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Robot Posture Control for Precise Trimming of Carbon Fiber Preforms
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Precise robotic trimming of carbon fiber preforms is essential in resin transfer
molding to ensure mold conformity and final product accuracy. However, the low
stiffness of industrial robots causes tool center point (TCP) displacement under

cutting forces, resulting in dimensional errors. Conventional posture optimization
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Carbon fiber reinforced plastic

using redundant degrees of freedom (DOF) is ineffective for knife-based trimming
in which all six DOFs are constrained. This study proposes a stiffness-based
posture control method applicable to nonredundant cutting tasks. Despite the
absence of redundancy, the robot can assume eight distinct postures on the same
TCP. A virtual joint modeling approach was employed to predict posture-dependent
deformation and identify the configuration with maximal stiffness. Experimental
validation showed that the selected high-stiffness posture reduced the dimensional

error by 64.3% compared with the lowest-stiffness case, demonstrating the
potential of the method to enhance the accuracy in fully constrained robotic
trimming processes.
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Fig. 1 CFRP manufacturing process using RTM
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(a) Industrial robot (b) Machine tool
Fig. 2 Experimental setups for trimming CFRP preforms
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Fig. 3 Width measurement method for preform coupons
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Fig. 4 Cutting angle and feed rate used for the experiment
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(b) Preform coupon machined using a machine tool
Fig. 5 Preform coupon samples of each experimental setup
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Fig. 6 Experimental setup for measuring position errors caused
by robot stiffness

ZE A AY A3, FA7IAE L83 A B B o4
£ 47mz 49 vhy, 288 83 49 P Y oA
320 pm= S74=3(. Fig. 5& 74 BH|E olgsto] At 4719
Al % shte] Ajmolt) 712 Ay AnS B3 21 7|5 Z2E
Aok Al ZA71A T g4 a7t a4 7K ERlskith

it
i
JE
2

ol o] de 7 ugo] ZejE A
s 2 o] W0l Pgela, 1

A st

23} TCPO 914 2

4=
N
—_



Hyeong Gu Kim, Taehwa Hong, Seong Hyeon Kim

(a) Robot posture 1

(b) Robot posture 2

Fig. 7 Torque variations depending on postures at the same
TCP position
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Fig. 8 Robot postures depending on configuration settings
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Cutting direction
(a) Posture 1 (shoulder: R, elbow: D, wrist: U)

Cutting direction
(b) Posture 2 (shoulder: R, elbow: U, wrist: U)

Cutting direction
(c) Posture 3 (shoulder: L, elbow: U, wrist: U)
Fig. 9 Available robot postures in the experimental setup
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Section 3 Section 4
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N

Section 1 Section 2

10.11mm, 10.14 mm

Posture 1

10.17 mm 10.19 mm 10.25 mm__
Posture 2

10.42 mm
Posture 3

10.36 mm ! 10.38 mmI

Fig. 10 Experimental coupon widths for each robot posture

Table 1 Average dimensional errors for each robot posture (n=4)

Robot posture Average dimensional errors (Lm)

Posture 1 135

Posture 2 184
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