FErxE xR xFE x R x N xE

A EEY



FERFERE

& J& V) HIE

IR F

TR F RO WA



ERHIER ERR F
RIEHE:RE% HERIT:HEP
WA EHWBEHAEMKE  850x1168 X 32 FZ&  5.125 EpEk
RiT e EFEBIE T8 112 000 F

199748 11 A& 10K 19974 11 B5 1 KER
Ep¥r1—1100 4 Effr:.10.00 7T
PRl FHABAFEIRI A ISBN 7-5384-1868-7/TG -« 4




A& REE

FHARGM AT &R U BRAFE. &
PRALE R SRR, e T 6B RARE AR
2. £fmFe R 18, YHLEsI—I1RY
BRI 2ER B2, ANFTRER G5
3B, HLEHFEER CGF4F). YT EH
(FBsE)., ik (F6H NARRERE (87
) Al

FHENFSRUMFELIEEMT TE
FHERFRIANAOME THEEEM, Wl
WREMKEFRBFERFESE,



(FFEHERXE) FTHERS

] E
FEER:
BEEER:

&

o

E KT
;R

A

T &3k

kT

X R4
3¢ I8 B

K E 4

IHL
g%
VEX]
RBLE
R £
# EAK
£ 5%
6] (& ¢

ER2-/ 8
2l
% #
il &
RER
A a4k
7
FXKE

A A A
"
FTAR 4P
MR8 &
7 1t
w1
= A&
REREK



HEMAE REREN
— HFEFFRATER

E K3

BAETMRMFRAEMLE RN (FEHFEX
BE) HEREELE, — M EBREF, BTREWH
BEFEANG R AR, EEME, REGEHL, 7
PLEE CXEY R R IR, SRR THELILR, BT
KEFEARTAEH P LA 2 oY,

HWER, —AMELEALBET L, RKE K
ERBF TEEFHEXA @ W EREFERY M
RARMEEG B FURBHATEEES 7ol E
fh 5 L, A VBT A B PR A, 2ok B B gk K
FANEANERNZ A, BLERRTED B FRAHFS,
KEERZFEFTEEZEANEBEFBE I ES
MR FRREFLACE, FESFRAR, P ERF
RAMBRLTEFHERFEERFRXL NEHFRE
FHE R TREFEHARLIFH U L. ERFEHFX
Kitd 25 4, wNRA2ERUEFIHHEFFEHKT
fEE P RE#EHNRERE.

wik e L, 2P EA BT EEFRNIER,
EARBRFRAEREER LRGN REEF

*1._



HEBERkELUFAFELRELSHTYS, T KFF
BERIELERZRANEF UBREXCEFERR IS
WK ZERES .

L4, EHAUNEREST, EXNRE-NEX
MsaEY, TEFTEEH - PMFTAEZMFRA N
5 LA ERERFRAREARDEF LR 2@
SHEEFR., RERZ-—MIAT—LAOKAE, &
FAERER. ERRNESR, ARAKXTE, LR
FHRREZM, LAXFNER, EERINILRAH
RESL PEHFRAGXELLZEERNETFH
RIHRALELE, EHARAREERNFEA. KT
ERAEAR, —REL—RE X ARLEXIITE,
RENGEFHERNFFAS L, EWTERFEZAN
e “RMNEEEFERE, 2YERRNER.”

FNELAMCERFTH, BERNEEE, EHE
B, HER., — MY, —PRELE, BEH R
B, EHAERR, EARKEES, BAEX, AR
k¥FOA, AWML, BTHE; EARFHFFHK
A, Bk s EAERE mEtAh, ZEATITAA L A
ERBHHES, AEALEREIAW, LEAK
LHHFEAE, BERR, FERANT I RIIEE
KRR RE, TREEARKEURHN, BE
Binte, BAEE, REESL, FHFRHEHFE, &
wEE, FHAK!

1990 & 2 A



FF

SEYHERRME I FEENBEFARZL—, THE
FHB B IERMR T EERHAEE, HHESTFETR
BEEW T, ABVEEAGERABHERRENFREL.
ANEGHARLB WA ER 9K EHNIE, HERBREER
4R R EEERIE, TR EIEH RSB R
KAy ik, dFREARNBEHERRAT, EHEEE L,

HFELBUHERNNZEAR, T 05K, £0%
EBEANELEMHERFRGFLNAN, 2EH EREY
T, BEEMINXERAE, SHEFEHELE, #A
0ERUE, FAHFBARELE, EFM. BT, #
K, IAEFRGR, P, —LERNIKEE, wFERT
FBR, BRTHEY. BL3%, HERE—FHEAN, Tt
TEM, TR LEFNWGLALAERE. Bl 554,
AL EE E AR T FRIEA.

SEVHERNERELRIH Py — AL, AE/LE
HAFHAME I TR I, A, RBLLE. CEERW
EMU A ERREPENN T ERAN . TERPEAES. Y
FEAK, URHER KA T RIS, IR T2 a7
1, B, BB AENMEEE R TR T . Bk, ¥
Pk, 2BH ERMEHS FREXLAET I G ki
T RBHEAZ—.

AEMHERNHAREUNERAEAYNB S THHIE A
oy, LABYHBEAPH—NEELARTL. 2BETHE
7 RAENFR, FREMEAS, B, BHA%, UKD

-



HEUREEM T IRESSE S NFAGH,
FEABLRBANELBHBE AR FEATIE,
HitE (LBWH EA)Y —F. EREL BB FHTR P
BEE. i, XKPEAEM, TRISBETHEAFEETLT
bk B, BEAHEEERME. BoF & avdnd o By
BA, T4 r%%, aREMIT. THHEZ25% (EMS) #
HgawTd, AAHHoMRWE.
KEWEEE, CRFHA, FREEFOHTRRABE
LB FRARA YRR SR, KENEK., bEAT N F
ERF TS, REMAEL—FRARN. AATE. &L
B Bk, LAKEFERNFHRE,
BNRERED., —AMFEINFTEARTHEFEAR
A A ERAE AR EL TR T B T ARA A,
LA FFENEE F TR RIENE THES S},
"E, ARERAHLELBE FHHKFR . HiE
Hhh. QEELFAR,

BB
TR T

1995. 12. 20



aff}3

]

BEE R ARG KR BN R AL, &
BEALRI B E I RERLBRAN TR A A0 R , B
FR T BB O T — S ER . KR AT
WSk FABRHA R T, fi. SRS ATBRAER B
A LS I SE R B T hAR. BRI S RYIMI A R e
BN 2 . E RS RITR BB EI T ey R
RIBAO . JCHRAENE SRS T . TR REHH
© BB I AR R R R AR R St PR
ST RA EERE 2 ., B, AN &R IN e
T2 ML e S (L BEA R« IF AN sk N E R 57
KA, BLEAFE. AT FRAR RSN T TREMNS
RAIIEERE . SEE IR AT S T A
FAHEER X,

A 70 O, £ HARBEE IR TR S5
ARG R B AETORSC. BUS T ROGIR, (6% B 1986 48
R, — RO TR R R R AR T T T
5. WIERISE T EASINIE B — 7 ELUIM T R4 AR R 2t
b 4R DI E R R SR, BRI, AE T
R 4R UIHIE R A FTE . 30T E RN TH A 4077
B R R R A |

AL AR, FEITE T BRI, BRLE R
HE I R RSO R BRI R A R A 5
T RN, 2 7 B, 51 B, B
2 SHMLED— TESIEITI RN KR, 5 3 SR



EH, B4 EHEFEER, F5 EUHIGTFER, 56 EL
ieHE 7T ERRERE,

2R EEERFZFARBENHECENES KFFIIHR N
HrBh. B SIS — R, iR SR VIHIE R
TR, H—HATIFENEBRES; BT ERMEL
g, Mk S EEROIE A A NMEN RE S HERK
K23, KEAE; Bl FITERRERMEmE IR, (]
IR IR SR CRIRF SRR R E R, MEhER
EaoRE., BTIHH. Wb, HHLEL, EEEHETS0Y
AR IAELT TR AIFE . E—HEREE.

Rt R E R R I TR TR A
ERFs; BEirhED. KA LEREEHRESSMEKRE
2 R R S B 7 IR TR K H 8%

A, RIS BINM TR ES., BEIEAH
ZHERF T ES YR LA ER B 20T A A LI EEE 0 ¥
B, —330H

FEHK
1995 128108



m =B

DIHI B R fy 42 ) 5 £ BRBR B BN BE B RSP R R R 771
— RESEEENIAE LN IHXRERZ —. SRYINIERE
YRR B R LA O 5 BB R G ER AR R, TR
EMTELHNS RO LM EREAEENZANE, THARMM
HEBNEBRIBAR . TEMTESERENT, RERERSE (FMS)
METEMMLIN T AR R AR EXN XA NME. TFEE, &
BUMIERIMHRIIET BIMRIBERMEZENHREER.

AHBEEHATSRUNBRERVENEL 5ERHR, HEM
ET R IGR G BRI L R R A HAR, TR & T M S/
BRI BRI, HETHEL L S8 VIHI B RIE AR S RHER. £30H
7TEAR. B BLEWR, P2 EYNES— T RN T BRIS KGR,
IEFMITFIER, B4 EHERFFBR, B 5 EVHITAER, FHo &
i, FTERRGRE. FHRANEETRMAHEMT .

1. HWHERMERSVINZSB AR, BT YNIEs—T
BUTH 71 BRI AR, JEBR A HPMIT @ BR . #5777 ERMIH]
HEER=KE, LI T UIHI B ERYEN RS XRBREAT R
AHGE—, AREERNMPT RN BRI E T RLHEIL AR,

2. W T —HUIHIF YN TMER S TR GAFRERD #H5ME
W, 387 & VT 7 MBS 5 aRE R R B R BV e<<3, K5
BRIX; 3<<e<<d B}, HEEE: 48, HERE.

3. B T VI 771 BRI B 3K O B VIR B — M R
T U1HI 77 16 5 ST LA SE RN BT TR B —— S R U — BT R B AW
s HEE T ERMIEE.

4. EWREIFEL T R HF AR B ANYA ¢ MFE,
e T RBIYIMA ¢ XEUINITT I SRR R R A LE .

5. WIT VIKI BRI EEAPHE THERRNRRYERE—
FORERA b REBUIHIRE auMIRIRES R /1, 8 T S ARYEE

= 1 —



By —MALHE . TR S T & Tt B Rla A m k.

6. SERRESLT PR 4 T BRI DT g -E R R
UIHIAER . FFEAT T B AR IRIE T . Hoeb . 2 IO R A i
12 SN N it 4 77 1) B AR R P A BER i B S UD SR e 4 Ak A
B A RERAMBT ISR YR RITRE T HALRE.

7. 387 P 77 1) B T 1 R 2GS U1 BT U1 AR e Z I 06 & A
e 2 e<<3 B, BAIR T/ Y 3<e<<6 B, BRIRTHA e (R ATTHA
% e>6 B, BRI T 2FUEHCRE, Bl TR "8 b, 28T 6
s e 8 RO BB R R 3 i 394 K ) B A R i I 45

8. @i T FEHI LA — K BRI K BRI F R R R A
S I T U1 A R R R : ar—>f—v,

9. BREEF 6-4 WML TS ABFRIC N T 207§, 15”
PFI HT15-33 S LI AEORE. I E.. M =284, 0l 5. st
I e B 09 4 B R AT T RS SRR B, LR A S Iie
BN 32 (SR A AT
o 10. SSEEHLL BIHL RN BEEIFOBHISE T, IR T R T
B A E A AT RIEIG ., VIE AR JTRILM SRR
BEvibl, LALREMEIE (s . R4 amafE k. B,
TV RS Hy Rt i AU H 77 B 45 i 5 - R ) sk /U ) 6 4 a4
A TZMIHE, EHENT, ZHERERENHT A b Th AR
3L kR Y FAME

i Re L AR ECY VN R g DRy LR R L AR RSy RS o2
FRWFF, WASL T KAUINDE 3 — J) B ANEI 7] BRI 1 350 R A ek &
BUHIER 0 ER SEHER. THEBURER SRR SRR MEEHE
T WHEHRE I LM R H F R R RAATENERNE. ¢
WEML . FMS MIHE B s b TR 1™ R e R AR R0 @0
BAREHAE.

e WY, HEML, BshfemT, BR, THX. 57
N e, REYIKE. REIYIM ¢ . AT RER . kST RER, DI
FEER, FE. FREMM. BRESHFRERSH. LR, &
BRERHA . WHERLA.

_2_



Abstract

The controlling and deburring technology of machining burrs is one
of the key technologies of the precision or superprecision and automatic
processing, which are two main developping directions of the mechanical
manufacturing. The study on the mechanism of burr formation in metal
cutting is a basic work to positively control and decrease burrs in size in
machining. The study have important science significance academic value
to promote theoritical development of the precision surface finishing and
metal cutting, new technologies, processings and methods for the control
of machining burrs developed in the study can be widely used to precision
cutting, FMS and other automatic working. Recently years, foreign engi-
neers and scholars of the mechanical engineering attach importance to the
study of the burr formation.

This dissertation concentrates on the researches of the experiment
and theory [or the forming mechanism of metal cutting burrs. Firstly,
main patterns of change and forming of cutting burrs is obtained. Second-
ly, a certain numbe of measures to control and decrease burrs in size are
developed. Finally, forming and controlling theory of burrs in metal cut-
ting is established. It consists of seven charpters. The first charpter is in-
troduction. The second charpter is classification systems of machining
burrs based on the cutting motion and cutting edges of the tool. The third
charpter is sideward burrs. The forth charpter is feed direction burrs.
The fifth chareter is cutting direction burrs. The sixth charpter is con-
clussion. The seventh charpter is developments and prospects in the field.
In the paper. the main contributions are summarized as follows;

1. A new classification system of burr is built based on the cutting
motion and cutting edges of the tool. It combines cutting burr formation
with metal cutting motion, takes burrs divide into sideward burr, feed di-
rection burr and cutting direction burr, bring about unification of study of
burr forming principles and deburring work. and sets a solid foundation
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for the further investigation of cutting burrs.

2. Distinguish criterions of cutting direction burrs and fractures in
orthogonal cutting are given and the main factors which influence critical
transformation of cutting direction burrs and fractures are investigated,
The results show that the critical change conditions of cutting direction
burrs and fractures are: shear strain of chip e<{3, fracture area; 3<<e<4,
transformation area; =>4, burr area.

3. A new viewpoint is the forming essence of cutting direction burrs
is shear strain of the material to be cut and breaking off and separating,
but cutting direction fracture is shear strain of the material to be cut and
crack forming and breaking off and separating. And the viewpoint is veri-
fied by experiments. .

4. The negative shear area and angle ¢’ of negative shear plane in
metal cutting are first found out and verified by experiments, and effects
of angle ¢' of negative shear plane on the change of cutting direction frac-
ture formation are experimental studied in orthogonal cutting.

5. Some specific physical parameters are obtained in the forming pro-
cess and changes of machining burrs. They are: critical tool cutting edge
angle &, critical depth of cut ay and critical feed per revolution fi. The
change rules of each parameter are found out. Further, a certain number
of measures to restrain and decrease the burrs have been advanced.

6. The cutting models of sideward burr, feed direction burr and cut-
ting direction burr are respectively established. One of them, theoretical
calculation result on the root thickness of feed direction burr using engi-
neering mechanics theory, is identical to the experiment data. It opens up
new ways in order to further study cutting burrs,

7. The relations between sideward burrs in size and shear strain ¢ of
chip. are found out by experimental study. Those are: when e<(3, practi-
cally no burr is formed; in the range 3<<e<C6, burr height rises with the
increase of €; when ¢>>6, however burr height doesnot rise any more.
And overlap rule of sideward burr in size is given when superposed cut-
ting.
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8. The critical transformative condition of the primary burr and sec-
ondary burr in turning is carried out. And that selecting order of cutting
parameters in automatic. turning is a,—>f—V from controlling ways of
burrs is pointed out.

9. In addition to 6—4 brass as workpiece, other engineering materi-
als such as 20% and 45% carbon steel. HT15-33 cast iron and others are
used. It makes the study have more theoretical significance and wide uti-
lization value in production.

10. Along with operations of the turning, sharpping, drilling,
milling and grinding, some new methods, technologies and processings
such as overlap workpieces, improved cutting tool formes, workpiece
charmfer, adjustment of cutting parameters and others to restrain and de-
crease burrs in size are developed, which have noticeable theoretical sig-
nificance and wide practical value in the precision cutting, FMS and auto-
matic machining.

By experimental study and relative theory analysis on the sideward
burr, feed direction burr and cutting direction burr in metal cutting,
burrs forming and controlling theory have been built based on the classifi-
cation systems of cutting motion and cutting edges of tool, which present
theoretical guide to effectively control and decrease burrs in machining
and promote theory development of the precision machining and automatic
processing technology. And the study results can be used to precison ma-
chining, FMS, precision surface finishing and other automatic working,

carried out good technical economic results for production.

Key words; Metal cutting, Precision machining, Automatic process-
ing, Cutting burr, Surface damage, Shear strain €, Negative shear area,
Negative angle ¢' of shear plane, Sideward burr, Feed direction burr,
Cutting direction burr, Fracture, Critical transformative parameters of
burrs formes, Edge quality, Deburring technology. Controlling technolo-
gy of burrs.
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