37 3% B 7 1 Y B ¥ R Vol. 37, No. 7

1988 £ 7 A ACTA PHYSICA SINICA July, 1988

U RASERMAENEE

1R+ 2% 5
(R BRIE e RS
1987 4 9 A 1 FHCE

AXBRHELOULT GEP i RAHET SR RGN — MR, FRWREIRE Cu-Al
fl Cu-Zo H&LPRIMTIEE 210K BHE MR ASR B B E ik 29 1H2),

SRR T RAETESNOE A T RE D), RS A M ZE (BN 4 R 5 Z 8l 4H
OO R ER) (P RALEPOHARE). BRTERENTSABZEREERSERYE
BARMAERK NS IRMEE IS, AXFIATREAEZHKBEREERIIBNEE S,
FHERIETXMEE N FERY RAENERES, EREWNEENE).

RASENEHNEERZEE, MHSBHENSHNEENEKEHNESE, — 5%
BHEE. £k ENEIONRELDXFEMNEEGEN. A OEBNER S RERAR.

—. 9l

i

T 5 SR EIRE Cu-Al(2—15 at % AD™ F1 Cu-Zn(2.5—30 at % Zn)™ &
S BEHERMTE, 7£ 210K MHE H3l— o B R RN R (R B AR 4524 1Hz),
Al— /et ™, R I TEARRK, XGRS AR EERNERE S, HiEE
BRI, NEREBNEERT A —MBNENER, RPERET M HRIED
BN, WREEE 330K DL REELR KB #H R, 7 480K 1Bk 30min [FREEMK, BT
I a SRS RRN, KNRETT R 55 RAENESNF X,

AR LRI A REOEE R B, RHE O A& SR AL S LRI R
— AR, R R R BRI Cu-Al A1 Cu-Zn S22 SER I TEA 210K M H 3
AN FEIE,

.V RAEEHNEE

B O AR~ RS, SRR KRR b, WS AN
BT RESBE b R b, —HZARE~-FEEADNEH, mE L, BrheRbdY
RrEERAIZE M, & F1 b, 53 BIR by F b, SALEEERMIZE A, EEOL T REH, ¢ = o+
30°, ¢ = ¢ — 30°, Erho BININT o 5 bz A,

% d, F1 d, 5y BRSO 4% by R b, ZESNRL T o YRR T AT RAEREBALR » WIFT
S hrsk b, R b, BEFY H R Bl

K(d, — d,) + K,d, + F, + Bd,=a - b, (1)



1158 2 - =4 iR

D b,

e

B EOIT AR RO

Kl(d2 - dl) + sz) + F; + Bd.) =q - bz‘

(2)

(1), (2) RBESEBHE | ER M S EEN A5 MR E 7, K2
EE A, B2 WRAEEKNSIENEE, K, EEERE. F3WF, M F, 2V
L& R I RO IR B Ve 5 R AU IR B 77, X B E1 5 7 % PR RE FAD 5 180 STk b 15 o LR
AXT—TKXT e may i, 8 4 REEN, BRHEERN. BEHRBRH B2

% R, IR AL #8438 R W1 DL 22,
(1), (2) FIAHR AR 04 3145
(2K, + K,)x, + (F, — F,) -+ B#, = ¢b,sin0,
2K.x;, +~ (F, + F;) + 2B%, = gbcosb,

A

x,=d, — d,
FRY RALE AR B8, RI AN H 4> AL g 1R RO AE X AL 7% 5
X = “;— (dl + d,)

RNY RO BARZ S, A RAL S LA, HF B, 7201 s

b= b= —— 1,
3

=, ZHERERHRERX

L 5@\ BoaEaEBREnEERYg K

FEARSZSD T B9 SR R > BN 40 i 8 2 [R1 A S B g 24 Y
D= GbH? r2—v—2v0052¢]= a
24xr [ v ?

1—v

Ak

a

=§_1ﬂ[2—v—2vc052¢]
24x 1—v ?

T B, CRUIEHEE, » RIAMEL,

(3)
)

)

(6)

(7)

(8)

(9)

ELINAME, v =1a/D, FEINIERTEBEDBER (D +2) BL.HEHE




7 M FURTSE: P RAHRANENBE 1139

=£—2xl=—§x,, (10)
E (10) lﬁﬁ;ﬁ%ﬁﬁ@] x K D.

PR ik » S5 3 IR B 5 S MO T AR

K1=-Y—2= 247:7"( 1—v “). (11
a Gb \2 — v — 2vcos2¢p

2. SR HEXRNEERE K

SRR N A xWEERBESY
K, — 6Gb _ 2G¥
2 Iz 12

Arp 1 BRIREYN A 8 B IR,

s (12)

3. EREMEREXEFBEXNEDERE K.

TELVEB KA NN TES, MARIEAZREES S AKER RS
BOOEN., BEESEANTIENEES & T, ik
wERG, POUEZAFEERBNZEER, X2 B B
e B RERE S, TE ST ER: L
EMIPE ) REmy R i EREs), BARZEEMEY
B, WmEE AR K, A58 KEINE K. g
freg g B, EBER MITEHNHREA &b, HIX
BALEES . B FZENREERENERER e
HRIEE N, s, ER—EBIE LA ERZHAREE
AL R RS . B2 R ERT A8 2
W2 ERFASS TR 4, B A T, S ks
Kk, BATMESENWANPTEBE L. EREPER
AN, ABER SR WM« = 45°, Al 4, B Z W AKCE B REER DA
_ GbA'b_B ,x(xl—"yl) (13)

A

C2e(l — ) (£ + )Y
b e, v SRR EAKEREEFANEE., ELDERN, x=1y, ¥
F,=0, (14)
EHNNIER T, frésB AN FAe A/ « HIABEITIEE BB = x, i (13)K
g iz A (x + ) RA,TE

x

GbA'bR . (r + ) [(x + 2)' — ¥'] (]5)
) 27(1 — v) [(x + x,)? + ]2
BB 0 < 2y (nf/x) BRI, JA
— Ghabn . (16)

22(1 — v)r?



1160 Y] ] = i 37 %

KRR A8 B RES P E o WL, R TER FZHRER IR RNEE N,

s B SN B’ I, BB ML B R B, (URLB Hh% 4 Fad,. BT B M
B, BEAGRENEN, MBERSBELREIEN, i B, M B, ZEIE A 0EH
J353 BIR

(o] [¢] o
f Gbb,cos (180 +730 ) . d, Gbb,cos30 4, (17)
22(1 — v)#? 22(1 — v)ri
Gbb,cos (180° — 30°) Gbb,cos30°
e d, = — - . d (18)
f 22(1 — v)ri ’ 22(1 — v)r2

X r, R v, SRR R4 4 5] B,, B, AR BEES, BT do 4 A1 [= % (4, +
&) } B 7 %/ 4

4 4 x
rl r 72’
Wi
Gbb, cos30°
= f, e — GOhicos30° (19)
! 2 2x(1l — v)r? ?

BINr 4% 4 XA e B B9 4 G RO 1 A 0 AR B 0.

IR 2 g E TR AR RALHE, RIFTEZ RS (16), (17) f1 (18) RAER, A
HRPET (1 —») HHOY 1,

THERSERA—BBE LSRN REREER,. | TFEMENES 1Y,
EEERMIGENEERA SR, AR FHN—X M E— RS EBERR I HTHE
BEL, MEMNXSrga&ERBEBE L ERrd. ER—"EE B ERhr
BEANQLE, ENIERTHRBEBE AR, REBERAR. X 8— 123
RETHEYTHEMERZBED,

AT RS, RITA— BB E LR REDAER RS K F5E s, REZ
JBHP =AMz, BELRT, A TE 3 hry o frE. RAWNAEN B
RAzZRA F., REMBERDZEY F. LT REREH,

Fs F/

-1l L L 1 L ___

B3 A-BpELidzBNREER

, Gb’ 1 1 1
F,=F = -(~u+—~+-—ﬂ+.‘), 20
2x(1 — p) s 2s 3s 20

FEINTIVER T A8 0 ¥ « HABB) TR x., XA

2
— Gt (1 PR ST +“)
22(1 — ») \s — 1, 25 — x, 35— x,

£



7 34 FLRFES: P RABIAP RS

1161

) () e () ]
- — 4+ — (1 w__l) e
27:(1—1’ s 2s 3s + 3s +
S 2 AU S RSP S T T
22(1 —p) Ls 2s 3s (2:)’ (3s5)?
2
F— Gt (—‘——+» L4 1 +)
22(1 — ») \ s + x, 2s + x, 35 + a2,
Gb? [1 x2> 1 ( xz) 1 ( x) ]
—_—l - =)V 4 — (] — =) 4+ — —_ 2 cee
22(1 — ) Ls s 2s 2s 3s 3s *
-G [L+ Ly 1l o m _ n
22(1l —p) L s 2s 3s § (25)? (35)?
R o FiZME D%
F,= F,— F,
G sz( 1 1 )
" — T e =T 1+..._+__. s
22(1l —p) ¢ 2? 32+ *
YA SE RPN ERIR SN,
e lalan
22 3? 6
Hifa
F;—ﬁﬁ___._’f_.xl‘

22(1 — o) 3¢
AL 0 FOPRR BB A hr T2 & Bl
fi= — Gbbycos(0° +30°)
22(1 — v) 3s?
_ Gbbycos30° o
22(1 — vi)v 3s?
Gbbycos (0° — 30°) =
27(1 — v) 342
— _ Gbbycos30° =
22(1 —v) 38

s X,

fi=—

.2

. Xy,

i (25), (26) RATH
fi = fa
IR b » (AR F RO S BEN B AR AL S R E DR fE Y B | B J1 43 Bl
Fi=tf,+fi,
F,=1f,+ f
BT fi=hf, fi=f, & 3) XhH
F,— F, =0,
ifi (4) Ly

2
P4 F —_— _Gb _(1 b

— 4+ -—) c 2= — Ky
22(1 — ) rt 3¢? ! e

A

+ --], (21)

(22)

(23)

24)

(25)

(26)

27)

(28)
(29)

(30

(31)



1162 # i 2 " 37 %

G¥ 1 A
K _ e . (__, + — ), (32)
Y 2e(1 — v) r? 3:’)

KR SSEAEZz AREREEREXNEEREK K.
¥ (30), (31) Ko HIRA (3), (4) X,5
(2K, + K,)x, + Bz, = ¢b,sin0, (33)
‘ (2K, + K,)x, + 2B%, = agbcosB, (34)
(33), (34) WAD BB RALEOEN Za) G ES). XRARXFHhE K, K., K,
ARG FRREE S, BB RAER, SUIBES,
B (33), (34) RN, MK BT EAERR BN BA BOEN B, BE¥0
HEEZZF), TREIDERTUZBOER TN T RSB EKES, (34) X
B K. AT L2,

. H R & %

REMILELR FOBERIEF-260x (v-s ) EATFFIITH A, Wiz shie

PBHEEVER. Wk (61, HERM
B="KT . exp(H/KT), (35)
.
b 7 2 M AR BTSSR E T AATHLS AR, R EHERSER, T 2R, » BRE
Wi, H BT MR e
EEEERGSD, BREFORERSS QW0 WER), B8 E v-s 1k
BEXERRTRAKRE, BRMIEENRIRE ¢ 49

¢ = 10"%, (36)
e BEE R,
BALREAER LR FEOS 16, iaTahsTH A3 E A
1
n==c - —;, (37)
& (37) KA (35) RiB
B = CI%T eHIRT, (38)
by

(38) sUk 2 PH e R KRB,

i, VEAEZHTENE

BT, ¥ RASEMEN B RBEREZIHE (33), (34) FNAKBCHE, /N
I
o = g,¢'*, (39)

ﬁ¢w%ﬁﬁ$a t JEEHEL, o %F_\‘Zjﬂ?ﬁ.



7 4 ERTE: P RBABRIRANERER 1163

¥ (39) KA (33), (34) K, R 5. B HNE

= A. . O
0 A 1 4+ w?r? ? (40)
AR A RIWEERRE, v 2R E,
XTI RAL A B E,
A = AGEES (41)
2K, + K,
__. B
Ty = ZKI + K,, (42)
AP & BERAR T, A BB EsE,
XTI RO RIKER,
AGHE,
TR K (43)
_ 2B
"T 0K+ K, (44)

R & ZRMEF, 76K ALAK, S RKEXEERTULZ2KBNOER T,
(43), (44) A AEA

. AGH,
2 ZF:I 2 ( )

, B
T, = —, 46)
=X (

Ny HERSERGIER

DL EEYAT R, §RA AN BEIFBKZ IS B SRR NN EE—ENE
hlgE AR KB A, T, TATH X AR T R 08 B RS BRI ) g 1T SR
(11), (12) #1.(32) KA HIAH THE AR K, K, 1K REX, B G = 485X
10%dyn/cm?, b =3 X 107%m, » = 1/3", EAr4EBRFEHKE /=5 X 107%cm",
R T EMENE ASERAININ Cu &8, WERERFHIMALEFEREE »~ 3X
107 em ™, A — & A S F PR E PR ¢ &~ 4 X 107%em™, XHE, R K,
K, §1 K. FoBUE BT A
K, ZBR (IDREXEMBEBSPORERE 2/3 f12/7 ZEL,BEEHEN 1/2, ¥
ERFERA (11) XEH
K, — 24n7’
2G
Kh R v AL erg/om’,  HEREMEERMABHET (1 Cu-15 at % Al, v =
4.8erg/cm®), K, = 1.99 X 10° dyn/cm?, % T Z4ERER SHIE (4N Cu-5 at % Al,
7 = 37 erg/cm?), K, = 1.18 X 10°® dyn/ecm?,
K, R K, 546 v TR, 21145 5l

= 8.64 X 10* - ¥ dyn/cm?, (47)




1164 % i = 1 37 %

K, = Z—Gli-— 3.49 X 10° dyn/cm?, (48)
sz (l 1t2> 7 2
o [ 4+ ) =330 X 107 dyn/cm?, (49)
(1 =) N\ 38 v/

B E L, 7 B SR RO T, K <K, MEERHRKRSNELT, K> K.,
K, FUBUELE K, 71 K BPER,  BXEeE S RBUOEUE, ErTH (41) F1 (43) xSt ikoa
BE AR A, BEATIGEL

EEEAMTHNEBRRAET, AHHEy 10—10Mem ™0, 3 E, FITH A
RERMATEIMEHE A= 10%m™, (41) F1 (43) RhBAR T & 7 & B PHEE

L=&= 311 wWFR, ROVE LA BHERSEHREE, ERERENELT, A=

107°—107"; ZERHBEREHIERT, A =107, MEKRZHENMKRERE A =107
—107",

WL 7RI RS A I T AR B Al T R ths s, EEEMEAIR, AN Eahdmt
ARE MEEHEXRENERT, BERSsgEa THEYE5)E, HXNZZETAKE
#.

THEH, RITSHBREEETEE. B c =107 =107, »=10%"", H=
0.65e VU, REIXEBEMRA (42) 0 (38) K48 HABKT B B it B 2

B _ 296X 1077 1 unr (50)
2K, +K, 7+ 2.02

T, =

LR FRIEM 2 1 2
wt = 2zfr =1, (51)
U BN R f=1Hz B, g (50) A0 (51) RE B ARK N EIERIEE , TERES e
RF(In Cu-15 at % Al, v = 4.8 erg/cm?), T, = 222K; 7 Z4EfeX S (41 Cu-5
at % Al, v =37 erg/cm?), T, = 198K,
B (kB SR IR ] 7, SEERET 3, i (44) A1 (38) RAEBH

= 3.03 X 1079 . T - (H/T, (52)

B (51) 71 (52) KRB R BARBEERNER T, = 213K,

e BE R I, 24 0 B N FERY SRR 09 1 Hz I, FE 12 B8 RTRE (402 B RO IR AD 7E 210K
BtiE. BRERTLLIAG, 25 EMEERY 210K AR R IXH MERB N, 7ERHEERIK
RN, N EHEEEETH,. ENEEHEEENFRRTNES. X5XRERE
. EREREESHBLT . BRD IR TR 1 B, © R s R 2R 5 25 68
AL, R, &NERNEEGERY BHEEASR, XBEXRER—H.

FER TR RKHIEO T > BEA & IS A 2 AR ER EE AW, X
i, TTLBAI S AME, B REZREZOFERBORGME, HOUBEEY A, $
TRERBEZREZEERNEW LB, RS HEEA Au, T

A= A+ A, (53)

B-RAERBRZEE, 5 K HX, A (43) M (44) RHER, Rid (43) Xy A



7 1 FLURFE%: I RACEE BB R 1165

REZF A (R, B RAENRKEEIE, 5K F2X, B (45) f1(46) KR, xmt
(45) AdEY A RiZH A B, BB E 4

= 1? = 146 X 1077 - T . (H/T (54)

Y BNEAM I 1He I, LSRG T, = 240K, XB%RE, XN KEEE
SFBA TR IR 53 5120 213K A1 240K, BF Ao B/, RMMERAGBRIRE A &
NEBR (45) K1,

FER NI BB KR Cu-15 at % Al &4, 78 210K AR M, B HE
235—=240K MR R A—N/INERY, XU E5RXTEM T, EE 5.

[1] Q. P. Kong (FLIKSE). K. Liicke, G. Sokolowski, J. de Piysigue, 42(1981) C3— 371

[21 M. Iseki, M. Koiwa, M. Hirabzyashi, Procecdings of Sixth International Conference on Internal Friction
and Ultrasonic Attenuation in Solids, Ed. R. R. Hasiguti, University of Tokyo Press, (1977), p. 659.

[3] J. P. Hirth, J. Lothe, Theory of Dislocations, 2nd Ed. A Wiley-Interscience Publication, (1982).

141 H. Kronmiiller, Phys. S1ar. Sol, B52(1972), 231.

{51 A. V. Granato, R. B. Schwarz, G. A. Kneezel, J. d¢ Physique, 42(1981), C5—1055.

[61 D. Lenz, K. Liicke, Proceedings of Fifth International Conference on Internal Friction and Ultrasonic At-

tenuation in Solids, Aachen, (1973), vol, 2, p. 48.

{71 R. W. B. Honeycombe, The Plastic Deformation of Metals, 2ud Ed. Edward Arnold Ltd., (1984), p. 63.

[ 8] J. D. Eshelby. paper in “The Physics of Metals”, Ed. P. B. Hirth, (1975), vol. 2, p. 7.

[91 J. Friedel, {ir¥, FlFEHIREL, (1984),426 B

[10] A. S. Nowick, B. S. Berry, Anelastic Relaxation in Crystalline Solids, Academic Press, (1972), p. 360.

[11] S. Amelinckx. The Direct Observation of Dislocations, Academic Press, (1964), p. 369.

[12] P. C. J. Gallagher, Mezall. Trans, 1(1970), 2429.

[13] ks, &, MR, HESER, 29(1980), 354,

{141 C. Kinoshita, M. Kutsuwada, T. Kamino, paper in “Point Defects and Defect Interactions in Metals”, Ed.
Jin-Ichi Takamura, University of Tokyo Press, (1982), p. 653.



& 37 %

+k

1166 L] 32

A MODEL FOR LOW FREQUENCY INTERNAL FRICTION
DUE TO EXTENDED DISLOCATIONS

Kone Qing-piNe L1 Yone

(Instizute of Solid State Physics, Academia Sinica, Hefef)

ABSTRACT

We propose a model for internal friction at low frequency in fcc alloys due to extended
dislocations is proposed, in order to explain the internal friction peak around 210K in
heavily cold-worked concentrate Cu-Al and Cu-Zn alloys with measuring frequency of about
1 Hz™. .
The motion of extended dislocations under the action of applied stress is divided into
the relative motion (the relative displacement between two partial dislocations) and the overall
motion (the displacement of the centre of extended dislocations). In addition to the resto-
ring force due to the interaction between two partials and the restoring force due to the line
tension of dislocations, the restoring force due to long range interaction among neighbouring
dislocations is introduced. It is demonstrated that the last restoring force only influences
the overall motion of extended dislocations, but does not influence their relative motion.

The relative motion and the overall motion of extended dislocations each give rise to
its internal friction peak respectively. The two peak temperatures are close to each other.
The observed internal friction peak is a superposition of these two peaks. The predictions
of the model in the present paper are in agreement with the experimental results.



