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Nossa Empresa

A Nova ND é uma empresa que fornece e produz sistemas
didaticos para laboratérios de Ciéncias, Engenharias,
Pesquisa e EAD, equipando e aprimorando os laboratérios
em instituicdes de todo pais, desde 2004!

Além da gama de soluc¢des educacionais, em 2010 surgiu a
VAS Tecnologia, uma empresa do grupo Nova ND, que
fornece equipamentos industriais para atender demandas
de pesquisa e ensino em: Ensaios de Materiais, Metrologia
e Engenharia Reversa, oferecendo tecnologia avancada
para cada segmento.

Dispomos de um moderno centro de treinamento, localizado
em Sdo Caetano do Sul / SP, onde realizamos eventos e
capacitacdo. Prestamos servicos de desenvolvimento de
projetos, treinamentos, suporte em equipamentos e
softwares e assisténcia técnica especializada.

“Desenvolvemos  solucdoes tecnolégicas para
proporcionar a melhor experiéncia do aprendizado
pratico e ajudar os estudantes a criar habilidades
compativeis com os requisitos do mercado”.
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O que é tensao?

Aco AISI 1005
F=10 kN Do =9,75 mm

NOVAM

Aco AISI 1005
F=10 kN Do =4,87 mm

lo
[
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Relacao Tensao x Deformacao

A¢o AI;E.OO e Aco AISI 1005
ooy = 2 S“jﬁ%ﬁ'%"m = 350 MP3 Tesc = 285 MPa / o1p = 350 MPa
!

l 136.73 l 538.66
mmm 12552 ' 493,95

449.24
103.08 404.53
9187 : —
80.65 | 315.11
|
ﬁ 69.44 | ﬁ 270.40
e i
47.00 : 180.98
|
|
|

81.! | ET
ORMACAO (¢) DEFORMACAO (g)

Fonte: EPUSP 2014
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Conceito de Fadiga

Curva S-N

Aluminium Specimen
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Aco AISI 1005
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Cycles (IOgSCientiﬁC) Fonte: TecQuipment 2016
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Sdo tensdes auto reguladoras presentes em materiais Existem g or
em qualquer tipo de material 40 |
Sdo geradas quando um material é deformado elastica ou 20 I oot \ .
plasticamente de forma ndo homogénea glot o 9 o Mgy 4,
. - -200 -150 -100 -50 0 50 100 150 200
Processos de manufatura e tratamentos térmicos sdo os
principais responsaveis pelo aparecimento de Tensdes ) o ) | stress [MPa]
. . Tens8es residuais na seccdo de trilhos
Re5|dua|5 Fonte: SAGE Journals - Robert Kaiser, Mario Stefenelli

»Usinagem

»Juncao

»Fundicao
»Conformacao
»Tratamentos térmicos

» Tratamentos superficiais

Efeito fotoeldstico Tensdes residuais em solda
Fonte: New Hampshire Materials Lab Fonte: Hill Engineering
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Tensao Residual

(©)

I

M,

(B)

b =60 mm
h=5mm
L, =200 mm
L, =60 mm
L;=55mm
L,=170 mm

<4+—————load cell

holders

<«— T-nut profile

outer support

bending specimen

<4——— inner pusher

T-nut profile

NOVAM

Chapa plana

Forca externa aplicada

Forca externa Tracao Forca externa

Compressao

: Trazone -
-('Trn ‘ Ty N _ _ ________ M Wl e onsias . "
| cone | = £ | ™
! Compressione =

cylindrical guide

External Load
(e.g. Bending)

Residual Stress
(e.g. Shot Peening)

hydraulic piston

(D)

fixation strain gauge 1

static plastification

fixation strain gauge 2

cyclic loading

G

X

Teste Flexdao Chapas

Fonte: FFEMS - Christian Repplinger

On On On Og

Teste Tens8es residuais apds flexdo
Fonte: SINT Technologies
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Métodos usuais de controle de
Tensao Residual

TECIA e
1660 = B-0.53% C

A 1536°C
L+ b-ferrite N

L + é-ferrite
B 1493 °C

¥ + d-ferrite —
1400 —

1200 —
1000 Slow Moderate Rapid
i / ; cooling cooling quench
§ e austenite () |
2300 A\ S +FeC, | {
i a-ferrite _‘C_ _________ P I'
E‘ 6003 ga-ferrite T Ite Bainite
|+ pearlite pearlite + proeutectoid phase
Usg +F63Cm l T Fc.\Cu
400 o &7 i
il
+ H
!55 H
200
20 Q o =l : Em
';J Sneel 2 i
Témpera nos dentes de engrenagem Diagrama Fe-C

Fonte: Ao Tempera Fonte: Nuclear Power
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Temperatura (°C)

Revenimento

Témpera (resfriamento em éleo)

Normalizagdo (resfriamento ao ar)

veresessss Recozimento (resfriamento dentro do forno)
o
e Revenimento & diferentes temperaturas

%,
‘\'-.. 700°C | 30 min
- \ &
\ N 600°C | 30 min

500°C | 30 min

v

Tempo (min)

Representacdo esquematica de um processo de tratamento térmico
Fonte: Contribuicdo técnica ao 69° Congresso Anual da ABM -
Internacional e ao 14° ENEMET

DUREZA BRINELL
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Propriedades do aco em fung¢do da temperatura de revenimento

Fonte: USP
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Shot Peening
7 lnpact al high pfam
craglas & =
Baseline Sample Shot Peened Sample
Before fatigue loading, baseline case Before fatigue loading, shot peened case
p—y < Residual
' Surfz_ac_e — i Stress
precipitate —> <— Field
Cracked surface o
Matrix precipitate Matrix
After fatigue loading, baseline case After fatigue loading, shot peened case
=3 <«
< ] > <t — = 1 >
Matrix Matrix
Cracked precipitate incubating into Crack propagation impeded by
matrix and propagating residual stress field in matrix

Propriedades do ago em fung¢do da temperatura de revenimento

Processo de shot peening
Fonte: FFEMS - Daniel J. Chadwick, Siavash Ghanbari

Fonte: International Surface Technologies
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Computed stress, psi

Shot Peening
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Cycles to failure

Influéncia do shot peening na vida por fadiga de uma engrenagem
Fonte: University of Memphis - Ali Fatemi, Mehrdad Zoroufi

700

350
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NOVAM

Melhoria na performance em fadiga
Diminuicdo nas distor¢des

Estende a vida de componentes
Reducdo do desgaste

Reduz inicio e propagacao de trincas

Prevencdo contra corrosao sob
tensao e fragilizacdo por hidrogénio

Prevencado contra falhas catastroéficas
Controle do processo produtivo

Reducdo de custos com tratamentos
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Como controlar as tensoes

residuais?

0.001

LEVEL OF MATERIAL REMOVED

Total

MEASUREMENT DEPTH IN STEEL (mm)
0.01 0.1 1 10 100

Synchrotron Diffraction

Non-destructive Neutron Diffraction

Techniques Ultrasonic

Magnetic

Centre-Hole Drilling

Semi-destructive
Techniques

Ring Coring

Deep-Hole Drilling

Slitting

Destructive

Techniques Contour

Inherent Strain

Sachs Boring

Técnicas de medicdo de tensdo residual
Fonte: Veqter UK

NOVAM
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Difracao de Raios-X

Lei de Bragg

Bragg’s Condition

\’V\’\'\,‘_ﬂ( Incident X-ray

Incident X-ray

Lei de Bragg (Difracdo da dispersao de raios X do plano do reticulado que
satisfaz as condicdes de Bragg.)

nA =2dsing

n (numero inteiro) é o “grau” de reflexao

A\ é o comprimento de onda dos raios X incidentes
d é a distancia entre os planos atémicos

0 é o angulo de incidéncia que equivale ao angulo de espalhamento (angulo de
difracao).
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Difracao de Raios-X

Graos de material policristalino, por exempo Ferro (Fe)

Sample surface

Crystal grain of
different orientation

Os graos de um material policristalino como o Ferro possuem varias
orientacBes. Os raios X sdao refletidos em varias orientacdes devido as
diferentes orientac¢des de graos, isso porque o ponto de incidéncia dos raios
X sdo muito maiores do que a média de tamanhos de graos.
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Difracao de Raios-X

Incident X-ray

Incident X-ray /
J J l l J Debye ring
Diffracted \ \
xoray ‘ I )\ iffrac
------------- ted X-
i CEay

Crystal Sample surface

grain ==
(lattice)

A difracdo de raios X ocorre a partir das varias orientacdes dos graos que
satisfazem a lei de Bragg. O raio X difratado se forma como um cone ao redor
do eixo do raio X incidente devido a variacdo na orientacdo do grao.
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Difracao de Raios-X
Método do Sen?{

No método sen? |, a variacdo da distancia interplanar é detectada alterando o angulo dos raios X incidentes ().
(Nesta técnica de medicao, 7 angulos diferentes sao recomendados para a medicao de tensao)

Sin2w technique (existing)
(Multi-positions of detector)
Z
X-ray beam

oo
S :
- pe 18 stress.
mi
N
I
>.

diffraction X=sin?th

surface
E (e E (260
O : (€4) = = . cOt O ) I [MPa]

T 1+v o(sin?y)  2(1+v) d(sin?) 180
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Difracao de Raios-X
Método do Sen?{

llﬂu“‘
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Difracao de Raios-X
Método do Cos

Comparacdo entre as técnicas sen? P e cos a - O método do cos a requer apenas uma Unica medicgdo

angular para analise completa do anel

Sin2y technique (existing)
(Multi-positions of detector)

— X-ray beam

€ (strain)

diffracted
X-ray

diffraction
surface

Detector
(PSPQC)

COS a technique (u-X360)

(Single position of detector)

X-ray beam

diffraction \/
surface 3N

v

%

Diffracted
X-ray

\ . € (strain)

sample

NOVAM
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Difracao de Raios-X

Método do Cos «

Calculo da tensao residual (o) pelo método do cos a

Adquire o anel Debye-Scherrer
completo. A magnitude da tensdo é

. . - 1
determinada a partir da posi¢ao en=—d(c,— ¢ +(c-0—&r-
detectada do anel Debye-Scherrer. “ 2{( «=&rva) T (6-a—é&r-a)}

Calculado usando a seguinte
formula:

E-a ::a
7 \NT N E 1 1 _(agmj

o .\<,, | &
/

\ / \ Elastic constant K Slope M
/ E 11 ( Osaz ).

14y sin2n sin2y, \ ocosa

N B ey sin2n sinw
Em+a Em-a LV

Osina )
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Difracao de Raios-X

Método do Cos «

O eixo horizontal é cos a [a € o angulo de azimute do anel de Debye-Sherrer], o eixo
vertical é eal calculado usando as férmulas do slide anterior. Assim como no método
sen? ), a inclinacdo da linha fornece o valor da tensao.

Este é o método do cos a.

O x (cosa line)

00
0om

0om

This slope is stress.

0o 01 02 03 04 03 08 07 08 08 10

cos

NOVAM
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Tensao residual
PULSTEC p-X360

'PULSTEC
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Tensao residual
PULSTEC p-X360

Principios de medicao
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Tensao residual
PULSTEC p-X360

Resultados das medigoes
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Tensao residual
PULSTEC p-X360

Caracteristicas da amostra nos resultados
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Tensao residual
PULSTEC p-X360

Medicao



https://novand.com.br/index.asp

Wi 230109_120021_Comment1({342 - Veloc 7
File{F) Edit(E)

3 Com,

Measurement(M)

15)
Setup(S)  Version(V)

Comment2(30

- Circunferencial)].ASTS - p-X360

Mo olale e

PULSTEC

B . Fenitelfilet) |* Austenite | “Muminium(311) | S8luminium(222) | & Nickelfpure) | 7 Ni
- 45 25 35 35

__Monitor | Create New Value
- - - Femite_(35deg). ASTH : (17 data)
Outline page | Detall page  Information page Sigmakx) FWHM |igmat) (Reliabilt] Comment1 Comment2 Time
Map Comment -561 MPa 5,66 deg 35 MPa 543 - Veloc 5.96 Conv 30 270 * - Longitudinal 15:00
Measurement time 2023/01/09 11:59- 12:01 -536 MPa 5 71deg 20 MPa 543 - Veloc 5.96 Conv 30 270 * - Circunferencial 14:58
Comment1 542 _Veloc 7.23 Conv 15 -479 MPa 553 deg 24 MPa 543 - Veloe 5.96 Conv 30 180 * - Longtudinal 14:55
Comment2 90 ° - Circunferencial -542 MPa 5,54 deg 14 MPa 543 - Veloc 5.36 Conv 30 180 * - Circunferencial 14:53
Folder -705 MPa 5,90 deg 29 MPa 543 - Veloc 5.96 Conv 30 50 © - Longitudinal 14:51
-706 MPa 6,03 deg 25 MPa 543 - Veloc 5.96 Conv 30 50 © - Circunferencial 14:49
618 MPa 558 deg 14 MPa 543 - Veloc 5.96 Conv 30 0 - Circunferencial 14:46
Measurement result ¥-ray incidence angle 35,0 [dea] -817 MPa 6,15 deg 27 MPa 543 - Veloc 5.96 Conv 30 0° - Longitudinal 14:32
Target data | Analysis 1 ~ Sample distance 38,075 [mm] 672 MPa 5. 75deg 16 MPa 542 - Veloc 7.23 Conv 15 270 * - Longitudinal 12:25
676 MPa 566 deg 27 MPa 542 - Veloc 7.23 Conv 15 270 * - Circunferencial 1221
Summary Residual stress  FywHM -625 MPa 546 deg 16 MPa 542 - Veloc 7.23 Conv 15 180 * - Longitudinal 1214
-467 MPa 53 deg 20 MPa 542 - Veloc 7.23 Conv 15 180 * - Circunferencial 1207
H R. Stress Ox _50 1 M Pa 477 MPa 576 deg 18 MPa 542 - Veloc 7.23 Conv 15 90 ° - Longitudinal 12:04
#Ray 0 23 MPa 542 - Veloc 7.23 Conv 15 * - Circurferencial
(Std. Dev. 23 MPa) 435 MPa 543 deg 17MPa  542-Veloc 7.23 Conv 15 0° - Longitudinal 11:56
Ty 234 M Pa -534 MPa 543deg 20 MPa 542 - Veloc 7.23 Conv 15 0 - Circunferencial 11:47
- -5 MPa 3,04 deg 8 MPa Teste padrdo 11:3%
(Std. Dev. 17 MPa)
o, (cosa diagram)

0.002 S

20016 oo b

2,0012-

Gamera image Form 1,0008-

Debye ring - 1.0004-

-
Draw § §
02D w oo
®3D 1.0004-
W Peak 1,0008
©1 Half(n)
& Halfou) 10012

21,0016

-0.002

0, 01 02 03 04 05 06 07 08 09 1
cOosa

Shortcut: Ctrl + 1-0 key MUM [Cr]
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Tensao residual
PULSTEC p-X360

Calculate the stress from the slope

Ry O x _281 MPa .;,;.EE_."_, % _281 MPa

\<”" HERRE =3 MPa) % iz +3 MPa)

Ty 31 MPa Ty 31 MPa

‘ L (R %1 MPs) ‘ | ? (HE %1 MPa)
| |

B 1 -X360’s results e

T i CLE 1]

§ 2D Debye ring 3D Debye ring § Peak position

|:|/_{E|‘g 2 91 o loos o §8ED
- FWHM | deg -
[ 282 - 300 deg) 3
( = clMax data) ___ 32760 deg
& (Min datal __ 17640 deg cosa

line[max125pgint]

[
-]

— A3 aC) Iikea bl
2D development 3D development Profile

CCDER

FWHM _ 2.91 geg
( 282 - 300 deg)
— it (Max data) 32760 deg
— g (Min data) 17640 deg

[

2e
&
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Tensao residual
PULSTEC p-X360

g0

Tamanho dos
graos
Ex: Cordao de solda
em aco inoxidavel

Rotation : 0 [dee]

Rotation : 0 [deg]

Orientacao dos
graos
(textura)

Ex: Influéncia da
direcdao de laminacao

Visualizacao rapida e facil
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Tensao residual
PULSTEC p-X360

(l
50

(

e T —

NOVAM

Caracteristicas

Analisador de Tensao Residual por difracdo de
Raios X

Método do Cos a

Aquisicao do Anel de Debye completo

Melhor precisdo para multiplas medicBes

60s / ponto medido - pecas ferriticas

Permite analise de Austenita Retida (%)
Tolerancia de +/- 5mm de distancia da amostra

Céamera CCD embutida para facilitar
posicionamento

Baixa emissao de Raios X

Baixo consumo de energia - 130W
Verdadeiramente portatil - 2,4kg
Automatizavel
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Aplicacoes
PULSTEC p-X360

dSetor Automotivo
Suspensao
Virabrequim
Engrenagens
Chassi

Rolamentos
Soldagem
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Aplicacoes
PULSTEC p-X360

dSetor Quimico / Petroquimico
Soldagem

Tubulac¢bes

Reservatorios

Vasos de pressao

Parafusos

NOVAM
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Aplicacoes
PULSTEC p-X360

QSetor Construcao Civil
Vigas

Estruturas metalicas
Soldagem



https://novand.com.br/index.asp

Aplicacoes
PULSTEC p-X360

dSetor Ferroviario
Trilhos de trem
Suspensao

Rodas

Eixos

NOVAM
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puﬁsp':'iégga)e(gso Residual Stress Measurement of
3 Additive Manufacturing

< System Configuration>

# Evaluation of residual stress (occurred by solidification and shrinkage) by heat of laser/electron beam.

|
| q
| = # Residual stress mapping before and after removal of support structure.

¢ Comparison between simulation and actual measurement. — Cost-down to decrease the number of prototypes.

[Comparison] Before and After Cutting Support Structure

< Before Cutting > < After Cutting >

(Material : Al alloy)

! | (Material : Al alloy) C

z (=
< Line Measurement (2mm steps on center of top surface) > < Line Measurement (2mm steps on center of top surface) >

= L3 esidual stress (MPa Residual stress [MPa
Spemﬁcatmn 15o Residual stress [MPa) 150 ]
100 MW\ 100
50 50
0
0 60

0

Measurement system Pulstec p-X360s 138 0 10 20 30 40 50 60 1.38
g Measurement point [mm) o Measurement point [mm)
Measurement method cosa method - X
< Residual Stress Mapping on Top Surface > < Residual Stress Mapping on Top Surface >
Spot size Approx. ¢2.0mm
Max. 150mm

X-Y stage travel length

Experienced materials Fe, SUS, Al, Ti, Ni, Cu

Approx. 120 MPa of tensile stress is applied. L Distortion occurs due to release of stress.
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Aplicacoes
PULSTEC p-X360

Check stress-relieving heat treatment effect

[Before heat treatment] [After heat treatment}

Residual Stress Measurement

\
# Residual stress analyzer (u-X360s) with robot ar 'Y 3
# Check residual stress distribution by color mappin%, - 50
# Large crystals grains can be measured by \ —
tri-axis oscillation. ' i‘:mr_
———— = 5
BVl | -92 e Bl | -23
20x=3 [ 420 mm 60 = 2% [ 20 mm
There is compressive stress on the Compressive stress reduces and
core surface by rolling and punching. tensile stress increases slightly.

Possible to control residual stress to improve efficiency and core loss
by checking stress relief heat treatment effect.
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Aplicacoes

PULSTEC p-X360

Correlation between FWHM and hardness

Ref. Act.
FWHM
HRC
[deg.]
310 2.51
) 2.51
(SK85)
2.51
30.0 2.73
(SK$5) 2.73
2.73
500 3.67
) 3.67
(SK835)
3.67
s 4.80
4.80
(SK835)
4.81
60.6 6.46
) 6.43
(SKS3)
6.38
o4 7.52
(SKS3) 7.58
7.56
69.9 8.76
) 8.70
(SK120)
8.72

Rockwell[ HRC]

80.0

70.0

60.0

50.0

10.0

30.0

20.0

10.0

0.0

HRC vs. FWHM

{Test pieces made by Yamamoto Scientific Tool Laboratory Co., Ltd.)

0.00 1.00 2.00 3.00 1.00 5.00 6.00 7.00 8.00 9.00 10.00

X-ray FWHM][deg.]

High repeatable measurement 1s possible
by using full Debye-Scherrer ring data
in 0.72deg steps and averaging them!

NOVAM
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Aplicacoes
PULSTEC p-X360

Hardened-layer thickness curve (EWHMys Vickers hardness value)

Thickness of surface-hardened layers measurement

S (dep) e e

— A ] (" 1 3 ;P
% m | i (L] e TR ~1|sn i -inm
IE' —&— Vickers hardness[Hv] - L2
= 50 —— X-ray AWHM Calibration
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Check the Annealing Effect

“Annealing” is a heat treatment to remove residual stress,
soften metal structure and reduce strains.

Possible to check heat treatment effect
with non-contact and non-destructive measurement!

NOVAM

Residual stress and FWHM before and after annealing nearweldiarea
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(DResidual stress is relieved
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(@Metal structure 1s softened
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® Before annealing @ Afier annealing

Improve the material properties by optimum heat treatment condition!
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Application

Residual Stress Measurement of Gear

Gear tooth is generally cut when measuring the residual stress
using X-ray diffraction technique.
Residual stress measurement without cutting is possible
by single incident angle X-ray exposure and 2D detector.

NOVAM

Application

Tooth bottom Tooth face

Reanalysis

Reanalysis

Part of Diffracted X-rays are missing due to the side tooth. Part of Diffracted X-rays are missing due to the upper tooth.

Select the area and re-analyze by the software Select the area and re-analyze by the software

Acquisition of full X-ray diffraction ring by 2D detector and Use of “Reanalysis function”.
Reliable residual stress measurement 1s possible by selecting effective area.


https://novand.com.br/index.asp

NOVAM

Aplicacoes

PULSTEC X360

] . Selected angle”
500 data overlapping =

w7 (one orientation)
‘\
A o2ll

n-X360s
ustenite Measurement

ponal fianctid

Retained.

MR /}mt_e_pile ¥ 105%

( (67 -148%)
Measure the percentage of retained austenite 'a@ — a(Max) 34128 deg
not transformed to martensite upon quenching. == a{Min) 16418 deg

Non-contact and non-destructive measurement
using the X-ray diffraction technique.

(24

Results of 500 orientation can output at one measurement!

High repeatable measurement by averaging full ring data: 500 results
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Recommended X-ray tube vs. Material

Tube Match Material hkl Bragg angle(deg.)
Cr o] aFe 211 156.396 ka
O yFe 311 148.513 kp
o Al 311 139.528 ka
O Al 222 157.041 ka
O Ni(pure) 311 158.330 kp
O Ni(alloys) 311 150.876 kp
O Mg 104 152.401 ka
v s Ti(w) 103 140.077 ka
o] W 211 151.552 ka
s WC 111 152.053 ka
< O Cu 220 156.972 ka
O SiC 116 144.601 ka
Mn o vFe 311 152.295 ka
O Ni(pure) 311 164.424 ka
O Ni(alloys) 311 155.321 ka
Cu O Cu(alloys) 420 144,982 ka
O Ni(pure) 420 156.705 ka
O Ni(alloys) 420 153.749 ka
Co O aFe 301 161.861 ka
O Al 331 148.992 ka
O Mg 300 150.095 ko
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Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

T RXT RN TRES3

L L s L

There is correlation between Residual Stress to Etching.
Ask us details.

Comparison Residual stress - Etching Etching color is

0 12 going dark.
Compression stress 100 (dark means

Is going Low. 500 10 high grinding burn)
A 8 A

-500 6

-300
-400

Gray Scale

-600
-700

Residual stress[Mpal

-800

-900

-1000 0
Sample#

I Residual stress === Gray Scale
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Obrigado.

Leandro Santos
Engenheiro Mecanico
leandro.santos@vastecnologia.com.br

VISITE-NOS NA EXPOMAFE 2023 - SP
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STAND VAS TECNOLOGIA - G018
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