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metals	2021,	11	(11),	1762;	received:	September	10,	2021/Reviewed:	October	29,	2021/	Surface	accepted:	October	30,	2021/Published:	November	2,	2021	the	effect	of	the	plastic	deformation	applied	to	aisi	316L	in	low	temperature	void	without	helmet	activated.	to	create	a	difference	in	the	deformation	states	of	each	sample,	the	solution	and	thermal
treatment	that	annuls	stress	was	performed	using	aisi	316L	plastically	deformed,	and	the	deformation	structure	and	the	carbide	layer	were	observed	with	ebsd	and	om.	the	change	in	the	network	parameter	was	confirmed	with	xrd,	and	the	natural	oxide	layers	were	analyzed	through	tem	and	xps.	In	this	study,	the	carbide	layer	in	the	deformed	aisi
316L	was	the	thinst	and	the	carbon	content	dissolved	from	the	layer	was	the	lowest.	the	thickness	and	composition	of	the	natural	oxide	layer	on	the	surface	were	changed	due	to	the	deformed	structure.	the	natural	oxide	layer	in	the	deformed	aisi	316L	was	the	thickest,	and	the	layer	was	formed	with	a	bio	layer	structure	consisting	of	a	layer	rich	in
higher	cr	and	a	layer	rich	in	lower	faith.	the	thick,	cr-rich	oxide	layer	was	difficult	to	break	down	due	to	the	requirement	of	lower	partial	oxygen	pressure.	In	conclusion,	the	oxide	layer	is	the	most	influential	factor,	and	its	thickness	and	composition	can	eicifrepus	eicifrepus	nis	arutarepmet	ajab	a	o​Ãcav	ed	n³Ãicarubrac	al	ne	n³Ãicarubrac	al	ed
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Development	of	the	hydroneal	pressure	velveter.	Inter	-s.	Figure	1.	Inverse	pole	figure	and	kam	map	of	AISI	316L	with	different	deformed	states;	(A,	E)	AISI	316	L,	(B,	F)	623	K	of	Treaty	Strvel	Rental,	(C,	G,	G	)	973	k	of	treated	stretus	rental	and	(d,	h)	1353	k	tra	tado	with	AISI	316L	solution.	Figure	2.	Transversal	section	of	the	austenic	stainless	steel
microstructure	after	the	empty	carburet	process	at	low	temperature	for	10	hy	14	h	(boxes	of	the	box);	(a)	AISI316L	of	deformed	plainly,	(b)	623	k	of	treated	estrogen	rental,	(c)	973	k	of	treated	estrogen	rental	and	(d)	1353	k	treated	with	AISI	316L	solution.	Figure	3.	The	results	of	the	Aisi316L	phase	analysis	were	carburated	for	14	hours;	(a)	Pico
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n³ÃicarubraC	that	SegModel-MOS	can	distinguish	acicular,	austenite	and	latiga	martensite	in	microstructures.	Finally,	we	use	vector	machine	support	algorithms	(SVM)	and	decision	tree	(DT)	to	establish	a	relationship	between	the	microstructure,	carbon	content,	and	residual	stress	to	predict	the	residual	stress	of	steel	from	its	microstructure	and
carbon	content.	The	experiments	verified	that	the	prediction	model	constructed	in	this	study	exhibits	high	accuracy	and	can	directly	predict	residual	stress	without	requiring	any	long-term	measurements.	Thus,	the	developed	model	provides	a	new	approach	to	the	study	of	residual	stress	in	steel.	Carburized	steel	specimens	are	subject	to	complex
friction,	wear,	and	cyclic	stresses	during	service.	The	steel	surface	is	most	prone	to	fatigue	failure	[1,2,3,4].	Under	certain	load	conditions,	the	maximum	stress	of	the	part	is	also	often	generated	on	the	part	surface.	Therefore,	increasing	the	strength	of	the	surface	of	a	part	and	increasing	its	residual	compressive	stress	both	play	key	roles	in
increasing	its	fatigue	life.	Residual	compressive	stress	can	suppress	the	initiation	of	surface	cracks,	thereby	improving	the	fatigue	life	of	manufactured	parts	[5,6].	However,	because	residual	stress	field	tests	are	lengthy	and	damage	the	component,	we	instead	aimed	to	predict	the	residual	stress	of	steel	using	its	microstructure	and	carbon	content
based	on	a	data-driven	method.	This	approach	can	be	used	to	conduct	performance	analysis	for	most	low-alloy	carburized	steels.	Thus,	it	provides	a	new	method	for	research	into	the	performance	of	carburized	steels.At	present,	as	material	databases	have	increased,	many	machine	learning	applications	have	been	developed	to	predict	the	mechanical
properties	of	materials.	For	example,	Shen	et	al.	[7],	during	the	heat	treatment	process,	analyzed	the	alloying	elements	of	steel,	which	are	the	parameters	that	most	directly	determine	structural	aspects	such	as	the	content	and	morphology	of	martensite	matrix,	retained	austenite,	and	precipitates.	An	SVM-PM	model	was	built	using	alloy	elements	to
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the	phase	transformation	point,	and	the	sample	remained	at	this	temperature	for	0.5	h	to	guarantee	a	stable	sample	temperature.	The	posterior	temperament	was	performed	at	200	°	C	for	2	h	to	obtain	a	temperate	martensite	structure,	reduce	fragility	and	obtain	excellent	resistance	and	hardness.	In	general,	a	time	of	temperate	not	more	than	2	h
results	as	a	minimum	alteration	of	the	mechanical	properties.	Therefore,	the	temperate	was	made	at	200	°	C	for	2	h.	Then,	the	sample	retired	and	cooled	air.	Microstructure	samples	were	obtained	with	a	10	mm	thickness	along	the	transverse	section	of	the	raw	material	bar	by	wire	cut.	The	observation	surface	was	first	on	the	ground	with	metal	-
deficient	water	sandpaper	(	#800	to	#5000)	and	then	polished	in	a	metallogaric	polishing	corner	with	a	diamond	polished	agent	of	0.5	ã®	.	Then,	the	polished	sample	was	placed	in	alcohol	for	ultrasound	cleaning	and	was	dried	with	a	hair	dryer	after	cleaning,	as	shown	in	Figure	1,	which	represents	the	microstructure	of	a	sample	from	the	surface	to
the	number.	This	experiment	used	five	processes	and	obtained	1200	microstructure	photos	for	training	and	segmodel-we.	The	electrochemical	was	used	to	remove	the	sample;	Then,	the	residual	stretching	of	each	layer	was	properly	using	the	Italian	stretch	gnr	stretch	stretch	analyzer.	The	cooling	string	field	had	the	characteristic	that	the	stimient	of
the	layer	close	to	the	surface	was	relatively	large.	Therefore,	when	describing	the	nude	thicknesses,	the	nudes	thickness	of	the	layer	near	the	surface	was	small.	As	the	depth	increased,	the	thickness	of	extraction	gradually	increased.	After	The	residual	stretch	of	each	layer,	was	measured	the	residual	austenite	and	a	marking	height	meter	was	used	to
measure	the	height	of	the	test	before	and	after	the	delamination.	Room	tools	of	the	room	were	used	to	strip	the	carburized	pieces;	each	each	thickness	thickness	was	the	same	as	the	residual	stress	stripping	thickness.	Then,	the	JS-HW2000A	high-frequency	infrared	carbon	and	sulfur	analyzer	was	used	to	measure	the	carbon	content	of	each	layer	of
metal	powder.	The	measurement	error	of	the	analyzer	is	0.0001¢Ã​Â​Â0.05%,	and	it	measures	the	gradient	change	in	the	carbon	content	of	the	carburized	layer.	Figure	2	presents	some	of	the	data	measurement	points	and	the	corresponding	carbon	content.	During	the	carburizing	process,	a	high	concentration	of	activated	carbon	atoms	forms	on	the
surface	of	the	workpiece,	is	adsorbed	into	the	surface	of	the	workpiece,	and	then	diffuses	to	the	core	of	the	workpiece,	gradually	forming	a	carbon	concentration	gradient.1)Data	processing:	The	image	resolutions	in	the	dataset	were	not	uniform;	their	lengths	and	widths	ranged	between	200	and	550	pixels.	The	minibatch	training	method	requires	the
input	image	size	to	be	consistent;	therefore,	the	input	images	needed	to	be	cropped.	First,	the	long	side	of	the	image	was	left	unchanged,	and	padding	was	added	to	both	sides	of	the	image	(pixels	with	0	values	were	added).	Then,	nearest-neighbor	interpolation	was	used	to	scale	the	image	to	384	​Ã​Â	384.	This	processing	step	not	only	yields	input
images	of	the	same	size	but	also	ensures	that	the	aspect	ratio	of	the	original	image	is	unchanged	and	that	the	structural	information	of	the	target	is	retained	to	the	utmost	degree.	Although	this	method	adds	considerable	padding,	the	network	treats	it	as	redundant	information;	thus,	the	added	pixels	are	not	used	during	training.	It	should	be	noted	that
the	original	images	were	also	cropped,	and	the	ground	truth	labels	of	the	image	needed	to	be	cropped	accordingly.2)Data	enhancement:	Although	the	CNN	greatly	reduces	the	number	of	parameters	that	must	be	learned	due	to	its	weight	sharing	function,	the	number	of	parameters	in	the	network	still	reaches	hundreds	of	millions.	This	enormous
number	of	parameters	requires	quantities	of	data;	The	training	of	very	few	data	samples	will	result	in	insufficient	network	generalization,	overcoming	and	other	problems.	To	enrich	the	data	samples,	the	following	data	increase	operations	were	carried	out	in	the	training	set:	(1)	Horizontal	flip:	During	the	training	process,	each	iteration	turned	the	left
or	right	image	to	a	probability	of	0.5;	(2)	Panning:	The	entrance	image	was	translated	horizontally	and	vertically	into	a	range	of	20	pages;	(3)	Rotation:	The	image	was	randomly	broken	in	an	É¡mar,	ranging	between	0.2	and	20	°	to	identify	steel	microstructures,	it	was	first	necessary	Austenita	retained	and	Latiga	Martensite	in	the	original	image	data,
as	shown	in	Figure	3.	a	total	of	1200	material	microstructure	images	were	marked.	During	the	marking	process,	the	microstructure	microstructure	label	information	was	stored	in	an	XML	file	format	that	included	the	route	and	file	name	of	the	original	image,	the	size	of	the	image,	the	names	of	the	labels	â	€	œMartensite	acicularâ	€,	â	€	œaustenita	is
retained,	and	â	€	œMartensite	based	(the	same	categories	as	in	the	segmodel-mam	training)	and	the	position	of	position	of	each	label	box.	The	file	format	complied	with	the	Pascal	Vocal	data	format,	which	includes	two	main	folders:	annotations	and	jpegimages.	The	first	is	mainly	used	to	store	the	XML	files	that	contain	the	labels,	and	this	last	one	is
used	to	store	the	original	image	data.	Finally,	the	Pascal	Vocal	data	format	became	a	TFrecord	data	file,	which	is	a	binary	file	that	combines	images	and	labels	to	make	better	use	of	memory	in	tensorflow	[25]	and	anu	anu	se	acitn¡Ãmes	n³Ãicatnemges	aL	.sotad	ed	senoicarepo	sarto	y	reel	,ranecamla	,revom	,adip¡Ãr	aipoc	anu	ed	o±Ãamat	nu	noc
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etinetsua	ot	gnidael	,mrof	ot	snigeb	etisnetram	hcihw	ta	erutarepmet	eht	secuder	leets	eht	ni	tnetnoc	nobrac	eht	by	Esaercni	na	.Lams	Yrev	Si	and	the	formation	of	a	hardness	gradient.	When	the	high	carbon	content	of	the	superficial	layer	is	martensidic,	it	experiences	a	greater	volume	expansion	than	that	of	the	low	carbon	number.	So,	a	gradient	of
residual	compression	is	formed.	Therefore,	carbon	content	and	microstructure	can	be	used	to	predict	residual	stretch.	This	article	trained	a	model	using	1200	data	sets	from	process	1	to	process	5	ranging	from	the	surface	to	the	heart.	Some	of	these	data	are	shown	in	Table	4.	Each	data	set	is	a	picture	of	256	ã—	256	pages;	Based	on	the	segmentation
of	deep	learning	images,	each	image	is	analyzed	for	acicular,	austenite	retained,	canned	martensite	and	residual	stretch	at	the	corresponding	points.	In	the	first	place,	the	data	were	pre	-processed	and	normalized	to	eliminate	the	dimensional	differences	between	the	ranges	of	the	signal	and	improve	the	precise	of	the	SVM	model:	where	z	denotes	the
standardized	data,	x	is	the	original	data	of	the	data	sets,	and	î¼	and	ïƒ	They	represent	the	average	and	standard	deviation	of	the	original	data,	respectively.	The	use	of	number	functions	to	incorporate	samples	in	the	high	-dimensional	characteristic	space	is	crucial	to	build	a	generalizable	SVM	model.	This	document	adopted	a	radial	base	function
(RBF)	kernel	suitable	for	nonlinear	problems.	The	generalization	of	the	SVM	based	on	RBF	is	controlled	by	a	key	sign,	namely,	C	[37],	which	is	the	criminal	sign	in	the	objective	function	of	the	SVM	and	is	established	in	a	constant	greater	than	zero.	The	configuration	parameter	C	at	a	value	too	large	leads	to	the	overjuste,	while	adjustment	C	to	a	value
too	small	leads	to	misfit.	The	BãºSqueda	process	to	find	the	last	parameter	C	went	from	0	to	500.	The	dataset	obtained	in	the	experiment	contained	a	total	of	only	1200	samples.	Because	the	number	of	samples	in	the	current	work	was	quite	limited,	the	performance	of	the	trained	model	varied	substantiallyOn	the	division	of	training	and	testing	games.
In	addition,	a	random	division	of	the	data	set	can	easily	drive	to	unbalanced	data	distributions	and	performance	evaluations	of	inaccurate	models.	Therefore,	this	study	used	a	cross	validation	10	times	to	evaluate	the	model	generalization.	We	adopt	R-Squared	(R2)	and	means	Absolute	Error	(MAE)	as	evaluation	indicators:	where	m	is	the	number	of
samples,	and	it	is	the	true	value,	and	^	i	is	the	predicted	value,	and	ì	„is	the	average	of	the	labels	Reales	of	m	samples,	and	is	the	sample	label.	To	verify	more	than	the	model	of	model	prediction,	we	present	a	decisive	spring	model	to	predict	residual	stretch.	First,	the	hyperparameters	of	the	model	were	optimized;	Then,	the	same	cross	validation
approach	of	5	times	was	used	to	compare	the	residual	values	​​of	measured	stages	and	predicted	in	the	test	data	set	with	the	tight	straight	line	shown	in	Figure	9.	Figure	9	shows	the	Results	of	5	times	of	cross	validation	for	the	SVM	models	and	of	decisions	(DT).	The	majority	of	the	points	of	the	test	data	set	are	found	in	or	very	close	to	the	straight	line
with	a	slope	of	1,	which	strongly	indicates	that	the	majority	of	the	predicted	values	​​are	in	good	agreement	with	the	experimental	values.	This	finding	shows	that	both	SVM	and	DT	models	have	good	generalizability	and	achieve	a	high	precise	precise.	Figure	9	shows	that	the	values	​​of	the	SVM	and	DT	R2	model	are	0.975	and	0.953,	respectively,	and	its
MAE	values	​​are	7.52	MPa	and	12.45	MPa,	respectively.	The	results	provided	by	the	SVM	model	are	presented	in	Figure	9A,	where	the	absolute	error	between	the	experimental	values	​​and	predictions	of	178	of	240	samples	are	within	a	range	of	10.0	MPa,	and	the	maximum	absolute	error	is	15.5	MPa	.	The	provided	by	the	DT	model	are	presented	in
Figure	9B,	where	the	absolute	error	between	the	experimental	values	and	predictions	of	132	of	240	samples	is	10.0	MPa,	and	the	maximum	absolute	error	is	25.5	MPa.	In	short,	summary,	le	azilitu	ogeul	y	odazirubrac	oreca	led	arutcurtseorcim	al	ratnemges	arap	n³Ãicargim	ed	ejazidnerpa	le	azilitu	SOM-ledomgeS	oledom	le	euq	sartneim	,n³Ãisicerp
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ocit¡Ãmotua	Investigation	After	training	in	the	Pascal	Voc2012	data	set,	the	Network	was	trained	in	imigenous	magroscopes	to	achieve	precise	segmentation,	revealing	the	residual	austenite	and	measuring	the	content	percentages.	The	results	demonstrate	that	the	requirement	of	the	microstructure	segmentation	of	the	model	reaches	95.2%.2)	SVM
and	the	decisive	Érbol	algorithms	were	used	to	build	a	mapping	relationship	between	carbon	content,	microstructure	and	strã	©	s	residual	steel.	The	SVM	and	DT	models	used	a	cross	validation	of	5	times	to	improve	the	generalization	of	the	model,	achieving	final	values	​​of	prediction	of	the	residual	r2	of	0.975	and	0.953	and	the	MAE	values	​​of	7.52
MPa	and	12.45	MPa,	respectively.	The	SVM	model	worked	significantly	better	than	the	DT	model.	This	finding	demonstrates	that	carbon	content	and	microstructure	exhibit	a	high	capacity	for	precise	and	generalization	to	predict	residual	stretch.	This	also	can	also	be	used	to	predict	residual	stretchs	of	other	carburized	steels;	Therefore,	it	constitutes
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sample	of	process	1:	(a)	carburized	surface	layer;	(b)	transition	layer;	(c)	Black	(acicular	martensite);	white	(austenite	retained);	(d)	yellow	(martensite	list).	Figure	1.	Micrografi	ópticas	from	the	surface	to	the	heart	of	the	sample	of	process	1:	(a)	carburized	surface	layer;	(b)	layer	transition;	(c)	black	(acicular	martensite);	white	(austenite	retained);	(d)
yellow	(martensite	list).	Figure	(a)	the	points	measured	in	the	sequence;	(b)	The	change	in	the	carbon	content	of	the	surface.	Figure	2.	(a)	the	points	measured	in	the	sequence;	(b)	The	change	in	the	carbon	content	of	the	surface.	Figure	3.	Manual	manual	al	ed	s©Ãupsed	sohciderp	serolav	sol	y	sadineter	atinetsua	ed	senoicidem	sal	ed	n³ÃicarapmoC
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negamI	)f(	;odnuforp	ejazidnerpa	ed	After	deep	learning	identification;	(f)	surface	microstructure	image.	figure	9.	comparison	of	the	predict	residual	stress	values	of	the	support	vector	(svm)	and	decision	tree	(dt)	models	with	the	experimental	values:	(a)	cross	validation	results	of	the	svm	model	5;	(b)	cross	validation	results	of	the	dt	5	times	model.
Figure	9.	Comparison	of	the	predicted	residual	stress	values	of	the	support	vector	model	(svm)	and	decision	tree	(dt)	with	the	experimental	values:	(a)	cross	validation	results	of	model	5	of	svm;	(b)	cross	validation	results	of	the	model	dt	5	times.	Table	1.	thermal	treatment	process.	Table	1.	thermal	treatment	process.	3rd,	3rd,	3rd,	3rd,	3rd,	3rd,	3rd,
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