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Design and testing of a continuous automatic forming device for bamboo spoons

Abstract: To address the problems of poor continuity, low efficiency and high manual effort in the traditional bamboo spoon forming
process, based on the existing forming technology, the key structure and movement parameters such as the bamboo spoon hot press
process, loading and unloading method and the number of single forming were improved and designed, and a multi-suction cup
continuous loading whole hot press forming process was proposed, and a prototype bamboo spoon hot press forming machine was
designed.Through the theoretical analysis of the heat transfer conditions of the bamboo spoon press, the arrangement of the bamboo
spoon moulds was determined to be 16 x 3 under the condition that the press size is (713 X 537 X 56) mm, which means that 48 bamboo
spoons can be formed in a single pass, increasing the processing efficiency by 128% compared to the traditional bamboo spoon heat
press.The deformation of the suction cups was simulated using the ANSYS Workbench finite element method and the force on the
bottom surface of the suction cups was analysed to determine a suction cup diameter of 5 mm and a suction cup force of 4.75N. It was
verified that there was no deformation of the bamboo spoon under this suction force. The results showed that the moisture content of
the bamboo spoon was 4.8%, the bending strength was 99.46MPa and the bending modulus was 5809.2MPa, which was 1.2% lower,
17.0% higher and the bending modulus was 14.5% higher than that of the bamboo spoon processed by traditional head hot pressing.
The fracture characteristics were also analysed by electron microscopy, indicating that the bamboo spoon formed by the proposed
integral hot pressing device has better service hardness and bending strength.
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Fig.1 Principles comparison of bamboo spoon molding
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1.Gearing of the rack and pinion 2.Silos 3.Suction cups 4.Conveyor belts 5.Removable flat die 6.Press-die 7.CNC center 8.Press-die cylinder
9.Suction-cup assembly  10.Suction cup cylinder 11.Suction-cup assembly removable motor 12.Conveyor motor
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Note: The circle shows an enlarged view between the pressing die and the removable flat die, indicating the overall hot pressing of the bamboo spoon.
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Fig.2 Principle of bamboo spoon continuous automatic molding
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9.Bamboo spoon lower die  10.Flat mold spacer
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Note: The structure drawing is a symmetrical sectional view
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Fig.3 The internal structure diagram of molding device
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1.Conveyor belts 2.Racks 3.Silos 4.Guide rail holder 5.Suction cup guide rail 6.Gears 7.Suction-cup-cylinders 8.Suction cup slide bar  9.Suction

cup holder 10.Rack 11.Servo Motor 12.Straws 13.Rubber chassis
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Fig.4 The structure diagram of Automatic loading and unloading device
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Fig.5 Diagram of the size of a bamboo spoon
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Table.1 = Main parameters of continuous bamboo spoon hot pressing machine
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Note:F; and F, represents the two suction cups forces of a bamboo spoon respectively, N; F i represents the total upward suction force on a bamboo spoon, N;
G represents the gravitational force on a bamboo spoon, which g is taken as 9.8(m - s2), N; F, represents the inertial force on a bamboo spoon from rest to

motion in the horizontal direction, opposite to the direction of motion, N; F w.andF g, represents the orthogonal components of F s, N.
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Fig.6 Force analysis of bamboo spoon moving
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Fig.7 The Cross-sectional view of suction cups and related dimensions (Unit: mm)
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Fig.8 Suction cup and adsorption bottom assembly
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Fig.9 The meshing results of adsorbent base
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Fig.11 Force map of the Mises equivalence effect of the adsorption bottom during adsorption (MPa)
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Fig.12 Total deformation diagram of the suction cup during adsorption (mm)
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Fig.13 Bamboo spoon continuous automatic molding device prototype
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Fig.14 Traditional bamboo spoon molding machine
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Table.2 The moisture content of the Bamboo spoons with different platen-craft
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Fig.15 Test equipment for three-point bending
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Table.3 Test result of different bamboo spoon flexural performance

TZ TR AT o5 BRI o
Craft Destruction load/N Flexural strength/MPa Flexural modulus/MPa
BRI 39.78 99.46 5809.2
Overall platen
KRR 33.99 84.99 5073.9
Cephalic platen
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Fig.16 The load-displacement of three-point bending test
P, B — RORS L P AT DL th, Sk AT 4] B2, — 0 4b TR P AR A 4] i R0 7,
W 2 o TR R TR FE AT AT, T DSk A PR AT 4D 7 A PR RE -, R B BB T
TOREAT B AT WM 2, AP RTINS B . % AR EIAT A R, 3
e RV SN TG0, ST RRREUL T HU2 Wbk, DA 2 T 8 e FE A7) FLAT 58 47 P
44 PAIRREREDIER
FSITHR GORT S-3400N 140U B8 BB I MR [P ) = 2025 MR I 75 SR AT 0%, I 17,
18 e MBEIRTAL, WAL AR, 4TS0S, PR . T AT ) 5 T B2 L IF A 2
PSR R R T L S MR SR P40 2 1 ST AR W e SO P AT, B
FAMULT SRR 1
7 3000dpi S BHEETHCIENT ) ZMT R, 0P 17, T LU SIS Ao FE A <) 6 I 2R
WP, BRI S, WNEWERE], ROURREA. M. REIARE . B, EHH
N SR R K . Sk R TR 10 R F, BRI “2” 1, Mg 5, 2
QUAPY TR, BERERAE AT A, 7 R, OF AR KR AN AR, L
SR I B R

2652



EFNGLUER N ES S S41 71 WAL S 7 23

B 172 BAREMIIIREERTIE (59K 3000dpi)

Fig.17a  Scan fracture topography of bamboo spoon with overall platen (The resolution is 3000dpi)
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Fig.17b  Scan fracture topography of bamboo spoon with cephalic platen (The resolution is 3000dpi)
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Fig.18 Microtopography of different bamboo spoon cross-sections
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