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Abstract
To address the issue of trajectory errors affecting machining accuracy in five-axis CNC linkage systems,
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this paper proposes an offline prediction method for trajectory errors based on CNC machining in-
structions (G-code). The approach first analyzes the RTCP algorithm for five-axis linear interpola-
tion and the interpolation process of CNC systems. By extracting key information such as displace-
ment equivalents, machining times, and actual speeds from G-code data, combined with RTCP algo-
rithms and forward/inverse kinematic transformations of machine tools, interpolation data for ar-
bitrary interpolation cycles are obtained. Subsequently, three-loop control structure models incor-
porating permanent magnet synchronous motors and mechanical transmission mechanisms are es-
tablished for both translational and rotational axes using Simulink, enabling the prediction of ac-
tual axis positions. Cubic spline interpolation is then applied to calculate contour errors, construct-
ing a continuous trajectory model to enhance estimation accuracy. Experimental validation was
conducted on a five-axis CNC machine tool. Results demonstrate that the proposed method achieves
precise error prediction without relying on machine tool hardware, with dynamic error prediction
accuracy controlled within £3 pm for individual axes and +2 um for complex trajectories, thereby
validating its effectiveness.
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Figure 1. Interpolation diagram of CNC system
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2.2. BBARGHRINEE
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Figure 2. Schematic diagram of servo system structure
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Figure 3. Axis dynamics model
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Figure 4. Linear axis dynamic model and transfer function diagram
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Figure 6. Contour error calculation
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Figure 7. Test equipment
B7 RmsE

7 NSRS G B iR 22 S 0 &, ARSI AF ) Simulink A7 R 2 TS A TR ERZE
T .

MUK SER N ThRAE S I alt, FIHEHERE RGCKAURIZ S EHE I A Matlab ~F G402, %
TRAE B AR I 7 5 SR T T, K G ARSI AN T S SBon TAERS ,  [RII XEHLA R 46 4k
PEIEAT IR E A — AL BE, B 2R TUAL B 5 1 e fay AR R BEAT IR ZE 7)Mo AT A5 21 Bl 75 220 0 T
JET SIS TRD AN =k ) S Pt 2 T SE , 7 YR B TIGIIMEL 55 SR 5] 8 Pz, N i[RI T 55 S P S A — 2

DOI: 10.12677/m0s.2025.145455 1046 5 1 A


https://doi.org/10.12677/mos.2025.145455

KEIE, Bl

14

10+

BT A (s)

— TR |
— ]

1 1.5

GAUIL B8 42 15

2

2.5 3
x10%

Figure 8. Processing instruction execution time prediction
8. LB HATAE T

0.3 ————— 0.07 : :
0.25 Iy 2 ﬂ | 2006
~ £
= £ 0.
£ 02 | Eo005
E N
0.04 1
Eots 1 1”§
i =0.03
ﬁ—é) 01 4 HPF::,
&7 0,02
(s
0.05 B > 0.01
—— SRR J
0 U 0 : :
0 100 200 300 400 500 600 700 800 900 0 200 400 600 800 1000
AN LI (s) AN T A ()
Figure 9. Actual feed rate prediction
9. SEPRiRIRE TN
30 : . :
e 400 ; — -
Bl iz
e | W
25 350 - N a1
E ~
€20} 1@ 300 1
Bl 45| ag 250
21 4
1% 1% 200 F 1
%1107 15
4= & 150 1
= 5¢ 1=
= =
= = 100¢ .
X ol 10
50 .
5 ' : : : 0 S L
0 200 400 600 800 0 100 200 300 400 500 600 700 800 900
Hrsaiah s B AE AN A
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