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Fig. 16 Equivalent stiffness changes of the moving platform around
the X axis in the horizontal XY plane
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Fig. 13 Equivalent stiffness changes of the moving platform in the X
direction in the horizontal XY plane
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Fig. 14 Equivalent stiffness changes of the moving platform in the Y
direction in the horizontal XY plane
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Fig. 20 Surface roughness of machined parts in 5 regions of the
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Geometrical accuracies of machined parts in 5 areas of the workspace
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Fig. 18 Geometric tolerance of orthogonality of machined parts in 5
regions of the workspace

Flatness of the surfaces of machined parts in 5 areas of the workspace
0.07

+++f++ F1Flatness
—&— F2 Flatness

=«== F3 Flatness

Surface Flatness (mm)

Different areas of the workspace
5l dihie B ) odd (5)Suble wishd (T wdis il VS
s las

Fig. 19 Flatness geometric tolerance of machined parts in 5 regions of

the workspace

Volume 25, Issue 10, October 2025



Proceedings, vol. 45, pp. 3213-3218, 2021. DOI:10.
1016/j.matpr.2020.12.376

[11] M. Azka, K. yamada, “Influence of tool Posture and
Position on Stability in Milling with Parallel Kinematic
Machine Tool,” The International Journal of Advanced-
Precision Engineering and Manufacturing, vol. 21, pp.
2359-2373, Oct. 2020. DOI:10.22201/icat.24486736e.
2022.20.1.1278

[12] Russo, M., Zhang, D., Liu, X.-J., & Xie, Z. A review
of parallel kinematic machine tools: Design, modeling, and
applications. International Journal of Machine Tools and
Manufacture, 196, 104118, 2024.
DOI:10.1016/j.ijmachtools.2024.104118

[13] Hanliang Fang, Jian Wang, Shuyi Ge, Fufu Yang, Jun
Zhang. Stiffness evaluation and experimental test of a
novel redundantly actuated parallel machining robot.
Chinese Journal of Mechanical Engineering, 39, 100090,
2026.D0I1:10.1016/j.cjme.2025.100090

[14] Kraténa, T., Vavruska, P., Svéda, ., & Zeman, P.
Workpiece position optimization in robotic multi-axis
machining. Results in Engineering, 27, 106421, 2025.
DOI:10.1016/j.rineng.2025.106421

[15] Dambly, V., Olivier, B., Riviére-Lorphévre, E.,
Ducobu, F., & Verlinden, O. Feed rate optimization
scheme in robotic machining operations for dynamic
error compensation. Procedia CIRP, 133, 412-417,
2025.D0I:10.1016/j.procir.2025.02.071

[16] Dantinne, H., Dambly, V., Verlinden, O., Ducobu, F.,
Riviere-Lorphevre, E.,, & Olivier, B. Performance and
efficiency of co-simulation for milling operations in
robotic machining. Procedia CIRP, 133, 114-119, 2025.
DOI:10.1016/j.procir.2025.02.021

[17] Peta, K., Wlodarczyk, J., & Maniak, M. Analysis of
trajectory and motion parameters of an industrial
robot cooperating with a numerically controlled
machine tool. Journal of Manufacturing Processes, 101,
1332-1342,2023. DOI:10.1016/j.jmapro.2023.06.063
[18] NAN, J., YU, S,, LIU, C., CHEN, M., & SUN, Y. Online
compensation of contour errors in robotic milling
based on multi-source characterization and path
reconstruction. Chinese Journal of Aeronautics,
103827,2025. DOI:10.1016/j.cja.2025.103827

[19] Abed, M., Mohammad, A., Axinte, D., Gameros, A, &
Askew, D.. Digital-twin-assisted mlti-stage machining
of thin-wall structures using interchangeable robotic
and human-assisted automation. Robotics and
Computer-Integrated Manufacturing, 97, 103077,
2026.D0I1:10.1016/j.rcim.2025.103077

[20] Beaulieu, P.-L., Laliberté, T. Foucault, S, &
Gosselin, C.. Synthesis and prototyping of a
backdrivable parallel robot for metal finishing tasks.
Robotics and Computer-Integrated Manufacturing, 93,
102934, 2025.D0I1:10.1016/j.rcim.2024.102934

[21] M. Mahboubkhah, M. Tayyari, “Calibration and
Error Compensation of a 4-DOF MillingMachine with
Parallel Mechanism,” The international journal of ISSN:
2476-6909; Modares Mechanical Engineering. 23(05),
317-322,2023.DOI: 10.22034/mme.23.5.317

[22] National Aerospace Standard: NAS 979 Uniform
Cutting Tests, National Standards Association.

1808 yo0 Ve oylad (YO )9

dlsbisime ol s ol bk 530 FAF

Slie (65 3 glroe! (i) phwedly glayially Sl |
Gl sy 3 g Mo GBSl wldae byl
ol By slag s jlade g sad elail (g bl
Zhwile 5 G cuiS )3 5 slas Gt il el
wlehd abwsle 5 i sbopgesl @l g e3g 2l
wldl ]y g9690 ol oo ilize @bl ;3 o () Kinble

ol 63903

Glagh Jol> dlie oyl ele wlgine :GENS] uanls
o e Hlplyé 9 Syl il g 53 5 el GBuiung

RO
35185 3529 ,lebl gl 28lie (o)l @80 (sla3

&lio

[1] T. Huang, X. Zhao, and D. J. Whitehouse, “Stiffness
estimation of a tripod-based parallel kinematic
machine,” Robot. Autom. IEEE Trans., vol. 18, no. 1, pp.
50-58,2002.D0I:10.1109/70.988974
[2] C. Corradini, J. Fauroux, S. Krut, and O. Company,
“Evaluation of a 4-Degree of Freedom Parallel
Manipulator Stiffness,” Proc. 11th World Congr. Mech.
Mach. Sci., p. 5, 2003.
[3] C. Gosselin, “Stiffness Mapping for Parallel
Manipulators,” IEEE Trans. Robot. Autom., vol. 6, no. 3,
pp. 377-382,1990. DOI: 10.1109/70.56657
[4] M. Svinin, M.M. Hosoe, S. Uchiyana, “On the stiffness
and stability of Gough-Stewart platforms,” IEEE Int.
Conf. Robot. Autom. pp. 3268-3273, 2001.
DOI:10.1109/ROB0OT.2001.933122
[5] J. C. Fauroux, “A method for modeling analytical
stiffness of a lower mobility parallel manipulator,”
Proc.- IEEE Int. Conf. Robot. Autom., vol. 2005, pp.
3232-3237,2005.D0I:10.1109/ROB0OT.2005.1570608
e § (o 9San Silaiww Judoi" ¢ 239395 0381 ¢ sy 1 [#]
b ygo=e g CNC 358 5 ool Sl iz Sl dmie Silge Wby S
AYAN bt dd 539 Cln (gwiige Gl a8 (e (S5l
[7] J. L. Xiao, S. Lei Zhao, “Simultaneous Calibration of
Multicoordinates for a Dual-Robot System by Solving
the AXB = YCZ Problem,” The International Journal of
Advanced Manufacturing Technology, vol. 105, pp.
4071-4084, 2019. D0I:10.1109/TR0.2020.3043688
[8] H.T. Pham, “Optimization Desing of a 2-DOF
Compliant Parallel Mechanism Using NSGA-2
Algorithm for Vibration-Assisted Milling,” Proceedings
of the International Conference on, Physics and
Mechanics of new Materials,pp.529-539, Jun. 2020.
[9] Z. Chong, F. Xie, X. Liu, “Design of the parallel
mechanism for a hybrid mobile robot in wind turbine
blades polishing,” International Robotics and
Computer-Integrated Manufacturing, vol. 61, Feb.
2020.D0I:10.1016/j.rcim.2019.101857
[10] S. Darvekae, A. Koteswara, “Machining capability
of a 2-DOF parallel kinematic machine tool and
conventional CNC milling machine.” Materials Today:

Urte SyilSo udige sole doliole


https://doi.org/10.1109/70.988974
https://doi.org/10.1109/70.56657
https://doi.org/10.1109/ROBOT.2005.1570608
https://doi.org/10.1109/TRO.2020.3043688
https://doi.org/10.1016/j.rcim.2019.101857
https://doi.org/10.1016/j.matpr.2020.12.376
https://doi.org/10.1016/j.matpr.2020.12.376
https://doi.org/10.22201/icat.24486736e.2022.20.1.1278
https://doi.org/10.22201/icat.24486736e.2022.20.1.1278
https://doi.org/10.1016/j.cjme.2025.100090
https://doi.org/10.1016/j.rineng.2025.106421
https://doi.org/10.1016/j.rineng.2025.106421
https://doi.org/10.1016/j.jmapro.2023.06.063
https://doi.org/10.1016/j.cja.2025.103827
https://doi.org/10.1016/j.rcim.2025.103077
https://doi.org/10.22034/mme.23.5.317

