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ABSTRACT

Hardened D2 tool steel is widely used in the mold and die industry especially for injection
molding tools, cold forming tools and precision engineering parts. Most of the applications
require an excellent surface finish as it will reflect on the end product appearance.
However, the high strength of these materials (>50 HRC) results in rough machined
surface when using the conventional machining process, hence, special machining
technique is required to maintain the part quality. In current industry practice, the
machining tolerances are generally achieved by subsequent manual finishing process such
as, polishing and grinding in order to realize both the required geometry and surface finish.
Notably, the aforementioned manufacturing techniques for mould and die fabrication tend
to decrease productivity and create uncertainty over the component accuracy. Hence, this
thesis proposed a significant advancement on improving the mould fabrication process
using a hybrid machining technique such as, combining two established machining
processes into a new combined set-up known as Rotary Ultrasonic Assisted End Milling
(RUAEM) whereby the advantages of each discrete process could be exploited
synergistically. A total of 162 experimental runs based on statistical Response Surface
Methodology matrix were executed comprising different level of machining parameter
namely cutting speed, feed rate, depth of cut, frequency of vibration, amplitude vibration
and alumina oxide slurry concentration towards surface roughness, cutting force and
material removal rate. The investigation proceeded until a set of optimal machining
parameter and satisfactory validation index were achieved. Based on the recommended
optimized model, the best achievable surface roughness (Ra), resultant force (FR) and
material removal rate (MRR) values was 0.12 um, 4.98 N and 161.58 mg/min respectively.
The results yielded that RUAEM process was able to improve 97% of the surface
roughness, 92% of cutting force magnitude and 26% of material removal rate in
comparison to the conventional machining processes within the same cutting conditions.
For the multiple response optimization result, the combination of 111.45 rpm, 5.75
mm/min feed rate, 27.05 pum depth of cut, 20.91 kHz vibration frequency, 3 um amplitude
and 13.26% abrasive concentration yielded the highest desirability index of 0.87. Lastly, a
good agreement value between the prediction and experimental validate the new proposed
parameter optimization.



ABSTRAK

Keluli tahan karat, D2 digunakan meluas dalam industri acuan dan die terutama untuk
alat pengacuan suntikan, alat membentuk dingin dan peralatan kejuruteraan ketepatan.
Kebanyakan aplikasi memerlukan kemasan permukaan yang sangat baik kerana ia
mencerminkan penampilan produk akhir. Walau bagaimanapun, pemesinan secara
konvensional untuk bahan kekuatan tinggi (> 50 HRC) menghasilkan permukaan
pemesinan yang kasar, maka teknik pemesinan khas diperlukan untuk mengekalkan kualiti
pemesinan. Dalam amalan industri semasa, toleransi pemesinan dicapai melalui proses
pemesinan akhir secara manual iaitu proses pengisaran dan pengggilapan berterusan
untuk menghasilkan geometri dan kemasan permukaan yang diperlukan. Teknik
pembuatan fabrikasi acuan dan die berpotensi untuk mengurangkan produktiviti dan
mewujudkan ketidakpastian terhadap ketepatan komponen. Tesis ini mencadangkan teknik
pemesinan terkini dalam proses fabrikasi acuan dengan menggunakan teknik pemesinan
hibrid iaitu gabungan dua proses pemesinan ke dalam satu gabungan yang dikenali
sebagai Pengisaran Akhir Berputar Berbantu Ultrasonik (RUAEM). Sebanyak 162
eksperimen telah dijalankan berdasarkan kaedah statistik Matrik Tindakbalas Permukaan
yang berbeza parameter pemesinan iaitu kelajuan pemotongan, kelajuan suapan,
kedalaman pemotongan, frekuensi getaran, getaran amplitude dan kecairan kepekatan
alumina oksida terhadap kekasaran permukaan, daya pemotongan dan kadar penyingkiran
bahan. Kajian diteruskan sehingga mencapai pemesinan yang optimum dan indeks
pengesahan yang memuaskan. Berdasarkan model yang dioptimumkan, kekasaran
permukaan yang dicapai (Ra), kekuatan pemangkin (FR) dan nilai penyingkiran bahan
(MRR) adalah 0.12 um, 4.98 N dan 161.58 mg/min masing-masing. Hasil kajian
menunjukkan RUAEM mampu meningkatkan 97% kekasaran permukaan, 92% magnitud
daya pemotongan dan 26% kadar penyingkiran bahan berbanding pemesinan
konvensional dalam keadaan pemotongan yang sama. Keputusan Pengoptimuman
Tindakbalas Pelbagai menunjukkan bahawa kombinasi 111.45 rpm, kadar suapan
minuman 5.75 mm, kedalaman 27.05 um, 20.91 kHz frekuensi getaran, 3 um amplitude dan
13.26% kepekatan cairan menghasilkan indeks keinginan tertinggi 0.87. Nilai persetujuan
yang baik di antara ramalan dan pengesahan melalui eksperimen telah menghasilkan
pengoptimuman parameter yang baru.
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