	high	a	tem-	The	and	the	deoxidation	practice	must	be	considered.	location	of	this	type	is	also	said	to	be	a	perfect	dislocation	because	translaFor	a	tion	equal	to	one	Burgers	vector	produces	an	identity	translation.	449,	1957.	first	component	with	time.	Mag.,	ser.	On	the	one	hand	is	the	approach	used	in	reference	to	strength	of
materials	and	in	the	theories	of	elasticity	and	plasticity,	where	a	metal	is	considered	to	be	a	homogeneous	material	whose	mechanical	behavior	can	be	rather	precisely	described	on	the	basis	of	only	a	very	few	material	constants.	A	unit	dislocation	par-	to	the	slip	direction	cannot	dissociate	further	unless	it	becomes	an	imperfect	dislocation,	where	a
translation	of	one	Burgers	vector	does	not	A	produced	by	the	For	a	stacking	fault	to	be	stable,	the	decrease	in	energy	due	to	dissociation	must	be	greater	than	the	increase	in	interfacial	energy	of	the	faulted	result	in	an	identity	translation.	The	wave	velocity	and	particle	velocity	are	in	the	same	direction	for	a	compressive	wave,	but	they	are	in
opposite	directions	for	a	tensile	wave.	^'^	constant-stress	tests	are	made,	frequently	found	that	no	region	of	accelerated	creep	rate	occurs	is	it	Viscous	creep	(region	III,	Fig.	Stress	Relaxation	282	283	284	286	287	289	290	°	°	335	335	336	341	342	345	347	349	354	356	359	363	367	367	Contents	14.	The	question	whether	the	sliding	occurs	along	the
grain	boundary	as	a	bulk	movement	of	the	two	grains	or	in	a	softened	area	in	each	grain	adjacent	to	the	grain	boundary	^	has	not	been	answered.	However,	metals	fail	by	fracture	in	three	general	ways:	(1)	sudden	of	the	brittle	fracture;	(2)	fatigue,	or	progressive	fracture;	(3)	delayed	fracture.	A.	Another	example	is	the	precipitation	of	second-phase
particles	from	solid	"solution.	The	Science	and	Engineering	Research	Council,	he	has	..	Gold,	copper,	and	nickel,	where	the	energy	is	about	30,	40,	andSOergs/cm^,	respectively,	^	Hirsch,	op.	To	cover	the	breadth	of	material	book	would	require	parts	of	over	15	standard	texts	and	countless	review	articles	and	individual	contributions.	However,	there
is	as	in	machining	a	long	a	useful	aspect	to	this,	for	as	will	be	seen	in	the	next	section,	the	measure-	398	Applications	to	Materials	Testing	[Chap.	Steady-state	creep	arises	because	of	a	balance	between	strain	hardening	and	recovery.	The	best	notch	toughness	is	obtained	with	a	microstructure	which	is	A	completely	pearlitic	structure	has	poor	notch
toughness,	and	a	structure	which	is	predominately	bainite	As	an	example	of	the	effect	of	microis	intermediate	between	these	two.	Note	3495,	1955.	Orowan-	first	suggested	that	steady-state	creep	could	be	treated	as	a	is	the	slope	of	the	balance	between	strain	hardening	and	recovery.	5-9.	As	hydrogen	diffuses	steel	1	The	by	hydrogen	at	elevated
hydrogen	with	oxygen	to	form	internal	pockets	familiar	example	of	the	embrittlement	of	copper	temperature	of	steam.	terion	requires	that	the	elastic	strain	energy	and	it	also	pro-	Since	the	Griffith	cri-	must	provide	the	surface	energy	for	the	formation	of	the	fracture	surface,	the	greater	the	available	stored	energy,	the	easier	it	is	for	the	attainment	of
an	uncontrollable,	rapidly	spreading	crack.	Appl.	47,	pp.	13-7.	is	Li	—	Lq	-	Do	After	each	of	longitudinal	eL	Di	et	Do	in	length	L	and	diameter	D	may	be	measured	with	micromebut	better	accuracy	can	be	obtained	by	mounting	SR-4	strain	gages^'^	The	changes	ters,	in	the	longitudinal	and	circumferential	directions	of	the	bar.	specimen.	combinations
of	bending	and	torsion	show	that	for	ductile	metals	the	distortion-energy	criterion	provides	the	best	over-all	fit.	6.	5-1	9.	An	method	of	presenting	mean-stress	data	is	shown	sometimes	known	as	the	Haig-Soderberg	diagram.	node	can	be	considered	as	two	dislocations	with	Burgers	vectors	bi	and	b2	combining	to	produce	a	resultant	dislocation	bs.
Surface	Effects	and	Fatigue	12-10.	Theories	of	Low-temperature	Creep	is	Creep	possible	only	because	obstacles	to	deformation	can	be	overcome	thermal	fluctuations	and	stress.	Robertson	(ed.),	"Stress	Corrosion	Cracking	and	Embrittlement,"	John	Wiley	&	Sons,	Inc.,	New	York,	1956.	Reference	to	80-	:?	The	initial	stress	which	was	applied	to	the
specimen	is	usually	the	reported	value	of	stress.	The	for	measuring	the	longi-	a	good	illustration	of	the	tech-	residual	stresses	in	the	cylinder	can	be	likened	to	a	system	of	springs	(Fig.	when	x	>	y	The	reverse	(6	is	Compression-^	d-„	the	stress	range	is	zero.	The	has	been	variation	in	agreement	with	what	would	be	expected	from	the	equaaround	an
edge	dislocation	in	an	isotropic	medium.	Chilton,	W.	If	the	new	strain-free	grains	are	heated	at	a	temperature	greater	than	that	required	to	cause	recrystallization,	there	will	be	a	progressive	increase	in	grain	size.	Compression	waves	are	generated	in	a	metal	when	it	is	subjected	to	an	explosive	blast	(impulsive	loading),	while	tensile	waves	can	be
produced	by	a	tension-impac\	machine.	In	British	terminology	the	instantaneous	strain	designated	by	eo	in	Fig.	Chang	and	N.	This	is	primarily	for	the	use	of	the	reader	who	is	points,	and	study.	number	of	where	the	mean	stress	strength	at	any	given	^	&	John	Goodman,	"Mechanics	Applied	Co.,	Inc.,	2	J.	Z.	This	type	of	creep	curve	starts	at	the	origin	of
coordinates.	Physik,	vol.	ior	are	described	.	Frequently	a	value	of	15	establish	this	transition	temperature.	The	over-all	process	by	which	this	occurs	is	known	as	annealing.'	Annealing	is	very	important	commercially	because	it	restores	the	ductility	to	a	metal	that	has	been	severely	strain-hardened.	of	materials	describe	the	any	macroscopic
volhomogeneous	and	isotropic.	13-6a).	'	and	M.	Hirsch,	R.	Phys.	133,	1952-1953.	11-8.	tility	The	duc-	transition	temperature	lated	to	the	is	Com-	tendencies	of	the	material.	Stacking	Faults	4-11.	403-409,	1952.	Fatigue	failure	is	caused	by	a	critical	localized	tensile	stress	which	is	very	difficult	to	evaluate,	and	therefore	design	for	fatigue	failure	is
based	primarily	on	empirical	relationships	using	nominal	stresses.	Instead,	metals	can	continuously	deform	at	constant	stress	in	a	time-dependent	yielding	known	as	creep.	^	324,	1954;	J.	If	the	precipitate	particles	occupy	a	larger	volume	than	the	;omponents	from	which	they	formed,	i.e.,	if	the	second-phase	particles	have	a	lower	density	than	the
matrix,	then	each	particle	in	t'^ying	to	occupy	a	larger	volume	is	compressed	by	the	matrix.	13-1)	obtained.	Ciiex	+	CuCy	-\-	Ci^ez	-j-	Ciaxy	+	Cib-yyz	+	Ci&yzx	=	C	ilCx	+	CiiCy	+	Ci^Cz	-\-	Cnyxy	+	Cihjyz	+	C*46T2X	=	(2-34)	Txy	Thus,	in	order	to	calculate	the	stress	general	circumstances,	from	the	strain	in	the	most	6	strain	components	and	know
symmetry	necessary	to	it	is	36	elastic	coefficients.	^	Several	excellent	reviews	of	experimental	techniques	have	been	published.	However,	most	topics	are	discussed	in	greater	detail	and	with	a	different	emphasis	than	when	they	are	first	lurgy.	As	the	plastic	deformation	of	the	specimen	increases,	the	metal	becomes	stronger	(strain	hardening)	so	that
the	load	required	to	extend	the	specimen	increases	with	further	straining.	The	two	tests	supplement	each	other.	straight	line.	Intrater	and	E.	Ballufh	and	Seigle*	have	advanced	a	theory	for	the	growth	of	voids	based	on	the	ideas	used	On	the	other	hand,	there	are	experiments"	which	show	that	grain-boundary	voids	are	not	formed	unless	there	is	grain-
boundary	sliding.	Figure	14-10	shows	the	typical	form	of	the	energy-temperature	curves	for	specimens	cut	in	the	longitudinal	and	transverse	direction	of	a	rolled	plate.	4.	Other	metalworking	operations	which	are	not	generally	classed	as	metal-forming	processes	can	produce	residual	stresses	because	they	involve	inhomogeneous	deformation.	14-8]
Brittle	Failure	and	Impact	Testing	385	In	the	previous	section	it	was	shown	that	the	transition	temperature	of	a	given	steel	usually	decreases	with	increasing	plate	thickness	because	of	the	increased	grain	size	produced	in	hot-rolling	thick	plates.	75,	pp.	Phosphorus	also	has	a	strong	effect	in	raising	the	transition	temperThe	15-ft-lb	V-notch	Charpy
transition	temperature	is	raised	about	13°F	for	each	0.01	per	cent	phosphorus.	15-3).	However,	when	the	direction	of	loading	is	reversed,	the	dislocation	line	can	move	an	appreciable	distance	at	a	low	shear	stress	because	the	obstacles	to	the	rear	of	the	dislocation	are	not	likely	to	be	so	strong	and	closely	packed	as	those	immediately	in	front	of	the
dislocation.	The	line	tension	has	the	units	of	energy	per	unit	length	and	is	analogous	to	the	surface	tension	of	a	liquid.	acting	on	the	"free	body"	hold	it	in	equilibrium,	the	equations	of	equi-	librium	The	may	be	applied	to	the	problem.	Co	where	Oe	is	a:	=	1	for	the	may	—	Goodman	is	Goodman	diagram.	Hydroscn	Embrittlement	Severe	embrittlement
can	be	produced	in	many	metals	by	very	small	of	hydrogen.	Eshelby,	W.	is	difficult	1	2	&	H.	Material	science	and	metallurgy	by	kodgire	pdf	free	download.	619,	1952.	5-18,	cold	working	produces	changes	in	other	physical	prop-	There	is	usually	a	small	decrease	in	density	of	the	order	of	a	few	tenths	of	a	per	cent,	an	appreciable	decrease	in	electrical
conductivity	due	to	an	increased	number	of	scattering	centers,	and	a	small	increase	in	the	thermal	coefficient	of	expansion.	12-11]	This	in	compression.	Mild	steel-boiling	4.	usually	preferred	in	engineering	be	expressed	by	the	following	equation,	Ce	line,	(12-10)	-fe)'	.r	=	2	for	the	Gerber	parabola,	and	the	fatigue	limit	for	completely	reversed	loading.
are	formed	at	dislocation	sites	because	the	strain	field	surrounding	the	dislocation	causes	preferential	chemical	attack.	This	generalization	holds	approximately	for	the	room-temperature	impact	resistance	of	heat-treated	steels,	but	it	is	not	valid	for	the	variation	of	impact	resistance	with	temperature.	14-7.	Structural	members	and	machine	elements
can	intended	functions	in	three	general	ways:	1.	climb	has	a	higher	activation	energy	than	cross	slip,	Since	dislocation	slip	it	will	be	the	rate-	controlling	step	in	steady-state	creep.	many	Kink	bands,	deformation	Grant,	Trans.	^	E.	enhanced	by	slow	strain	rates.	'*•};	M^	i	•-*..,	a	l'*"*-Vt	.'V'.--..*-	^.	The	deformation	texture	of	a	sheet	produced	by
rolling	is	described	by	the	crystallographic	planes	parallel	to	the	surface	of	the	sheet	as	well	as	the	crystallographic	directions	parallel	to	the	direction	of	rolling.	little	as	Face-	centered	cubic	metals	are	not	generally	susceptible	to	hydrogen	embrittle-	14-10]	Brittle	Failure	and	Impact	Testing	389	Hydrogen	may	be	introduced	during	melting	and
entrapped	it	may	be	picked	up	during	heat	treatment,	ment.^	during	solidification,	or	electroplating,	acid	pickling,	or	welding.	of	dislocations	decreases	considerably	on	recrystallization,	and	all	effects	The	stored	energy	of	cold	work	is	the	of	strain	hardening	are	eliminated.	45°	notch	-O.Ol"	radius	-0.05"deep	Weld	bead-.	Many	of	the	developments	in
these	areas	have	been	the	result	of	the	This	is	an	alliance	of	the	solid-state	physicist	with	the	metallurgist.	14	however,	generally	considered	to	be	detrimental	to	notch	toughness.	The	Department	of	Physical	Metallurgy	and	Science	of	Materials.	15-4a.	Chang,	and	N.	Publ.	Read,	and	W.	The	various	stages	of	the	creep	curve	shown	in	Fig.	12-12,	then
ao	should	be	substituted	for	o-„	in	Eq.	(12-10).	Fortunately,	considerations	can	reduce	considerably	the	number	of	necessary	constants.	can	be	considered	the	same	as	ordinary	applied	stresses.	It	is	a	metal.	Metallurgical	Fundamentals	176	force	per	unit	length	is	6	given	by^	Gb'-	-	27r(l	sin	20	Gh'	1	v)r	(6-17)	-	27r(l	v)	Because	edge	dislocations	are
mainly	confined	to	the	r	slip	plane,	the	force.	Starting	at	a	lattice	point,	imagine	a	path	traced	from	atom	to	atom,	an	equal	distance	in	each	direction,	always	in	the	direction	of	one	of	the	vectors	of	the	unit	Fig.	The	slope	modulus	of	elasticity.	ance	for	this	effect	must	be	made	in	plates	greater	than	^	The	notch	toughness	of	steel	is	greatly	influenced
by	microstructure.	Further,	even	a	singlephase	metal	will	usually	exhibit	chemical	segregation,	and	therefore	the	Metals	are	made	up	properties	will	not	be	identical	from	point	to	point.	It	suited	to	is	0.001	001	partic-	,000	Rupture	time,	ularly	well	ing	the	relative	high-temperature	strength	of	new	tir	determin-	alloys	for	jet-engine	Fig.	8-5	that	the
grain-boundary	relax-	ation	which	is	measured	by	internal	friction	at	elevated	temperature	indicates	that	the	grain	boundaries	have	a	certain	viscous	behavior	under	these	conditions.	Combined	3-6.	The	closure	failure	of	the	Burgers	circuit	is	the	Burgers	vector	b.	to	metal	ful	trips	and	can	plant	illustrated	this	best	be	covered	since	by	subject,	this
Instead,	the	main	attention	is	given	to	the	mechanical	and	lectures.	The	determination	of	the	microstresses	deformed	single-phase	metals	which	exist	in	necessary	for	an	understanding	of	the	mechanism	of	strain	hardening.	14	This	can	become	a	particularly	important	problem	with	heavy	sections	that	cannot	be	cooled	through	this	region	rapidly
enough	to	suppress	Temper	embrittlement	also	can	be	produced	by	isoembrittlement.	friends	who	work.	This	has	been	used	to	give	a	qualitative	picture	of	the	strain	hardening	of	single	crystals	and,	in	Chap.	15-16	this	means	that	the	area	under	the	curve	subjected	to	compressive	residual	stresses	must	balance	the	residual-stress	librium.	The
Department	of	Physical	Metallurgy	and	Science.	645,	1952.	1	tant	consideration	and	it	can	no	longer	be	considered	as	a	homogeneous	medium.	Temper	enibrittlement	can	be	completely	eliminated	from	an	embrittled	steel	by	heating	into	the	austenite	region	and	cooling	rapidly	through	the	embrittling	temperature	region.	As	was	discussed	in	Sec.
assumed	to	contain	is	In	this	example	the	cylindrical	bar	tensile	residual	stresses	is	around	the	periphery	and	^A	review	of	this	important	subject	is	given	by	W.	Gay,	P.	simple	as	is	pictured	in	Fig.	The	criterion	for	deciding	whether	or	not	dissociation	will	occur	is	based	on	the	fact	that	the	strain	energy	of	a	dislocation	is	proportional	to	the	^	square
of	Burgers	its	vector.	1.59	1.49	0.80	0.48	0.26	2.23	0.82	-0.58	-0.62	-0.28	-0.14	-0.07	-0.77	+0.11	3.52	013	1.33	012	0.80	012	1.24	0.66	6.03	2.50	012	-S3	Sn	Su	Su	Sn	Sn	012	-0.49	1.98	2.64	-0.66	equivalent	to	v/E,	and	that	Szi	represents	the	same	Also,	the	compliance	S^i	is	the	reciprocal	of	ax,	z	direction.	If	failure	would	result	in	loss	of	life,	the
factor	of	safety	should	be	increased.	l-5a.	20-4.	In	using	this	technique	with	a	solid	bar	the	first	step	is	to	drill	an	Then	a	boring	bar	is	used	to	remove	layers	from	the	inside	axial	hole.	Howwhen	metals	are	severely	deformed	in	a	particular	direction,	as	in	crystal	grains	are	so	small	that,	for	a	specimen	of	ume,	the	materials	are	ever,	statistically
mechanical	properties	rolling	or	forging,	the	macro	may	be	anisotropic	on	a	scale.	Development	shown	shaded.	6-7.	1-7.	1	-	exp	i-Bt"')	Values	of	n'	(5-12)	between	1	and	2	indicate	one-	dimensional	recrystallization,	while	values	between	2	and	3	denote	twoIt	is	convenient	to	consider	the	process	of	dimensional	recrystallization.	Third-stage	or	tertiary
creep	mainly	occurs	in	constant-load	creep	tests	at	high	stresses	at	high	temperatures.	Silcock,	Acta	Met.,	vol.	_	Strain	is	J^	Lo	_	AL	_	L	Lo	Lo	(1-1)	Lo	a	dimensionless	quantity	since	both	5	and	Lo	are	expressed	in	units	of	length.	may	consider	the	field	restricted	to	the	plastic	working	and	of	metals,	while	still	To	properties	of	metals	or	mechanical
testing,	shaping	others	confine	their	interests	to	the	more	theoretical	field,	which	merge	with	metal	physics	and	physical	metalanother	group	may	consider	that	mechanical	metallurgy	is	In	writclosely	allied	with	applied	mathematics	and	applied	mechanics.	The	book	has	..	strains	will	be	different	for	certain	longitudinal	elements	and	the	stress	An
extreme	disruption	in	the	uniformity	of	the	will	not	be	uniform.	Figure	1-2	shows	the	free-body	diagram	for	the	cylindrical	bar	shown	The	external	load	P	is	balanced	by	the	internal	resisting	force	j(7	dA,	where	a	is	the	stress	normal	to	the	cutting	plane	and	A	is	in	Fig.	{	}	,	{	H.	mechanical	properties	in	different	directions	can	result	in	uneven
response	of	the	material	during	forming	and	fabrication	operations.	Much	of	the	material	in	Parts	One	and	Two	has	been	utilized	in	Part	Three.	The	surface	fibers	of	the	sheet	are	cold-worked	while	the	center	of	the	sheet	is	unchanged.	A	minute	crack	starts	at	a	localized	spot,	generally	at	a	notch	or	stress	concentration,	and	gradually	spreads	over
the	cross	section	until	the	member	breaks.	1	Creep	and	3-6]	Stress	347	Rupture	reasonable	models	for	grain-boundary	fracture	have	been	suggested,	none	are	capable	of	predicting	all	the	details	of	grain-boundary	fracture.	metallurgical	factors	which	control	each	process	such	as	forging,	rolling,	ing	aspects	of	the	extrusion,	drawing,	This	book	is	and
sheet-metal	forming.	1	4-4]	Brittle	Failure	and	impact	Testing	377	14-4.	The	direction	of	this	force	is	perpendicular	to	the	dislocation	line	and	toward	the	center	of	curvature.	Standards,	vol.	The	reasons	for	the	acceler-	ated	creep	rate	which	leads	to	rapid	failure	are	not	well	known.	However,	in	the	usual	case	with	engineering	materials	the	grain	size
is	small	enough	and	the	grains	are	in	a	sufficiently	random	arrangement	so	that	the	equations	based	on	isotropic	conditions	may	be	used.	»/j....	—	2-7.	available	indicates	that	for	shock	loading	the	stress-strain	curve	is	raised	about	10	to	20	per	cent	compared	with	the	static	curve.	driving	force	for	both	recovery	and	recrystallization.	This	strain	energy
corresponds	to	about	10	ev	for	each	atom	plane	threaded	by	an	edge	dislocation	(Prob.	General	Fundamentals	of	Metalworking	17-1.	740,	1960.)	Fig.	engaged	in	industry	the	material.	integral,	it	is	necessary	to	area	of	the	cutting	plane.	In	an	ideal	wire	texture	a	definite	crystallographic	direction	lies	parallel	to	the	wire	axis,	and	the	texture	is
symmetrical	around	the	wire	or	Several	types	of	deviations	from	the	ideal	texture	are	observed.	this	is	single	crystals	of	of	planes	(easy	glide)	.	Shearing	22-4.	Stacking	faults	can	be	readily	detected	in	these	thin	films.	A	change	from	the	ductile	to	the	brittle	type	of	fracture	is	promoted	by	a	decrease	in	temperature,	an	increase	in	the	rate	of	loading,
and	the	presence	of	a	complex	state	of	stress	due	to	a	notch.	Introduction	Sec.	Rosenhain	and	D.	Introduction	3-2.	cold-worked	state	chemical	reactivity	of	the	general	decrease	in	corrosion	resistance	is	and	increased.	Heyn	and	O.	hardening	are	an	important	element	in	the	of	metals.	A	body	which	is	permanently	deformed	is	said	to	have	undergone
plastic	deformation.	1	and	2.	378	is	Applications	to	Materials	Testing	[Chap.	Even	though	members	of	the	be	under	stress	due	to	various	interactions	between	the	This	type	of	residual	stress	is	called	reaction	stress.	14-3]	Brittle	Failure	and	Impact	Testing	375	a	sharper	breaking	curve	than	V-notch	Charpy	specimens.	basal	plane	tends	to	be	parallel
with	the	rolling	plane	with	(2110)	aligned	in	the	rolling	direction.	Introduction	4-2.	recrystallization	in	terms	of	the	rate	of	nucleation	A^	G	of	new	strain-free	grains.	and	In	gold,	copper,	is	possible,	but	probably	only	at	highly	stressed	nickel,	cross	slip	rj^,	regions,	°	n	1-	i	here!	ore,	'	cross	slip	^	6-7.	At	least	two	mechanisms	have	been	suggested	for
this	type	of	fracture.	6,	are	concerned	primarily	with	atomistic	concepts	of	the	flow	and	fracture	of	metals.	Tests	for	Formability	Appendix.	strain	energy	accounts	for	only	a	minor	part	of	the	Elastic	measured	stored	energy.	can	influence	the	reaction	of	a	mateIn	the	tension	test,	that	region	of	a	specimen	containing	high	residual	tensile	stresses	will
yield	plastically	at	a	lower	value	of	applied	stress	than	a	specimen	without	residual	stresses.	The	closure	failure	of	a	Burgers	circuit	cell.	488	489	491	492	493	494	498	501	502	503	504	508	Cold	Rolling	Bars	and	Shapes	19-6.	1	5	develop	residual	stresses.^	The	edges	of	a	hot	slab	cool	faster	than	the	The	thermal	contraction	of	the	cooler	edges
produces	a	strain	mismatch	between	the	edges	and	center	of	the	ingot	which	results	in	the	center.	An	outstanding	example	is	the	cube	texture	in	copper,	where	the	100}	plane	lies	parallel	to	the	rolling	plane	with	a	(001)	direction	parallel	to	the	direction	of	rolling.	Phijs.,	vol.	the	and	stresses	residual	is	on	emphasis	placed	the	interpretation	of	the
tests	and	Three	Part	In	metallurgical	variables	on	mechanical	behavior	rather	of	effect	on	the	for	conducting	the	It	is	assumed	that	the	procedures	the	tests.	Quench	aging	results	in	less	loss	of	impact	properties	than	strain	aging.	In	specimen	A	the	notch	is	perpendicular	to	the	plate,	while	in	B	the	notch	lies	parallel	to	the	plate	surface.	Cottrell-Lomer
reaction	forms	an	isosceles	triangle	which	is	locked	rigidly	in	place	and	cannot	glide.	The	rate	of	strain	hardening	can	be	gaged	from	the	slope	of	the	flow	curve.	5-1),	Cottrell-Lomer	barriers,	and	many	other	structural	features	&	of	dislocation	theory.	417-423,	1957.	ance,	1954.)	Transition-temperature	curves	based	on	energy	absorbed,	fracture
appear-	and	notch	ductility.	This	dissociates	according	to	the	above	reaction	into	partial	dislocationswith	Burgers	vectors	b2	and	bs.	Stress	Field	of	a	Dislocation	A	produces	between	dislocations	and	solute	atoms.	15-46.	13-1	is	often	called	the	first	stage	of	creep,	so	that	with	this	nomenclature	the	creep	curve	The	is	considered	to	have	four	by	eo
occurs	practically	instantaneously	on	the	application	of	the	load.	show	a	certain	variability	in	mechanical	can	be	influenced	by	changes	in	heat	treat-	All	engineering	materials	properties,	ment	which	in	turn	or	fabrication.	6-95).	ticular	Reference	to	Low	Temperatures,	Tipper,	C.	preva-	Several	methods	shown	Zener-	has	shown	that	large	tensile
stresses	should	be	developed	at	a	triple	point	due	to	shear	stresses	acting	along	the	grain	boundaries.	Electrical	con-	For	detailed	reviews	of	annealing,	see	P.	The	total	stress	can	be	resolved	into	two	components,	a	normal	stress	a	perpendicular	to	AA,	and	a	shearing	stress	(or	shear	stress)	r	lying	in	the	plane	mm	of	the	area.	Burgers	vectors.
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