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ABSTRACT The 3D deformation process of type-B PLC shearing band in Al-Cu alloy is captured
by the help of a high speed digital photography with 1000 frames per second. A technique based on a
novel high-speed digital speckle pattern metrology consisting of in—plane and out—of—plane deformation
measurement methods is used for obtaining the playback of the 3D deformation process. The result
shows one of the nucleation methods of type-B band: the shearing band initiates at a lateral specimen
surface as a narrow band at an angle of 53° to the tensile axils and shears along the thickness direction.
Subsequently the band front begins to propagate to the other lateral specimen surface along its length
direction and expands in its width direction accompanying with the drop of the stress. When the front
of the band reaches the other lateral surface, the band begins to expand in its width direction instantly
and avalanchine shearing deformation happens. Based on the out—of-plane data, the relationship to
the nucleation positions of following bands is that the latter one initiates on the front edge of the
former one and the spacing of their center lines is half of the band width.
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Fig.1 Microstructure of the A2017 Al-Cu alloy plate

treated at 500 'C, 3 h, F.C.
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Fig.3 Speckle fringe patterns of the alloy A2017 during
tensile deformation
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Fig.4 Stress—time curve corresponding to type-B PLC
band in the alloy A2017
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Fig.5 Speckle fringe patterns of in—plane deformation during tensile test, showing nucleation and development process of
type-B PLC band (the positions of {; in the tensile curve see Fig.6a)
(to—t1: nucleation, PLC band has a 53° angle to the tensile axis and its length is about a half of the end one;

ta—t4: fringe can propagate through the zone beside PLC band; t¢5: PLC band passed the sample;
ts—tg: PLC band rapidly widening)
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Fig.7 Speckle fringe patterns of out—-of-plane deformation during tensile test. The time under each pattern indi-

cates the time from the beginning of the recording data

(2.16—2.22 s: the out—of-plane deformation initiated on the left edge of the sample and propagated through

the zone beside PLC band;
2.22—2.25 s: PLC band rapidly widening;

2.40 s: the fringes show that the out-of-plane deformation in PLC band is more than 0.632 pm;

4.56 s: the fringe will remain on the surface until next band happened)
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Fig.8 Scheme of 3D deformation process of type-B PLC
band
(a) PLC band nucleated at the left edge of the
specimen

(b) nucleus grew along the length direction of itself

(c) band ran through the specimen in transverse

direction
(d) avalanchine shearing deformation happened

along the PLC band

LR 5 ME T PREAAEE RS, BE B
A PLC 8§41 A% FR ) =4 st FR E A (aniEl 8
B, BESEEARR T, BT 0 L A B S
BOR M= AR S5, 14823 W 95T P97 T (40
R LA SE RS T 3, WA R RE i 1a R B
WY, S ITERY (A 8a FiyR). S5
NECE HA A TR B RE RS T BELES, PR T AlA% K405
YIS IIREE. BB EF, 35U S YU ]
B — MY R 4 B arid ) (an& 8b, ¢ FiR). M
J&, SIUTE N SIS T AN T2 B SNRIR ], 8RR AR
PR, SET GV EMNN T BB
EERERRERAE: (1 8d FrR).

3 i1t

(1) 3cik [17] RAICEHR S B 268 PLC 834
BRI - B AR R — B3 R 4 g
PR LG, B ERARSE K. B TE R E
Ffs, ERMBEASRIIEE, KRELREA, FREN
WSR2 Bl H R R, AP BB R RR AR M VR 1 HE T
B BERER. A T 4E Michelson T tEs 45589, AI—5&%
SIS R AT ARSI ek, HRAER S
FERNLE FAEFERIY T b et Bt A IR B 4R,
B 7 o 4.56 s BEZIISRBUITR. 24T —5m A, #.
IHPA A K ik A 3 E A, W] LAHERG ST AR 4R &R AERY
PSRBT B0 k. JREUAR A AR 3 ReTYIH &
E AT A VAR AU B 2 TREERER (KA
EEAEATR) 4UE 9. AF 2.25 #1 5.40 s BFRIRY SR GUA
Y YRR R 4G 7 M AT R TATER, MEBRXT R 5.31 A1
8.22 s Bt ZIRy St B, il 9 FroR. AIRVE S, WY
PR 1E3E 717, £ 5.31 F1 8.22 s B2l BAZ B B 05 Y
RA% L 547 B T4 2.25 1 5.40 s PRI R A B AT— 585
YITEIEIE. Gk [16] &R ER B KRR A= RIS A7
WL A B A SRR, E A A, fEA KSR
MARR A B PT2 BT VI B L DR AL RE AR SRR —2F.

(2) B 7 1 2.16—2.25 s B[] B P 89 S LB AT LA
B, Mg FEEEZ SR AT A% RS T ) 85 Ui AR
F. RIS RE—RWYH Rl R, 519
HEWIH ok r R BAXHERF RSN, &
H— 9y BRI (R L o] B2 B T H BT b i 2 1]
STY T E RS A] B LA R RERS (AT ). MROLEESR)
B EW AT L, YT A T A S 8] T 1 P ]
AT, ST RENE/NFR TR, &



930 & B

% 126

The front edge of
the band

The initiation and center
position of the next band

The propagating direction
of the band

l

2255  531s

540 s ) 8.22's 8.28s

B9 HHRE AW PLC 9y EIHF IR 69 A% AL 1T
Fig.9 Relationship to the nucleation positions of three following PLC bands
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