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If you are interested, we would like to invite you
to a personal TEA to our development laboratory!
o 7 |

(because, in our experience,
only on an interactive dicourse
is possible to confront
the new measurement needs
and the new opportunities)

Contact:

PRODUCT MANAGER
Andras SZIGETHY, CEO B o S

NEGHNOGORG-LINDA Ltd: - [ - - TR
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TECHNICAL EXPERT = contow lines of the deformation
Dr. Ferenc GYIMIESI, CEO h - lar to the surface...

PhD, C.Sc. in Physics (HAS) /Ret. Assoc. Protfessor (BUTE)/
HOLOMWIETROX Ltad.

+506 50 647 2522
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Holographic recording:

Vv

Residual stress measurement steps
- to illustrate
holographic interferometric
stress measurement

Holographic reconstruction:
loaded final state




0 MPa

deformation of

-0,30 um arer
gauge-circle into
ellipse
0,0°
200 MPa =
— = 1,36 um
1 ym
gauge-circle SCALLING (to stress)

- or by empirical scale:

obtained by a tensile machine
- or by simulated scale:

by finite element modeling

Residual stress measurement steps - to illustrate
holographic interferometric stress measurement



Il. Applied DEFORMATION - for diagnostic purposes

@ I/C. Properties accessible from STRESS (DISTRIBUTION) CHANGE

1. Actually formed stresses
1.1. LOAD-CARRYING CAPACITY

. 3mm Load a. Empiric stress scale
,o Mmm
0 MPa of structural steel
0.8 |[pm]
50 MPa v -1,9°
0$0_051 - 0 MPa

Stress increases
correspondingly to the

j
100 MPa )-»i

[l + uyfs uel +wyJ Ioad
1.8 [pm|
Strees from Y 150 MPa .
a universal ; 0% im
testing K
o X 2.6 |pm]
machine 200 MPa »
7. . . . Oio_z .. MPa
Stress following with a single drill-hole 5
Tensile stress change of a structural steel strip 6

- under load of tensile strength measurement



Il. Applied DEFORMATION - for diagnostic purposes

@ I/C. Properties accessible from STRESS (DISTRIBUTION) CHANGE

1. Actually formed stresses
1.1. LOAD-CARRYING CAPACITY

. 8 mm Load b. Empiric stress
, o mm .
0 MPa scale of aluminum
(1-11.)
25 MPa
i)* _ Stress increases
SUMPa N7 ) Spa correspondingly to the
[l + uyfs uel +wyJ Ioad
Stress from Y 75> MPa
a universal j
testin o
machinge y X «&?\?\})
. 100 MPa q ) D\
‘ i A \ ' 0 MPa
Stress following with a single drill-hole ‘((@:jj)) i N
Tensile stress change of an aluminum strip 7

- under load of tensile strength measurement



Il. Applied DEFORMATION - for diagnostic purposes

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
8 mm 1.1.1. IN THE FINAL PRODUCT: a. Steering bush

Residual stress varies
greatly in direction and
magnitude

1,5 mm

- [l |
|, T+ uyf|;uxi+uyfj I W,
k : N §
—

U e SRR ——— Y Tod
‘ 4r - A R e T o |
; p - { e -y~
v :

CRACKING IS
EXPECTED
HERE! near an

existing crack...

A= w2 41im]
:

3 AT
= AL f A

r;i _— :' H '; 1,6°
Ju%o.z ‘.“ ’} -35 MPa

Stress distribution of the steering bush
-for prediction of spots of cracks



Il. Applied DEFORMATION - for diagnostic purposes

@II /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
> mn 1.1.1. IN THE FINAL PRODUCT: b. Cylinder head

1,5mm

Residual stress varies
greatly in direction and
magnitude

Residual stress in a cylinder head
- for verification of the stress-free state



Il. Applied DEFORMATION - for diagnostic purposes

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY

4 mm . o
meiﬁ 1.1.1. IN THE FINAL PRODUCT: c. Brake disc y :f:;f:;:a]
[txd + wyJs we + uyf j

X Radial direction

Residual stress in a brake disc
- for verification of the stress-free state
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Il. Applied DEFORMATION - for diagnostic purposes

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
smm 1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY

4 mm
rilled through

4 mm 0
t”‘m 1.1.1. IN THE FINAL PRODUCT: c. Brake disc

[

drilled
through

Residual stress in a brake disc
- for verification of the stress-free state



1. DIAGNOSZTIKAI CELLAL keltett mérési deformalasnal

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
1.1.1. IN THE FINAL PRODUCT: d. Aluminum engine bracket

5 MPa
0.4 um

-15 MPa 3 mm

Olum .40 MPa -
e gl
_____ —--33.0° o
ﬂrange marker = 415 mm
1l-l
- a
- a -

pm

@
U Residual stress distribution of a pressured cast on the surface
irs)




Il. Applied DEFORMATION - for diagnostic purposes

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
amn 1.1.1. IN THE FINAL PRODUCT: d. Turbine blade

Nearly totally
stress-free

[l + wyfs wed + uyf

-
|

0.4[um]

(i

0.25[pm]

-

1 mm

io 05
o? :

s

0.35[nm] o 0.35[nm]

I."‘ N - S L
.rf(rg lio-% 7 l,i0.0S
. f
0.4[um] 0.35[1um]
:0%0.05 KX 0%0.05 )

Residual stress in a brake disc
- for verification of the stress-free state
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Il. Applied DEFORMATION - for diagnostic purposes

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY

4mm 1.1.2. IN THE RAW MATERIAL: a. Wrought steel

[txd + wyJs wsd + uyf

2 mm

Significant residual stress

Residual stress in a block of wrought iron
- for verification of the stress-free state

14



Il. Applied DEFORMATION - for diagnostic purposes

@II /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY

4mm ] )
meiﬁ 1.1.3. DURING MANUFACTURING: a. Etchm'g

= Ji
k i

—
Smmo(Ju, |+ [uy |35 ut

lly
Significant residual stress
in the sidewall

Stress of a stub axle formed by etching

15
- for verification of the stress-free state



Il. Applied DEFORMATION - for diagnostic purposes

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
amm 1.1.2. IN THE RAW MATERIAL: b. Chrome steel block

2 mm

[k + uyf]s uel +wyJ

Significant residual stress

Residual stress in an X20Cr13 steel block
- for verification of the stress-free state

16



Il. Applied DEFORMATION - for diagnostic purposes

@II /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY

vl 1.1.2. IN RAW MATERIAL: c. Aluminum with optimized heat treatment
2mm%ﬁ L11' y o e |uxi4.-1{_f;uxf+uf ,

AT : Min. stress:
o7 ' Ot best
. technology!
L12 f =
L

A 7 Max. stress

Qd Q/
2
Xiv——__ i = = .
Residual stress in blocks of aluminum .

- for optimizing the heat treatment



Il. Applied DEFORMATION - for diagnostic purposes

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY

1.1.3. DURING MANUFACTURING: b. Welding (I =11 =111 = 1V.)
JJ > i RS _
k i |uxi + uyfli Uyl + uyj - 5 N B -

Residual stress varies
greatly in direction and
magnitude

*={nhomogeneous stress distribution| #&4
APPROXIMATE EVALUATION... | A&

P

Stress distribution of the welding seam and its surrounding area
— for qualification of the welding technology
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Il. Applied DEFORMATION - for diagnostic purposes

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY

1.1.3. DURING MANUFACTURING: b. Welding (I’ = Il = lll = IV.)
Yy y

4

£
: |
£l ©
gl -
Residual stress ” S §E-8¢ X
. . WF 5 3% 45 0 5 % 105 20 1351
varies greatly in ) ; N
magnitude Above 7 T
y
Below 7 — ~
e

5mm

<

The stress distribution graph of the welding seam and its surrounding area
in stainless steel - for qualification of the welding technology °



Il. Applied DEFORMATION - for diagnostic purposes

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY

1.1.3. DURING MANUFACTURING: b. Welding (I"” = 11 = lll = 1V.)

~400-200 0 200 400 600 §00 1000 ;o)

——0y
1 +d'}.
2 =200 0 200 400 600 8OO =300 -200 -100 0 100 200 300
----------- 19 [MPa] "~ o s . iy O [MPa]

——0x
g,

Above the il e
ield point -
Residual stress yeeron b e
. . 4 Above the
varies greatly in 5 ield point
magnitude bt
E A
above the g o \
yield point, too!! !

h [mm]l

12 mm

h [mm]”

e

37,5 mm

The in depth stress distribution graph of the welding seam and its surrounding area
in stainless steel - for qualification of the welding technology 2°



Il. Applied DEFORMATION - for diagnostic purposes

@II /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
meﬁ 1.1.3. DURING MANUFACTURING: b. Welding (I = 1l = 1l = IV.)

Residual stress measured
at an "inaccessible” region

5mm (oo o) v,y

Stress of corner weld (in one measuring point)
- for qualification of the welding technology

21



Il. Applied DEFORMATION - for diagnostic purposes

@II/ B. Properties accessible from STRESS (DISTR SEMI-NONDESTRUCTIVE

1. Actually formed stress .
y 111
1.1. Without load (residual stress): SHAPE STABILITY with MINI-HOLE!!!

1.1.3. DURING MANUFACTURING: b. Spot welding (I = 1I’ = 1ll = IV.)
Plane displacement

field around the hole

402 MPa

0,5 mm

00m 0,25 mm

363 Pa Range marker @: 2 mm

Alpin = 0.11 um
Al = 0.14 pm §

352 MPa

Alpyip = 0.10 pm §
Al =0.14 pm &

Arpin =0.13 um
Al = 0.25 um

309 MPa
,5°

— -167 MPa
"M A in = -0.07 um
Al = 0.13 pm

U‘“ [um] 347 MPa

i - .7,3°
0 'f°'°5 — %740 MPa
" Argi, =-0.02 pm

Stress distribution of the spot welding seam and its surrounding ‘area Alnge > 014 um
- for qualification of the welding technology

Arin = 0.12 pm
— Al oy = 0.43 pm



Il. Applied DEFORMATION - for diagnostic purposes

@II/ B. Properties accessible from STRESS (DISTR SEMI-NONDESTRUCTIVE

1. Actually formed stress .
y 111
1.1. Without load (residual stress): SHAPE STABILITY with MINI-HOLE!!!

1.1.3. DURING MANUFACTURING: b. Laser welding (I = I1I’"” = ll1 = IV.)

= Alpin = 0.00 pm- EN
" Arp =006 um

60 MPa
7.2°
230 MPa

40 MPa
Wia2e - Al pin = -0.03 um
65 MPa g Al sy = 0.55 um
- Al =0.05 um

5 MPa

0.45 [um]
_ p 7,3°
i 125 MPa
T ™ Ar,,=004um
Arpax = 0.28 pm

2o 100 MPa
) H 0,9°
. %0.1 360 MPa

— Arpin =-0.02 pm
e A = 0.84 pm

85 MPa
1.4 UM
= H [um]
-1,7°
0%0.1 4801VIPa

in the welding seam

near and between the welding seam, respectively

35 MPa
55° = Argin =-0.15 pum
115 MPa ! Alpax = 1.17 um
- Al =0.00 um
e AT = 0.27 pm

Stress distribution of the laser welding of welded steel and aluminum plate
- for qualification of the welding technology
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Il. Applied DEFORMATION - for diagnostic purposes

@II /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
1.1.3. DURING MANUFACTURING: b. Welding (I - | - llla—IV.)

;1 -200 MPa
*
k i ] . .

with drill-hole depth

h ‘.,
Stress distribution of the deposited layer of deposition welding and the substrate
- for qualification of the welding technology (la.)



Il. Applied DEFORMATION - for diagnostic purposes

@II /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
1.1.3. DURING MANUFACTURING: b. Welding (I = 11 = lilb = IV.)
)

lei 2mm

2
0,5 mm
\
, —

Residual stress DOUBLES
with drill-hole depth...

Stress distribution of the deposited layer ofm:ieposition welding and the substrate
- for qualification of the welding technology (Ib.)



Il. Applied DEFORMATION - for diagnostic purposes

I1/B. Properties accessible from STRESS (DISTRIBL Residual stress varies greatly in

1. Actually formed stress direction and magnitude
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
meﬁ 1.1.3. DURING MANUFACTURING: b. Welding (I =11 =1 = IV.)

[k + uyf]s uel +wyJ

Stress distribution of the deposited layer of deposition welding and the substrate
- for qualification of the welding technology (Il.) 26



A COMPLEX STRESS EXAMPLE:
WELDED HOLLOW SECTION

STRESS DISTRIBUTICN)
ON TTHE SURFACE

FANDEPIH ) 1100...




Il. Applied DEFORMATION — for diagnostic purpose
II /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACI »
y 1.1.3. DURING MANUFACS;I'URING: c. Hollow section
A A

W3 -295 MPa
-4.3 um

IN THE MIDDLE
IN THE CENTER

in depth
measurement
to follow

-355 MPa
' -5.0 um 5
., _ 5.0° >y
Y_160° 430 MPa
4.9 um

The distribution of residual stress along a cross-line on the surface of the hollow section
- on the non welded side 28




II /B. Properties accessible from STRESS (DISTRIBUTION)
1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
YA 1.1.3. DURING MANUFAC;[URING: c. Hollow section

-330 MPa " -2715MPa "%

210 MPa |
IN THE MIDLE '* 121 um

AT THE CORNER
e

| y-380 MPa LYz 20 MPa
. -2.26 um :
---- 20 205 MPa
240 MPa o= : 1.39 um
2 ! '
1

1.74 um

The distribution of residual stress along a cross-line on the surface of the hollow section 26
- around the corner




Il. Applied DEFORMATION — for diagnostic purposes
II /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
y, 1.1.3. DURING MANUFACTURING: c. Hollow section

-465 MPa
-6.0 um

390 MPa
5.4 um

1
-130 MPa
-1.8 um
20.7° -»
155 MPa
2.0 um

IN THE MIDLE
IN THE WELDING SEAM

g

1-265 MPa
4.0 um .
_5-_2_ _>X

21.0°
JE NPT X 475 MPa
5. 1um

5.4 um

The distribution of residual stress along a cross-line on the surface of the hollow section
- on the welded side




Il. Applied DEFORMATION — for diagnostic purposes,

|| /B. Properties accessible from STRESS (DISTRIBUTION))

1. Actually formed stress

1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACITY
1.1.3. DURING MANUFACy'[URING: c. Hollow section

115 MPa

0.11 um

h=0 mm 4 mm

_-0..1°_>X
(L mm) 480 MPa
2.89um
1
Yi
-210 MPa
-1.39
h=1 mm g -
i -
g 275 MPa
l.;,-l.m 1.61 um
-450 MPa
-1.38
T h=2mm ;M7 lm:oo
— "L -+
(8 mm) 135 MPa
e 0.89 um
e
N~
l h=3 mm R
b -
\4 (4 mm)

h [mm]

o [MPa]

v h[mm]

The distribution of residual stress in depth on the non welded side

(by PROGRESSIVE DRILLING):

=0y

=0y
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Il. Applied DEFORMATION — for diagnostic purposes,

|| /B. Properties accessible from STRESS (DISTRIBUTION) %

i
1. Actually formed stress 601‘

1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACH .66‘/
1.1.3. DURING MANUFACTURING: c. Hollow section

-600 -400 -200 0 200 400 600

<«— 7/ mm —

I A

The distribution of residual stress in depth on the non welded side
from above and below: TOTAL IN DEPTH DISRIBUTIONf



Il. Applied DEFORMATION — for diagnostic purposes,

II /B. Properties accessible from STRESS (DISTRIBUTION) 6@
1. Actually formed stress /’G"o
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACH . /‘/f,o
1.1.3. DURING MANUFAGKURING: c. Hollow section 2

389 MPa
A\ 0.1 um

h=0 mm X
ok TR - #--»X 700 -500 -300 -100 100 300 500 700

h=0,4 mm iyl
!

(0,5 mm)

4 4 mm

h=0,9 mm
i -
(1,0 mm)

276 MPa
0.14 um

=
&
N~
h=1,4 mm é mEm
(1,5l;nm)

i
-276 MPa
-0.12 um

vYh [mm]

h=1,9 mm "o e
Il - ALy v h [mm]
(2.0 mm) 239 MPa
- 0.11 um
0.2 pm

The distribution of residual stress in depth on the non welded side

incrementally by extra fine steps .



|| /B. Properties accessible from STRESS (DISTRIBUTION))

1. Actually formed stress

Il. Applied DEFORMATION — for diagnostic purposes,

/;
: . oy,
1.1. Without load (residual stress): SHAPE STABILITY and LOAD-CARRYING CAPACH . ‘%,

o 1.1.3. DURING MANUFACTURING: c. Hollow section
o [MPa] The relationship between different

depth increment stress distribution

axfO, 1mm

UL @ x_0,Imm

800 -

x_0,5mm

y_0,1mm

mEE o0 y_0,1mm
O,

— y_0,5mm

600

400 + e —*

_________________

7

200 A , f—"

400 -

The distribution of residual stress in depth on the non welded side

the average of smaller steps is equal to the biger ones

o o1 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 1,7 18 19

34




NON-METALIC EXAMPLES



Il. Applied DEFORMATION - for diagnostic purposes

@u /B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.2. With load
6,4 mm .
! mm:i i c. Compressed glass disc

[l + wyfs upl + wy J

Measured stress nearly
equal to the load

Strain distribution of a glass substrate for thin films under load in different spots
36




Il. Applied DEFORMATION - for diagnostic purposes

@ I/B. Properties accessible from STRESS (DISTRIBUTION)

1. Actually formed stress
1.2. With load
6,4 mm
L ”‘”‘ii-i e. Compressed rock core sample

j
k)i

[ + uyfls upl + wyj
(-22 MPa)

Measured stress
equals the load

Stress of a compressed rock core sample (in one sample point)
37




