- . .
—— Ix oru

FISHRK . Ak, KA, B, F ATHFEGFR 8] 0 T3 9K 5 E E IR AZEDFR]]. AL 55 K, 2023, 66(6): 42—49.
ZHAO Shuang, ZHANG Dong, NIE Guangchao, et al. Monitoring and control of strain rate of primary shear zone in cutting

process based on digital image correlation[J]. Aeronautical Manufacturing Technology, 2023, 66(6): 42—49.

ETHFERBEXYEIIN T X R 3EFE

[HE] il LEAEH &

e, Wl ARz dl 3 A2 N TS 8 E R ZBR A AR e LI e Tt A2 R 09 A7 k2 —
R g RGN EIE AR A%, B T EX W RIDRALTF &
KA AR T AR L, TS EX N SENE T BB R BT T E

Bl 23

B R $ 0 5

3, 5K
(P A K, KX 430074)

Ry H| A2

X, B8, FHHE, 5K/

AR E T L XZ—, MR E L5 5K FE430/5 £ mAein TE @R ARG

$x%i7 S 7]
IR EMBE . BET %
c BEIT—EgiHE

Mz h Az F R E40 AR AR REMNZL TR AL T RO R DX R EAT 240 E, FTRTHAEID

Bl X B, RIS R A, T 2RI A A TASHAN TR 69 8 & £ %m 5Ed, AEE TR BT £S5 B A4k
Z T 10%, 5 2 Fm a4 iz 20T 23%.

K KF BGRAR K BRI E; RAL A IR R F R4 )

DOI: 10.16080/j.issn1671-833x.2023.06.042

2R
EEHRE, HRFEATEIRE.
HFHIE,

*BEEMA: FFEHRRFRES TSI H (92160207 ) 5 FF QAR IS FHERF

(52188102 ).

42 Wiss MG A - 202345665 56l

DTN 02 A 25 il i 40 sl 17y =
BT Rz — s R st %
PHCannt4e 20D YT T 552
Wi & & shALIN & et Sttt )
HIWEAR / A8 ZA M E) JE A2 Y

Azl Ui HL P E E i TR T AR A
I 1A B B e A SR
e, SEIAN T RN AR /N AR ZE R
5, X U B B ORI T 2 il i
i":zﬁ&'*k PERAA S

%Hﬁﬁﬁﬁjﬁlﬁaﬂ‘?ﬂﬂﬁ
fH XA R %P‘tHXW =

IETJEI'JT“WjUJ ﬁﬁﬂF%%Tn Bo
AR, 5 R TR R OG ( Dlgltal
image correlation, DIC ) $i R 1) % )i,
BT EORAIL A D 5 ) £ 3R 458 W] LA
S A AR AR HE A e

DIC 57 fe i 7F 20 22 80 4F
R, el [/ N IR 1 58 3%,
LURIRRZE NI S I AP}
FAE M BE 24 P ML R 22 00+
AT U s oK MY AR 4R
T WY B Y X 3N AR 5 R AR R
List!"™ 5% FH i 4514 2 40 L2 A1
BV 4 B o7 78 1R AR 853 A o
Thimm"* {ff XU HLIFSE T AISI
1045 X AEAS [A] 40 HI 3 BE R AR T 1)
Jo8 B FVRG FA T 59U A 55 1)
W 75 % Harzallah!" " i F XU il 1%
S 1E 22 D] v [R] B 3R A5 32 8l i
R, kB T8 O 1B B i
B P S5, R 7 AR 58 DX AR 2 ] v
S [ 1 AR A i FsF i) s A A2 4k
Davis & U 58 7o Tad #& b b1 s

Her (52005200 ) 5 [ 52 SR B2 Ak JERLRL 0 1 H



Intelligent Production Line %ﬁgéﬁ#&

T Bl ) AR I X B R AR R
Zhangm] i L R A R R A T
Jn Tk A b A B D XN AR — N 3
AT A, 38 O OB VT
AT AR LR B, R4S T R K
B AR /AR 2 Bergs™ ] 5 i
DIC FARMIFE T A8 X4 g A% Fl

DIC £ AR T3z W H T Ul H
T A, SN Tt R AR — N 14
HFRAE, (H 2 HF DIC kil At
FRFET 0T P R o i 2 SR R SR
H A1 AR X S 80X U] H o A2 1 R AR /
DR W, AR T —&
VI R A BUR R S, 38 5 AU
MUARTSFOIHI 8y U X B G 457 2
AR BT MR AR DA | e AR
TR AR 1 g AR R 0 AR /N R 5
T HLIR F2 5% o, SEEAS DI
R 14 IO 728 8 PR A W AR R 4

1 HEFEER
1.1 EXVIBIEM KRG RS

wE 1 FoR, EREE IR i
T —EIE YRR RS, 3%
A5 TTH T A DETRAARNL, T4k
Wit —E /N E N ER g e Ry %
BEXEE PR 5 1 A8 10T B T A1)
] AL T AR [ R 45

YIHla v, R AL B 1.
HREEF . T HIERESCR , 358
b AR Al Y ER B .

‘,» "-ﬂ ; \; /

1 EXVIRIRG GRS
Fig.1 In-situ imaging system for orthogonal
cutting

T2 U5 5 B ETE B RS
Fear BV, R Ag LR T ) R
FRAFFT PRI T oL f2 . 5 A mT LU
SR AR A 30 89 B a1 110 i 0 1 2 30 LA
LN R N N TS Do 3/
VIR FE LRI R AT 5
4 0.2 mm, ¥) 5 5 R 60 r/min,
FE N T3k 72 0T 3 5 ol AE R AT R
(50%~120% ) P75 SEPRfE ;T A44F
Kl AISI 1045, A &£ 0 & {5 & HRA
(51+1.5), )28 3 mm, Hi#E N 230
mm; JJHpR 855G 4 R, T AR
15°, )5 /M 7°

FH AL 5 Sy 1 R B2\ ] peo.
pixelfly USB, iZ Wi AHHLLL 1 ps (1
[ 3 AT 9 K R, AT AR T
SRRV E I SGE RA BE A, AHAL
Jit £ T Navitar 12X 2% %5 %, iR
E80H 6 4%, YT N EverGreen 30
mJ ORIk ST R A PO,
RO T A2 R 1 SBR[ 3k
B Iz A Bk [ 5 R 10 pso
1.2 HURFHBEZEAE RS

B LR S 248 PLC BEIE &
AR BR AT 3 1 A5 S 8 3 A
s, A5 v e G 3 e 45 A
K A B A 2 FH AUF AR pei- 1245
U5 DU il i b 22 E /AR iR B L IE
R, B R
RAGRBES WA BRI
MG H S, T B o — S 4k A
(YF-38), B woki i 5 5544k N

fRASITIE | g

— AR (24 V), SRVEMPLURR 3
AR .

SE ) [ 2 i N T Ve e N
ADAM-3952, ¥l 4 N2 5, 7E
IR T, A HUAR S B s R AR
BRI AE AL, 38 s A RN
BT 55 ZE IR PLC, Mk
AEHURI SR, IR BB AR
1.3 HEISKERSME RS

WE 1 FR, T AR B e
T AR, T A — R HE O
finh & — VK, AT RIEAE T A4 ] — 137 B
HEATHAEE . T TAE R AP
JEUE L R S R O 2 )
Y EIMRTBC A, A% SCHE FH A B A28 i fik
RS SRR AR 4 B R an ] 2
Ji7R o

2 1, tpn AT o 53 01 2 AHAIL
PRIV B G RI [E] 5 2, A AR AL T[] B,
ELJ2 ST B o ) 3 Sk YU & HH R B
() B B] 8] B 250= Loy + tigo BN
SRR S, 38 5 - LN ED, IR
AT DLk 7 A ds s A . AR BILE
BN SR fih & A5 5, BIAHHLIF LR TR
— KK A, A 5.4 ps BYITAE, T
SRR 5B R R, A
135 s 2GR
14 BRI RIEE

R T HME R G AR A 2 B L
1B, 9’5 T AR SR W s, Bk &
AT 4 R, 43 52 DIC A
FHMLAS BT iR R 28 T A He R

12 exp2

BRI AE

R AL
WHAE135 ps | IHE

AHBLIE |

| il Dl
EJ‘E M 9ES.4 ps :

s o) i ’\

eI E]

WOLIEH |

2 HENERRAES

Fig.2 Pulse signal of camera and light source

2023455566 % 6] - DLAERIERA 43



- . .
—— Ix oru

NHLAE B ATEF 57 o

DIC 53 3= 2258 i 57 BIEAH
Kt RS E e et iR
W55 5 N AR SER TR A SRR
FEA 7R 5 MPLAC B AL 21 33
EFPLI A B SRR S H0k
FE B R AR S U S R A A
HLfph % 5 DIC +H5 0y [F] 20 #5445
il A R 22 BB 322 6 BT 5 il dl
R T IR R P 4G
A T AR s Rk s il A R
HLEE Bl ANALAC B A TR 43 32 28 i
TSH P Z B, U)X K]
R N ARREE R B

BY D) DX AR % WP 1) S8 4 T A
AR Al Ay e R B S TARTE R
BrBt. TE SCBY B 32 R ik &1 i
b BHOE L5 TAERBUE—AME
W AT B SR T Ml &
AREOSMT I F A I R 4 4l
HELEEIN T SECL TR, K 3 Ry
No PIBTBOEAA AT o

(1) Wi BB, b sh e
AL, TR ARBILAY fi 2 A5 X
BEE AN ik A, AR XA DU
o, BWE WA EE A 1 ps, FHALES 1 i
BEGHTE] R 10 ps. /s Fahitttir—
YRR fih 2., AR B ot [2] -, 5 144 oo €]
R ) B R R S U — 5
YIAE I X Ay I 2% B X 55 (Rigion of
interest, ROI) WS %, Ffi)f5iX
AE ROL, IR 17 WIA% A= 1, 4k 1 7E )
R TR — 25 AT TR T TH 2R
Bro UM X0 AR 208 AN 5
i, WA T EL BT YA 5 RS s
W INI W A BT U O ] SR AR 185
) 23 AR SO ) I AR SRRV TR
B YIS T 0] 0 AR R ) e RE, T
U b s £ B b i B K g AR 5
TR TERCTUE SR B B A
1A 4 s o

(2)PEA TAEM B, FERE “ T
YE” %45, B A WL DAR S, 52
Ao I s M A AR SRR R A
WE IR B ARG Sl TR e

44 Wiz REEEA - 202345 665 6]

A A MRS 06 W D 1 728 5
RBERE S, BAE R . T2
PR FHARIE R i R ERO T BH 285515
YT TF G itk % IF ) RHAIL &2 3% fink
A AHNLERO G & T 3RAS P ]
h, EL AR AT BB AL B, 552
IEC T EUGAH DG 5 N AR RT3
077 AR5 Ty R T 17 EA Y B A
WG R THE 8 Ry N R R PIRE
1o T IR I ALK T e —
Fi(10% ), Fe Z W —45, a2 Ak F
A H5AZ DRI UAS & 45 A5 5, B
~10% E>E,(1+e)
AR=4+10% E<E(1-e)
0 Ee[Es(l—e),Es(l+e)]
(1)

IR AL

AR e NRVFIIRZEH /T, TEE
SRR EAT AR R BRI (F5h AR
K 50%, fie 55 120% ), 87 19 = 4h A
R o ST IR FEREE Ry I E SR
AR, Rl

R4 =120% and

R
old AR = +10%
R4 =50% and
Rnew = Rold AR =—-10%

R4 +AR  Otherwise
(2)
& 5 Jon T3 TAR S R A,
o, 8 AT R T SRR S
F18 T T P11 5 U DX A B 30 4
T, AR B 11 SR 2 MO ER AT

FAHLARIER
AU
2% F|PC

3 IR SR G TERE

Fig.3 Workflow of strain rate monitoring software in shear zone
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Monitoring and Control of Strain Rate of Primary Shear Zone in Cutting
Process Based on Digital Image Correlation

ZHAO Shuang, ZHANG Dong, NIE Guangchao, YANG Zhengyan, ZHANG Xiaoming
(Huazhong University of Science and Technology, Wuhan 430074, China)

[ABSTRACT]

Metal Cutting is one of the main processing methods in the field of aviation manufacturing, and strain

and strain rate have a great impact on the chip formation and surface quality. The monitor and control of the strain and
strain rate can contribute to the study of the cutting mechanism and conditioning of the machining process. In this paper, we
developed an experimental setup for monitoring and controlling of strain rate in the primary shear zone. An in-situ imaging
platform of orthogonal cutting is built, which can acquire the images of shear zone in the orthogonal cutting process.
A global DIC algorithm accelerated by multithreading is developed to improve the efficiency of image analysis. The
image analysis and strain rate calculation can be conducted as well by the DIC software. An online adjustment of spindle
controlled by computer is established, which can adjust the spindle magnification in real time according to the relationship
between the measured strain rate and the target strain rate. Two experiments for the control of the strain rate in the primary
shear zone during orthogonal cutting are carried out. The experimental results show that this system can monitor and control
the strain rate in the shear zone with an error less than 10% compared with target value, and less than 23% compared with
theoretical predicted value.

Keywords: Digital image correlation; Orthogonal cutting; In-situ imaging; Shear zone; Strain rate; Feedback control
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