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ABSTRAK

Sekrup tulang (Bone Screw) merupakan sebuah alat yang digunakan untuk menyambung tulang
yang mengalami patah melalui proses operasi. Pada umumnya bahan sekrup tulang berasal dari
logam, namun sekarang dikembangkan sekrup tulang berbahan polimer biodegradable.
Polimer biodegradable memiliki kelebihan dapat menguraikan dirinya sendiri sehinggga tidak
memerlukan operasi untuk mengambil sekrup tulang. Selama ini polimer biodegradable seperti
PLA dan PGA telah banyak digunakan sebagai bahan sekrup tulang sedangkan PMMA dan
PVOH belum ada penelitian yang dilakukan pada material tersebut. Penelitian ini
menggunakan bahan PLA, PGA; PMMA .dan PVOH dengan parameter proses yang berbeda
guna mengetahui pengaruh material dan parameter prosesnya serta dibuktikan dengan analisa
kekuatan struktur tiap materialnya. Parameter proses yang-digunakan dalam penelitian ini
antara lain suhu cetakan (mold.temperature) untuk PLA(20°C, 23,3°C, 26,7°C, 30°C), PGA
(60°C, 93,3°C, 126,7°C, 160°C), PMMA (35°C, 50°C, 65°C,+80°C), PVOH (60°C, 66,7°C,
73,3°C, 80°C), suhu leleh (melt temperature) untuk PLA (145°C, 160°C, 175°C, 190°C) PGA
(220°C, 236,7°C, 253,3°C, 270°C), PMMA (240°C, 253,3°C,.266,7°C, 280°C), PVOH (220°C,
226,7°C, 233,3°C, 240°C), waktu injeksi (injection time) untuk PLA (2 detik, 4 detik, 6 detik,
8 detik), PGA ((2 detik, 4 detik, 6 detik, 8 detik), PMMA (2 detik, 4 detik, 6 detik, 8 detik),
PVOH (2 detik, 4 detik, 6 detik, 8 detik), waktu pendinginan (cooling time) untuk PLA (4 detik,
8 detik, 12 detik, 16 detik), PGA(4 detik, 8 detik, 12 detik, 16-detik), PMMA (4 detik, 8 detik,
12 detik, 16 detik), PVOH (4 detik, 8 detik,"12.detik; 16 detik). Metodologi penelitian dimulai
dengan pembuatan produk menggunakan Autodesk-Inventor dan dilanjutkan dengan simulasi
proses injeksi menggunakan Autodesk Maldflow untuk-mendapatkan nilai warpage dan
shrinkage. Setelah mendapatkan faktor dan level optimal melalui metode Taguchi — TOPSIS
kemudian diakhiri dengan simulasi kekuatan mekanik menggunakan Autodesk Simulation
Mechanical untuk mendapatkan nilai Von-misses stress dan safety factor. Dari optimasi multi
respon didapatkan nilai optimal suhu cetakan (mold temperature) PLA 30°C, PGA 60°C,
PMMA 65°C, PVOH 66,7°C, suhu leleh (melt temperature) PLA 145°C, PGA 220°C, PMMA
240°C, PVOH 233,3°C, waktu injeksi (injection time) PLA 6 detik, PGA 6 detik, PMMA 8
detik, PVOH 8 detik, waktu pendinginan (cooling time) PLA 8 detik, PGA 12 detik, PMMA 8
detik, PVOH 16 detik. Simulasi injection molding mendapatkan nilai optimal warpage PLA
1,119 mm, PGA 1,119 mm, PMMA 1,118 mm, PVOH 1,120 mm. Simulasi kekuatan mekanik
mendapatkan nilai Von misses stress PLA 821,7383 N/mm?, PGA 3434,306 N/mm?, PMMA
46790,83 N/mm?, PVOH 8002,26 N/mm? dan nilai Safety factor PLA 2,8575, PGA 1,5327,
PMMA 0,2204, PVOH 0,8714. Hasil analisa pada penelitian ini membuktikan adanya
pengaruh defect terhadap kekuatan material. Nilai Von misses stress tertinggi terdapat pada
material PMMA sebesar 46790,83 N/mm?, terendah pada material PLA sebesar 821,7383
N/mm? sedangkan Safety factor tertinggi terdapat pada material PLA sebesar 2,8575, terendah
pada material PMMA sebesar 0,2204.

Kata Kunci: Sekrup tulang, polimer biodegradable, simulasi, injection molding, metode
Taguchi-TOPSIS, defect, analisa struktur.




Nano Koes Ardhiyanto/ S801602005. 2020. Process Optimization of Injection Molding with
Mechanical Behaviour Simulation for Bone Screw Manufacturing based of
Biodegradable Polymers. THESIS: Principal Advisor: Dr. Eko Pujiyanto, S.Si., M.T. Co-
Advisor: Dr. Bambang Suhardi, S.T., M.T. Master Program of Industrial Engineering, Sebelas

Maret University, Surakarta.

ABSTRACT

Bone screw is a device used to connect broken bones through surgery. Bone screw material is
generally derived from metal, but now developed bone screw made from biodegradable
polymers. Biodegradable polymers have the advantage of being able to decompose themselves
so that they do not require surgery to remove. bone screws. So far, biodegradable polymers
such as PLA and PGA have been widely-used as bonescrew.materials while PMMA and PVOH
have not been conducted studies on these materials. This study uses PLA, PGA, PMMA and
PVOH materials with different process parameters.to determine the effect of the material and
its process parameters and 1S proven by analyzing the structural strength of each material.
Process parameters used in this study include mold temperature for PLA (20°C, 23.3°C,
26.7°C, 300C) PGA (20°C, 23.3°C, 26.7°C, 30°C), PMMA (60°C, 93.3°C, 126.7°C, 160°C),
PMMA (35°C, 50°C, 65°C, 80°C), PVOH (60°C, 66.7°C, 73.3°C, 80°C), melt temperature for
PLA (145°C, 160°C, 175°C, 190°C) PGA (220°C, 236.7°C, 253.3°C, 270°C), PMMA (240°C,
253.3°C, 266.7°C, 280°C), PVOH (220°C, 226.7°C, 233.3°C, 240°C), injection time for PLA (2
seconds, 4 seconds, 6 seconds, 8 seconds),PGA (2 seconds, 4 seconds, 6 seconds, 8 seconds),
PMMA (2 seconds, 4 seconds, 6 seconds, 8 seconds ), PVOH (2 seconds, 4 seconds, 6 seconds,
8 seconds), cooling time for PLA (4 seconds, 8 seconds, 12 seconds, 16 seconds), PGA (4
seconds, 8 seconds, 12 seconds, 16°seconds), PMMA (4 seconds, 8 seconds, 12 seconds, 16
seconds), PVOH (4 seconds, 8.seconds,42.seconds, 46 seconds). The research methodology
begins with the manufacture of products using Autodesk Inventor and continues with the
simulation of the injection process using Autodesk Moldflow to obtain warpage and shrinkage
values. After obtaining the optimal factors and levels through the Taguchi - TOPSIS method,
it is then terminated by mechanical strength simulation using Autodesk Mechanical Simulation
to obtain the value of Von-misses stress and safety factor. From the multi-response
optimization, the optimal mold temperature (PLA 30°C, PGA 60°C, PMMA 65°C, PVOH
66.7°C, melt temperature) PLA 145°C, PGA 220°C, PMMA 240°C, PVOH 233.3°C, injection
time (melt temperature) PLA 145°C, PGA 220°C, PMMA 240°C, PVOH 233.3°C, injection time
(melt temperature) injection time) PLA 6 seconds, PGA 6 seconds, PMMA 8 seconds, PVOH 8
seconds, cooling time (PLA cooling time) 8 seconds, PGA 12 seconds, PMMA 8 seconds,
PVOH 16 seconds. Injection molding simulation obtained the optimal value of PLA warpage
1,119 mm, PGA 1,119 mm, PMMA 1,118 mm, PVOH 1,120 mm. Mechanical strength
simulations get Von misses stress PLA 821.7383 N/mm?, PGA 3434,306 N/mm?, PMMA
46790.83 N/mm?, PVOH 8002.26 N/mm? and Safety factor PLA value 2.8575, PGA 1.5327,
PMMA 0.2204, PVOH 0.8714. The results of the analysis in this study prove the effect of defects
on material strength. The highest Von misses stress value is in PMMA material at 46790.83
N/mm?, the lowest is in PLA material at 821.7383 N/mm? while the highest safety factor is in
PLA material at 2.8575, the lowest in PMMA material at 0.2204.

Keywords: Bone screw, biodegradable polymers, simulation, injection molding, Taguchi
method-TOPSIS, defect, structural analysis
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