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ANALISIS PENGARUH PROSES FLAPPEENING TERHADAP
KEKASARAN, KEKERASAN DAN MIKROSTRUKTUR
ALUMINIUM EXTRUSION 7075-T6511 HASIL PROSES

MILLING
RAYHAN ALFARIDZI

ABSTRAK

Aluminium alloy 7075-T6511 merupakan salah satu material yang banyak digunakan pada
industri kedirgantaraan karena memiliki kekuatan spesifik tinggi, namun sifat mekanisnya
masih dapat ditingkatkan melalui proses perlakuan permukaan. Penelitian ini bertujuan
untuk mengetahui pengaruh flappeening terhadap kerentanan crack pada aluminium
extrusion 7075-T6511, menganalisis tingkat kekasaran dan kekerasan pada aluminium
extrusion 7075-T6511 hasil milling setelah melalui proses flappeening, serta mengkaji
dampak flappeening terhadap struktur mikro dan hubungannya dengan ketahanan crack
material. Variabel bebas dalam penelitian ini adalah variasi perlakuan flappeening dengan
perubahan parameter rotational speed (RPM), sedangkan variabel terikat mencakup nilai
kekasaran rata-rata (Ra), kekerasan (Vickers), perubahan struktur mikro, dan energi serapan
pada uji impact. Sampel penelitian berupa spesimen aluminium extrusion 7075-T6511
yang dipersiapkan melalui proses milling sebelum diberi perlakuan flappeening. Pemilihan
sampel dilakukan dengan purposive sampling, yaitu pemilihan spesimen sesuai kriteria
kelayakan uji laboratorium. Pengujian meliputi uji kekasaran permukaan menggunakan
profilometer, uji kekerasan dengan metode Vickers, uji struktur mikro menggunakan
mikroskop optik, serta uji impact metode Charpy untuk menentukan ketahanan terhadap
beban kejut. Data yang diperoleh dianalisis untuk mengidentifikasi perbedaan signifikan
antar variasi perlakuan. Data hasil pengujian menunujukkan terjadi peningkatan kekerasan
sebesar 7.27%, Pengujian SEM yang menunjukkan adanya penurunan jumlah void,
Pengujian XRD yang semula menunjukkan tegangan sisa yang bersifat Tarik +/84 Mpa
berubah menjadi bersifat tekan sehingga semakin membuat material menjadi tahan crack,
dan uji impact yang menunjukkan ketahanan impact material semakin meningkat menjadi
19 J, Oleh karena itu, Proses Flappeening terbukti mampu memperbaiki ketahanan crack
material

Kata Kunci: Flappeening, Milling, Aluminium, 7075, Residual Stress, SEM, Impact,
Vickers
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ABSTRACT

Aluminium alloy 7075-T6511 is one of the materials widely used in the aerospace
industry due to its high specific strength; however, its mechanical properties can
still be improved through surface treatment processes. This study aims to
investigate the effect of flappeening on crack susceptibility in aluminium extrusion
7075-T6511, to analyze the surface roughness and hardness of the milled
aluminium extrusion 7075-T6511 after undergoing the flappeening process, and to
examine the impact of flappeening on microstructure and its relationship to crack
resistance of the material. The independent variable in this research is the variation
of flappeening treatment with different rotational speed (RPM) parameters, while
the dependent variables include average surface roughness (Ra), hardness
(Vickers), microstructural changes, and absorbed energy in the impact test. The
research samples consist of aluminium extrusion 7075-T6511 specimens prepared
through milling before being subjected to flappeening treatment. Samples were
selected using purposive sampling, namely the selection of specimens based on
laboratory testing eligibility criteria. The tests conducted include surface
roughness measurement using a profilometer, hardness testing with the Vickers
method, microstructural examination using an optical microscope, and impact
testing using the Charpy method to determine resistance against sudden loads. The
obtained data were analyzed to identify significant differences among the treatment
variations. The experimental results indicate an increase in material hardness by
7.27%. SEM analysis shows a reduction in the number of voids. XRD testing reveals
that the residual stress, which was initially tensile at +184 MPa, changed to
compressive stress, thereby enhancing the material’s resistance to crack initiation
and propagation. In addition, impact testing demonstrates an improvement in the
material’s impact resistance to 19 J. Therefore, the flappeening process is proven
to effectively enhance the crack resistance of the material.

Keyword: Flappeening, Milling, Aluminium, 7075, Residual Stress, SEM, Impact, Vickers

viii

https://lib.mercubuana.ac.id



DAFTAR ISI

Halaman

HALAMAN SAMPUL ..ottt 0
HALAMAN JUDUL ...ttt i
HALAMAN PERNYATAAN KARYA SENDIRI ..o i
HALAMAN SURAT KETERANGAN HASIL UJI TURNITIN..........ccc.ee. i
HALAMAN PENGESAHAN. ... WY
KATA PENGANTAR ...ttt Y
HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI TUGAS AKHIR
DI REPOSITORI UMB ...t Vi
ABSTRAK ...t Vii
ABSTRACT .. ar s viii
DAFTAR ISH ..ottt et e e nnaneeas IX
DAFTAR TABEL.......ooi e Xil
DAFTAR GAMBAR ... Xiii
DAFTAR SINGKATAN ... XV
DAFTAR SIMBOL ... Xvi
DAFTAR LAMPIRAN ... Xvil
BAB I PENDAHULUAN. ..o 1
1.1 Latar Belakang..........occceiiiiiiiiiiiiie et 1

1.2 Rumusan Masalah...........ccooceiiiiiiniiiini e 3

1.3 TUJUAN ceeiieiiieee ettt ettt e e ettt e e sttt e e et eeeeaeeeeeeaas 3

L4 Manfaat.....cooouiiiiiiiiice e 3

1.5 Ruang Lingkup dan Batasan Masalah ..............cccooiiiiiniiiiiiiiiees 4

1.6 Sistematika Penulisan............ccooceiriiiiniiiiiniiiiicicicc e 5

BAB I TINJAUAN PUSTAKA . ..ot 6
2.1 Penelitian Terdahulu..........ccoooeiriiiiniiiiiiiii e 6

B N 1331111011051 B PRSPPI 8

2.2.1 Keunggulan ATUminium...........cccceeereuiireeriiieeeeniiieeessieeeeesieeeee s 9

2.2.2  Jenis dan Seri Aluminium AlOY .......ccccceevieiriiiiniiiinicenieeeeee, 10

2.3 Aluminium AIIOY 7075 .....cocueeiiiiieiee et 11

2.4 Perlakuan Panas ...........cccccooiiiiiiiiiiiiiiii 13

2.4.1 Perlakuan Panas Aluminium Alloy 7075-T6 ...............ccccoeeenn.... 14

ix

https://lib.mercubuana.ac.id



2.5 Flappeening PrOCeSS ..........cccc.ccoevuiiemiiiiieeiiiiiieeeiiiee et e e eeivaaa e 17
2.6 Gaya Yang Bekerja Pada Aluminium Extrusion 7075-T6...............cc........ 18
2.7 Prinsip Kerja Flappeening...........c....ccccvuiieeviiiiieiiiiiieeeeiiee e 20
2.7.1 Pengaruh Flappeening Terhadap Kekasaran Permukaan............... 21
2.7.2  Pengaruh Flappeening Terhadap Mikrostruktur Material.............. 22
2.8 Milling Process (Frais PrOCESS).........cccviiiiririiieiriiiiee e e erireeeeeiveee e 23
2.8.1 Indikator Dalam Frais Process.........ccccceevieieiieeiiiieiciecee e, 23
2.9 Jenis Frais ProSes. .......cccoooiieiiiiiiiiieiie et 27
2.10 Klasifikasi Proses FTais...........cccceeroiiiiiieiiiie e 27
2,11 Jenis MeSin FTais. .....cooiiieeiiieiiie et 28
2,12 TEEANGAN SISA ...vvvieeiierieeeeiiieeeeiireeeesrreeeeserreeeessereeessseraeeesssnseeessssseeeasnes 29
2.13 Kekasaran permukaan............cccceeeeeiveciiiiiiieeeeieiiieeeee e e e e ee e e e 31
2.14 Kekerasan Material...........cceeeiiiiiiiiiiiiiiiiiiie e 34
2.14.1 Uji Kekerasan VICKers ..............cocvvveeveiiiiiieiiiiieeeiieeeeeieee e 34
2.14.2 Uji Kekerasan ROCkwWell...............ccccccoeviiiiiiiiiiiiiiiiieeeeiieeeeen, 39
2.14.3 Uji Kekerasan Brinnell ...............ccccccoovviviiiieiiiiiiiiciieeeeeiieeeeen, 39
205 UJLIMPACE ......oooeeioieeieiiiiiiee et 39
2.16 MOdUIUS YOUNG ... 42
BAB 11l METODOLOGI PENELITIAN ..ot 44
3.1 Diagram AL (FIOW CRAFE) c...oeeeeerieieiciiiie e eveea e 44
3,11 Studi Literatur.......eeeeeiiiiiieeeiee et 45
3.1.2 Identifikasi Masalah dan Penentuan Variabel.......................cc...... 46
3.1.3 Pengambilan dan Persiapan Sampel Uji......cccococeeeiiniiiiiinicnnnnns 48

3.1.4 Pengujian Kekasaran, Kekerasan, Mikrostruktur, Impact dan
TeGANZAN SISA....eiiiiiiiiieeiiiiee ettt ettt e e e e e 52
3.1.5 Evaluasi dan Analisis Data Hasil Pengujian .............ccccceevieeennn. 54
3.1.6  Penarikan Kesimpulan dan Saran.............cccccoeviiiiiiniiiineiniieeeens 55
3.2 Alatdan Bahan............cccooviiiiiiiiiiii e 55
3.2.1 Daftar Alat dan Bahan ............cccccooviiiiiiiiiiiiii e 55
3.2.2  Sifat Material Aluminium 7075-T6511 .......cccoviiiiiiiiiiieiieeeens 57
3.3 PrOSES MIllIIG ..ot 58
3.3.1 Standard dan Ukuran Bahan Uji untuk Proses Milling.................. 58
3.3.2  Parameter Proses Milling...........cccccoevioiiiiiiiiiieiiiieeeiee e 59
3.4 Proses FIappeening ..........c.ccocccueuoiiiiieeiiee it 60
3.4.1 Persiapan Material Untuk Proses Flappeening ................ccccecuee.. 60

X

https://lib.mercubuana.ac.id



3.5 Proses Uji Kekasaran, Kekerasan, Mikrostruktur dan Impact.................... 64

3.5.1  Uji Tegangan SiSa........cccvveeercuiereereiieeeeriieeeeereeeesnreeessnreeeennes 64

3.5.2  Uji KeKasaran.......cccccoeeevieeiiiiiiie e ciiee et sreee e e sreee e 65

3.53  Uji KeKerasan.......cccceeveviieiiiiiiiie e ciiee e eereee e ereee e e sereee e 67

3.5.4  Uji MIKIOSTTUKLUT ....oeeiiiiiiieeiiieeeeriiee e e eiiee e erireeeeesereeeesenreeeeenes 68

3.5.5  UJLIMPACL. ... 69

BAB IV HASIL DAN PEMBAHASAN ...t 70

4.1 Analisis Kelengkungan Almen..........cccccceeeeeeiiiiiiiiiiiieeee e, 70

4.2 Hasil Uji KeKasaran ..............ceeeeeeiiiiiiiiiiiieieeeeeeniiieeeee e eeeeievveeen 72

4.3 Hasil Uji Residual Stress (Tegangan SiSa).........ccccvvvveeeeeeeeescnnnnnnnnn. 75

4.4 Hasil Uji KeKerasan ..............cceeeeeiriiiiiiiiiiiieeeeeniiiiiieeeeeeeeeeiiveeeeens 78

4.5 Hasil Uji Mikrostruktur (SEM).......ccccouvviiiieeieeiicciiiieeeee e 79

4.6 Hasil Uji Impact...............cooeeieiiiiiiiiiiieeeeeecee e 86

BAB V KESIMPULAN DAN SARAN ....ooiiiiiiiiieeeie e 88

5.1 KeSIMPUIan........c..uvviiiiiieiieccieee e e e e 88

5.2 SATAN ...eiiiiiiii e e 88

DAFTAR PUSTAKA et 89
LAMPIRAN

xi

https://lib.mercubuana.ac.id



DAFTAR TABEL

Tabel 2.1 Penelitian Terdahulu............ccooiiiiiiiiiiiiii e, 6
Tabel 2.2 Paduan Material Aluminium 7075........c.ccoviiiiniiiiniiiiniee e 14
Tabel 2.3 Data Solution Treatment Aluminium 7075 .........cceoovieviiiinniieniieene 16
Tabel 2.4 Waktu Tahan Pemanasan (Soaking Times) Aluminium ........................ 16
Tabel 2.5 Kecepatan Potong yang Dianjurkan untuk Pahat HSS......................... 25
Tabel 2.6 Pemakanan yang Disarankan untuk Pahat HSS............................ 25
Tabel 2.7 Harga Kekasaran Ra dan Tingkat Kekasaran Menurut ISO.................. 32
Tabel 3.1 Perlakuan Pada Sampel............ccccoeviiiiiiiiiiiieeeeee e, 50
Tabel 3.2 Daftar Alat dan Bahan Penelitian.............cccoocooiiiiiiis 55
Tabel 3.3 Sifat Mekanik Aluminium 7075-TO511 ....cccviiiiiiiiiieeiieeiee e 57
Tabel 3.4 Komposisi Kimia Aluminium 7075-T6511.......ccooviiiiiiiieeieeiiiinnen. 58
Tabel 3.5 Paremeter Milling yang Digunakan .............cccccceeevviiiiiiiieeeeeennenineeen. 60
Tabel 3.6 Parameter alat Uji Kekasaran............ccccovvviiiieiiininiiiiiiiieeeeeeeeee, 66
Tabel 4.1 Hasil Pengukuran Almen Test...........cccccuviiiiieeiiiiiiciiiieeee e, 70
Tabel 4.2 Standar Nilai Intensitas Peeming ...............cccoeevvuvvveiieeeeeeiiiiiiiiieeeeeeeenns 72
Tabel 4.3 Nilai Pengujian XRD .......ccccuviiiiiiiiiiiieee e 76
Tabel 4.4 Nilai Kekerasan Vickers............ccccoooiiiiiiiiiiiiiiiiieieeeeee 78
Tabel 4.5 Persebaran void di permukaan material ..............ccoccevvviieeeeeeennecnnnneen. 85
Tabel 4.6 Hasil UJi Impact ............c....oooeeeeiiiiiiiiiiiiie e 86
Xii

https://lib.mercubuana.ac.id



DAFTAR GAMBAR

Gambar 2.1 Penggunaan Material Aluminium 7075 di Struktur Wing Boeing 747-

GOO ..o 11
Gambar 2.2 Flappeening WHREel ...............cccccoiueuiiiieeeeiieiiiiiiiae e 18
Gambar 2.3 Posisi Aluminium Extrusion 707-T65111 (BAC1505-100667)......... 19
Gambar 2.4 Arah gaya tekan (BACI505-100007) .........cceeeeueeeccrieieeeeeeeeseeinnnnnn 20
Gambar 2.5 Arah Gaya Impact pada saat landing............c.ccccccoeevvviiiiiiiineeannn. 27
Gambar 2.6 Proses Up Milling (Frais Naik) dan Down Milling (Frais Turun)................ 28

Gambar 2.7 Tiga Klasifikasi proses frais : (a) frais periperal/ slab milling, (b) frais muka/

face milling, (c) frais jari/end milling ..................cccccoovveeeiieeeieieciieeeen, 29
Gambar 2.8 Ilustrasi Spindle Mesin FraiS.........cccceeeeeviiiiiieeeeieeecciiiieeee e 30
Gambar 2.9 Prinsip hukum Bragg@.........cccceeviviiiiiiiiiiiiiiceeeeeeeee e, 31
Gambar 2.10 Kekasaran Mateerial............cccccoiiiiiiiiiiiiiiiiceeeee e 32
Gambar 2.11 Grafik Kekasaran Material...........c.cocvevverieriinieniieieneeieseeie e e seeennns 33
Gambar 2.12 Simbol KeKasaran.............ccoecuerieiirieniiiieie e sie e 33
Gambar 2.13 Penggunaan Simbol Kekasaran..............ccccceeeevviiiiiiieeeeeenniineeen. 34
Gambar 2.14 Skema Pengujian Kekerasan Vickers..........ccccccceeeeeiviiiiiiiiiiieeeeann. 37
Gambar 2.15 Skema Pengujian Kekerasan Rockwell..................cccoeevviiiiiieennnn. 40
Gambar 2.16 UJIIMPACE...........cccuvveiiieeeeeeiiiiiiee e 41
Gambar 2.17 Bentuk Notch Uji Impact...........coooeeiiiiiiiieiieieiiieeee e, 41
Gambar 2.18 Kurva hubungan tegangan dan regangan..............cccccceeeeeeeenennnnnenn. 42
Gambar 3.1 Diagram AT (FIOW CRAFE)........cccoeeeeueiiiiiieeeeeeeecciieeeee e 44
Gambar 3.2 Aluminum Extrusion 7075-T6511 Part Number BAC1505-100667..49
Gambar 3.3 Spesifikasi Extrusion BAC1505-100667 ...............cccccoveeiiceiaeannnne.. 49
Gambar 3.4 Ukuran Sampel Aluminium Extrusion 7075-T6511
(BACI505-1000607) ......eeeeiiiiaiiiiiieeeeee e 50
Gambar 3.5 Gambar Spesimen untuk proses CNC Milling.............c.cccccocveenunen. 59
Gambar 3.6 Validitas Kalibrasi alat flappeen ..............ccccccoooiiiiiiiiniiiiniiiinn, 61
Gambar 3.7 Alat Flappeen Flapspeed pro Shockwave form................cccc.cc........ 61
Gambar 3.8 Roto Flap Ukuran 1 x 2 inch.............cccccceeviiiiiiiiiiiniiiiiieicee 62
Gambar 3.9 Roto Flap terpasang pada Mandrel dan alat putar Pneumatic........... 62
Gambar 3.10 Almen Test Strip dan Almen Test Holder ..................cccccoveveennn.. 63
Xiii

https://lib.mercubuana.ac.id



Gambar 3.11 Tachometer Laser non COREACE..............cccuveeeeeeieeeeieaseeeieeeeeeeen.. 64

Gambar 3.12 Pengetesan Alat Flappeening pada barang sample ......................... 64
Gambar 3.13 Alat Pengujian XRD .........ccccoooviiiiiiiiiiiiiieeeeiiee e 65
Gambar 3.14 Alat Uji Kekasaran (Mitutoyo SJ-210)..........ccccccovevveveeeecnnieaannnn.. 66
Gambar 3.15 Pengujian dengan Surface Tester..............cccoceeeveiereeeeicneieeannnn.. 67
Gambar 3.16 Pengujian Mikrostruktur di Lab PT.Detech Indonesia.................... 68
Gambar 4.1 Diagram Nilai Kekasaran...........cccccccovviiiiiiiiniiiiiiiiiiieeeeeeeiee, 72
Gambar 4.2 Gambar Permukaan Spesimen ............cccceeeeeeeeeeniiiiiiiieeeee e, 72
Gambar 4.3 Grafik Pengujian XRD ........c.ccccceiiiiiiiiiiiiiiieeeeeeee e, 74
Gambar 4.4 Hasil Uji SEM Sampel A .......oooviiiiiiiiiiiieieeeeeeeeee e 80
Gambar 4.5 Presipitat intermetalik pada permukaan ...............ccccceveeeeeinncnnnnnnnn. 81
Gambar 4.6 Hasil Uji SEM Sample B..........cccoooiiiiiiiiiiiiieeeeeee e, 81
Gambar 4.7 Hasil Uji SEM Sample C.........cooooviiiiiiiiiiiiieeeeeeieeeee e 82
Gambar 4.8 Hasil Uji SEM Sample D..........ccoooviiiiiiiiiiiieiieeieeee e, 83
Gambar 4.9 Hasil Uji SEM Sample E...........coooiiiiiiiiiiiiiiieeeeeeee, 82

Xiv

https://lib.mercubuana.ac.id



DAFTAR SINGKATAN

Singkatan Keterangan
AA Arithmatic Average
Al Alloy
ASTM American Standard Testing and Material
BHN Brinnel Hardness Number
CLA Center Line Average
CNC Computer Numerical Control
CS Cutting Speed
Eak Energi Aktual
Ef Energi Gesekan
Eid Energi Ideal
HFEC High Frequency Eddy Current
HI Harga Impact
HRB Hardness Rockwell B
HRC Hardness Rockwell C
HSS High Speed Steel
HV Hardness Vickers
HV Hardness Vickers
IADS International Alloy Designation System
MEK Methyl Etyl Ketone
NDT Non-Destructive Test
Ra Roughness Average
RPM Rotation Per Minute
SCC Stress Corrosion Cracking
SEM Scanning Electron Microscope
SOPM Standard Operation procedure Manual
SRM Structural Repair Manual
UTS Ultimate Tensile Strength
VHN Vickers Hardness Number
VHN Vickers Hardness Number
COD Crystallography Open Database

XV

https://lib.mercubuana.ac.id



DAFTAR SIMBOL

Simbol

Keterangan

I >>oos = oe

Nilai kekasaran (Ra)
Diameter Bola Indentor
Gaya Tekan
Frekuensi Pemakanan
Kecepatan Putaran
Sudut Posisi Akhir Bandul
Jarak Lengan pendulum (Lambda)
Kecepatan Potong
Jarak gerak Maju Mesin frais
phi

https://lib.mercubuana.ac.id

Xvi



DAFTAR LAMPIRAN

Lampiran 1 Hasil UJi SEM.............cooiiiiiiiiiiieeeciiee e 96

Lampiran 2 Bukti Bimbingan SKIipsi ..........ccocviiiiiiiiiieeiiiiiie e 99

Lampiran 3 CV PeNULS........ccueeiviiiiiiiieiiesiie ettt eie e sree s eeaeeneeennees 100
Xvii

https://lib.mercubuana.ac.id



	ABSTRAK
	ABSTRACT
	DAFTAR ISI
	LAMPIRAN
	DAFTAR TABEL
	DAFTAR GAMBAR
	DAFTAR SINGKATAN
	DAFTAR SIMBOL
	DAFTAR LAMPIRAN



