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. Abstract'

Due to the high length-to-diameter ratio of slender shaft, workpiece flexural deformation. -
and vibration are frequently encountered during cylindrical turning of slender shaft, Thus;
turning slender shaft is still a well-known difficult technical problem. Today, this problem is

 solved basically by empirical workmanship of the operator. This results in the fact that a

dcmandmg technical level of the lathe operator is essential for turning of slender shaft. And
the productmty is very low. With the rapid development of science and technology, the
demands for precision of mechanical parts are increasingly high. Efficiency and
automatization of design and manufacture would be the inevitablé tendency. Traditional
machining methods cannot feed the needs in precision and efficiency. Under this condition, it
becomes necessary to seek the breakthrough for solving the problem of turning slender shaft,
Consequently ,it is very important to analyze quantitatively the influencing factors of flexural
deformatxon and diameter error of slender shaft, and to probe approachcs of minimizing the
diameter error. ‘ ‘ ‘

Study on slendér shafts turning processing is- 'viitually researching the rcspons'c of
slender shafts with constant rotate speed under rotary and movable load. It is striving to do the
further theoretic study on mechanism of slender shafts turning home and abroad. Due to the
features of slender shafts ie. weak rigidity and easy to cause vibrations, to control the
vibration caused durmg slender shafts tuming has become the linchpin and priority to
improve the processing quahty This dissertation simplifies the supporting at both ends of
slender shaft and builds forced model of slender shaft in the processing of turning and then
builds free vibration equation without cutting force and excited vibration equation under
cutting force on the base of the model. In addition, a lot of analysis and explanation were
done for all possible vibration such as torsion vibration, radial vibration and axial vibration.

With the help of the software of ANSYS10.0 that is powerful engineering finite element
analysis applied software, this dissertation makes two kind of analysis: modal analysis and
transient dynamic analysis. Converting the simulation data into graphics makes the simulation
outcome clearer and pellucid. In the processing of turning, the natural frequency and vibration
model of slender shaft are changed continuously, which leads to the complexness of vibration
of slender shafts. This kind of complexness will be not find out if simple modal analysis is
done, 50 it has been general trends to make research on the transient dynamics of slender shaft
during the turning, Two feed ways of cutting tool are in common use in the processing of
turning of slender shafts: obverse feed way and inverse feed way. This dissertation makes
transient dynamics simulation analysis on both the feed ways under the same conditions and
which feed way to select is provided by comparing simulation outcome of the two feed way.
Analysis of deformed curve graphics proves the simulation outcome conforms to the actual -
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status of turning, which provides a‘gooc-l start for simulation of turning of slender shafts on
computer with the help of the software of ANSYS.

Key Words: slender shaft; turning; finite element analysis; simulation
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1 _ard'x 219
Yazz - xdrt

BT HERUX YRBEMSE, S LXAEEy, (0%, DETERURAN

BT WRQISHER:

Et;—a}’

d‘X X
dx‘ *z a?

RE o A5HER, AHEEAE, ATREFERS, & a=p% pﬁ%ﬁﬂ&iﬂi%
Hﬁwﬂ‘]@ﬁiﬁﬁ AT '

2 d'tg‘) + 2Y(t) 0 - (e 16)
a—;-ﬂ‘X =0 : C(2.17)
=P
, =1
(2.16) B K
Y(t) = Asinpt + Bcospt (2.18)
RQATDHIEFBH , |
f_pt=0 (2.19)

BEED A=f i=f A=jB A=
Fitk, HRQRATMERTRTH
X(x) = D,eP* 4 Dye~P* 4 Dye/B* 4 DyeiP%  (2.20)
A$D,. D,y D3, D, — BAEH.
BMTFREEEREE, HEI AR

| sﬁ(x) = %(e" —-e™%)

(2.21)
ch(x) = % (e*+e7*)
Tﬂﬁﬁﬁﬂgﬁﬁ
X(x) = Cych(Bx) + C,sh(Bx) + C3cos(Bx) + C,,sm(ﬁx) C(2.22)
W XG )& B2 HA:
d);(x) = B[C;s h(,Bx) + Cych(Bx) - C3sm(ﬂx) + Cycos(Bx)

(2.23)
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d);(x) = B[C,sh(Bx) + CzCh(ﬂx) (,'3sm(ﬁx) + QCOS(,BX)

X (2.11) B (2.14) P e B R 44 7T 8
C,=Cs
G=~C . (2.24)
" .Cy[ch(BI) = cos(BD)] + C[sh(BI) - sin(BL)] = |
Ci[ch(BD) + cos(B1)] + C,[sh(BI) + sin(B))] = 0
®EC,, GHIEE®R, DATHIR

Ich(Bl) cos(Bl) sh(pl) - s.m(Bl)
ch(Bl) + cos(Bl) sh(Bl) + sm(ﬂl)

=0 (Z%Y
HwHE, B

tg(Bl) — th(B) =0 (2. 26)
—Iuﬁﬁﬁi‘?ﬁ&iﬁ%ﬁ{lﬂ Gt RABERBERANRY RS Xx), BEit

pi=fra=p [FOTREEAHE, H4R 2D anmemm%ﬁzmm

2.3 KB A HIRS

ERTAEN, BT RS META RO LSR5 T B AT R L
- WEMO), BSIRAKHEE AR SETBIEN ENERANESN AR
- Ak, AT LS EERE). SRS A KRN TR AR S RAEN.
BRTRABERABCN0, TR, 5% R MEH /i R T AR Mimst B siRz).
BAKHOROR IR G(AARIE), E2ahBKBRERDZ HEE.,

B 2.4 MKHEHRHZHME |
Fig.2.4 Force of slender shaft with torsiona] vibration

IR B M AT o i Rl B 3 5 25 R R e, B
0(x,t) = X(x)0(t) . (2.27)
EBH ﬂﬂ#ﬁﬂﬁﬁ%?ﬁﬂ&ﬁ%@ﬂ?‘iﬁﬁﬂT

plpdx - Glpa Six | (2. 28)
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K p—BHE (kg/md) ' o

- AKHREE BRI (m?)
G— MEABIIE MR (Mpa)

EREBAE. | |
2% _ 1% G - : ,

“ax c2 2 ¢t = ; (2 29)

B (2. zn’rt)xﬁ(z 29)13: . ‘

c2 de(x) 1 d29(t) . (2. 30)

X@) d2 0@ ae?
A EASHER Y, ¢8RI, WGERLLRRNET—5Ha, E#ﬁﬁ%%?ﬁ?ﬁ
MEROTRE: .

d2x(x) _
SR - ZaX(x)=0 (2.31)
d20(t)
FTD) = ab(t)=0
Rﬁa){]ﬁlﬁ, jmﬁhiﬁ:iﬁﬁ.” EX(I:-pz, '1!'”5:
@ 25+ L ZX®)=0 (2.32)
Lipe0=0 (2.33)
p B A T35 B B R BN A SR '
RQ3DWBRS:
X (x) Csm(— x) + Dcos(-x) (2.34)
2(2.33) @R H:
(t) = Asin(pt) + Bcos(pt) ' (2.35)

BREER: EERESR, BEAN0, FETREIR, ¥iEHN0, B
ZEx 0kt

X(0)=0 (2. 36)
fEx = It -

ax() -

_E- =0 : (2 37) .
B R (230 ER(2.35), ATRAIRENIE R RPN IR R X (x)

p="0 | (2.38)

i~
Xi(x)=3i7t( 51




ZRAAQ1), TRAKMBERSRFAN ERITER:

2i-1n

0;(x, t) [4; sin(pit) + By cos(pst) sin (7). (2.39)
B, BAMAKHNEE B BRI RRA S ERSEE M

2i-1m

0(x, t) = X;[A; sin(p;t) + B, cos(p;t)] sin (———x) ('2‘..'40)

2.4 KA IR

KR i B SRR E R R, BALTIRAP

O Eumbh, ATSIREKHNMEES. BHERDN, BRENRET

o EERAES, 3 EMETHEMESROBHER. B KRN
(FARE), WAAAKHERNEHE B2,

- o | | A2
|
\

............ . ?//

> du
u u+—dx
ax

p 4~ p+ g—: dx
2.5 FHBh R RhE HEE
Fig.2.5 Force of slender shaft with axial-vibration

MRS R R T RN AR BN Z AR ORE, B

Cu(et) =XWUER) 2.41)
ET NERSERRER, BHBAZAFANS, BHRA%2EER
T A KM R E S R F R T

aP(x) dx = pdxA(x) =2 z ;g £

APP(x) — %xlﬁﬁﬁﬂ‘]ﬁﬁﬁﬁﬂﬁﬂiﬁm); '
A(x) — b BT R (m2);
p — HBAAERKEE (kg/m3);
_ u(x,t) — HxbRHKEm).
WHEA

(2.42)

au(x t)

P(x) gA(x)=E A() ' : (2.43)
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AP E— B EE(MPa);
o— IERH (MPa).
BRCORAQ)#FEIFKMONBERAEER, BEG

u(xt) _ 1 %u(xt) .
Ix? t 1:12 at? o (2 44)
2= E
p
Wﬂ,ﬁﬁ%iﬂﬁ%ﬁ%~#,ﬂﬁﬁﬁ:
' U(t) = Asin(pt) + Bcos(pt) (2. 45)
X(x) = Csin(% x)+ Dcos(’c—’ x) (2. 46)

AT AR, ZERRA, MARBN, ETRAMERE—
MUK, BEORRIE Nk, WEREHTERR:

u(0,t)=0 - (2. 47)
| | 2D EA(x) = ~ku(lt) (2. 48)
R2ADRAR (2475
| X(x) =0 (2.49)
RERADRAK (2.48)5: |
' 2O E4 = -kx (1) (2.50)
R (2.49) AR, (2.46)18:
- | * D=0
R(2.50) R\ (2.46)18: | |
tg@ . '
'_pL = —kic = -kEZ(x) .50
&Lﬁﬂﬂﬂ*ﬁﬂﬂ&%%ﬁﬁﬂ&ﬁ%%ﬁﬁ%pp B R A AHMNE
REERYH: '
o0 . Xi(x) = sin (p‘ x) (2.52)

B KH%MW%@%&TE%MI%%&M*@!IHT
u(x, t) = Yi[A; sin(pt) + B; cos(p;t)] sin (-c-x) (2.53)

2.5 RGEEHNERTHRSWRAT |
EEHIMTAKAN RS RENRDEROS MRz, EUIEINARRENRMMA
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 HEWESIERNS B, TEOAKME AR T OSSR RS,

MTEBHERAMBIMNAT, WERAELEMIE@ERRSME), MR
ZHERIEEFTRIFR S, THRAGHIRANYBLIFENHETRYER/NE

- BIRERAR, WIS B BB SIMRE AT LS SAM  B RS Bk B

LU, WTFREERS QHEMELRE, BATARMTERMTFIWN, Xif, RER
EEREMUBRFRREBENEY, FAREBENERYE, RUTNSEENYE
B RED T RERR— RS FJ$%$3W~M’#J W HE4, JX#%‘FI U1 BHERE
RAET.
- BB RS R BT RN ‘ K

. | %t =X@Y(E) (2.54)
KX, 00— BN TEBEN, | |
Yi(t) — BiWrERA AR

Yi(t) TR« . :
| Yi(t) = A; sin(pit) + B; cos(p;t)] - (2.55)
T EUIEIh AR B TR FRA R R A:
(IS + o T = Fox-t) (.59

AF El()— KB b BB E R SR,
p () — Al S0 R 1
Fié(x ~ 1}) —FonfERTERKHhL, REE P HF,.

BB & B R B R O o AT AR ‘
[EICOX{ (O] = pfp(x)X;(x) =0 (2.57)
HETHIERKER: .
! 0 i#j
hp@x@xEa={, 2] o e®
[ EICOX; () X; (x)dx = {1((), :: j (2. 59)

WK AR 0L #A8 T RR N IR RS
Y% t) = T Xi(0)gq; () . (2.60)
mTEﬁ%%mﬁx&%,ﬂﬁﬂ%%ﬂﬁﬁﬁ%ﬂ&%ﬁiwmﬁﬁﬁ?ﬁﬁﬁ
BHRRN TR,

EBit(Z 60)715%5&%%!’1%&]3@5@&%
& (x ¥ -y x, (x) q,(t) (2. 61)
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MK ST TR :
, o _ 6y(x, t).,
| = 2] P

=2f,p(x) i Xi2) (1)) (Z; %) ,(8))ex

=iny 10 40 3 PO X)Xy ()

'Zth af (t) . @62
-i*m MRF X hRq, M7 R |
- M= f p(OXE (x)dx (2.63) “
%Eﬂﬂﬁ%ﬂ‘]gﬂﬂﬁ“ﬁ“u
_ azy(x t)., 1
v=3 [ 102 o
=;ZiijqujfoEI(x)Xi(x)dex o @26
=§ZiKi‘1i2 |

E*m—ﬂ&?fﬂ%ﬁmWFXM§
fEl(x) [X;(OPdx = p?M; . (2.65)
EF#ﬁFXﬁQ,m&mmm&@Tiﬁm

8y(x) = X X; (x)dq (2. 66)
VB R E LR B8 L BT YERIZh A
R
8, = J; F,6(x—1y) [Z X, (x)é‘qi] dx
, =F X X; (1)8q; (2.67)
BT U0 |
Qi = FX(ly) A (2. 68)

¥HNRET. HAEU. - XﬁQiﬂ)\ﬁl‘ﬂEﬁ%H‘Jﬁ*&EﬂEﬁﬁﬁ
| thit'*'ZiPiz(h'l'Mi'Zthﬂi;=;:—1F1X,-(ll) | 2.69)

- EIERTS ARG ﬁ'i;b’ﬁﬁﬁﬁ:

G + pi q + Cuq) = _FIXi(ll) (2.70)
B (2. 60)331?(‘.(2 70) BN 18 40 K 5143 171 25 4 5 R Ly (x, t)fi‘]ﬁ
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2.6 FE/NGE

FENEHREMERMRETHENE, BT AKMEENRORLZ HHRE,

FELER BN KB FRIR TR AR S RREHT T HER, B, 8xT4 ¢

KR VIR 0 1R B2 BERE H .
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F3E MKEMEHMNERDHESN

B A SR R R, LB S O ER BRI, bR T,
ERBM T, M TR B AR Y WENE SR, 855
tﬁamwm&mmwﬁmwﬁﬁmﬁw, R BT T AT

%3551 8

%&%E$§ﬁUﬁﬁEwﬁﬁ%m,ﬁ%ﬁ%&%ﬁ%?iﬁfﬂ AT
SUREHHIRER), GRS EEHRERD, Fesnt et AR, %A

BAMMZRHAR . BHERND NSRRI EOEEMT, BRARN AR |

BNk, ﬁﬁﬁfﬂﬁ*ﬁﬁﬁ,%ﬁﬁﬁﬁ&ﬁ&ﬁ%%ﬂﬂﬁ%@”ﬂﬁﬁ.
HEEBE BT AR KA 0T 1R BTN H BB o

AM%%~ﬁFﬁ%%V&Wﬁ%§§Iﬁﬁﬁﬁ#,Eﬁﬁk%ﬁﬁﬁﬁm%.
RAFRTERBHBRRENNAKEZ— FROESITAT—ENBREHE
ST B R FIANSYS10.05R 52«

3.1 MKEEYMT RSN

'&?i%ﬁﬂ&%%ﬂﬁﬁ\wﬂ{%ﬁ&ﬁﬁﬂm%ﬁg%@ﬁﬁﬁ%ﬂﬁhﬁ
CARAIE RIGAHTRAFANSYSPIRS S o, EREMMNEETE, H20ME, T
XF R FEAR B JUFT AT B ﬁ*ﬁﬁﬁ,%%%&%$MNmIﬁﬁwﬁ—%ﬁi
A, —IEBTRRAEX-FXRMA, mE3l.

..............................................

A 3.1 ARMENRENLF &4
Fig.3.1 Boundary of slender shaft turning .

BTAKMEESEREY, NAREIRRESHRBHN, IRERT KL
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Ao BEHOHN TIAMBTIREENERRALLE, & 8 BIELE D HE o A A RIE R
B RORERRYE, WIS SEI T 32ML B AT B R B AN A K,
32 BEX DT 32 A, BAEH S MR T A 108 EEH#1TH B, FIFANSYS
KEATIEE, EEMEANREY, MERER, —HETRAEEUFRNEIIFR.

3.1 AKBHERNBEHTRAREN

Tab.3.1 The natural frequencies of slender shaft changes as turning

BRIIBAE (mm) BHM#E (HZ) B%46E (mm) BIF 5% (HZ)

1.55 . 54,612 0.75 173.98
150 | 60.554 0.70 156.67
145 65.012 0.65 141.13
140 69.456 . 0.60 128.24
1.35 74.687 0.55 116.89
130 80.436 0.50 106.76
125 86.878 0.45 97589
120  94.08 ) 0.40 89.329
115 10173 035 80.829
1.10 110.78 ' 0.30 - 74402
105 167 025 - 69.604
1.00 © . 13409 0.20 65.322
0.95 147.79 0.15 61.830
0.90 164.02 0.10 58.478 }
085 ° 182.67 0.05 55.539

0.80 193.89 0.00 53.320

EFHILET, TAMRIROLERTEZLN, BKERNEHRREHEZ
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AW, BTRETREMINMES IR E-EESNZEREMRK, HR31L
FIHT R4 BB AN BN —MEERE. ARPUEH, £FBIRITEN, BKHE
BEH ARG, REHEERESRNERMEEM, FHIMATRN, BRERRE
BRAE, TMEEAFREET TR EMILERN, BRMOEEREBLEK.

AR RERIM IR EE, BRDIEAN T HEKHEERR3 I HRE
B, TRENELH I EFERTHE B TRERS, H—HRENAKHERL
EMREA, BZENSE THRREN/LADETSH: —HHiRE NP ITE b A KN
RPN RERUH R, BARRTAKE LS IS FRZERNERS, ABIERR
WK L& SRS, HRIEE. RUARIREFRZ BIMES, W&
MLE R — B R 5 i B 3.2 80 BI3.7 B, B3.2 3.4 R BA KRR BhER T SR B —B
wAE, @35@@37%%%&5’]%7]%51 BrieiiE.
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B 3.2 FHIBL/44
Fig.3.2 Turning to the L/4
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B 3.3 ZEHIFL 24
Fig.3.3 Turning to the L/2
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o |
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3.4 ZEHIZI3L/4
Fig.3.4 Tuming to the 3L/4

23 .



MR THER MR

8.'&?&00
1.00E-01
° e~ ) R L B
‘ 3 e L ACIEE
\
-2.00€-01 fagt vz
| 3.00E-01 : 4 L :
© 02 0.2 0.6 1 1.4 1.8
‘ L/m
|
} B 3.5 FHIBIL/AL
| Fig.3.5 Turning to the L/4
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- Fig.3.6 Tuming to the L2
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B 3.7 ZFEHFIBL/44L
Fig.3.7 Turning to the 31/4

MR E P IE W FHIS R R KR RER. E3-2 - EHIRIFF
R KNI, RIERAR B R EEMNDE, WEENINEHRIERAM
mARWS, XiAKHEN SN THDRRIEL0IT IR MK, JETE3h T KM
 EE, HOSHIRSRARNTHSORERKERR, RE, IR HRER
. KESSEMRHARARS, MIERE, S HRERXESR B AT

f. AMIHAORBEAERIEERD, HEnLRES, BELETO.

| 3.2 BIRAERMGH

W EERR AT BTGk ZEERIRTFART, e she e a6 B n—
EEIRTIA RO RBMRIZIERE . diE LA ETE HA K TR N
T2 MBRARE FNERASFTAKMKEN—F, HEENSRENTH, MRt
—MEBNIRTIG, BCIEFHER IR A D A K B — R M3, LU AR
B9 —3 BRI 7] B 1 40 150 12 51 R B B A S R K R LA/ N3, 3.8 i B R 15280
AEE. ATEER L ZRIMENRIR, NEFRERRE-RLAL, FIRIIE
HLWRNHTES), EEREBA—MRESCHLANELNRARK, gL

25



BAREBRTHFHMIHA

1:2, ﬂ#ﬁﬂ%fﬂiﬁﬂﬂﬁﬂ%uiﬁ%@ﬁ%—*ﬁﬁﬁ%Ta

’

_@

i 2

~J_4

0

Vi

W,

B 3.8

B TIR

Fig.3.8 Activities follow rest
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HERBGHERA T B AR A KM ERRSHT T HHE, SURENE3SZE3THR.
B, AHEHRAREGAMEEY SRR, BHATRIMEE, XREN
EBERTIFEI T AR A KO EA SRR T . BH—HH, HEkshi
RERENTEMAES, KRB E RSN R RRFMILTE, BERS)
FHARER M IRB RN TO R LmT%ﬁﬁmﬂmIRT%WTX,Eﬁ¢ﬁ%ﬁF
BRT, AREAN, HARFHSEMIEE.

3.3 X5/ G

REREE T ANSYSHRE W, H AT KRR RN 2T RS
kg, BHAKMRZ M ETREEE RN RN AR, BN SRR A K
—HriREEERURBROTIR, R TH-MNESRDERE DRI H R, REAKH
HIFHI I TRE.
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F4E QRMEHMRSHMBERES N

4.1 ANSYS BBEZSFH D2

BT SR T BTN A MU B — T R K SR
AN A & G B AR M) 1 T B AL OB A, v — A
BRI MBS R TTERRA T RA KM RN RSB, DTS Z
2007, BB H AT DA NI R — R KB TR, X5 R
SCER A T AR B AL

WA EN 1 L HTE KRR FFRAN:

- M)} + [C)u } + [Kfu} = (F(£))

R [M]— R BH R -

[C1—PEJBAERE,

(K J—P B 3 5

fi— ¥ A B 0 B

u—-YEEERE;

(FO)-BH A&,

: FEAERATNOMEL TEANKETRRE RN AEE N SR N—BH A
" 4. ANSYSFRFFA FINEWMARKE )84 HerE B BR8] 25 b SRR 572, 7
AN A2 [ R IR I —ANB ) 25, SRARES 34 R AR RT— AR i) SRR M 4 R AN T —A
BHE AR, IXEERAE T A BN T AOE AR, IR X407 kT Kk 78 b
BN, R, B, BTXEERUERAKROERIESR, FEERAKH
WEBRORI DAL, BFEGIE TAKMEBATLERLE. AKRMESMIE ZFME
NER, BEREDHREET, FTEAMKFERENHRETHESN, RIEHE
PRI I R ZE B TR L

4.2 IE D EHIM<HBT B D D AR HES R

FRENREINERRBALHET], FHEDHRERERNEY, HaAM
TSR, SRR, MIAKEN, BTARE, SAERLENR, BTy
IS HIER, SEEEHERARS, RURETHNMTRENRERE, PR
PR IR ERARNAETY “TE” HEE, SRERRMEINHETI4ES
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IHRESERH. THEE HEYNESTRERE, STHKRILHEKN, X5
THEREANRE. B 41 HERAFHRERRRLF&EE.

B 4.1 EAZHIRNED RGR E4HE

Fig.4.1 Force and boundary conditions of slender shaft as obverse turning
FKAMEHMTHESH SHERE W T : AKHBKA1600mm, HEZH30mm,
ME 455N, FEH7.8X103%kg/m3, JHMALEA0.3, EAMEE H9.8m/s2, HEH
500r/min, #4EE #0.006 m/s, FHIHITI4200N, #&FEHH100N, %1 H50N,
ATEEMRREAKMERNMTRFE B2 OERER, WERRER A
B2 i 2R T kA 4.25084.7 . K, éléb%lﬁfﬁ%%%ﬁﬁﬁ, B FRR

RN KA EEENE, ARERTZAENRA. YR, BRER.
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Fig.4.2 Deflection of slender shaft as 1=8
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Fig.4.3 Deflection of slender shaft as t=50
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Fig. 4.4 Deflection of slender shaft as t=110
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Fig.4.5 Deflection of slender shaft as t=130
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Fig.4.6 Deflection of slender shaft as t=170

31



BRE™RTHERMIHR

500603 X
¥
3
4.00E-03 o _‘__{&‘B—JE\IB
. == AL
3.00E-03

et U] DL B

2.00€-03
1.00E-03 -

-1.00E-03

0 0.2 0.4 0.6 08 1 12 14 16 18

BRHCEL/m

B 4.7 t=2250RF B KM thE

Fig. 4.7 Deflection of slender shaft as 1=225
EEHRATHAR, BT TROEREREAKMNRAEREEML, ASTE,
ME42F AT F HERR MRS AT . T IERZEHNAKBTEREM, FHit,
MK A MASERES, NERERNZRERLESITEERRREREPERY

Pl XaiTENMERMEE DS ER, ARANENMT—FHRT R TOL -

MR, EMKANTE, HTHEREARKE WEL2HR.

BEEEHIIER, AKMENTHS B TONARREE —HNLE, REEHE
4, MEMTHS BTFRAE THAED BaTRAKMRNIHEI B ALY HOTFHY
m, BEBKER, RFEERIH0; ARUEMIHIRAERAENTR T R
SCENMM, EHRERE, BT FEER, EAKMRIREK, BUERELEHNM
A BFETERTIEER, SENERIBAERALHI N0, TRIE—ENE
FIE . SFVRTEAE ) AR AL — 3 8, SR e T4 K M T 364 He e
BONGIER, ERKAEFMKHE, BESMIHS MMM, SHEOKR RS
K, ENAERASS L HREENRALR . XTABLTES.

4.3 R ZFERIMIEEZ H SRS H N FES

RIETIRIEETIHERLM R EREBETETIER, RMETILAAKAEM |
IHAFE—RN, URDHEKHE M THANREM AR, MTR/NX 4 ek
B PR LS, REBANKMIISHIEWR. IR TR 2284 w8 5



EERFPLELRI

BRE—IREERE, MIH=ERBER, TRRT ER$EENNETHES KR
BE. B 4.8 R ETIRHEZ AR & 4E.

................................................

B 4.8 RAFHFTRINEN Rl R4 H0E
Fig. 4.8 Force and boundary conditions of slender shaft as inverse turning

ATETHE, BRAENFFEIEEY S ERETIHER, E—TIRANEME S
HMSERENHRURBTIREENOME L. MRARLGFRARTERAE, B
MR EKHE EOERME, JBRRREMLENER. tE. BTk, &
AR R KT R 0 4.9 B 4.14 0T HTR:

ME49ZIE4. 14 TTE W, AKBEMIHIERE LSRMITYM, EHER
AR AE, XROVEHRRETRERS: KNITHRIRAERLLHEME R,
BABT0. TENIMIMER, $aZRAEME, FREREI—H, hR—%
#r e RN HES HI) AT th RS MG ;i T4 TR AL, ST EH)
M2 FETO.

53
2.00E-03 &
3
—— BB
-200E-03 - 1 Vs
400603 | i WAL
-6.00E-03 |
-8.00E-03 - : ' . . . L
0 02 04 06 08 1 12 1.4 16 18

MK ELYm

B 4.9 t=16BHOAKMIZRE ML
Fig. 4.9 Deflection of slender shaft as =16

33



BRERXTHERMIHA

2.00E-03
g.OOE-17 AT e B W, o i
3 ;

3 00E-03
-4.00£-03
-6.00E-03

-8.00E-03

-1.00€-02

_1' ZOE _02 4 i A 3 3 1 i i 5
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 18

MKHKEL/m

B 4.10 =TSP A KHART
Fig 4.10 Deflection of slender shaft as t=75

.00E-03 ¢
5 pa kAL IUE S

| .....ﬂ] [‘n]{?IE
«é&,,. Hm B

g.OOE-OS 3
3

33 00E-17 BB Riell:
-2.00E-03
-4.00E-03
-6.00E-03 *
-8.00E-03
-1.00E-02

_1. ZOE _02 3 1 i, 1 2 s i i3 s
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 18

AKHKEL/m

B 4.11 t=12090 B4 CHIFIZE T H 2%
Fig.4.11 Deflection of slender shaft as t=120




PR EH AR

3.50£-03 ¢

et

/

3 2.50€-03
3
2.00€-03
1.50E-03
1.00€-03
5.00E-04

<300E03 |

AL
-8 UIE A 4
e 311 [2) 7 15 . |

0.006+00 Bl G-T g

-5.00E-04
-1.00E-03

3.50E-03
3.00E-03
2.50E-03

Ww/ 38

2.00E-03
1.50£-03
1.00E-03
5.00E-04

0.00£+00 P

-5.00E-04
-1.00E-03

0 0.2 0.4 06 ‘08 1 1.2 14 16 18

FREKEYm

B 4.12 t=180MPH M4BT H4R
Fig. 4.12 Deflection of slender shaft as t=180

I o~ —— BRI

0 02 04 06 08 1 12 14 16 - 18
MK HK EL/m

B 4.13 t=1900 W B4 KRH A TY t R
Fig. 4.13 Deflection of slender shaft as t=190

35



BREMRIAERMIHR

.
¥ 4.00e-03 ~—2RLY
3 3tz

300603 | | . ‘ b~ 5

0 0.2 0.4 0.6 0.8 112 1.4 1.6 1.8
AMEKHKEYm

B 414 t=2258 RIAK BRI L
Fig.4.14 Deflection of slender shaft as t=225

4.4 REFETNSIEEEDFRRY LR

REEINBRSERMER, ERENMAKMAEERER, XTAAKHMN
WRRREEES, RAENNTHEEMTRIGLEY, RIEME FERETIHN, Z%H
SO THRETH, RAE. MTFURERME RAEDN, TREEXTERENE
oAl XATRE SRR A SRR A R RTRRE SRR %, B RIE
AR EETTE SR ENRRZRRAS N FERENER, Xt RERKHESM
THRARAENGERZ -,

4.5 KBPE

FMENATERESRAEBINEEZ DM, URANSYSHIBESS HE S
%, BRI EN A KEER I TRRAE T RT T RS, BRTHEMETD
BB MEE, B Mg T owe. RENTEMENFR=EHRE
HAT T XL, e SERREHI I RS E 71 R B T 1K 3R.



PR RFHLFMRT

B

"%mm&m¢mmzmﬁm@$m5,wm,wmm\wmmﬁ‘WMﬁmu&$
KREERLEARMTEER; TAXERZNERNEBRYES, B8, EEEx
- RMHEROERE, EENI-RABRNAKBASHEEERTRERRAREY], X
BERFIE T 73R, JUUMTRA, ST, BEIENIMT R 0AR 0t E R wAT
BRSO A AKMER M AR, FIThaRk M TR HAANSYS100
wm&ﬁEMMImﬁ@ﬁﬁﬂﬁWMIﬁﬁﬁﬁTwﬁm%,WE%%5¥ﬁ$mﬁ
REFHK.

$IWI¢$%%%EUT%¢3@

1 44 ﬁ%ﬁﬂﬁi?ﬂ&%$%MImh¥ﬁmxm%%¢m%7%&mm&
MRS HERS. RARRSETERES, FERREHAFERY TAKMES
BFIERIAEAR RS AR, R TAKBEEST RS Rz EE, :

2. FIF) ANSYS10.0 XAKHEFHILRIP=ENRABT TREMHAGE, %
BTEFHI BT R KHNEE AR R RGNS, TEESMTIER ER N TH
MR , ‘

3. FANSYS10.0 3t 4B HI N TEIPSFE I RBITHE AT, BEIRRE N
A TR ZIA KM ERABE, BT HR, ﬁﬁE¢m£%uﬁw&5*h$
-mmﬁ,ﬁi%ﬂ&HEMMIﬁﬁ%Emm,#HETUM

3T



ARBATHERNIHA

2% XM

- {1] K. ﬁ%%‘ﬁﬂ‘ﬁl‘ﬁ$1$#ﬂii§&ﬁiﬁ@?}$‘£m,ﬂm‘rﬁﬂiﬁ. 1993, (3) :15~16.

(2] ZFBest. REAKMREREHOMTHHE). LB TR. 1995, (1) :45-48,

[3) &gFsk. BKMMMI )] LKL 1995, (10): 25~26

(4] BRER. SRUTMIEHE (M), L3 I Tk fR3E, 1991:64~T71.

(5] AM Shawky, MA Elbestawi. In-process Evaluation of Workpiece Geometrical Tolerances

in Bar Tunring(J]. International Journal of Machine Tools and
Manufacture. 1996, 36(1) :33~46 .
[6] T Asao, Y Mizugaki. Precision Turning by Means of a Simplified Prediction Function

" of Machining Error(S]. Annals CIRP. 1992, 41(1) :447~ds5

[7] M Shiraishi, S Sato. Dimensional and Surface Roughness Controls in a
Turning Operation(S]. J. Eng. Ind(Trans ASME). 1990, 112(2):78~83 -

[8] CW Park, DE Kim, SJ Lee. Shape Prediction during Cylindrical Traverse Grinding of
Slender Workpiece[J]. Jounral of Materials Processing Technology. 1999, ( 88) :23~
32

[9] SK Choudhury, MS Sharath, On-line control of machine tool vibration during turning
operation [J]. Journal of Materials Processing Technology, 1995, 47 (3-4) :251~259,

(10] SC Lin, MR Hu. Low Vibration Control System in Turning[J] . International Journal

" of Machine Tools and Manufacture. 1992, (32 ) :629~640 .

[11] RY Chiou, SY Liang. Chatter Stability of a Slender Cutting Tool in Turnipg with
Tool Wear Effect[J]. International Journal of Machine tools and
Manufacture. 1998, ( 38):315~327

(12] 88, MER, k&R BUBAETERYHONASREN). ﬂ:l‘ﬂﬁﬁ%ﬁﬁﬂﬁ 1996.
15(1) :90~94

[13] %&g$, =FA, EE&.Iﬁ%ﬁﬂ??lﬁﬁﬁﬂﬂﬁﬂﬂﬁ%ﬁﬂq%m.iI‘?IEB‘Z*
RFEFR (BRFEMR). 2001, (1:)89~92

[14] N. Jones. Structure Impact[M]. Cambridge University Press, 1989

(151 B3R M ¥ A B KHF BRI T IN). REIFE 2B 5. 1999, 02 :14~16

[16] ¥k, KR#, TR, DEAMEHISIFENTIR N, REER. 2001, (4) :41~49

(17] Rk, BMA. HHREAAKHHELERR T RRR ] R TEXH.
2001, (9) :40~47.

(18] %M. BHRBEMKHMN. YT ZI5. 1995, (8) :35~36

(19] Wik, =& ARRIIAENAKHM)). BEHEREVUK. 1997, (7) :32~34

[20] SC Lin, MF Chang. A Study on the Effects of Vibrations on the Surface Finish Using
-8 Surface Topography Simulation Model for Turning(J]] . Intematlonal Journal of-
Machine Tools and Manufacture. 1998, (7) : 763~782.



PERFBRFAR

[21] Shawky A, Rosenberger T, Elbestawi M. In—Process Monitoring and Control of Thickness
Error in Machining Hollow Shafts[M]. Mechatronics. 1998, (8) 301~322

[22] Timoshenko, S.P. Zur frage nach der Wickung eines stosses auf einen balken[l] A
' Mathematical Physies. 1993, ( 62) :198~209. ‘

[23] XX, mm.m#]ﬁ:czaﬂm.m:mwmm&, 1988: 170173,

39



BRMXTAERMIHA

BT S UAL RIS L RMTFNR

1 BR, BEF. ETAKHTEMT TSN %550, 2009 45 9 : 220.
Fhpsfr: hETWIRM. CN11-5657/TH #1F), AXKRES. THI6.




B REB L08R

¥ o

EHERITERLE, (FEEERMIMTEFERRTBREPNOBG A IRED L
IR IR R T B, WRERWIE. BFREEMRARTEZRINRR, TR
RERZME LG TERHHITOUFET ROERNE, METRMBEEHAR,
MAEERNRBZMENBESE, RERANERLTERRATHE I,

EAFNRLED, fEBHRARARSENEY. SAAEET A PANREN,

1B R BT AT R, 7ER% RERRREEN T LS TESRS R,
BJa, 1EE RBH RO AR R K Z MR R ENR R LB

41






	细长轴类工件车削加工研究(第1部分)
	细长轴类工件车削加工研究(第2部分)
	细长轴类工件车削加工研究(第3部分)
	细长轴类工件车削加工研究(第4部分)
	细长轴类工件车削加工研究(第5部分)
	细长轴类工件车削加工研究(第6部分)



