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Design and Optimization of the Z-guided Face Camber
Curve of Super-span Cross-rail

GUO Tie-neng, WANG Zhi-liang, CAI Li-gang, CUI Ya-hui
{ College of Mechanical Engineering and Applied Electronics Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: As super-span cross-rail of NC heavy-duty planer type milling machine tool has a super span
and heavy mass, it will bend down after being installed with a heavy mass and the force caused by bottom
slid and quill. The largest deformation of Z-guided face attains 1 mm, which seriously influences the
machining accuracy. Machining an arch camber in advance is used to compensate for the influence
caused by deformation of the cross-rail. Finite element method is used to analyze the deformation of the
super-span cross-rail when working. Multinomial is used to fit the deformation curve based on deformation
of the Z-guided face of the cross-rail when the bottom slid and quill is at any position. This paper takes
into consideration the impact on camber curve as the bottom slid’s span brings about two deformation
curves. A method based on the two deformation curves is put forward to design and optimize the camber
curve. By comparing various camber curves’ effects on the deformation of the milling head, results show
that the optimization method can effectively reduce the influence of cross-rail’s deformation on the
machine tool’s accuracy.

Key words: super-span cross-rail; deformation curve; camber curve

PR EA R IIBR R S B LA MR RRALN AN H SR ETES, %R ZF
BR BB T MAER, W PR, WER R4 WG T X AR T, TR W
HREIAKRERS Lash, R X M L F(Z RSB HL SR EE 3N SNE, BRE

WK B 25 2013-01-15
EEWH: BREALTEBT H (2010ZX04001-041) ; B K 5 RE 25 4 % BT B (50905004 )
fEE RS : BB (1975—) , 5, 1, TEMNFERH S PRSI H %5 H RS, E-mail: gin@ bjut. edu. cn












£5H MEKAE, % BEERR Z mIRmEfti &Rt 51k 657
AR SR R T (mesh). HETMEMRBEETN LT HE RN

R HIRBR T E

BT EStHME S TR AT
Fig.7 Sketch map of camber curve and path
of the milling head

AR d(x) A0 Cx) R RBH MR I RS,
d(x) T 0(x) RN HE M1 R ARAE , ALK HO R T AR 5.
32 BHEMSRITSHRA
SCRRLSTIRFIHS 2 AT i 4R 49 FEBUR
T TR B R, B
ful®) +hu(®)
g(x) = LI
fy 2 SOR FFL 2 TR R A M st T L4,
R PR E

g(x) = 26 ax’

AT HRBEMEMES L, TRARMEEH
Bd(x)fo(x) RN AXKAMRKEEES
(d(x))" M(0(x))" FERERBA R T HE R B (B3
MR ALE TAEXEI[1 750,13 250 ) pudg /D, BI A
¥ R EH

13250 13 250
minJ- (d(x))zdx,minf (6(x))dx
1750 1750

B8 a,,i=0,1,-,n, HTF B K EH th 27
B. A TRGWE Z AR, FE BARRECY

13250 3250

min [j (d(x))zdx+kj: (6(%))*dx

750

i kA2 AMERBHRR. HEHBER

min jlm (d(x))*dx Fl min flm (0(%))%dx M1,

ATEIER k% T W EABREG T, BUE FE
HEMRAE R 82 H AR R B b LB
3.3 RUEZEEN
3.3.1 EAWREE

K038 R B ¥ (pattern search method ) *) B —
SRAERACTR B B 7 B2, B AR ERAL AT B b ok ks
FEVEBEETRFEMNE B IR R BA T EEAE
ZmhE EXHREERE - TANFEN, X4
A ERBRBEIEEANBES. EE—F,
BREEEREYA A BN — R A, R

R ZEEESE YA S — MR AR (pattern )
B BT 52 o) B4R AR BAS BOH IR M iU 4% . 2R E
HETE PR R B — B A, B s B AT A
Hir B EURE o E, W BT — Lok 5 E
B A
3.3.2 fminsearch F{ %k

fminsearch FR%X{# F§ — # #R & Nelder-Meade 81
SREE R — ST RE TARIELR R
TAHRBH BR/ME. X TR MK LXE ST
BERARBW 2/ R/ME, HEXN T L LEENE
A EERBIANERARRER2RE/ME.
AXHEBEERRS M6 LR BEM R/
B, AR RERE2 RAR/ME, BREAZER
BENERCEIFFEEA.
3.4 MRUBRXLE

BLUT JLAME LT 8t 5 Ak e 4t dh 2 380 R
HETXT L

1) 5LERBIRE —HR

RREACENC

2>aﬁ@ﬁwmmﬁm<awfm

(6(x)) dx

1750

3)Hﬁ@ﬁﬁmmf
4) BARERECH

min [ ﬁ::o (d(x))zdx+kﬁa7:0 (0(%))%dx
S HEALHTESL LB AL 2 AE AL 3 FIE I 4.
3.4.1 WMRUAHEL TR
KRk Zm A 32 th ek AT 8, ik
ARt f 2 I 8 B s, B = (2) (3) 18 B AE X KL
BITIR R ATE W 9,10 FiR. M 3 oL A HE
MR FRABX T -
fH O 1
g(x) =1.196 3 x 10 "*x* -
3.588 85 x10 %%’ +1.9925 x10 *x” +
1.048 65 x 10 "*x +0. 071 429
1H 0 2
g(x) =1.196 0 x 10 "*x* -
3.5880 x10 "2’ +1.959 8 x10 °x” +
1.096 7 x10 ““x +0. 058 841
&L 3
g(x) =7.5646 x10""x* -
2.2699 x10 %%’ +9.2871 x10 °s* +









660 Jt

® L Wk X

¥ ¥ #

2014 4

4 it

1) MBEEER Z m I ERstih R #tTT
Bt AN EEXNEET TIHRK EERER
THEGNEHR T BEBRRI R TANMERE,
FUGTHR ZOSIPLENEEME. FERTH
WA 2 A xR &R m, R AR
oML BT M T E# A 206, R
FIEAC R 45 R 4 th 2 0 T LA Bt i 2k i 3
TR

2) BREARUHMAT B, ERBERIES]
Mg iR Z P i T R BT R IR Z BB T &R
MR ERLIREEBERATEHAMGRE
MRt iR 2. BB, SR KFB
SHLEREMAEMECZZKRTERIFHEAE
HE. ASCRARAE RS MERE T R
OSSR, o B 7 B B e T LR R BY 5 4 1 i 4R
HTHONEE.

8% UMk :

(1] TKAAMS, 5KER NURRRENEMM G FHHx
[J]. HERFER: ARPFR, 2006, 46(2): 191-
193.
ZHANG Bo-peng, ZHANG Nian-song. Self-evolutionary
compensation of machine tool crossheam deformation
induced by gravity [ J]. Journal of Tsinghua University:
Science and Technology, 2006, 46 (2): 191-193. (in
Chinese)

(2] Bk, &t RITAVKBEROSEHBRITHR
[J]. ML TR A, 2006, 35(3) : 4547.
LUO Chuan-lin‘, LI Duan-neng. Design and research of the
structural of cross-rail in the planer type machines|[]].
Mechanical & Electrical Engineering Technology, 2006,
35(3): 45-47. (in Chinese)

(3] #%eET, =RE, ik, & ETHERTHTHAS B
KEREMRALII]. AR5z mMIER,

(6]

(8]

[9]

2008, 9. 73-75.

XIE Li-ming, LI Da-ming, SHEN Hao, et al. Optimum
design of scene milling machine beam based on finite
element analysis[ J]. Modular Machine Tool & Automatic
Manufacturing Technique, 2008, 9. 73-75. (in Chinese)
ZATARAIN M, LEJARDI E, EGANA F. Modular
synthesis of machine tools[ J]. Annals of the CIRP, 1998,
47(1): 333-336.

WekRe, BT, BHW, F. ERABERBREH
KAaMSERMR[I]. Tk, 2011, 37
(8):1129-1135.

GUO Tie-neng, XI Fang-jian, CAI Li-gang, et al. Load
curve analysis and experimental study of long span and
heavy load crossbeam{J]. Journal of Beijing University of
Technology, 2011, 37(8): 1129-1135. (in Chinese)
BRME, ETE, AW, F BRTANHABEHRE
ZSYEEfMAMITHaPREI]. Tk k¥%¥
%, 2013,39(6) :811 - 816.

GUO Tie-neng, CUI Ya-hui, CAI Li-gang, et al. The
influence of the chucking mode on the manufacture of the
Z-guide face camber curve of super-span beam [ J].
Journal of Beijing University of Technology, 2013,39(6) .
811 - 816. (in Chinese)

BE, HEH, XEKE, § KEEERHRRNER
AR (T]. b Tk RFE%¥4R, 2012, 38(1):
12-16.

CHENG Qiang, DONG Xue-jiao, LIU Zhi-feng, et al.
Deformation analysis of slideway contact of a long span and
heavy load crossbeam [ J]. Journal of Beijing University of
Technology, 2012, 38(1) . 12-16. (in Chinese)
HRA, KEX, 2R, F. MATLABBEHE TR
FARNL M. P22 V4 %2 o T B K 4 ) AL, 2005.
LAGARIAS ] C, REEDS J A, WRIGHT M H, et al.
Convergence properties of the nelder-mead simplex method
in low dimensions [ J]. SIAM Journal on Optimization,

1998, 9(1) : 112-147.
(%% BFk)



