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Tool path planning method for machining toric surface based on
slow tool servo technology

QIU Xinyang, ZHANG Yangin, WANG Hongbin
(College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China)

Abstract; How to plan the tool path and obtain high-quality CNC ( computer numerical control) code is one of the key techniques for

machining the toric surface with slow tool servo technology. A tool path planning method based on equidistant surfaces was proposed. The surface

equations of the toric surface and its equidistant surface equations were derived. Two kinds of guiding curves and two discrete methods were

compared and analyzed. Optimized scheme of the tool path planning was selected. The NC code generation software for machining toric surface with

the slow tool servo technology was developed by using VB. net language. The generated NC code was verified based on the Vericut CNC machining

simulation platform. The residual area of the virtual machined surface relative to the theoretical surface was intuitively shown. Simulation results

show that the tool path planning method based on equidistant surfaces is feasible. The results show that by changing the non-primary term of the

toric surface equation from @ to a + ry, its equidistant surface equation can be obtained. The tool path planning method based on equidistant

surfaces is suitable for machining convex-toric surface using slow tool servo technology. The proposed method has some reference values for

processing optical elements having other surface shapes by slow tool servo technology.

Keywords: slow tool servo; toric surface; tool path planning; equidistant surface; machining simulation
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Fig.1 Schematic diagram of cutting toric surface

using slow tool servo technology
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Fig.2 Convex toric surface and its coordinate system

1.2 FHEEEGENES

SERCER M D R RN @ SRR 2%
[l ekl &, ek — AR B0, ek s R, o
[e 2 Aty 5 e (o] s LA G ) B (B B0, BT 2 P R
KT ao BTG ICAEZ T W T 58 8 26 i i
823, AT 43 SR T Ab e AU S5 22 b A 232
B A SCUASIN A A 41, e I R

AR SR SE Ludwick B J7 B AHE A0 24 1 18 A
R W 2 B, P o SE AR ER I
AR R P EBIBELO A o), T8 [E E AR
R o, PR P AN AES LR o B R
g o H,a K o,0, th i, Bl IE 1) T 45 305 ) 51 e
YRt  F L B M 0pP 5 0,0, BJCA o BR i ET
1A P AE o, AT

x,=(R+a -+ cosB) * cosa

y,=(R+a -+ cosB) - sina (2)

z, =a - sinB
W P AE oy PRYREE N p, K50 (2) it
KD HALR IR R o 1, AR ITE T 0 h
ZRIEAN -
P =x0, +yJ, +z,k,

% =(R+a - cosB) - sina

: (3)
¥, =a * sinf3

z7=-(R+a) +(R+a

- cosB) * cosa



3 )

KT , 45+ 1 A JIRO A i e 1) 0 5 AR AR O i - 123 -

H IR 0 A ol 0, 17 A8 0 4] ik B A Jin T34
i A C Al Xk Z b = AhaBe sl DA b g A B
TEIE A bR R R ORI ET . BE(r, 2, 6) N[RIEE
AR AR T AR BRI i ANE] 2 B, ZZERR AR bR
2R 0y, r A ZHERARFRAG A2, 0 S —4ER Ak
PRI AR i, Zead ARBREE AL, wT A A BA T
AIFE AR T RE N -

z= —(R+a) + «/(R+ Va =r’sin’0)” —r’cos’6
(4)

2 MHEMEEEARE

eI B AT R P AR AL 1A R n,
TIRBSFAEAE 1y, 5 0 P XS RL A9 A5 B I _E 119 4
£ oy PHIREN p. A

p.=p+try-n (5)

X (3) FEph i IR Fow p =p(a,B) , M

A K AR OR

"= Py XPg
P, xpg]

X, Py 539010 p 3T o BT EK

HRAE(3) 2R (6) nT 45
n =sina - cosPB - i; +sinB + j, +cosa * cosB + k,

(7)

e (3) A7) AAS(S) , T4 2R 1 )
SFHLIEE o FPINRIAAN

p. =%, +yj, +zk,

(6)

x, =[R+(a+ry) * cosB] - sina

y; =(a+r,) - sinB
z;=-(R+a) +[R+(a+r;) * cosB] * cosa
(8)
(I, K A0 o™ B gl e ) 4 B 1 AR R (8) B
AR FEAR R T AR ) 2

z=—(R+a) + «/(R + m)z —r’cos’d
(9)
KOO A z=2(r,0) Fm,5(9) H r6 2
SFHETIA SR, R e ry 2 5 BT AT T 2R
AR, A — U U A AR A, ) A A A
PSRRI K, R AR, 0 IR R
SO 3 AR — R BUR A= 28 A, S5 I T A O
SRR B % BRI R TR g
XF e a3 H 26 it T Oy AR X (4) R0 A BR T R
HK(9) A& (4) PR —WCH B0 @ 28 N E—
UCHHON @ +ry, BISEEE T b A 2R i 1 2 145 B
T AL ) 168 TS HOTRBIfA AL
S5 S PR T (%) SR A S R AN & B - B it 1T |

fEE A P AL ALk R n AR AT 20d 5L P
L[5 B (- v P LR 3k i) 1 S 2 ok
FER 5O

3 SEHMMERER AR

S HNE TT B AR R R E BN A, TR
HARRIPE S B M A AU B i . A SO
b Pt i 3N TR AR VAN 2 A SR N W]
U5 e — LA SN TRG BE S8 Wb K AT HE
DIHIAT 18] A5 B e B AT P A R D 2555
ARSI B i LT S B RO A e i)
H o

18 TR IRE A K ALK AR Jey, PR 1 B i i
AN TRAE A AR R T AT, AU T X Bl C
B\ Z b = RSB, D B EGE BTk, Bl
Syt g AP AR A i R g 2, 5
ST e kg T

H A ) LA w] i, R [l e — A, )
HARXT T Z SR A S s 5l , Z S
s B AT RERE T 7 R A 1AL S AL B AR s &
Pl —J, Z i sZissh A A, 2 e 2 as
S IRAETAT 0] §5 38 B AR B WA 5 32 i 1
W, At TR I AR HXS LR Z Sl
JE R HE S TERERY ZORM R o UL, B854
FIENLR Z By sh SRR, U § & i TR
), 7E AL S S LI, 25 RE A € Al PR A5 &)
i85l X RS BLE ST B4y, ] BRI X LR X
A C B3 A PERE 9 2K, A g TR ORI
o PN, ASSCHA s 5 Bl it 2 2 2 X KBS O i
AR DN O < i C S DR Fr o3 ia Bl X il i 4k
Wtk as”

3.1 WHESThLER

TETEFLT k4009 AR 160 P9, LA 30 b
2, IR ke Bl ) S BE TR BOR  ARAT TR
B o 5T T T AR A A% S T ET) H B 2 A ]
Bl R 92 P ) — L[] [ 0 o e oK A R 2R,
K 3R

A — L ALG AR 32k, inle 3 (a) B
P i i P VA i il 7y vy [
DA AfG i) S0P, o ml LAl 721 2 1) 0 58
P IR TIBLAAE T — AN T, X
JCBES s W16 TIAE A i — A0 TR 5 2R — A3
X ST 3" o ARl I T, X Ak
PELS ) T B T VIR AR BOR e RO R i e
TN 1% S 3 Tk s R



<124 - EE iR S T N e o

542

(a) —4L[F.CoFAME T Bl 2

(a) A set of concentric circles as the guiding curve
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Fig.3 Two types of common guide curves
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Tab.1 Basic parameter table for simulation processing
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Fig.5 Simulated processing surface when Ar =2.0 mm/r
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Fig.6 When Ar=2.0 mm/r, residual distribution
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Fig.7 Simulated processing surface when Ar=0.5 mm/r
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