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The thenretical investigation is cased oo th
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Grantvo & Liicke for damping due tn disleocatiocn movem-
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ant that are pinned at ninor and ma jor pilrning points. The

viscous drag for tine dislocation movement has been neglected,

The tests have been carried out by the vibre phore whiech is
fatirue testing machine that both alterrating and mean stress
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can he applied to the test piece, als’ the run-out ( decay )
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alts were in agresment wWilth +he thecretlcal results up Lo A tetal

Theoretically, the damping "eop M increases as the mean
stress "o " increases, according to the following relation @

iy
= ~ . - C2 / fm
AR .

Wnere .
~ {. .} 1is the increase in damping decrement.

“.-is the damping at zero mean slress.
G, & GO, are constants .

e

hut experimentally, this inepease was Cbeerved to be only up to a
mean onross of abtout 1860 Kg / cm® and then demplng necr noed

The increase irn damping was found to eodue te the Iner-

ames in disiscation density, while the decrease of dumping

due to dislogstion irteraction .
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Lg cew Lensn <l serment as detervained
( minor length ) .

C cae Line tensiorn of dislocation line

B “es Viseous damping force per unit 1
veloecity .

A - Mass per unit length .

F .o Applied shearing force per unit

r - Amplitude of the applied force .

W SN angulerfroyuency of tie apr lied

t ‘es Time .
< - Applied aiternating shear stress
én . Amplitude of the altaornating she
T

bBursar’s vector .

hy impurities

ength and

length «

-

Ll (:’md;/ 5eC. ).

ar stress.

a R
Atomic spacing .
% Niglocation displacement .
. . s 3Bt i
W, patural angular freguency 30 IelGVEISE sibration
AF the dislocatlen line . o 0 ae/E00. }
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Tisiecaliin Lellfis .

Avorapre dispisooment oo ~ disiecusivn line .
Strain .
Dislocation strain .

Total dislocation length per unit volume ,

( pislocation density ) .
Number of loops which have length between 1&l+dl

Delta function .
Breakaway length .

Breakaway stress.

Damping energy dissipated during one stress
cycle .
Fotential onergy at “hebh drning 2l Lhe stroes

Damping decrement .

Dampins decrement for the testing machine
! yivrorhors | and the compensation test

piece .
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Amplitude of the axial external alternating

stresc.

Axial strain .

Axial external altermating force .

Axial exterral mean force .

Axial external medn SLresSs.

Orientafion factor .

Kodulus of elasticfty .
Modulus of rigidity .

pMaximum binding force which a pirning point

ran held & disiveatiorn iine .

Distunce between tne impurity atom and the

dislocation axis .

Miss fit paramter .

. PO I S TP
Gaduis of soiutoe atom .
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SGoisson’s ratic .

Average grain diamter .

Number of dislocations .

Number of dislocations erossing unit area.

Total length of dislocation lines in unit

volume of the s0lid .

Total length of dislocation lines per

SOUrce .

Grain volume .

Variation in dislocation 4o5i%ye-

Initial dislocation dcnsity ..

Total dislocation density .

Ratio between major and minor 1oup langth o
satio between the breakaway length and the

minor length .

applied alternating shear stress.
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Ratic between the breakaway stress and the

applied mean shear stress.

Number of vibration cvcles under the tangent

to the envelope of the decay curve .
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The Internal fricticn | gamping capacity | of metals is
quite sensetive o rlastic derormation, The effects are
very complex and depend on variables such as the amount of
plastic strain, the purity of the metal, the frequency of

vibration, +........ €tc.

Tt 3s important to state that the plastic deformation
mentioned here is in g range of stresc within the elastic limit,

On the submiarcscopic scale, dislecation movement is
responsible for most of the plastic deformations. The theory

1 2
due tC:KOehler( ) and Cranto & lucke ) assumes that internal
friction is due to a stress strain hysteresis arising from

the irreversibility of dislocation lines breaking away from

pirming impurity atoms { or point defect in general ) .

Dislccation is the aefece responsible for the phenomenon
of siip, by which most metals deform piatically. The cOncept
5f dislocation was first intorduced L0 cxplain the discrepency

botween the observed and theoretlcal shear strongth Nf metals.

by

t 4is well known that the stress which will cause passage
of a dislocatiocn through a crystal jattice is far less than the
theoretical shear szresgS)( that reouired to move one plane

of atoms ovor another in a perfect iznui . In general a small
"sree, the Picrlomﬁabarroﬁforce in niou.d 50 drive a disloe-

ation thre..n a lattice .
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the proplem of constructing a dislccation theory capable of
quantitively expleining the parl ol Ehe internal frigsticrn in
metals as first sugeested by T.A.Reaé b {1944 ) is the
result 0f the motion of dislccations. Theories and experi-

ments have been developed along two main lipes, namely,
the study of the influence of impurities and of cold working.

Theories have been based uporn the ideas, presented by J.S3.

, (1) (5)
Koehler and A.3. Nowick R

(T )
Koehler (1952 ) develops the analogy between the

vibration under an alternating stress of a dislocation line
segment pinned down by impurity particles and the problesm of
the forced damped vibration of a string. He solved the

differential equation by an approximate method . According

to Koehler’s theory the dnergy 1loss in internal damping depends

on the frequency,, bu? according to experimental work carried
L5 ‘

out by A.3. Fowick (1954 ) strain- amplit@de dependant

10ss is independant of frequency for frequencies in the

kilocyele range { i.e. up to . 1 BC/ Sec.) .

To account for this limitation of frequsncy, Mowick has
sugrested the guantitative theory that the loss mechanism is
2f a hysteresis type, in which the aisliocations are moved

from one potential minimum to anvther .
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- T . :
BHatarre { 1946 ¢ frop which they are able 0 nake
seiniguantitative calceulations U the iamping decrement,
) 4. \
o (2,8 )
Granto & K.Lucke { 1956 ) found an exact svlution

for the damping difterential eguation for all frequencias
in a form in which the dependance of physical gquantities

on the length of dislocation loops may be analyzed and

appiied .

In the present work, the effect of the static mean
stress as well as that of the alternating stress on the
internal friction will be investigated . The sclution of
the differential equation obtained inciuding the mean slress

as a paramter has been ret by using to some extent Leplace
!

transformation " and theory of complex variables .

As the frequency dependant loss is small in the range
of freguency used in normal mecherical enpincering applications,
the amplitude dependant loss is the only one considerad in
this work. The range of frequency for ail the tests in
this work is of order 100-20 c/sec., while the range of
neglection is extending up to about 1 Mc/sec. , { the kilocycle

L 10) (2,8 :

range | . Oranto & Lucke sugrested that in

most materials the resonant frequency of the dislocation
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As there are no availatle informations about the affset
of  the mean stress on the internal friction properties of
copper, and as copper is used in several mechanical engincer-
ing applications, it has been selected as the test material

for the experimental part of this work .
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