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Influence of dynamic nozzle orientation on robotic-arm 3D printed part quality
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(1. School of Mechanical Engineering, Xinjiang University, Urumqi 830017, China;
2. Key Laboratory of Additive Remanufacturing Technology of Xinjiang, Urumqi 830017, China)

Abstract : To address the poor surface quality,low mechanical performance and interference is prone to occur during in-situ
repair printing when conventional three-axis fused-deposition modelling is used for curved thin-shell parts, a multi-degree-of-
freedom robotic-arm 3D printing platform was built. By solving surface path point normal vectors in real-time using gradient vector
formulas and converting them into end-effector attitude angles,the platform dynamically adjusted the nozzle axis orientation to align
with the deposition surface normal. Furthermore, the effects of two forming strategies—vertical nozzle orientation and dynamic
orientation on specimen surface quality and flexural load-bearing performance were investigated. First,surface accuracy produced by
each strategy was compared on inclined planes at 0°, 15°, 30° and 45°, and dynamic orientation was further employed to achieve
high-quality printing on steeply curved surfaces. Subsequently,the flexural performance of curved specimens fabricated with both
strategies was analysed. Finally,dynamic orientation was exploited to realise in-situ repair of damaged curved regions. The results
show that the surface roughness of vertically oriented specimens increases significantly with tilt angle during conformal printing on
inclined planes,whereas specimens printed with dynamic orientation maintain constant roughness across all angles. For curved archi-
tectures,dynamic orientation raises the maximum flexural load by 8.15%,4.62% and 5.91% along X, Y and Y-X directions, respective-
ly,relative to vertical orientation. Moreover,curved-layer slicing combined with dynamic orientation yields a maximum Y-direction

flexural load of 528.867 N m showing an improvement of 184.57% over 185.845 N obtained with conventional planar-layer slicing.
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In in-situ repair experiment,the repaired specimen achieves a maximum flexural load of 412.484 N, differing by less than 1% from

that of the intact counterpart. The study demonstrates that dynamic-orientation strategy provides superior forming quality compared

with the traditional vertical-orientation approach.
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Fig. 2 Vertical-nozzle forming and dynamic-nozzle forming
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Fig.3 Three-dimensional size diagram of a high-angle curved surface
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(b) Three-dimensional size drawing of damaged specimen
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Fig. 4 Three-dimensional size drawing of a gentle inclination curved

surface and its defective specimen
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Tab.1 3D printing process parameters for multi-DOF robotic arm

Nozzle Nozzle Layer Print .
. . Filament feed
tempera-  diameter/  height/ speed/ speed/(mm-s )
ture/°C mm mm (mm-s™") P
210 0.6 0.3 5 0.6
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(a) Schematic of curved-layer printing path

(b) Schematic of dynamic nozzle orientation
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Fig. 5 Curved-layer printing path generation
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Fig. 6 Forming process and roughness variation on inclined surfaces at

different angles when nozzle is verticaly oriented
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Fig. 7 3D morphology maps and surface roughness on inclined surfaces at different angles (0°, 15°, 30°, 45°) when nozzle is verticaly oriented
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Fig. 9 3D morphology maps and surface roughness on inclined surfaces at different angles (0°, 15°, 30°, 45°) when nozzle is dynamically oriented
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(b) Printed high-curvature curved specimen image
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Fig. 10  Formation process of high-curvature curved specimens and

printed specimen image

(c) Surface slicing-dynamic(SS-D)
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Fig. 11 Schematic diagram of different printing strategies for curved

"

o

specimens

(a) PS (b) SS-D(X)

() SS-D(Y-X) (d) SS-D(Y)
12 N[5 2R 5T BB AR X 1 Tt 2 11 5 2 1) s i)

Fig. 12 Influence of different slicing strategies and printing paths on

surface quality of curved specimens
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Fig. 13 Influence of different slicing strategies and printing paths on

staircase effect of curved specimens
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(b) Maximum bending-load results for curved specimens
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Fig. 14 Bending-test results of curved specimens
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Fig. 15 Manufactured specimens before bending testing

(a) Defect-analysis region

Volume/mm?
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0

(b) YZ plane
Volume/mm?

0.75
0.68
0.60
0.53
0.45
0.38
0.30
0.23
0.15
0.08
0

(c) XZ plane
K16 S RE N LI B 23 A
Fig. 16 Analysis of internal pore defects in repaired specimen
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