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Fig.2 3-D diagram of spindle system Fig.3 The deformed parts of complicated rotary surface
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230K A IE 32 & 70 B H 3 R xE %1 AREE KEE
BHE. XFHRITFENEERKTH, H Table 1 Table of test factors and levels
BrENE R B A, AV RBRFEX HE
BHEERXEGHEITAH. BTEXE K /A e 23}(r‘min_l)
FAE R RH &M EITIEXEHAIEE
S FNI2E 4 T Ay 38, R ) — B R 0 4 ! 16 2 60
KR AARSE, B TR, AER 2 20 33 9
EFHERZE_RBGRAFEZER-RXEER 3 24 64 120

BPRT 9 R 200 Bk, Rab B F /R R H

REER, HEAAERSKF. AL R, WERIEIR, EHIEEBR 2, kP EE 2, I TAEEME#EHE
B oz, WEER, FEENKFEHYE 3K, BREKTPRLE L. HER—EHRHEKFREHES, BT 32
psGERA K 33 ps). WIBEE 2,(i =1,2,3) K FEHE 2 FKFEE A X

zi =7 2 z (1)
i=1
A;=zij+1) ~ 2)

AF 2,(i=1,2,3,))HE K i Xﬂ“ﬂﬂzy WE, 6% 1 EXQ) AIRQ), EERNKTFHEN
z1=(16+20+24)/3=20
22=(2+33+64)/3=33
z3=(60+90 +120)/3 =90
B HEEHKFRIFE A
A=4;A,=31;45=30
3t P @ii&\“%ﬁﬂﬁﬁifiilﬁﬁlﬁlﬂﬁ%# ARG EBRIEIT R, fiHEHNE IR BHREER RO
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K d), FEE 2, KWKFE d, ﬁy@?z, 9’1*%&@&4)%@? 2 I o KI5 2p(2,) WA E 2, 5
BRI ;b0 FEEIN; by Nz, (=) FIFEETF REG 0P R 2, (2) 1 25( 2, ) K E MM R T R
XEEZFERP=ZEEZEXEERAEWM, R, BB
R,=bo+b11z1(21) + b x2(2)) + biaxy(22) + bypza(22) + bi3x1(23) + by za(z3) +

6(11)11(21)11(22) + b(“)l‘1(21)11(23) + b(ll)xz(z2)11(23) + b(22)12(21)x2(22) +

613 x3(21) x2(23) + 835 x5(2,) 25( 23) (4)
R,
21z = gy S =g (- 20) (5)
L
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A
2 2
x2(22) =3¢,(25) =3 [ (zz zz) N12 1)] 961(22 33)2-2 (8)
x1(23)=¢'1(23)= Asza_%(z3-90) (9)

—.\2 2
= "3) SN L ggy2o2 (10)

12 :| 300

xZ(Zg) =3¢2(23) =3[
AP, ¢, (2)(2=0,1,2) NIEXZHAA; N HKFH.
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BERZHAE TR AR LA R, #1TR B LK, F SRM-1(D) 2 3 [ 8 5 0l &
UM BELHERN R, HEBFEL R, EFTHE 2. BEIWER 3 F#T, OBEHBEEHF . HAE
BRRE ERAFELRAABEES 4 MHARRTE.

HEIROEBERESTRES, BEEKTR0.05, TREFEN SSHHRREBFTEH

R,=2.240+0.079x,(z;) +0.085x,(z;) +0.698x,(z;) —0.081z,(z;) +
0.122x,(23) —0.02z,(21) x2(23) (11)
ERE) ~RORARMDEESBEREHHEEN = TEZAXERATEY
R,=4.091-0.3362, +0.0092% +0.4712, — 0.006 752} — 0.0442,2,+0.004z; —
0.0012%22,+0.017 52,23 (12)

M matlab AL (12)H B EIFF R, BEEREEB/MIN 1.134 ym, 5ZHM VW BRETZS
N2, =18.937;2,=2.129;2;=60. EVLEKEH ZAELLSHHRE L HEBCHER, WL RE
BELZEZHN 2,=20;2,=2;23=60.
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Table 2 The experimental scheme and calculation scheme

X X X X X z5(z5)X
B8 1 2, do 11‘21) () Il(zz) 2522) 11(23) 12(13) x1(zy) 11(21) 1‘1(22) 12(21) 1’2(21) z3(z3) B/m
ri(zy) z1(z3) 11(z3) z(z3) 12(z3)  22(z3)

1 16 2 6 1 -1 1 -1 1 -1 1 1 1 1 1 1 1 1.389
2 16 2 % 1 -1 1 -1 1 0 -2 1 0 0 1 -2 -2 1418
3016 2 101 -1 1 -1 ot 1 1 -1 -1 1 1 1 1.699
4 16 B O 1 -1 1 0 -2 -1 1 0 1 0 -2 1 -2 s
516 B W1 -1 1 0 -2 0 -2 0 0. 0 -2 -2 4 2.364
6 16 3B 1w 1 -1 1 0 -2 1 1 0 -1 0 -2 1 -2 2498
7 16 6 6 1 -t 1. 1 1 -1 1 -1 1 -1 1 1 1 2.798
8 16 6 %W 1 -1 1 1 1 0 -2 -1 0 0 1 -2 -2 .83
9 16 64 10t -1 1 1 1 1 1 -1 -1 1 1 1 1 3.002
0 20 2 6 1 0 -2 -1 1 -1 1 0 0 1 -2 -2 1 1.236
o0 2 %1 0 -2 1 0 -2 0 0 0 -2 4 -2 139
7 0 2 w1 0 -2 -1 1 1 1 0 0 -1 -2 -2 1 1.381
B B W1 0 -2 0 -2 -1 1 0 0 0 4 -2 -2 1913

¥ 3 90 1 0 -2 0 -2 0 -2 0 0 0 4 4 4 2.23
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2i(zy)X 21(2))X 2 {22)X 25(21)X 2p(21) % z5(2)X

H% 2 2 23 g0 rilz) 12z)) xilzd) 1x(z3) 1i(23) 1a(23) o/ im
(zp) 1izs) zilz3) 12(22) 12(z3)  1a(z3)

15 20 3 120 1 0 -2 0 -2 1 1 0 0 0 4 -2 -2 2.299
16 20 64 60 1 0 -2 1 1 -1 1 0 0 -1 -2 -2 1 2.698
17 20 64 % 1 0 -2 1 1 0 -2 0 0 0 -2 4 -2 2.7113
18 20 6 120 1 0 -2 1 1 1 1 0 0 1 -2 -2 1 2.8
9 24 2 6 1 1 1 -1 1 -1 1 -1 -1 1 1 1 1 1411
2 24 2 9 1 1 1 -1 1 0 -2 -1 0 0 1 -2 -2 1.563
2 4 2 1201 1 1 -1 1 1 1 -1 1 -1 1 1 1 1.1

% 3B 60 1 1 1 0 -2 -1 1 0 -1 0 -2 1 -2 2.616
B U B 91 1 1 1] -2 0 -2 0 0 0 -2 -2 4 2.674

X4 3B 101 1 1 0 -2 1 1 0 1 0 -2 1 -2 2.789
25 U o 60 1 1 1 1 1 -1 1 1 -1 -1 1 1 1 2.851
% 4 6 %9 1 1 1 1 1 0 -2 1 0 0 1 -2 -2 2.902
7 U e 1201 1 1 1 1 1 1 1 1 1 1 1 1 3.108

%3 REOEREBEASE
Table 3 The figure of surface roughness regression analysis

{z)X  rz)X  r(z)X  2(z)X zp(z)X zp(z5)X

s WH g0 x;ile) 12z)) 14(22) 12(22) 14(23) 22(23)

z1(z) xy(z3) 1y(z3) z5(22) 12(23) 22(z23)
D; 27 18 54 18 54 18 54 12 12 12 108 108 108
B; 60489 1.429 4611 12.564 -4.383 2.192 0.424 0.028 -0.0% -0.192 -2.176 0.99 -1.10
b 2240 0.079 0.08 0.698 -0.081 0.12 0.008 0.002 -0.003 -0.016 ~0.027 0.009 -0.01
ke i 0.113 0392 8767 0350 0.267 0.003 0.000056 0.00009 0.002 0.043 0.009 0.011
F 62.78 217.78 4870.6 197.21 148.3  1.67 0.03 0.05 1.1 2.8 5.00 6.11
2.5 1 1 1 1 0 0 0 0 1 0 0
§=10.10:/=2 5.=0.0036; £, =2 $,=9.95% fy. =6 5,=0.148;1,=20
Fy, =151.29; F.0s5(6,20) =2.60 Fiy=1.1214;Fy 55(6,2)=3.31 Fo.05(1,2)=18.51

39, D; A (z)TFFTH; B Nx,(2)5MB R, RBEKM; 6, HEFRE; S, REFRLHEK
AT HRAGF NEAZSREMSET ;S REMETHFA, F REABE; S, f. BN THIT LR
EE#TRUERITHERIMERRETFMMAEE; S, FEEFIM, WHBRARBED, F;<Foes
(1,2)=18.51 Ti/E, MRS TAXMBH S; AW, HE KT BN S, WEBE £5S. 5 £ ARRF
FHREAGE;F, VEPFERRHGEIH & Fo Rl RMEITT &

3 RIS
R FIHIE R 0 BAREAS B % 2 4R BT I T 9280, 3t T att 5 MR PF, A5 518

0.968.1.099.1.241.1.326.1.331 pm, HFH{E A 1.193 pm, B 4 B JSM-5310 FH# RS HK 1 000 £F
LR, B S WRRAATERHNZMEGPEME(z, =20;52,=33;2; = 90) T L LR H THR
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Fig.4 The processing map after parameter optimization Fig.5 The processing map before parameter optimization
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Inner Force Calculation of Continuous Beam Based on
Transfer Matrix Method

QIAO Ai-ke!, SUN Hong-peng?, GAO Si*, ZHAO Liang®, LIU Bao-hua®
(1.College of Life Science and Bioengineering, Beijing University of Technology, Beijing 100022, China; 2.Babcock & Wilcox
Beijing Co., Ltd., Beijing 100043, China; 3. College of Mechanical Engineering and Applied Electronic Technology,
Beijing University of Technology, Beijing 100022, China)

Abstract: In order to carry out mechanical analysis of continuous beams, the transfer matrix method improved
from the matrix displacement method was presented. Finite element method was employed to discretize the
continuous beams so as to obtain the displacement vector, force vector and cell rigidity matrix. Transfer
matrix method was employed to determine the transfer relation of the poles in the beam. The displacements
and inner forces at crunodes can be solved based on given boundary conditions. A practical calculation project
of the continouous beams was demonstrated which can verify the validity of the presented method. This
method can simplify the calculation greatly and is more suitable for the inner force calculation of continuous

beams by using computer.

Key words: finite element method; transfer function matrices; continuous beam
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Research on WEDM Method of Engineering Ceramic
Complex Rotary Surface and Surface Roughness

YANG Zhao-jun’, ZHANG Li-xin"?, WANG Li-hui'
(1.College of Mechanical Science and Engineering, Jilin University, Changchun 130022, China;
2.College of information Engineering, Jilin Teachers Institute of Engineering and Technology, Changchun 130052, China)

Abstract: A novel technology of wire electro-discharge machining (WEDM) rotary surface of engineering
ceramic is presented in this paper. The common high-speed WEDM is advanced, and the current can be
transmitted by the workpiece spindle machining device to achieve the complexity of the engineering ceramic
rotary surface. The process parameters of WEDM boron carbide ceramic rotary surface are optimized by
orthogonal polynomial regression design, and the lower surface roughness and the feasibility of new technology

that WEDM conductive ceramic rotary surface is further validated.

Key words: mechanical manufacture and automation; engineering ceramic; rotary surface; WEDM; surface

roughness; regression design
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