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Abstract

In this paper, the feed system of a five axis NC machine tool with double turntables is taken as the
research object, and the following error and contour error when the linear axis and the rotary axis
are combined to process the circular path are analyzed. Firstly, based on the modeling principle of
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D-H method and the theory of kinematics transformation, the kinematics model of five axis CNC
machine tool is established. On the basis of the model of the feed servo system, the theoretical de-
rivation of the X-axis and C-axis linkage space circle track is carried out, and the simulation analy-
sis of the dynamic error and contour error under different position loop gain, different speed is
carried out. The results show that the position loop gain and feed speed have significant effects on
the dynamic error of the feed system, and the large contour error can be avoided only by ensuring
the position loop gain matching between the axes. The research results provide guidance for the
detection and adjustment of five axis CNC machine tools.
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Figure 1. Structure diagram of double turntable five axis machine tool
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Figure 2. Schematic diagram of coordinate system of double turntable five axis machine tool
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Figure 3. Structure block diagram of linear axis feeding system
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Figure 4. Structure block diagram of rotary axis feeding system
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Figure 5. Schematic diagram of XC axis linkage machining circle track

Bl 5. XC sk an i TEME R EE

BE— A LA a0 (3)45 2 B B B 42 b & T s AE AR AR hR RN B &

X, =X, +rsing
Y, =Y, +rcose

G3)

X HPL C A BRI PO AE N x — y P I A TR R A O, 2 [0 ARAR N P (x,,0) » 45 7)
R AP SO IR 2R A S, i Y B, Z 4, A BORRES 5183, BEBCENE, A
13BN WG B XC MRS SR, AR U AR AR A AT AR AR 2 R AR e 0C RN (4) T,
x, ==X, -cos(C;)
{y,:Xl.-sin(C,.) @
qrb X COBHIINIR AR . X BT e, 153 &AM TR 2
{Xi =—x,/cos(C,)

&)
C, =arctan(y,/x,)

DOI: 10.12677/mo0s.2023.121019 197 e RSE TR


https://doi.org/10.12677/mos.2023.121019

BEE, Bl

FESEPRIN T, HEgs RGEAFAE AT B G ) 2 R EUS sh il A sh S ERFE R % (AC,AX ), P, Wiz
BN SEBR A B 0] AR IR N
X, =X, —AX
{Ca =C -AC ©)
1 (@) I (6)RAF LR TIRL FALKR (x,,, ) > AT AT LAAS B SEBR B A 42 R,
{xa =-X,-cos(C,) -
v, =X, -sin(C,)
BRI BRAR A 5 SR AR A A Z2 M A R e iR 22, B
AR=R, —r (8)

5. MRARGHITRELMEARGTES

AR E RS I 7 IR R Gt o0 OB R, X bSO B 1 BULEEA7 0 B, 4R
SRR EIR 2 N I X B 2
5.1. (BRI RSIRER TN

e B 25 [ 445 = 60 mm, xo = 100 mm, X547 G ARG (1 k45 B b AT Ab 3, 13 317)
HSERit iR BN SR I B HUERE Y o AENURH BT R PRl AME 2, R B 5 T 207 AR
M, WS R H A ERBE IR Z MR BOR 22, 0 W PRl O BRI 2 RIS O ANAE L SR = oL T
K BB R B A IR 2 5 R P R B R 2 AR A

1 . T 0.8

IA=RZ S EA b UN
0.6 {31 B IR 25 A
R E I 25K
o9 0.4
E ﬁ 0.2
e R
2 O 2 0
= B
% £ 02}
x o -0
05} . 04}t
[ B R A
BB o6l
fir BRI 2500
: ' ' 0.8 . ,
0 10 20 30 o . - -
G -
(2) XA BN ERpE R Z (b) CHHERBERZER

Figure 6. Effect of position loop gain on tracking error
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Figure 7. Polar chart of circular track profile error with different position loop gains
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Figure 8. Effect of different speeds on follow error
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Figure 9. Polar chart of circular track profile error at different speeds
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