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Summary

Basic Concepts of Isodyne Photoelasticity

A new family of characteristic lines of plane stress fields has been introduced on the
basis of Airy Stress Function and denoted as “Elastic Isodynes”.

Isodynes are loci of points related to first derivatives of Airy Stress Function at which
the total normal forces, acting on the corresponding sections, are constant. Being a deri-
vative of a two-variable function, each isodyne field is related to a concrete direction
called the “Characteristic Direction”.

Isodynes directly yield values of the normal and shear stress components in chosen
directions; — no additional relationships arc needed. Basic analytical relations and cha-
Tacteristic features of the isodyne field are given in [3].

By using a measurement system called Isodyne Polariscope, the theory of which
Is presented in several papers [1-4], it is possible to obtain fields of photoelastic isodynes
directly related to the elastic isodynes. The photoelastic isodynes can only be obtained
when the consequences following from the Rayleigh Model of Scattering are strictly
observed and the corresponding transfer function is optimized: — e.g., the observation
angles must be close to 90°, the azimuthal angles must be close to 0° or 180, and the
optical paths must be the same for all scattering points. -

For three-dimensional stress states, the photoelastic isodynes are related to so-called
generalized elastic isodynes. Such states occur in contact and stress concentration problems

D Patent pending.
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when the plane equilibrium equations are not valid — in such cases the isodyne photo-
elasticity yields data on the third normal stress components.

The overall transfer function of the isodyne polariscope has been designed to satisfy
requirements following from the theory of the elastic and photoelastic.isodynes, including
the generalized isodynes. This function has been taken as the major component of the
physical and mathematical models of the isodyne polariscope. When the design condi-
tions are satisfied, the isodyne polariscope can be treated as a zero-order, time-invariant

instrument.

Applications

Within the framework of the theoretical conditions and constraints the isodyne pola-
riscope can. be readily and inexpensively applied to determine and/or analyze various
classes of important engineering problems. Some typical engineering applications are:
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Fig. 1a A sample of analysis of a contact problem: a beam on a square plate. Sct of complementary pho-
toelastic data: transmission isochromatics and two complementary families of isodynes.
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PHOTOELASTICALLY DETERMINED NORMAL STRESS COMPONENTS AND
LINES SEPARATING COMPRESSIVE AND TENSILE STRESSES

a—’[cm"'] E = 200 mm y A=632.8nm
So h= 30 mm Ta22°C
2L b =10 mm P = 1980 N
| S,® 383 N cm™!
Ml
I~ coNTACT ZONE h)z
i 2 __i. "
RO TR T e i
/ A
<

Fig. 1b A beam on a square plate. Evaluated relations: distribution of normal stress components along
the beam axis and in two parallel cross-sections of plate; geometric loci of points jn beam and plate where

the normal stress component is equal to zero.

— verification of applicability of particular solutions of the theory of elasticity: ana-
lytical, numerical and hybrid evaluations;

— stress states in plané and three-dimensional contact problems;

— crack tip mechanies problems: fracture criteria including discussion of the concept
of stress intensity factor; l

— three-dimensional stress states in components of composite structures, including
structures with internal cracks;

— thermal stresses: transient and stationary.

Examples of applications are given in Figures 1 -6.

Conclusions

It has been demonstrated that the Isodyne Photoelasticity opens new horizons in
CXperimental stress analysis, inaccessible to methods of classical transmission photo-
elfisticity. However, because of the high sensitivity and resolution of isodyne photoela-
Sticity methods, it is necessary to develop and apply stronger theoretical foundations of
the interaction between the actual state of deformation and propagation of radiation;
€.8., it is necessary to check in every concrete case of stress analysis whether the relations
of plane clasticity are applicable.
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STRESS INTENSITY FACTOR K; IN BEAM WITH CRACK IN BENDING
ISODYNE METHOD & SPATIAL FREQUENCY MODULATION TECHNNIQUE .

= ¥a .

"t Pt A‘*,: tg <160 h30 ' MATERIAL © HOMALITE HIOQ
I T 5 S5 S S B 2040 B =95 RADIATION : A= 632.8 nm
n t’:] T bl J L1 a=3  {Syle = 58.5 Nmm™
ARSI
‘ ; T . a Y1k MEASUREMENT PLANE - [ x,y,0)

Tl ——efp! F= Bl e s conatyl

- — -

g

K=K {r) L o)
P S 1 1 Mg oo
&0 ,,-‘ ‘{\‘\ - (el oy ’1(:;,,)‘
wf ———— T E—— 124
5..@'.., 3/2 e —
', (K,)I;SS.E Nmm o] gl
ur_\'.’ |
sod ‘ —, 1
i 1K, 3P, ) b By &, A
Z 2 b 7 = h \
L k= (2w TR \
'U§ = 20
L ] i Ot . rz‘-.‘;_ wrrTy —;
S WL e e e 2T a2 i Tl i) mm
O 2 D4 06 08 10 20 [mm] 30" 24 b ._‘

Fig. 2 Determination of stress intensity factor X, in a beam with a CI'E.le, in bending, using the isodyne
frequency modulation technique.
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ISODY;\JE FIELDS IN OUTER PLIES OF A THREE-PLY STRUCTURE

a three-ply structure, at various distances from the interface.
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Fig. 4a Determination of interlaminar stresses in a composite structure: Isodyne fields in outer plies of



PEEL STRESS AND AXIAL STRESS DISTRIBUTIONS CLOSE TO THE INTERFACE
ANALYTICAL -EXPERIMENTAL COMPARISON FOR
PALATAL-GRAPHITE /EPOXY-PALATAL SPECIMEN
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ODYNE FIELDS N OUTER PLIES OF A THREE-PLY
STRUCTURE WITH INTERNAL CRACK
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Fig. 5a Determination of stress distribution in a three-ply composite structure with internal crack,
Scheme of a system and isodyne fields.
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Fig. 5b Comparison of experimental and analytical results.
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Fig. 6 Sample of application of isodyne photoelasticity to determination of components of thermally induced
stresses, using the isodyne spatial frequency modulation technique.
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Pespone

HHXEHEPCKHWE [TPIIJIOJKEHHMS IIJIOCKOM H OBOBUIEHHOI HM30JbIHOROI
POTOVIIPYIOCTHU

B miockom moJie Hal’lpﬂH(CHHii BB¢JAEHA HOBAas (baMlU]Hﬂ XapaKTePHCTHUECCKHUX JIHHNIT, HA OCHOKC

hyHKUHH HanpsyKeHU DpH, Ha3BaHA ,, YIIPYIHe H30ALIHbLL .

H30Ablel ABJIAKOTCA I'eOMETPUUYECCKIM MECCTOM TOUYOK CBSI3aHbIX C NEPBLIMH NMPOU3BOAHLIMU (l)y}ll(—

1Y HanpsyKeHis Dpy, A KOTOPBIX O0IIMe HOPMAJBHbIC CHILI, AeHCTBYIOUIME B ONPEAEIEHHBIX Co-
YEHHAX ABJIAIOTCA IOCTOSHHLIMH. '

HaOHHHbI NO3BOJIAIOT HEIMOCPEACTBCHHO HA HENOCPEACTBEHHOC OINPEICIIEHME HOPMAJILHLIX H Xa-

CATeNLHLIX HANPSIKEHUET B ONpeAETICHHBLIX HAIIPAaBJICHHAX, 6e3 06aBOUHBIX CBsI3eii. OCHOBIIbIE aHATIITH-
yecKite GOpMYJTIbl 11 XapaKTEPHCTHUECKHE NOJIsI 11I30/(bIH JAankl B padore 3.
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Streszczenie

ZASTOSOWANIA INZYNIERSKIE PELASKIEJ 1 UOGOLNIONEJ
ELASTOOPTYKI IZODYNOWEI

Wprowadzono nowa rodzine linii charakterystycznych w ptaskim polu naprezen, w oparciu o funkeje
Naprezen Airy’ego, i nazwana ,,sprezyste izodyny™.
Izodyny s3 miejscem geometrycznym punktow zwiazanych z pierwszymi pochodnymi funkcji napre-
Zen Airy’ego, dla ktérych calkowite sily normalne, dzialajace w odpowiednich przekrojach sa stale.
_ Z izodyn wyznacza si¢ w sposob bezposredni normalne i styczne skladowe napre¢zenia w wybranych
Kierunkach, zbyteczne sa dodatkowe zaleznosci. Podstawowe zwiazki analityczne i cechy charaktery-
styczne pola izodyn zostaly podane w pracy [3].

Praca zostala zloiona w Redakcji dnia 15 kwietnia 1983 roku



