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PENGARUH PENAMBAHAN DAUN NANAS DAN
POLYESTER DALAM PEMBUATAN MATERIAL KOMPOSIT
SEBAGAI COVER BODY SEPEDA MOTOR

ABSTRAK

Material komposit adalah material yang dibuat dengan
menggabungkan dua atau lebih material dengan karakteristik mekanik
yang berbeda. Penelitian ini bertujuan untuk mengetahui karakteristik
dan pengaruh penambahan daun nanas dengan polyester terhadap
kualitas komposit sebagai cover body sepeda motor yang dihasilkan.
Adapun bahan yang digunakan dalam pembuatan komposit adalah
daun nanas, resin polyester, katalis, wax, aluminium foil, NaOH, dan
aquades. Variasi komposisi antara serat daun nanas dan resin polyester
pada pembuatan material komposit yaitu sampel A (30%:70%), sampel
B (40%:60%), sampel C (50%:50%), sampel D (60%:40%) dan sampel
E (70%: 30%). Material komposit dicetak menggunakan mesin Aot
press dengan tekanan 0,1 MPa dan suhu 150 °C selama 15 menit.
Hasil karakteristik material komposit sebagai cover body sepeda
motor menghasilkan nilai densitas sebesar 0,74 — 0,87 g/cm?, nilai uji
tarik sebesar 24.715 — 28.416 MPa, nilai uji lengkung diperoleh
sebesar 26,684 — 49,356 MPa, dan nilai uji impak diperoleh sebesar
0,0278 — 0,0322 J/mm?. Semakin bertambahnya serat daun nanas yang
digunakan maka semakin baik ketangguhan dan kekuatan spesimen
tersebut.

Kata-Kata Kunci: Material Kompsoit, Daun Nanas, dan Polyester.
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Bab 1

PENDAHULUAN

1.1 Latar Belakang

Limbah  merupakan  permasalahan  yang  memerlukan
pertimbangan  matang baik dalam  penanganan = maupun
pemanfaatannya. Lingkungan dan masyarakat sendiri akan terganggu
dan terancam apabila permasalahan sampah tidak segera diatasi. Oleh
karena itu, sangat penting untuk mengambil beberapa inisiatif untuk
mengatasi limbah agar dapat mengambil keputusan terbaik yang dapat
bermanfaat bagi kepentingan banyak orang. Limbah daun nanas harus
diubah menjadi sesuatu yang berharga yang dapat memberikan nilai
tambah bagi petani nanas. Pemanfaatan serat daun nanas merupakan
salah satu cara untuk mengatasi sisa bahan daun nanas. Serat daun
nanas yang kaya akan selulosa yaitu berkisar 69,6-71%, relatif murah
dan melimpah mempunyai potensi untuk dijadikan sebagai bahan
pembuatan komposit (Irianti, 2010). Adapun limbah yang dapat
dimanfaatkan dalam pembuatan komposit antara lain limbah daun
nanas, kulit tebu, serat ijuk, dan limbah lainnya.

Menurut Pramono (2019) bahwa komposit adalah zat mikroskopis
yang terdiri atas dua atau lebih bahan berbeda yang digabungkan
dengan cara berbeda, seperti penggabungan serat dan resin. Saat ini,
material komposit yang diperkuat dengan serat merupakan material
teknis yang umum digunakan karena kekuatan spesifik dan
kekakuannya jauh lebih tinggi dibandingkan material teknis lainnya.
Selain itu, material komposit memiliki berat jenis yang lebih rendah,
kekuatan yang lebih tinggi, ketahanan terhadap korosi, dan biaya yang
lebih rendah. Komposit dapat dibentuk dari dua jenis material yang
berbeda seperti penggabungan serat dan resin.

Polyester termasuk resin yang merupakan salah satu jenis matriks
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polimer thermoset yang paling sering digunakan terutama dalam
pembuatan komposit modern. Resin polyester memiliki karakteristik
yang khas yaitu transparan, tahan air, dapat diwarnai, ketahanan
terhadap cuaca yang sangat baik, dan memiliki sifat yang lebih kaku
dibandingkan termoset lainnya. Ia juga memiliki sifat listrik yang
lebih baik dari pada resin termoset lainnya (Rohaeni, 2022).

Telah dilakukan penelitian sebelumnya menggunakan serat kulit
tebu dengan matriks polyester yang dihasilkan dapat diaplikasikan
untuk cover body motor yang ditinjau dari kekuatan bending dan
impak (Wahyudi, 2021). Pada penelitian Supriyatna (2018)
mengembangkan komposit epoxy berpenguat serat nanas untuk
aplikasi interior mobil, berdasarkan standar uji tarik (ASTM D 638-
14) dan uji impak (ISO-179-2010). Penelitian Samlawi (2017)
memanfaatkan serat ijuk (4renga Pinnata) sebagai bahan baku cover
body sepeda motor, pengujian impak dilakukan dengan standar ASTM
D5942-96 dan pengujian tarik dilakukan dengan standar ASTM D
638-03.

Dari kondisi yang telah diuraikan sebelumnya, diperlukan
penelitian tentang pengaruh penambahan daun nanas dan polyester
dalam pembuatan material komposit sebagai cover body sepeda
motor”. Tujuan penelitian ini diharapkan dapat memanfaatkan daun
nanas menjadi serat daun nanas sehingga dapat menghasilkan material
komposit sebagai alternatif baru bahan pembuatan cover body sepeda
motor yang memiliki sifat fisis dan mekanis yang berkualitas dengan
parameter uji densitas, uji tarik, uji lengkung, dan uji impak.

1.2 Rumusan Masalah
Adapun rumusan masalah dalam penelitian ini adalah:
1. Bagaimana karakteristik material komposit sebagai cover
body sepeda motor yang dihasilkan?
2. Bagaimana pengaruh penambahan daun nanas dan polyester
terhadap kualitas komposit sebagai cover body sepeda
motor yang dihasilkan?



3.

Bagaimana variasi komposisi yang optimal dari kualitas
komposit sebagai cover body sepeda motor yang
dihasilkan?

1.3 Batasan Masalah
Beberapa batasan masalah pada penelitian ini yaitu:

1.4

1.
2.

Daun nanas yang diperoleh dari daerah Medan Tuntungan.
Bahan perekat yang digunakan adalah resin polyester yang
dicampur dengan katalis hardener sebanyak 1% dari volume
resin.

Variasi komposisi antara daun nanas dengan polyester
yaitu:

a. Sampel A (30% : 70%)

b. Sampel B (40% : 60%)

c. Sampel C (50% : 50%)

d. Sampel D (60% : 40%)

e. Sampel E (70% : 30%)

Perendaman serat dengan menggunakan 25 gram NaOH
dilarutkan dengan 500 ml air bersih selama 1 jam, lalu
dikeringkan dengan bantuan sinar matahari selama 2 hari.
Dalam pembuatan sampel material komposit dicetak
menggunakan alat cetakan berbentuk persegi panjang
berukuran (10x2x1) cm?.

Parameter uji meliputi: pengujian fisis yaitu densitas dan
pengujian mekanik yaitu uji tarik, uji lengkung dan uji
impak.

Tujuan Penelitian
Adapun tujuan penelitian ini adalah sebagai berikut:

1.

Untuk mengetahui karakteristik material komposit sebagai
cover body sepeda motor yang dihasilkan.

Untuk mengetahui pengaruh penambahan daun nanas dan
polyester terhadap kualitas komposit sebagai cover body
sepeda motor yang dihasilkan.



3. Untuk mengetahui variasi komposisi yang optimal dari
kualitas komposit sebagai cover body sepeda motor yang
dihasilkan.

1.5 Manfaat Penelitian
Hasil penelitian ini diharapkan dapat mamanfaatkan daun nanas
sehingga dapat meningkatkan nilai tambah dan nilai guna dari
bahan tersebut, serta berkontribusi pada pengurangan limbah.



Bab 2

TINJAUAN PUSTAKA

2.1 Material Komposit

Komposit adalah salah satu jenis material yang ada saat ini
disamping material lainnya seperti logam, polimer dan keramik.
Material komposit adalah material multi fase yaitu suatu material
campuran yang terbuat dari dua atau lebih jenis material, dengan
pencampurannya tidak terjadi reaksi secara kimia. Sifat material
komposit merupakan paduan dari sifat-sifat material penyusunnya,
yaitu matriks dan penguat (reinforcement) atau pengisi (filler)
dimana keduanya memiliki sifat yang berbeda. Ketentuan untuk
material penguat, harus dapat menunjang/memperbaiki sifat-sifat
matrik dalam membentuk material komposit.

Sifat material komposit secara umum adalah memiliki ikatan
yang bervariasi dengan struktur mikro berupa matrik dan penguat.
Keunggulan material ini adalah kuat, kaku, dan beratnya ringan,
namun ‘kelemahannya’ pada harga mahal dan mengalami
delamination. Perkembangan sekarang pada abad milenial ini,
material komposit telah banyak diaplikasikan pada peralatan
transportasi (darat, udara, laut), permesinan, elektronik, dan bangunan.
Gambar 2.1 menunjukan material komposit telah diaplikasikan dalam
berbagai bidang.




cl
Gambar 2.1 Material Komposit
a. Helikopter dari CFRP (Carbon Fiber Reinforced Composite
b. Sepeda ringan dari CFRP (Carbon Fiber Reinforced
Composite)
c. Ekondeck 890 dengan matriks dari baja dan penguat dari
beton

2.1.1 Jenis Penguat (Reinforcement)/Pengisi (Filler) Pada Material
Komposit
Penguat (reinforcement)/pengisi (filler) adalah material yang
diisikan kepada matriks dan berfungsi untuk menunjang sifat-sifat
matriks dalam membentuk bahan komposit.
Adapun penguat-penguat material komposit dibedakan menjadi:
1. Partikel
Penguat partikel memiliki ukuran partikel > 1 pm.
Konsentrasi yang dapat dicampurkan dengan matriks mencapai
(20 — 40)% fraksi volume. Pengisi-pengisi partikel antara lain
adalah: SiC, B4C, TiC, TiB, TiB,, SiO2, AlO3, dan FeOs.
Penguat partikel dibagi menjadi 2 yaitu (a) partikel dengan
ukuran besar, dan (b) partikel dispersi yang kuat. Penguat
dispersi memiliki ukuran diameter 0,01 — 0,1 um, dengan
konsentrasi yang dapat dicampurkan dengan matriks mencapai
15%.
Gambar 2.1 menunjukan material komposit dengan penguat
partikel yang diaplikasikan pada material komposit baja



sperodisaasi dengan matriks ferit (besi a) bersifat ulet dan
penguat FesC (sementit) bersifat getas. Sedangkan material
komposit ban mobil dibuat dari matriks karet dengan penguat
karbon sebagai pengaku (stiffer).

Particle Reinforced Composites

Spheroidized Steel

Mairix: e TS Particle:
Ferrite —#f:-;’;_% Fe,C

(o - iron) ‘fg‘.ila:'f:{;_f_-{ (cementite)
Ductile Lse s e Brittle
Matrix: a0 Particle:
Rubber S o Carbon
(Compliant)| , 8= = & (Stiffer)

Automobile Tire

Gambar 2.2 Aplikasi Penguat Partikel Pada Material Komposit

Keunggulan material komposit yang disusun oleh penguat
partikel memiliki kekuatan lebih seragam pada berbagai arah,
dapat digunakan untuk meningkatkan kekuatan dan
meningkatkan  kekerasan  material serta dengan cara
menghalangi pergerakan dislokasi.

Faktor ikatan fiber-matriks yaitu dengan adanya partikel
berupa filler, maka pada beberapa daerah pada resin sebagai
matriks akan terisi oleh partikel, sehingga pada saat terjadi
interlamellar stretching, deformasi yang terjadi pada bagian
amorf dapat diminimalisir oleh partikel. Mekanisme
penguatannya adalah bahwa dengan adanya partikel, maka jarak
antara bagian polimer yang strukturnya kristalin (berbentuk
seperti lempengan/lamelar) akan diperpendek oleh adanya
partikel tadi. Semakin meningkatnya jumlah partikel yang ada
(sampai pada batasan tertentu dimana matriks masih mampu



mengikat partikel), maka deformasi yang terjadi juga akan
semakin berkurang, karena beban yang sebelumnya diterima
oleh matriks akan diteruskan atau ditanggung juga oleh partikel
sebagai penguat. Ikatan antara matriks dan filler harus kuat.
Apabila ikatan yang terjadi cukup kuat, maka mekanisme
penguatan dapat terjadi. Tetapi apabila ikatan antar permukaan
partikel dan matriks tidak bagus, maka yang terjadi adalah filler
hanya akan berperan sebagai impurities atau pengotor saja
dalam spesimen. Akibatnya filler akan terjebak dalam matriks
tanpa memiliki ikatan yang kuat dengan matriksnya. Sehingga
akan ada udara yang terjebak dalam matriks sehingga dapat
menimbulkan cacat pada spesimen. Akibatnya beban atau
tegangan yang diberikan pada spesimen tidak akan terdistribusi
secara merata. Hal inilah yang menyebabkan turunnya kekuatan
mekanik pada komposit.

Ikatan antar permukaan yang terjadi pada awalnya
merupakan gaya adhesi yang ditimbulkan karena kekasaran
bentuk permukaan, yang memungkinkan terjadinya interlocking
antar muka, gaya elektrostatik yaitu gaya tarik menarik antara
atom bermuatan ion, ikatan Van der Waals karena adanya dipol
antara partikel dengan resin. Permulaan kekristalan (nukleasi)
pada polimer bisa terjadi secara acak di seluruh matriks ketika
molekul-molekul polimer mulai bersekutu (nukleasi homogen)
atau mungkin juga terjadi disekitar permukaan suatu kotoran
(impurities asing), yaitu mungkin suatu nukleator sengaja
ditambahkan sehingga terjadi nukleasi heterogen. Jadi partikel
yang ditambahkan pada polimer akan berpengaruh terhadap
kristalisasi dari polimer itu sendiri. Peningkatan volume filler
akan mengurangi deformability (khususnya pada permukaan)
dari matriks sehingga menurunkan keuletannya. Selanjutnya,
komposit akan memiliki kekuatan lentur yang rendah. Namun
apabila terjadi ikatan antara matriks dan filler kuat sifat mekanik



akan meningkat karena distribusi tegangan merata. Pola
distribusi dari partikel juga akan mempengaruhi kekuatan
mekanik. Pola distribusi partikel dalam matriks dapat dianalisa
secara sederhana dengan menghitung densitas dari komposit
pada beberapa bagiannya dalam satu variabel. Dari hasil
perhitungannya, densitas komposit memiliki nilai-nilai yang
berbeda-beda dalam satu variabelnya. Hal ini menunjukkan pola
sebaran dari partikel yang kurang homogen.

2. Serat (Fiber)

Penguat serat (fiber) memiliki ukuran 0,001 inchi.
Konsentrasi yang dapat dicampurkan dengan matriks mencapai
70% fraksi volume.

Adapun penguat serat dibedakan menjadi:

a. Serat panjang dan searah (continuous and aligned

Jfiber),
b. Serat pendek dan searah (discontinuous and aligned
fiber), dan
c. Serat pendek dan random (discontinuous and randomly
oriented fiber).
Fiber Orientations in Fiber
Rein forced Composites
- Iy
i =
il e
| Lo,
Continuous Discontinuous Idiscominioms

amd aligned and aligned and randomly
Filrers fibers oricnied fibers

Gambar 2.3 Material Komposit dengan Penguat Fiber
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Penguat fiber untuk material komposit dibedakan menjadi 2
jenis, yaitu penguat fiber natural (alami) dan penguat fiber
buatan (sintesis). Beberapa jenis penguat fiber sintesis yang
umumnya dpakai dalam pembuatan material komposit antara
lain: fiber-glass, fiber carbon, fiber-nylon, dan fiber Graphite.
Keunggulan dan kelemahan empat penguat fiber di atas, ditulis
pada Tabel 2.1, sedangkan penguat natural yang sering dipakai
untuk  pembuatan  material komposit adalah  serbuk
kayu, enceng gondok, bamboo, dan serat pisang.

Tabel 2.1 Keunggulan dan Kelemahan Empat Penguat Fiber

Sintesis
Fiber Keunggulan Kelemahan
Fiber- 1. Kekuatan tinggi .
glass 2. Relatif murah Kurang clastis
1. Kuat hingga sangat
kuat 1. Agak getas
Fiber- 2. Sttiffness 2. Nilai
(kuattkeras) besar perengangan
carbon . .
3. Koefisien pemuaian kurang
kecil 3. Agak mahal
4. Menahan getaran
Fiber 1. Lebih sttiffness dari Kurang kuat
raphe carbon dibanding carbon
& 2. lebih ulet
L éjﬁ: +81$;;s) &saneat 1. Kekuatan tekan
£ lebih rendah
ulet dari carbon
Fiber- 2. Tahan terhadap
2. Ketahanan
nylon benturan anas lebih
(aramid) 3. Kekuatannya besar lr)en dah dari
(lebih kuat dari baja)

carbon (hingga

4. Lebih murah dari 180 °C)

carbon
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Faktor ikatan fiber-matriks yaitu komposit berpenguat serat
banyak diaplikasikan pada alat-alat yang  membutuhkan
material yang mempunyai perpaduan dua sifat dasar yaitu kuat
namun juga ringan. Komposit serat yang baik harus mampu
menyerap matriks yang memudahkan terjadi antara dua fase
(Schwartz, 1984). Selain itu komposit serat juga harus
mempunyai kemampuan untuk menahan tegangan yang tinggi,
karena serat dan matriks berinteraksi dan pada akhirnya terjadi
pendistribusian tegangan. Kemampuan ini harus dimiliki oleh
matriks dan serat. Hal yang mempengaruhi ikatan antara serat
dan matriks adalah void, yaitu adanya celah pada serat atau
bentuk serat yang kurang sempurna yang dapat menyebabkan
matrik tidak akan mampu mengisi ruang kosong pada cetakan.
Bila komposit tersebut menerima beban, maka daerah tegangan
akan berpindah ke daerah void sehingga akan mengurangi
kekuatan komposit tersebut (Schwartz, 1984).

3. Komposit Berlapis (Structural Composite)

Penguat komposit berlapis terdiri dari sekurang-kurangnya
dua material berbeda yang direkatkan bersama-sama. Proses
pelapisan dilakukan dengan mengkombinasikan aspek terbaik
dari masing-masing lapisan untuk memperoleh bahan yang
berguna. Dibedakan menjadi 2 jenis yaitu komposit lapisan
(laminar composites), dan sandwich panels. Komposit lapisan
adalah lapisan dua dimensi atau panel yang memiliki arah
kekuatan yang lebih tinggi. Contoh penguat komposit berlapis
natural/alami adalah kayu yang dibuat untuk plywood.

Sementara penguat sandwich panels adalah dua lapisan
dengan lapisan luar yang kuat biasa disebut lapisan muka
(faces). Dua lapisan tersebut dipisahkan oleh lapisan material
atau inti (core) yang kurang padat (memiliki modulus elastisitas
dan kekuatan yang lebih rendah). Pemisahan permukaannya
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tahan terhadap deformasi yang tegak lurus dengan strukturnya
berbentuk honeycomb. Biasanya dipakai untuk atap, dinding dan
sayap pesawat. Gambar 4 menunjukan skema bentuk penguat
sandwich panels.

Gambar 2.4 Skema Bentuk Penguat Sandwich Panels

Secara lebih jelasnya, pembagian material komposit dapat
dilihat pada Gambar 2.5.
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Gambar 2.5 Pembagian Material Komposit

2.2 Daun Nanas

Nanas adalah buah tropis yang banyak dikonsumsi dan
dinikmati oleh orang-orang dari segala usia di seluruh dunia. Hal ini
menandakan bahwa semua kalangan menyukai buah ini. Tanaman
nanas di Indonesia telah banyak dibudidayakan, seperti di pulau jawa
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dan sumatera di antaranya di daerah Subang, Majalengka, Purwakarta,
Purbalingga, Bengkulu, Lampung, Pekan baru, dan Palembang.
Tanaman nanas merupakan salah satu sumber daya alam yang cukup
berpotensi. Tanaman nanas akan diganti setelah panen dua atau tiga
kali, sehingga akan ditanam tanaman nanas baru. Maka dari itu
penggunaan daun nanas terus dikembangkan sehingga cukup potensi
untuk dimanfaatkan sebagai produk yang akan dapat memberikan nilai
tambah (Supriyanto, 2021).
Tanaman nanas memiliki tinggi 1-2 meter dan diameter sekitar
1,5 meter. Meski tidak berkayu, tanaman ini memiliki batang. Nanas
dewasa memiliki 68—82 lembar dedaunan. Ini adalah pola melingkar
yang rapi dan dikemas menjadi satu. Daun muda terletak di bagian
tengah tanaman, dan daun tua terletak di pangkalnya. Daun nanas
berbentuk pedang. duri yang mengarah ke ujung daun menutupi
tepinya. Sebaliknya, sebagian daun nanas tidak berduri (Lubis, 2020).
Komposisi kimia serat daun nanas dapat dilihat pada Tabel 2.2.
Tabel 2.2 Komposisi Kimia Serat Daun Nanas
Serat Daun Nanas

Komposisi Kimia

(%)

Selulosa 69,5 -171.5
Pentosan 17-17,8
Lignin 4.4 -4,7
Pektin 1-1,2
Lemak dan Wax 3-33
Abu 0,71 - 0,87
Zat-zat lain (protein, asam 4,5-5,3

organik, dan lain-lain)

(Sumber: Ningrum, 2017)
Kelebihan serat daun nanas yaitu ramah lingkungan, dan dapat
menghemat biaya produksi namun tetap akan menghasilkan suatu
produk yang berkualitas. Serat daun nanas memiliki berpotensi besar
dan dapat digunakan sebagai bahan tambah di dalam campuran
komposit karena kandungan serat selulosa lebih baik.
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Serat alam merupakan sumber bahan baku yang dapat
diperbaharui, kualitas mekanik dan fisik yang menguntungkan,
merupakan pasokan bahan baku terbarukan, dan ramah lingkungan
karena kapasitas penyerapan CO> yang tinggi dan kemudahan
degradasi. Serat dari daun nanas (serat daun nanas) digunakan dalam
penelitian ini (Ma’rif, 2023). Serat daun nanas dapat mengandung
selulosa atau non-selulosa dan diekstrak dari daun nanas. Seiring
pertumbuhannya, serat pada daun nanas akan membuat daunnya
semakin kuat. Secara umum, daun nanas baru memiliki serat yang
lebih pendek dan lemah. Sementara itu, tanaman nanas yang sudah
terlalu tua terutama yang tumbuh bebas dan terbuka digunakan untuk
menghasilkan serat. Tanpa adanya pelindung, cahaya yang cukup
tinggi akan menyebabkan terbentuknya serat yang getas (serat pendek,
kasar, dan getas). Jadi, tujuannya adalah untuk mendapatkan
keuntungan. Penting untuk memilih daun nanas matang teduh agar
seratnya kuat, halus, dan lembut.

Masyarakat memanfaatkan tanaman nanas hanya pada buah nya
saja, sedangkan daun nanas belum banyak dimanfaatkan. Setelah
melakuan panen maka para petani akan membuang daun nanas yang
mengakibatkan limbah daun nanas akan terus bertambah. Adanya
senyawa selulosa yang tinggi yang terdapat didalam daun nanas
sehingga berpotensi untuk dijadikan sebagai bahan pembuatan
komposit. Daun nanas dapat dilihat pada Gambar 2.6.

Gambar 2.6 Daun Nanas
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2.3 Polyester

Resin polyester merupakan salah satu jenis matriks polimer
thermoset yang paling sering digunakan terutama dalam pembuatan
komposit modern. Resin polyester memiliki karakteristik yang khas
yaitu transparan, tahan air, dapat diwarnai, ketahanan terhadap cuaca
yang sangat baik, dan memiliki sifat yang lebih kaku dibandingkan
termoset lainnya. Ia juga memiliki sifat listrik yang lebih baik dari
pada resin termoset lainnya. Pengerasan pada polyester dapat
dilakukan dengan penambahan katalis. Kecepatan pengerasan
ditentukan oleh perbandingan dalam penambahan katalis (Rohaeni,
2022).

Karena asam tak jenuh merupakan komponen asam basa, yang
mengakibatkan adanya ikatan tak jenuh pada rantai utama polimer
yang dihasilkan, maka resin polyester tak jenuh merupakan resin cair
dengan viskositas rendah yang menggunakan katalis untuk memadat
sehingga tidak diperlukan langkah pengepresan dalam proses
pencetakan. Resin polyester biasanya digunakan untuk pembuatan
body kapal, komponen pesawat, dan cover body motor (Wahyudi,
2021).

POLYESTER
RESIN

MEK!

Gambar 2.7 Resin Polyester
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2.4 Karakteristik Material Komposit

Ukuran dan struktur penyusun komposit akan menentukan
karakteristik komposit, apalagi jika unsur-unsurnya berinteraksi maka
sifat komposit akan ditingkatkan. Material komposit terdiri lebih dari
satu tipe material dan dirancang untuk mendapatkan kombinasi
karakteristik terbaik dari setiap komponen penyusunnya. Untuk
mengetahui karakteristik dari komposit yag dihasilkan maka
dilakukan uji fisis (densitas) dan uji mekanis ( uji tarik, uji lengkung,
dan uji impak).

Tabel 2.3 Karakterisasi Material Komposit

Parameter Uji Nilai
Densitas 1,088 g/cm?
(Arum, 2022)
Uji Tarik 27,09 MPa
(Samlawi, 2017)
Uji Lengkung 47,06 Mpa
(Hanada, 2021)
Uji Impak 198,75 J/cm?

(Samlawi, 2017)

2.4.1 Densitas

Densitas adalah ukuran kerapatan suatu benda. Secara
matematis, densitas merupakan hasil bagi antara massa per satuan
volume sesuai dengan persamaan di bawah secara teoritis, densitas
adalah ukuran massa benda dari tiap-tiap satuan volume. Hal ini
berlaku baik zat padat, cair, dan gas. Secara urutan besarnya densitas
padatan > densitas cairan > densitas gas. Kebalikan densitas adalah
volume spesifik. Volume spesifik merupakan besarnya ruang/volume
suatu benda per satuan berat.

Untuk menghitung nilai densitas suatu sampel dapat dihitung
menggunakan rumus Archimedes seperti pada persamaan 2.1 sebagai
berikut: (Fathuroya, 2017)
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p=1 @.1)
dimana:
p = Massa jenis (kgm™)
m = massa benda (kg)
\Y% = volume benda (m?)

2.4.2 Uji Tarik

Uji tarik merupakan cara karakterisasi yang paling banyak
digunakan untuk menguji sifat mekanik. Pengujian ini memungkinkan
penulis untuk mengetahui bagaimana reaksi suatu bahan terhadap
tenaga tarikan (Sani, 2019). Biasanya batang uji atau benda uji standar
digunakan untuk pengujian tarik. Langkah pertama dalam menguji
kekuatan tarik suatu material adalah dengan membentuknya menjadi
batang wuji yang memenuhi standar pengujian. Gambar 2.8
menggambarkan batang uji dalam satu bentuk. Bagian yang menerima
aliran listrik terletak pada ruas sejajar, di tengah-tengah batang uji
(Noer, 2021). Pengujian tarik bertujuan untuk mengetahui nilai dari
tegangan, regangan, dan modulus elastisitas suatu material dengan
cara menarik speciment hingga putus (Ma’rif, 2023).

Untuk menghitung nilai uji tarik dapat menggunakan
persamaan di bawah ini yaitu: (ASTM D638-03)

Tegangan Tarik : ¢ = % (2.2)
Regangan (¢) : € = 111—_10 (2.3)
0
Modulus Elastisitas : E = % 2.4)
dimana:
P = Beban (N)
A = Luas Penampang (mm?)
I; = Panjang Akhir (mm)

Iy = Panjang Awal (mm)
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Gambar 2.8 Spesimen Uji Tarik
dimana:
W = Lebar bagian sempit : 13 mm
L = Panjang bagian sempit: 57 mm
Wo = Lebar total minimal : 19 mm
Lo = Panjang total minimal: 165 mm
G = Panjang gage : 50 mm
D = Jarak antar grip : 115 mm
R = Radius : 76 mm

Wc = Lebar bagian tengah: + 0,00 — 0,10 mm
dibanding dengan lebar W

2.4.3 Uji Lengkung

Pengujian lengkung adalah pengujian pada spesimen diberikan
beban penekan tepat pada pertengahan batang dan pada kedua
ujungnya diberi tumpuan, pengujian ini dikenal dengan istilah teknik
pembebanan tiga titik (three-point loading technique), dan ada pula
pembebanan 4 titik (four-point loading technique). Pada titik
pembebanan di tengah batang, permukaan luar spesimen bagian atas
akan mengalami tegangan tekan, sementara pada permukaan luar
spesimen bagian bawah akan mengalami tegangan tarik. dan sumbu
spesimen tetap normal. Besarnya tegangan ditentukan oleh ketebalan
spesimen, momen lentur, dan momen inersia penampang bahan uji.
Tegangan tarik maksimum terjadi pada permukaan terluar spesimen
bagian bawah sejajar dengan sumbu beban penekan. Gambar 2.9 di
bawah ini menunjukkan spesimen uji lengkung.
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Untuk menghitung nilai uji lengkung dapat menggunakan

persamaan di bawah ini yaitu: (ASTM D790-02)
3 PL

= (2.5)
dimana:
o = Kekuatan lentur (Mpa)
P = Beban (N)
L = Panjang (mm)
b = Lebar Spesimen (mm)
d = Tebal Spesimen (mm)

U { / ../h:lﬂ

| ) {=§]
i

[} [

7

=10 saluan : mm
Gambar 2.9 Spesimen Uji Lengkung

2.4.4 Uji Impak

Pengujian impak suatu bahan diberi beban tumbukan. Besaran
yang didapatkan dalam pengujian ini adalah harga impak (kerja
persatuan luas). pengujian impak bahan menunjukkan sifat getas pada
temperatur rendah (misalnya: cryogenic temperature range). Hal ini
dapat ditentukan temperatur transisi dari sifat ulet ke sifat getas.
Besarnya energi impak dihitung dengan mengukur selisih tinggi ayun
bandul sebelum dan sesudah terjadi impak.

Untuk menghitung kekuatan uji impak dapat menggunakan
persamaan di bawah ini yaitu: (ASTM D5942-96)

Impak =

Do (2.6)

dimana:

w = Energi terserap benda uji (J)
bi = Lebar benda uji impak (mm)
hi = Tebal benda uji impak (mm)



20

10

Gambar 2.10 Spesimen Uji Impak

2.5 Hipotesis Penelitian

Hipotesis penelitian ini yaitu dapat mengetahui pengaruh variasi
aktivator HCI pada kulit pisang kepok, dengan parameter yang diuji
yaitu parameter kadar air, kadar abu, kadar zat menguap, dan kadar
karbon terikat yang diharapkan hasilkannya dapat memenuhi SNI 06-
3730-1995.
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METODOLOGI PENELITIAN

Metode yang digunakan dalam penelitian ini adalah dengan metode
eksperimental, dengan melakukan pendekatan secara kuantitatif.
Material komposit alam disintesis dari bahan daun nanas dan
polyester.
3.1 Tempat dan Waktu Penelitian
3.1.1 Tempat Penelitian
1. Proses pembuatan material komposit dilakukan di
Laboratorium Pengembangan PTKI Medan.
2. Proses pengujian dilakukan di Laboratorium Polimer
Departemen Teknik Kimia Universitas Sumatera Utara Jl.
Almamater Kampus USU.

3.1.2 Waktu Penelitian
Penelitian ini dilaksanakan pada bulan Maret sampai Juli 2024.

3.2 Alat dan Bahan Penelitian
3.2.1 Alat Penelitian
Alat-alat yang digunakan dalam penelitian ini yaitu:
1. Wadah plastik
Digunakan untuk wadah perendaman serat daun nanas
dengan NaOH.
2. Pisau
Digunakan untuk memotong bahan.
3. Gunting
Digunakan sebagai pemotong daun nanas dari batang.
4. Spatula
Digunakan untuk mengaduk komposisi bahan.

21
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5. Neraca digital
Digunakan untuk proses penimbangan sampel.
6. Gelas ukur 5000 ml
Digunakan untuk mengukur jumlah aquades.
7. Jangka sorong
Digunakan sebagai alat ukur dalam menghitung tebal, lebar,
dan panjang spesimen.
8. Masker karbon
Digunakan untuk melindungi saluran pernapasan dari cairan
resin polyester.
9. Sarung tangan latex
Digunakan untuk melindungi tangan dari cairan.
10. Alat cetakan berukuran (10x2x1) cm?.
Digunakan sebagai tempat cetakan komposit.
11. Hot press
Digunakan untuk menekan sampel pada cetakan.
12. Oven
Digunakan untuk mengeringkan serat daun nanas.
13. UTM (Universal Testing Machine)
Digunakan untuk menguji uji tarik dan uji lengkung.
14. ITM (Impact Testing Machine)
Digunakan untuk menguji impak.

3.2.2 Bahan Penelitian
Bahan yang digunakan pada penelitian ini yaitu:
Daun nanas
Resin polyester
Katalis
Wax
Aluminium foil
NaOH
Aquades

NNk LD =
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3.3 Diagram Alir Penelitian
3.3.1 Tahap Preparasi Daun Nanas
Tahap preparasi daun nanas dapat dilihat pada Gambar 3.1.

Persiapan
(Pengambilan daun nanas)

v

Pengerokan
(Pengerokan daun nanas hingga menghasilkan serat daun nanas)

v

Perendaman
(Serat direndam dengan aquades + NaOH selama 2 jam)

v

Pencucian
(Serat dann nanas dicuci hinooa hersih)

v

Pengeringan
(Menggunakan oven dengan suhu 60°C selama 23 jam)

v

Pemotongan
(Serat dipotong menggunakan gunting sepanjang 10 cm)

v

Serat Daun Nanas

Gambar 3.1 Diagram Alir Tahap Preparasi Daun Nanas

2.3.2 Tahap Pembuatan dan Pengujian Sampel Material

Komposit
Tahap pembuatan dan pengujian sampel material komposit

dapat dilihat pada Gambar 3.2
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Persiapan Bahan
(Serat daun nanas, Resin Polyester, Katalis, Wax, Aluminium Foil,
Aquades dan NaOH)

v

Pencampuran Bahan
(Variasi serat daun nanas dan polyester yaitu: sampel A (30%:70%),
B (40%:60%), C (50%:50%), D (60%:40%) dan E (70%: 30%)

v

Pencetakan Sampel
(Dicetak dengan ukuran (10x2x 1) cm?® menggunakan alat sot press
dengan tekanan 0,1 MPa dan suhu 150°C selama 15 menit)

v

Pengujian
v
\ 4 A
Sifat Mekanik:
Sifat Fisis: a. Uji Tarik
a. Densitas b. Uji Lengkung
c. Uji Impak
v

Hasil pengujian dibandingkan dengan referensi

Gambar 3.2 Diagram Alir Tahap Pembuatan dan Pengujian Sampel
Material Komposit
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3.4 Posedur Penelitian
3.4.1 Tahap Preparasi Daun Nanas
Proses preparasi daun nanas sebagai berikut:

I.
2.

Dilakukan pengambilan daun nanas dari batang nanas.
Kemudian daun nanas dikerok hingga mengasilkan serat
daun nanas.

Selanjutnya dilakukan perendaman serat daun nanas
dengan mencampurkan NaOH sebanyak 250 gram dan
dilarutkan dengan 5 liter aquades selama 2 jam.

Setelah itu dicuci serat daun nanas dengan air mengalir
hingga bersih.

Dilakukan pengeringan serat daun nanas menggunakan
oven dengan suhu 60°C selama 23 jam.

Dipotong-potong serat daun nanas dengan panjang 10 cm.
Dihasilkan serat daun nanas untuk bahan penelitian.

3.4.2 Tahap Pembuatan Sampel Material Komposit
Proses pembuatan sampel material komposit sebagai berikut:

1.

Disiapkan bahan yang diperlukan yaitu serat daun nanas,
resin polyester, Katalis,Wax, Aluminium Foil, Aquades,
dan NaOH.

Dilakukan pembuatan spesimen dengan variasi komposisi
serat daun nanas dan polyester yaitu: sampel A
(30%:70%), sampel B (40%:60%), sampel C (50%:50%),
sampel D (60%:40%) dan sampel E (70%: 30%).
Dicampurkan resin polyester dengan katalis hardener
sebanyak 1% dari volume resin, cetakan dilapisi dengan
aluminium foil dan dioleskan Wax secara merata agar lebih
mudah mengeluarkan sampel, dan kemudian serat daun
nanas dicelup ke dalam resin lalu dimasukkan ke dalam
cetakan.
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4. Dilakukan penekanan dan pemanasan dengan alat kempa
panas (hot press) dengan tekanan 0,1 MPa dan suhu 150 °C
selama 15 menit.

5. Kemudian spesimen dikeluarkan dari cetakan dan
selanjutkan dapat dilakukan pengujian nilai densitas, uji
tarik, uji lengkung dan uji impak.

6. Setelah diperoleh hasil nilai pengujian, kemudian
dibandingkan dengan nilai berdasarkan referensi.
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HASIL PENELITIAN DAN PEMBAHASAN

Pembuatan material komposit dari serat daun nanas dengan
perekat resin polyester. Karakterisasi yang dilakukan meliputi
pengujian fisis (densitas) dan mekanik (uji tarik, uji lengkung, dan uji
impak). Dari hasil pengujian yang telah dilakukan terhadap sampel
material komposit diperoleh data dan hasil analisis.

4.1 Hasil Karakteristik Sifat Fisis
4.1.1 Densitas
Data hasil pengukuran densitas pada material komposit dengan
perekat resin polyester dapat dilihat pada Tabel 4.1.
Tabel 4.1 Data Hasil Pengukuran Densitas

. Densitas
Sampel 81:1?1(11)21 l?;/l;sl;tgs Rata-rata
(g/cm’)

Al 0,73

A A2 0,73 0,74
A3 0,77
B1 0,79

B B2 0,77 0,80
B3 0,84
C1 0,82

C C2 0,84 0,82
C3 0,79
DI 0,82

D D2 0,84 0,83
D3 0,83
El 0,90

E E2 0,84 0,87
E3 0,88

27
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Tabel 4.1 menunjukkan bahwa nilai densitas pada sampel A
sebesar 0,74 g/cm?, sampel B sebesar 0,80 g/cm?®, sampel C sebesar
0,82 g/cm?, sampel D sebesar 0,83 g/cm?, dan sampel E sebesar 0,87
g/em’.

Adapun grafik pengujian densitas pada material komposit dapat
dilihat pada Gambar 4.1.

0,9

0,7
0,5
0,3
0,1
A B C D E

® Sampel

Densitas (g/cm?)

Gambar 4.1 Grafik Hasil Pengukuran Densitas

Gambar 4.1 menunjukkan bahwa semakin bertambahnya
komposisi serat daun nanas maka akan menghasilkan nilai densitas
semakin tinggi, hal ini dikarenakan ketika serat ditambahkan ke suatu
material dapat menciptakan ruang kosong atau pori-pori dalam
struktur material sehingga peningkatan volume tidak diimbangi
dengan peningkatan massa yang setara sehingga material tersebut
lebih padat. Jika dibandingkan dengan penelitian terdahulu maka hasil
pengukuran densitas menunjukkan bahwa nilai densitas semua sampel
material komposit telah memenuhi dari penelitian terdahulu yaitu 1,27
g/em?® - 1,45 g/cm?® (Mulyo, 2018). (0,673-0,702 g/cm?) (Arnis, 2016).

4.2 Uji Tarik
Data hasil uji tarik pada material komposit dengan perekat resin
polyester dapat dilihat pada Tabel 4.2.
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Tabel 4.2 Data Hasil Uji Tarik
Kode Uji Tarik Uji Tarik Rata-rata

Sampel

Sampel (MPa) (MPa)
Al 27.297

A A2 20.519 24.715
A3 26.331
B1 28.995

B B2 25.607 25.970
B3 23.308
C1 28.150

C C2 16.591 26.002
C3 33.265
D1 26.331

D D2 28.150 26.680
D3 25.560
El 28.150

E E2 23.833 28.416
E3 33.265

Tabel 4.2 menunjukkan bahwa nilai uji tarik pada sampel A
sebesar 24.715 MPa, sampel B sebesar 25.970 MPa, sampel C sebesar
26.002 MPa, sampel D sebesar 26.680 MPa, dan sampel E sebesar
28.416 MPa.

Adapun grafik hasil uji tarik pada material komposit dapat dilihat
pada Gambar 4.2.

30000

20000
10000
0

A B C D E

= Sampel

Uji Tarik (MPa)

Gambar 4.2 Grafik Hasil Uji Tarik
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Gambar 4.2 menunjukkan bahwa semakin bertambahnya
komposisi serat daun nanas maka akan menghasilkan nilai yang akan
semakin meningkat. Karena ketika suatu gaya tarik diberikan serat-
serat akan menanggung sebagian besar beban, dengan meningkatnya
kandungan serat maka modulus elastisitas komposit secara
keseluruhan juga akan meningkat. Jika dibandingkan dengan
penelitian terdahulu maka hasil uji tarik menunjukkan bahwa nilai uji
tarik semua sampel material komposit telah memenuhi dari penelitian
terdahulu yaitu 19.157 MPa — 27.09 MPa (Samlawi,2017).

4.3 Uji Lengkung
Data hasil uji lengkung pada material komposit dengan perekat

resin polyester dapat dilihat pada Tabel 4.3.
Tabel 4.3 Data Hasil Uji Lengkung

Kode Uji Lengkung Ui Lengkung
Sampel Sampel (MPa) Rata-rata

(MPa)
Al 30,475

A A2 26,865 26,684
A3 22,714
B1 23,118

B B2 29,161 30,489
B3 39,188
Cl 39,730

C C2 46,203 39,016
C3 31,116
D1 52,346

D D2 46,203 45912
D3 39,188
El 41,963

E E2 59,902 49,356
E3 46,203

Tabel 4.3 menunjukkan bahwa nilai uji lengkung pada pada
sampel A sebesar 26,684 MPa, sampel B sebesar 30,489 MPa, sampel
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C sebesar 39,016 MPa, sampel D sebesar 45,912 MPa, dan sampel E
sebesar 49,356 MPa.

Adapun grafik hasil uji lengkung pada material komposit dapat
dilihat pada Gambar 4.3.

60

40
20II
0
A B C D E

= Sampel

Uji Lengkung (MPa)

Gambar 4.3 Grafik Hasil Uji Lengkung

Gambar 4.3 menunjukkan bahwa semakin bertambahnya
komposisi serat daun nanas maka akan menghasilkan nilai uji
lengkung yang akan semakin meningkat, karena penambahan serat
meningkatkan kekakuan material secara keseluruhan, yang berarti
material menjadi lebih sulit untuk ditekuk atau dilengkungkan. Uji
lengkung tertinggi terdapat pada sampel E yaitu sebesar 49,356 MPa.
Sedangkan nilai terendah uji lengkung terdapat pada sampel A yaitu
sebesar 26,684 MPa. Peningkatan nilai uji lengkung tersebut yaitu
memiliki kualitas yang baik karena material tersebut dapat menahan
beban lentur tanpa patah. Jika dibandingkan dengan penelitian
terdahulu maka hasil uji lengkung menunjukkan bahwa semua sampel
nilai uji lengkung telah memenuhi dari penelitian terdahulu yaitu
37,79 MPa — 47,06 MPa (Samlawi, 2017).

4.4 Uji Impak
Data hasil uji impak pada material komposit dengan perekat resin
polyester dapat dilihat pada Tabel 4.3.
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Tabel 4.4 Hasil Uji Impak
Sampel Kode Impak  Impak Rata-rata
Sampel (J/mm?) (J/mm?)

Al 0,0276

A A2 0,0282 0,0278
A3 0,0274
B1 0,0322

B B2 0,0288 0,0297
B3 0,0282
C1 0,0322

C C2 0.0307 0,0304
C3 0,0288
DI 0,0304

D D2 0,0307 0,0306
D3 0,0307
El 0,0322

E E2 0,0322 0,0322
E3 0,0322

Tabel 4.4 menunjukkan bahwa nilai impak pada sampel A sebesar
0,00278 J/mm?, sampel B sebesar 0,0297 J/mm?, sampel C sebesar
0,0304 J/mm?, sampel D sebesar 0,0306 J/mm?, dan sampel E sebesar
0,0322 J/mm?.

Adapun grafik hasil uji impak pada material komposit dapat
dilihat pada Gambar 4.4.

~ 0,04
£ 0,03
= 0,02
=
2 0,01
E
0
A B C D E
= Sampel

Gambar 4.4 Grafik Hasil Uji Impak
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Gambar 4.4 menunjukkan bahwa semakin bertambahnya
komposisi serat daun nanas maka akan menghasilkan nilai yang akan
semakin meningkat. Hal ini dikarenakan serat memiliki kemampuan
menyerap energi yang diberikan, sehingga mengurangi kerusakan
pada material secara keseluruhan. Hasil uji impak tertinggi terdapat
pada sampel E yaitu sebesar 0,0322 J/mm?. Sedangkan nilai terendah
uji impak terdapat pada sampel A yaitu sebesar 0,0278 J/mm?. Nilai
uji impak tersebut memiliki ketangguhan yang tinggi, semakin tinggi
nilai uji impak yang dihasilkan maka semakin besar energi yang dapat
diserap oleh bahan sebelum retak dan patah. Jika dibandingkan
dengan penelitian terdahulu maka hasil uji impak menunjukkan bahwa
semua sampel nilai uji impak telah memenuhi dari penelitian
terdahulu yaitu 0,00972 — 0,01657 J/mm? (Mulyo, 2018).

4.2 Pembahasan

Hasil penelitian pengukuran densitas yang diperoleh dari variasi
komposisi campuran serat daun nanas dengan perekat resin polyester
menghasilkan nilai densitas sebesar 0,74 — 0,87 g/cm® sehingga
semakin bertambahnya komposisi serat daun nanas maka akan
menghasilkan nilai densitas semakin meningkat. Nilai uji tarik
diperoleh sebesar 24.715 — 28.416 MPa sehingga semakin
bertambahnya komposisi serat daun nanas maka akan menghasilkan
nilai yang akan semakin meningkat. Jika dibandingkan dengan
penelitian terdahulu maka hasil uji tarik menunjukkan bahwa nilai uji
tarik semua sampel material komposit telah memenuhi dari penelitian
terdahulu yaitu 19.157 MPa — 27.09 MPa (Samlawi, 2017). Nilai uji
lengkung diperoleh sebesar 26,684 — 49,356 MPa, sehingga semakin
bertambah nya komposisi serat daun nanas maka akan menghasilkan
nilai uji lengkung yang akan semakin meningkat.. Jika dibandingkan
dengan penelitian terdahulu maka hasil uji lengkung menunjukkan
bahwa semua sampel nilai uji lengkung telah memenuhi dari
penelitian terdahulu yaitu 37,79 M — 47,06 MPa (Samlawi,2017).
Nilai uji impak diperoleh sebesar 0,0278 — 0,0322 J/mm?, sehingga
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semakin bertambah nya komposisi serat daun nanas maka akan
menghasilkan nilai yang akan semakin meningkat. Karena serat
memiliki kemampuan menyerap energi yang diberikan. Jika
dibandingkan dengan penelitian terdahulu maka hasil uji impak
menunjukkan bahwa semua sampel nilai uji impak telah memenuhi
dari penelitian terdahulu yaitu 0,00972 — 0,01657 J/mm? (Mulyo,
2018).



Bab 5

KESIMPULAN DAN SARAN

5.1 KESIMPULAN
Dari hasil penelitian yang telah dilakukan maka dapat diambil
kesimpulan sebagai berikut :

1.

Karakteristik material komposit sebagai cover body sepeda
motor menghasilkan nilai densitas sebesar 0,74 — 0,87 g/cm?,
nilai uji tarik sebesar 24.715 — 28.416 MPa, nilai uji lengkung
diperoleh sebesar 26,684 — 49,356 MPa, dan nilai uji impak
diperoleh sebesar 0,0278 — 0,0322 J/mm?.

. Pengaruh penambahan daun nanas dan polyester terhadap

kualitas komposit sebagai cover body sepeda motor yang
dihasilkan yaitu memberikan pengaruh yang signifikan, karena
semakin bertambahnya komposisi daun nanas maka nilai
densitas, ujitarik, uji lengkung, dan uji impak menghasilkan
nilai yang semakin meningkat.

. Variasi komposisi yang optimal dari kualitas komposit sebagai

cover body sepeda motor yaitu pada sampel E dengan nilai
densitas sebesar 0,87 g/cm?, nilai uji tarik sebesar 28.416 MPa,
nilai uji lengkung diperoleh sebesar 49,356 MPa, dan nilai uji
impak diperoleh sebesar 0,0322 J/mm?.

5.2 SARAN
Beberapa saran untuk penelitian selanjutnya yaitu :

1.

Diharapkan agar lebih teliti lagi dalam penyusunan serat daun
nanas dalam cetakan agar menghasilkan sampel yang lebih
padat dan mengurangi rongga udara yang mengakibatkan
turunnya nilai pengujian.
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2. Diharapkan menggunakan serat alam lainnya dalam
pembuatan material komposit, guna untuk memberikan
informasi kepada para peneliti baha yang baik untuk dijadika
sebagai bahan pembuatan material komposit.
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LAMPIRAN 1
ALAT PENELITIAN

1. Wadah Plastik

2. Pisau
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3. Gunting

4. Spatula

41



5. Neraca Digital

6. Gelas Ukur

42



7. Jangka Sorong
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10. Cetakan
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13. UTM (Universal Testing Machine)
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LAMPIRAN 2
GAMBAR BAHAN PENELITIAN

1. Daun nanas

3. Katalis
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4. Wax

5. Aluminium foil
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7. Aquades
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LAMPIRAN 3
DOKUMENTASI PENELITIAN

1. Pengambilan daun nanas
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3. Perendaman serat daun nanas
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5. Pengeringan serat daun nanas
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7. Pencampuran resin polyester dengan matriks

8. Pencetakan
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LAMPIRAN 4
DOKUMENTASI PENGUJIAN

1. Pengujian densitas

2. Pengujian tarik
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3. Pengujian lengkung

4. Pengujian Impak
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LAMPIRAN 5
PERHITUNGAN NILAI DENSITAS DAN UJI IMPAK

1. Densitas

Massa Volume

Sampel Sampel Sampel ]ze/lzslilt?)s
(2) (cm’) .
Al 17,47 23,69 0,73
A2 17,47 23,69 0,73
A3 19,82 25,02 0,77
B1 18,23 22,07 0,79
B2 19,82 25,02 0,77
B3 17,27 21,40 0,84
Cl 17,65 22,81 0,82
C2 18,72 22,13 0,84
C3 18,23 22,07 0,79
Dl 17,65 22,81 0,82
D2 18,72 22,13 0,84
D3 18,52 22,33 0,83
El 17,24 20,74 0,90
E2 17,27 21,40 0,84
E3 16,66 18,80 0,88

Hasil pengujian nilai densitas diperoleh dengan menggunakan
persamaan (2.1).

Pembuktian perhitungan sampel A1l

Diketahui :

Massa bendauji (m) =1747¢g

Volume benda uji (V) =23,69 cm?

Ditanya :

Densitas ....?

Penyelesaian :
_m
P=v
_ 1747g
23,69 cm?

p=0,73 g/cm?
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2. Uji Impak

Impak
Sampel I(ljl /[:::21; (grfrgle;) Rata-rata
(J/mm?)
Al 27.686,3 0,0277
A2 28.221,8 0,0282 0,0278
A3 27.479,1 0,0274
B1 32.248,2 0,0322
B2 28.221,8 0,0288 0,0297
B3 28.221,8 0,0282
Cl 32.248,2 0,0322
C2 30.712,6 0.0307 0,0304
C3 28.221,8 0,0288
Dl 30.455,0 0,0304
D2 30.712,6 0,0307 0,0306
D3 30.712,6 0,0307
El 32.248,2 0,0322
E2 32.248,2 0,0322 0,0322
E3 32.248,2 0,0322

Pembuktian perhitungan sampel A1

Diketahui :
Pembebanan : 1ZOD 03
Energi 05,51
Kecepatan : 3,46 m/s
Ditanya :
Nilai Impak ....?
Penyelesaian :
Nilai Impak = 27'61:26’3]

_ 27.6863]

T 1m?

27.686,3 ]

1.000.000 mm?
Nilai Impak = 0,02768 mm?
Nilai Impak = 0,0277 mm?
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LAMPIRAN 6
HASIL PENGUJIAN SAMPEL PENELITIAN

1. Pengujian Tarik
Sampel A

Craph
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Sampel C
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Sampel E
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2. Pengujian Lengkung
Sampel A

E Tensile TestfE]
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Sampel B
E Tensile Testm
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3. Pengujian Impak
Sampel A
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Sampel D
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LAMPIRAN 7
AMERICAN SOCIETY FOR TESTING AND MATERIAL (ASTM)

1. ASTM C 271-99 Untuk Pengukuran Densitas

qg[b Designation: C 271 - 99

Standard Test Method for
Density of Sandwich Core Materials’

This stsmctant i vemed uruder e diwed dessgnattsn © 771; e punher smseiely follising fhe dospio idicsis e yoar of

il sl
e e

1. Seape

1.1 This test method covers the determination of the dersity
of sandwich construction core materials,

1.2 The vilues stated in 51 units are to be regarded as the
standurd. The inch-pound units given moy be approximate.

1.3 Tiur siandard does not purpart to address all of the
sufery eoncems, i any. associated with fx wse. It iz the
respansibiliny af the wser af this standard o esiallish aapro-
privie safeiy ond health practices and determine the applica-
hility af regwlatery linitations prier fo e,

2, Referviced Documents
L1 ASTM Stondards:

E 171 Specificotion for Standard Atmwospheres for Condi-
riening and Testing Flexible Barrier Mawrinls®

A, Significance und Use

3.1 Density is a fndamental physical property that can be
used in conjunction with other properties 1o chanscierize the
sandwich core.

3.2 This nest method provides o standand method of obrain-
ing sandwich core density data for quality contral, acceptance
specification testing, and research ond development.

4. Apparatus

4.1 Circufaring Air thvem. capable of mainfaining unifonm
temperatiures with an accuracy of =3°C (Z5°F)

4.3 Desicentor, if tequired.

4.3 Micrometer, Gage, or Cafiper, capable of measuring
aceurately to 0025 mm (0001 in. b

44 Werghing Scale. capable of mewsuring sccurately 1o
5 %

5, Tst Specimens

5.1 The test specimens may be any oonvenent size of cone
material tat can be accurately mensured and us agreed upon by
the purchiaser and the seller. The minimum imen sire
iecomimended is 300 imim (12 i) in length and 300 mm (12 6.
in width,

" This 1ot metied i eoer S jwisdichon of ASTM Commities D-30 au
Compurite Materizs md is (e diect resgpomdbily of Stboommities D3N ou
Sandu ek Cantrution

Cument adision sprevved Der. W, 1950, Peblivhed lomusey 2000, Originally
published as C 270 - 51 T, Lasi provivin mbiton € 271 - 04 1999)

" Anmual! Baoll of ANTM Snascarels, Yol 1388,

Copyaght € ASTN, V00 Bait b o Chvms Pl v,
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o, inh the Cane ool vewvisim. e s af lask revicion. A smber in panecheus indicoes the year of s mappival. A
It o cslitomind champe siecs e la Tevisicn v Frappiovsl

5.2 At least three specrmens shull be ested

6. Conditioning

6] Subject the test specumens o one of the following
comslitons:

6.1.1 Sundard ASTM Atmosphene Conditions (Specifica-
tion E 171) of 23 = 3°C (T3 = 3°F) and 30 = 3 % relative
humidiny.

6.1.2 Inpnoven at a emperature of 105 = 3%°C (220 + 5°F),

6.1.3 Inan oven at a tempensure of 40 £ 3°C (120 = 5°F),

6.1.4 As agreed upon by the purchaser and the seller

6.2 The eonditioning time shall be either:

6,21 OF such duration that the specimen will have attained
comstanl weight (=1 %), or

622 As agreed upon by the parchaser snd the seller,

6.3 Afler conditioning, cool thie specimens a1 room femperi-
ture, Some core materials quickly pick up molsture and mus
be cooled ina desiccator,

7. Procedure

1.1 Weigh the specimens in grams (poumnds ) 1o b precision of
(0.5 %,

T.2 Dctermine the plan dimensions of the specimens in
millimetres (inches) 1o & precision of £05 %.

T3 Measure the thickness of the speoimens i millimetres
tinches) to the nearest 1025 mm ((LI01 in.).

4. Calcolation
8.1 Colculste the density as follows:

100000
——

d L1
where:

o = density, kg/m";

w = final mass after conditoming, g

v = final volume after conditioning. mm™;

D = density, Ibft;
W = final mass aficr conditioning, Ib; and
¥ = final volume after conditioning, in..
£.2 Conversion of density values to either SI or inch-pounsl
upits i accomplished by using the following equations:

aZmanco.com



69

@b can

= Rl 3] the procedore m Test Method C 271 for messurng the sand-
J=16D wich core material density hecause of the anovailability of
consistent samples for testing
A Rypert 10.2 Biav—Since there s no accepied reference material
9.1 The report shall melude the fallowing: suitable for determining the biss for the procedure in this test
9.1.1 Complere description of core material, micthed, bias has not been defermingd.
9.1.2 Size of test specimens,
9.1.3 Conditioning procedures, and 11 Keywords

%.1.4 Core density, individunl valoes mnd aversge

. Precision and Bias
1K1 Prevision—It is net possible o specify the precision of

111 density; sandwich cors

Tha Amancan Socely foe mwmmmmmmnmummwmrwum
wath @y frem mentned in F stancard Vs of i ol tha vasdty of any such
natent ghts and e sk of infrngement of such rphis mmwmmmm«y

mwu:@umuwmmhmmﬁwmmmummhmw
1 0% feviaant fEr TEEDVOVEL 0F WIIEINTL. Vouw for for auidtional s@naan
and shauld be IASTM Vo Enmmants wil i af & meenng af
oh comimie, which you may aneng, ¥ you fesl Mt your comamants nave ol ecebad 3 G iy e should maks e
W knanm i dhe ASTM Commetise on Standan, ar the addrss shown bl
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2. ASTM D638-03 Untuk Standar Uji Tarik

NOTICE: This mnd-d has either been s
ASTM International (www.

d and replaced by a new version or withdrawn.
ww.astm,org) for the | information

Designation: D 638 - 03

Standard Test Method for
Tensile Properties of Plastics’

Thais standand (v issued mnder the fued deshpnation D638, the munbor imosedinioly Inllowing the designatson indicases the year of
ariginal pdoptarm or, in the case of revision, the yesr af [ne revision, A number im parenthescs indicstes the year of st reapprmval. A
superscnpt eqsilon (4] indicatzs an ednorisl chanpe snce the last pevision or remppaoval

This stemcliand Lsar bows apprerved for iuse by perscivs of it Departmant of Deferse,

1. Scope*
1.1 This test method covers the detecmination of the wasile
propesties of unremnforced and reinforced plastics in the form

af standard dumbbell-shuped test sp whin tested under
defined conditions of pretreatment, temperamre, humidity, and
festing machine speed.

1.2 This t2st method can be used for testing matenials of pny
thickness up w0 14 mm [(L55 in]. However, for testing
specimens in the form of thin sheeting, ineluding film less than
10 mm [0.04 in.| in thickness, Test Methods 1D 882 is the
prefermed test method. Materials with & thickness greater than
14 mm [0.55 in.] must be reduced by machining.

1.3 This test method inclides the aption of delermining
Poisson's ratio al foom omperaline.

Mt 1—This test method snd BS0527-1 s techmically squivalent,

Mo 1—This test mathod is not itendead 10 cover precise physical
procedures. I i recognized that the constant mle of eroishesd movesmenl
type of test leaves much 1o be desired from a theoretical standpaing, thar
wiie dilferences may exist between rike of crosshend movement fd fite
of strain between gage marks on the specimen, Mihﬂllmwﬂmasjﬁa

apecified disgud eifeets: cl ¢ af i in the
phastic stute, Pirrmm. it in realizad thit variations in the thicknesses of tost
apocimens, which are permiited by these procedurcs, pridsce varalons in
thie surface-vnlume ratins of such specimens, and thal these variations may
inflience the fest resulis. Hence, where directly. comparable resulbis e
denired, all pamples shiculd be of equal thickness, Special sddstsunal tests
should be used where more peecise phiysical dats are needed

Mo 3—Thin sest meshod may be wied for eaing phemolic molded
resl o hnlumlud muterals, However, where these materiols ane used as

such materials should be tested in sccondance will
Tt Methods D“"l'l el Test Methiod DiA51.

Mum 4—For tensile proparties of resin-matny composites reinforced
with orieted continmous o discontiuous high modulus >20-GPa
=30 = 10™psi] fbers, tests shall he made i sccondince with Test
Method [3 M3 M39M,

1.4 Test dutn obtined by this test method are relevant ond
appropriase for vse in engineering design,

1.5 The values stated in ST units are to be regarded as the
stivndard. The values given in brackets wre for information only.

* Thir test methad i nnder the punsdichion of ASTM Comemtie D3 an Plubics
and iy e direct s pemiibility of Sobcommiiies DY, 1 o0 Mechasical Properies

Curnees cEilen approved Dee, |, 2003, Published Jameary 2004, Originally
approved in 1941, Lost previans cdilicn. approved in 2002 g3 0 678 - (122

1.6 This standard does nor purpors 1o address all of the
sefery comeerns, i anv. ossociated with iy uxe, It is the
responsibility of the user of this standard to establish appro-
priate safety and heaith practives and determine the applica-
hility of regulatary limitations prior o wse.

2, Referenced Documents
2.1 ASTM Standards;
D229 Test Methods for Ri
Used for Electrical Insulation

D412 Test Methods for Volcanized Rubber and Thermo-
plastic Elastomers— Tension

D618 Practice for Conditioning Plastics for Testing

D651 Test Method for Teasile Strength of Molded Electi-
il Insulating Matenials

D 882 Test Methods for Tensile Properties of Thin Plastic
Sheeting

883 Terminology Relating o Plastics

D 1822 Test Method for Tensile-Tmpaci Energy io Break
Plastics and Electrical Insulating Materizls

D 3039/ 3039M Test Method for Tensile Properties of
Polymer Matrix Composite Matenals

D 40 Classification System for Specifying Plastic Mate-
nals

D 40660 Classihcation System for Nylon Inpection and Ex-
trusion Materials

D547 Test Methods for Physical Dimensions of Solid
Plastic Specimens

E 4 Practices for Force Verification of Testing Machines

E &3 Pmactce for Verification and Classification of Exten-
sotmRter

E 132 Test Method for Poisson's Ratio at Room Tempera-
lure

E 691 Practice for Conducting an Interfaboratory Study o
Desermine the Prevision of o Test Methed

22 IS0 Standard-

Sheet and Plate Materials

Fur tefemomend ASTM sndands, visie he ASTM website, wwwantnung, o
ikt ASTM Catstimmet Service al servioe@ mtmooeg. For Aroal Bl o ANTH
Steenareds yolume information, rofer fo the standard’s Docsme Ssmmary page o
the ASTM websde.

* Aviloble from Americon Mminunl Siandieds Instising | ANSI), 25 W, 43nd S
Aith Fioor, New Yook, NY 10036

=\ Swmmary of Changes section appesrs of the end of this stendard.
Coppygtt ©A5TW memasona, 100 Ban Harber Oevo, PO Bew G700, Wost Cosshohoakan. P4 19426-2808, Uniler Stes.
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IS0 527-1 Determination of Tensike Properties
3. Terminology

3.1 Definitions—Definitions of terms applying 1o this test
meethod appear in Terminology D 8383 and Annex A2,

4. Significance and Use

4.1 This test method is designed 1o produce tensile property
s for the control und specification of plastic materials, These
data are also uscful for qualitative charactenzation and for
research and devel For many materials, there may be a
spectfication that requires the use of this test method, but with
some procedural modifications that take precedence when
adhering to the specification, Therefore, it is advisable W refer
1o that material specification before using this test method.
Table 1 in Classification 14000 lists the ASTM matenals
standards that currently exist.

4.2 Tensilz properties may vary with spacimen preparation
and with speed and environment of testing. Consequently,
where precise comparative results are desired, these factors
must be carefully controlled,

420 1 is realized that & material cannot be fested without
also testing the method of preparation of that material. Hence,
when comparative tests of muerials per se are desired, (he
greatest care must be exercised 10 ensire that all samples are
prepored in exactly the same way, unbess the test is to include
the effects of sample prepuration, Similurly, for referee pur-
poses ar eomparnsons within sny given series of specimens,
care must be taken to secure the maximum degree of unfor-
ity in details of preparation, treatment, and handling,

4.3 Tensile properties may provide useful data for plastics
enginecring design purposes. Howewer, because of the high
degree of sensitivity exhibited by many plastics w rae of
straining and environmental condiions, data obtained by this
test method canmaot be considerad valid for applications involy-
ing load-time scales or environments widely il from
those of this test method. In cases of such dissimilarity, no
relinble estimation of the limit of usefulness can be made for
most plastics. This sensitivity 1o rate of straining and environ-
ment necessitates lesting over a broad load-time scale (includ-
ing impact and creep) and range of environmental conditions if
tensile properties are t suffice for engineering design pur-
poses,

Nare 3—Since the existence of 2 frue elastic Timit in plastics (25 in
many cifwr organic moternls ond 0 many metnbs) s debatoble b
proprety of applying the ferm “elastic modnius™ m its quoted, generlly
accepicd definition 1o deseribe the “stiffness™ or “rigadaty”™ of a plastic has
been sermsly questioned. The exact siress-sirain charcieristics of plastic
materials ane highly dependent on such facton as mie of spplication of
siress, lemperature, previous hustory of specimen, etc. Hiwever, stress-
strin curves for plostics, delermned as deserbed in thas fest method,
almast always show o lincar regiom ot low stresses, and o straight line
drnwn tangent 1o this portion of the curve permits caloalution of an elasic
modulus of the usually defined ype. Such a comeam is usefil i i
arbiirary namre and dependence on Gme, temperaiure, and similar factoes
are realized.

4.4 Poisson's Rotio—When uninxial wensile force is applied
to o solid, the solid stretches m the direction of the applied
force (uxially), bul it alse contraets in both dimensions lateral
10 the applied force. If the solid is homogeneous and isotrapic,

(]

and the material rematns elastic under the action of the apphed
farce, the lateral stram bears a constant relationship to the axial
strain, This constunt, called Poisson’s rutio, is defined as the
negative ratio of the transverse (negative) to axial sirain under
uniixial stress.

441 Pmsson's ratio is used for the design of structures in
which all dimensional changes resulting from the application
of force need to be Liken into account and in the application of
the gencralized theory of elasticity to structural analysis.

Nome b—1The socwrscy of the determumabion ol Pewsson's mbio 15
wsaally limited by the accuracy of the tansverse strain measunemenis
e (he percentuge errors in ihese messnnsnens e usually greater
than in the axial srain meaurements, Since i ratio meher than an absnlut:
quantity 1< measured. it is enly nceessary 10 know socurately the relative
vale of the calibeation fictors of the extensometers, Also, in peneral. the
value of the apphed boads peed not be known sccurately,

S, Apparatus

5.1 Testing Machine—A testing machine of the constant-
rate-of-crosshead-movement type and comprising essentially
the following:

511 Fived Member—A fixed or essentially stationary
member cartying one grip.

3.0.2 Movable Member—A movahle member carrying a
second grip.

3.1.3 Grips—Grips for holding the test specimen between
the fixed member and the movable member of the testing
machine can be either the fixed or self-aligning type.

5131 Fixed gops arc npdly attached to the fixed and
mavable members of the testing machine, When this type of
grip is used extreme care should be taken to ensure that the test
specimen is inserted and clamped so that the long axis of the
test specimen coincides with the direction of pull throngh the
center line of the grip assembly,

5.1.3.2 Seli-aligning grips are anached to the fixed and
muovahle members of the b:sl'm.lg machine in such a manner that
they will move freely imo alignment as soon a5 any load is
applied o that the long axis of the test specimen will coincide
with the direction of the applied pull through the center line of
the gnp assembly. The specimens should be aligned as per-
fectly as possible with the direction of pall so that no rotary
maotion that may induce slippage will occur in the grips; there
is u limit fo the amoun! of misalignment self-uligning grips will
accommedate.

5.1.3.3 The test specimen shall be held in such 4 way that
slippage relative 1o the grips is prevented insolur as possible.
Grip surfaccs that are decply scored or serrated with & pattern
similar to those of a coarse single-cut fle. serrabons about 2.4
mm [0.09 in.] apart and sbow L6 mm [0.06 in.] deep, have
heen found satisfactory for most thermoplastics. Finer serra-
tions hove been found 1o be more satisfactory for harder
plastics, such as the thermosetting materials. The serations
should be kept clean and sharp. Breakmg in the grips may
occur al times, even when desp serrations or abraded spacimen
surfaces are used; other technigues must be used in these cases.
Other techmiques that have heen found useful, parbenlary with
smooth-fuced grips, are abrading that ponion of the surface of
the specimen that will be in the grips. and interposing thin
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picees of abrasive cloth, shrasive paper, or plastie, or rubber-
cedted fubric, commonly called hospital sheeting. between the
specimen and the grip surfuce, No. 80 double-sided whrasive
paper bus been found effective in many cases. An open-mesh
fabrie. in which the threads are couted with sbrasive, has also
been effective. Reducing the cross-seetional area of the speci-
men may also be effective. The use of special types of grips is
somelimes necessary (o eliminate slippage and breakage in the
s,

5.1.4 Drive Mechanism—A drive mechanism [or imparting
to the movable member o uniform, controlled velocity with
respect 1o the stutiomary member, with this velocity o be
regulated as specified in Section .

5.0.5 Load Indicator—A suituble load-indicating mecha-
nism capablé of showing the total temsile load camied by (he
test specimen when hebd by the grips. This mechanism shall be
essentially free of inertia lag at the specrfied rate of testing and
shall indieate the koad with an secorsey of =1% of the
indicated value, or better. The accuracy of the testing maching
shll be verified i accordance with Practices E4,

Nirre T=Eaperience b choam that mmy testing mchines now 1o use
ane meapable of muinluming socurcy for s keag a8 the penods beiween
ispection recommendad i Practices E 4, Hence, il is reconmmended that
cach machine be studicd individually and verified as often as may be
Tinmil pecessary. Tt Frequently will be secessany In perfiomm thin funclios
daily,

3.1.6 The fixed member, movehie member, drive mecha-
nism, and arips shall be constructed of such materials and in
such proportions tht e total elustic longidinad sirin of the
system constituted by these parts does not exceed 1 % of the
total longitudinal strain between the two gage marks on the test
specinien ot any time during the test and ot any load up to the
rated capacity of the machine.

5.7 Crosshead Exienston Indicarer—A suitable exiension
indicating mechanism capable of showing the amoum of
change in the separation of the grips, that is, crosshead
moverment, This mechanism shall be esseatially free of inertial
lag at the specified rate of testing und shall indicatz the
crosshead movement with an sccuricy of £10% of the
indicated value.

5.2 Evension Indicator (exensomerer)}—A suitable instru-
menl shall be used for determining the distance between two
destgnated points within the gage length of the test specimen as
the specimen is stretehed, For referee purposes, (he extensom-
eter mist be set at the full gage length of the specimen, as
shown in Fig. L It is desirable, but not essential, that this
instrument sutomatically recond this distance, or any change in
it, a8 o function of the load on the test specimen or of the
elapsed time from the stan of the test, or both, If only the larer
is obtained, lond-time data must also be taken, This instroment
shall be essentially frec of mneriia at the specified speed of
testing, Extensometers shall be classified and their calibration
periodically verified in sccordance with Practice E 83,

521 Modulus-of Elasticity Measurementi—For modulus-
of-elasticity measurements, an extensomeier with a maximum
strain error of U002 momfmm ]in,.fin.| that aulmnalbrally and
continuously records shall be used. An extensometer classilied
by Practice E&3 a5 fulfilling the requirements of a B-2

chassification within the range of we for modulus measure-
ments meets this roquirement.

522 Leow-Extensran Measwrements—For elongation-al-
yield and fow-extension measurements (nominally 20 % or
less ), the same above extensometer, attenuated 10 20 % even-
sion, may be used. In any case, the extensometer system must
meet ot least Class C (Practice EK3) requirements, which
include o fixed strain emor of 0.001 strain or =1.0 % of the
indicated strain, whichever is greater.

5.23 High-Evtenmion  Measurements—For making mea-
surements at elongations greater than 20 %, measuring lech-
nigues with eror no greater than + 10 % of the measured value
are acceplable.

5.24 Poisson’s Rarie—Bi-axial exiensometer or axial and
transverse exlensometers capable of recording axial steain and
transverse strain simulincously. The extensometers shall be
capable of measuring the change in strins with an accuracy of
1 % of the relevam value or better.

Nore S—Surain gages can be used as i altemative methid 1o messure
anigl and transverse stmin: howevar proper lechnigues {or mounting
stain gages are crucial fo obinning accumte data. Comsalt strain gage
suppliers for imstniction and (rsining in these special teclmigues

3.3 Micremeters—Apparatus for measuring the width and
thickness of the test specimen shall comply with the require-
ments of Test Method D 5947

6, Test Specimens

6.1 Sheet, Plate, and Molded Plasics:

6.1.1 Riged and Senirigid Plasiics—The test specimen shall
conform fa the dimensions shown in Fig | The Type |
specimen is the preferred specimen and shall be used where
sufficient material having 2 thicknzss of 7 mm [0.28 in ] or less
is available. The Type I specimen muy be used when a
matertal does not break i the narrow section with the preferved
Type | specimen. The Type V specimen shall be used where
onky limited material having a thickness of 4 mm [(LI6 in.| or
less is available fer evaluation, or where a lorge number of
specimens are 1o be exposed i a limiled space (ihernal and
environmental stability tests, etc.). The Type IV specimen
should be used when direct comparisons are required hetween
materials in differemt rigidity cases (that is, nonorigid and
semirigid), The Type 1N specimen must be vsed for all
materials with a thickness of greater than 7 mm (128 in.| bt
not more than 14 mm |0.55 in.],

6.1.2 Nemrigid Plastics—The test specimen shall conform
10 the dimensions shown in Fig. 1. The Type IV specimen shall
be wsed for testing nonngid plastics with a thickness of 4 mm
|16 im] or less. The Type T specimen must be used for all
materials with a thickness greater than 7 mm [0.28 in.] but not
more than 14 mm [0.55 in.],

1.3 Reimforced Composites—The test specimen for rein-
forced composites, including highly onhotropic laminates,
shall conform 1o the dimensions of the Type | specimen shown
m Fig. 1.

614 Pr!pwa}ian—'r:xl specimens shall be pr:pqrpd Ily
machining operations, or die cutting, from materials in sheet,
plate, skab, or similar form. Materials thicker than 14 mm [(L.55
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Sgscimen Dimensions o Thickness, T, mim [in }*
7 12.28) o unoe Cwir 740 14 [2.28 12 055, ind 4 JL18] of under
s ! b ok
i o | Ty | Tipe || Ty 1 Type vVF Type ¥R
W~ Wickh ol nanow secion™* 13 jo:50] [ F=] 13 [.78] LR I TR <05 | +0.02)05
L—Leng of namow saction 57 [2.25] 7 [225) 5 [2.28] (30 053 375 *05 |00
WO—Width weral, min™ 13 [e.75] 184075 23[119] 180T i +04[+025)
WO —Width owerall min™ - - . 353 00375 4318 + 0125
LO—Length ovsral, min* 165 |fi.5] 8372 246187 115 [45] 63525 o mas [no H'I:J
G—Gmga lergm’ 50 [200| 50 f2.00) 50 |2.00] i T.62 [0300) 4025 | =0y
G—Gaga e’ . i g 25 1.0 .. 1043 |+0005
[—Distance Betwesn grps Vi3] 15 5F 11545 65 23] 5410 15 |20:8
A—Aoikus of Wt 78 |2.00| 613000 76 [3.00] 14 [0.58] 127 |0.8] +1 |=0.04%
RO—{utar radid (Type (V) 2 & 1o & A7 |00

A Tricinzes. 7, ahat b2 3.2< 04 mm {013 < 0.02 (.| for 81 fyeee of maied speamans. and for cihar Types | 3nd || specmans whers possiie. i specimens e
et biom sheels of plites, thicknass, T msy b |l theknass of W sbesl o plile provcles s doss ol eaceed Ihe rangs slaled Inf e inlandad Specswe bipe
For ghests of nomiral hicknass greater than 14 mm [0.55 n | the specimans shall ba machinad 1o 14 = 0.4 mm {055 = 0.02 in) in thckesss, for wsa with tha Typa 1
spaoman. For sheats of nommed thciress bebwese 14 and 51 mm 855 and 2 in| approsmately aqim| amoorts shall ba macknad from aach suface. For fhicke: shesty
path sudacey of e poecimen sl be machined, and the Iocater of the spacman with reforenca to s onges! Wicinees of the shaet shal be nowed, Tolarances on
frackness less Fas 14 mm 055 in | shel be fhose standant ke the gade of matenal lasted

#arth Typa ¥ tpecmen, tha irtemal wisth of the ram:w sackon of he 0k shal bo £.00 = 0.08 rm (D250 0002 0.} Tee timansions ar sssommiy Mosa of Do
C in Test Mothods D 412.

STha Type W spscimmn shall bo mactined of dia oot 10 the dimansons shown, ar makded in & reid whoss cindly hias fesa dimansans. The dimansions shll ba;

W=318 < 0,03 mm 0125 + 0.001 in].
L=053 = 008 mm 0374 = 0,003 In],
G=7.02 = 002 mm [0.300 = 2001 |
Fw12.7 + QG o {0500 = 0008 in .

The ciher iosernces are Mose in B iabie,

5 pporing data on e itrosucon of ihe L speciman of Tt Malhad © 1&22 as e Type V spocmen dio vl fiom ASTM Headquarters. Aeguest FR:D20-1038.

¥ e wichh 81 the cenler W, shell be w000 mm, =010 i | +0.000 . 0004 in | compared wih widih W &l céher pas of B reduced secton. Affy reuchan in W
21 the costéx ihal be craual, ogually o aach B0 6o Ial R abnal chamges N dimansion el

" For oited specreons, a draft of nat aver i 13 mm [0.005 in.] may be afiowe for aither Type | or [ speceners 3.2 mm[0.13 nlin hokness. and fha should b taken
Imig SCeourt wihan cacualing wioh of e epeciman. Thug @ fypeal secdon of @ moked Type | specmen, faving the madmum sioeanie ol coull e a lolowe

T Owerall wekts gestan an Be mpimen doalss may be desinable lor sare malens’s in o by suod brsaking In the g,

¥ Queral langing gresior Man i minksum |ndiared ey be ceskable oibar 1o QW0R Breaking in ine ges o o salily secial bl LR,

Tt raeics ot indtial exinnsametor sasn.

“When sel-tighening grips are ussd, for highly exiensible polymers. e distance between gips wil depend upon the hypes of grios used and may not be critical (|
mainlamed urdnm once chosan

FIG. 1 Tenaion Test Spacimens for Sheal, Piate, and Nolded Plastics
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FIG. 2 Dingram Showing Location of Tube Tension Test

Specimens In Testing Maching

Norre 9—Test resulis have shown that for some muterials woch & glass

clath, SMC, and BMU bmnaiex, olber speamen fypes sbould he
comsrdered i ensure hreakage within the gagr lengih of the specimen,
it by 73

Nore 10—When prepaneg specimens from cernm’ composile Tami-
mates suich a8 woven rsving, of glass choth, care mist be excresed @
citlang dhe specimens. prailel g the refforcement The reimfanement
will e significandly weskened by cutfing on 2 bias, cesalting in lower
Ranwmiale properties. siiless lesting of specimiens in o dedion other (b
parallel with the reinfoncement constitutes o variable bemg sudied,

Note | 1—Speck prepurcd by ding may have different
tensile properties than specimens prepared by machining o die-cutting
bevause of the oremiation indeed, This effect may be more prosuunced
m specimens with narew yection

.2 Hignd Tiehes—The test specimen for ngid tubes shall be
as shown in Fig. 2. The length. L, shall be as shown in the toble
n Fig. 2. A groove shall be machined around the outsade of the
specimen at the center of its length so that the wall section after
machining chall be 60 % of the original nominal wall thick-
ness. This groove shall consist of a straight sectiva 57.2 mm
[2.25 in.] in length with & radins of 76 mm |3 in.| at each end
Jjuining it 1o Ue outside diameter. Steel or brass plugs luving
diameters such that they will fit sougly inside the tube and
having o length equal to the full jow length plus 25 mm [1 in.]
shall be placed m the ends of the specimens to prevent
crushung, They can be located conveniently in the whe by
separating amd supporting them on o threaded metl md.
Details of plugs und test assembly are shown in Fig, 2.

6.3 Rigud Rods—The test specimen for ngid rods shall be as
shown in Fig. 3. The length, I, shall be as shown in the tble
in Fig. 3_ A groove shall be machined sround the specimen at
the ceniér of its length so that the diameter of the machined
portion shall be 60 % of the original nominal diameter. This
groave shall eonsist of 3 straight section 57 2 mm [2.25 in | in
length with a radius of 76 mm [3 n.] al each end joining if
the outside diameter.

6.4 All surfaces of the specimen shall he free of visible
Maws, scratches, or imperfections. Marks Teft by coarse ma-
chining operations shall be carefully removed with & fine file or
gheasive, and the filed surfaces shull thea be smoothed with
abrasive paper (No. 00 or finer). The finishing sanding strokes
shuall be made in g direction pasalle] to the long axis of the test
specimen. All flash shall be removed from a malded speeimen,
taking preat care oot o diseh the melded surfaces. In
machining # specimen, undercuts that would cxcoed the
dimensional 1olerances shown in Fig. 1 shall be scrupubously
avoided. Care shall also be taken to wvoid other common
machining ermars.

6.5 1f it 13 pecessary to place gage marks on the specunen,
this shall be dane with & wax crayon or India ink thar will not
affect the material being tested. Gage marks shall nol be
seratched, punched, or impeessed on the specimen

.6 When testing materials that are suspected of anisoropy,
duplicate sets of test specimens shall be prepared, having their
long anes respectively parallel with, and nenmal o, the
suspected direction of misotropy.

7. Number of Tesl Specimens

7.1 Test al feast five specimens for coch sample 1 the aise
of sotropic miderials,
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DIMENSIONS OF ROD SPECIMENS
Stancard Langih, L. of
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“ For afher jaws gmaler than &8 mm [35 n.], the standard langih shall ba
Increasien fry twicer th length of e jaws minus 178 mm [7 in. The standard
Iength porile o nippage of anprexmaisly 5.4 b 12,7 mm {0,265 o 0.50in:| i® sech
Jaw whilc maittzining the maxmum lengih of the jsw gnp.

FiG. 3 Diagram Showing Location of Rod Tension Test Specimen
in Testing Machine

7.2 Test ten specimens, five normal to. and five parallel
with, the principbe axis of anisotropy, for each sample in the
case of anisotropic materials.

7.3 Discard specimens that hreak at some flaw, or that break
outside of the nurrow cross-sectional test section (Fig. 1.
dimension "L”), und make retests, unless such Baws constitule
a variable to be smdied.

With | 2=Befure testing, all transparent specimens shoukl be mspecied
in a polariccope. Those which show aryplcal or conceniraed @raln
pattems. shoald he rejeched, unless the effocts of these nendual strams
constitute @ varidble 10 be sudied.

K. Speed of Testing

8.1 Speed ol testing shull be the relative mie of motoa of
the grips or test fxtures during the fest. The rate of motion of
the driven grip or fixture when the testing machine is running
idfle mity be wsed, if it can be shown that the resulting speed of
testing is within the lmiis of varistion allowed.

8.2 Choose the speed of testing from Table | Determine
this chosen speed of testing by the specification for the material
being tested, or by ugreement hetween thase conoezmed, When
e speed 35 not specified, use the Towest speed shown in Table
1 fior the specimen geometry being used. which gives rpture
within 12 to 5-min testing time.

8.3 Modulus determinations may be made st the speed
selected for the other tensile properties when the recorder
response and resolution are adequate.

8.4 The speed of testing for Poiston's miio determination
shall be 5 mmy/min.

9. Conditioning

8.1 Comdirianing—Condition the test specimens at 23 =
2CI734 £ X6°F]and 50 £ 5 5 relative humidity for not less
than 40 h prior o test in accordance with Procedure A of
Practice D618, unlews otherwise specified by contract or the
relevant ASTM material specificution. Reference pre-lest con-
ditiening, 1o seitle disagreements. shall apply tolerances of
L1°C [LBF] amd £2 % relutive humidity,

9.2 Tesr Conditiony—Conduct the tests 0 23 £ 2°C[734 £
36°F] and 30 = 5% reluive humidity, unless otherwise
specified by contract or the relevant ASTM material specifica-
tion. Reference testing conditions, to senle disagreaments,
shall apply twlerances of £1°C [18°F] and *2% relutive
humidiry.

TABLE 1 Deslgnations for Speed of Testing”

Noming
Sue Ao o
Ciossicalon®  Speckme Tpe orer g St ol Tt
Mmmemm- me
in.in. )
RAgid st Samigd | I, s are 502 =25% 0l
Q=%
woOpg - % 0
W DT
Q0% 18
SORD:10% 15
v 1005 -2%% D
opg A 1
wELss 10
Norsig 0 - 0%
ROBNZH% 10
W @E- % 15

500 [20{ = 10% 16

4 Balict e lowest speed hal produces ruplurs in ¥ o 8 min for e specanen
momnetry being used (see 63}

B Bae Termealogy [ 283 for defabions

" The milis! rale of stranng cannck be caloulaied exacty for dumbbell-shaped
specmens becavse of sxdonsion. bulh in e isduced section outsics the gage
Iength and i the fl ks, This walial strin cale can b measi red fom e inikal skoe
of the tenaie slranversus-ime dagam.

75



76

3. ASTM D790-02 Untuk Standar Uji Lengkung

NOTICE: This standard has either been superceded and replaced by a new version or discontinmed.

Contact ASTM International (www asimoorg) for the latest information,

Designation: D 790 - 02

Standard Test Methods for

Flexural Properties of Unreinforced and Reinforced Plastics
and Electrical Insulating Materials'

This standard is issisd undes the fixed designation [ 79X the muniber

v lallowing the desig indicates the yeur of

ariginal adeption or, in the cme of tevision, the year of bt sevision, A number @ pareneses indicates the yer of It reapproval. &
sijierctip epuki de) indicaes an elitarial change since the lasl revision o wappioval

i standond has e cpproied fior use by agencies of the Deparment of Defimue,

1. Scope *

1.1 These test methods cover the determination of fexural
properties of wnreinforced and reinforced plastics, including
high-modulus compaosites and electrical insulating materials in
the form of rectangular bars molded direcdy or cut from sheets,
plates, or molded shapes. These test methods are gencrally
applicable w both rigid and semirigid materinls. However,
flexural strength cannot be determined for those materials that
do not break or thut do not fail in the outer surfice of the rest
specimen within the 5.0 % strain limit of these test methods.
These test methods utilize o three-point loading system applied
o a sumply supparied beam. A four-point loading system
method can be feund in Test Method D 6272,

LL1 Procedure A, designed principally for materials that
break at comparatively small dellections.

1.1.2 Procedure B, designed panticularly for those materials
that undergo large deflections duning testing.

1.1.3 Procedure A shall be used for measurement of fexural
properties, partdcularly Nexural modulus, unless the material
specification states otherwise, Procedure B may be osed for
measurement of fexural strength only. Tangent modulus data
abtained hy Procedure A jends to exhibit lower standard
deviations than comparable data obtained by means of Proce-
dure B.

1.2 Comparative tests may be run in accordance with either
procedure, provided that the procedure 15 foond satsfuctory for
the muterial being tesied.

1.3 The values stated in 81 units are o be regarded as the
standard. The values provided in parentheses are for informa-
tion anly.

1.4 This standard does not purport to address all of the
safery concerns, if any, assoctated with i use. [ is the
responsibuline af the user of this stamdard to establish appro-
priate safety and health praceices and determine the applica-
bifiry af regulatory limitarions prior 10 use.

Nowe |—These test nyethods are not technically equivalent to IS0 178,

¥ These test meshods see under the jurisdicion of ASTM Commirtee D20 o
Plasiscs and are the direct responsibality of Subcommutiee DXL M on Machamical
Proporties

Cumest ailsthion spproved Apal 10, 2002 Publibed Juse M0, Osiginally
poblished o D7 = T Lost previous. editios D 7H1 = 6

2. Referenced Documents

2.1 ASTM Stendards:

D 618 Practice for Conditioning Plastics for Testing’

D 638 Test Method for Tensile Properties of Plastics”

D 683 Terminology Relating to Plastics®

D-l[l]gl Classification System for Specifying Plastic Mate-

rials

D 5947 Test Methods for Physical Dimensions of Solid

Plastic Specimens’

D 6272 Test Method for Flexural Properties of Unrein-
forced ond Reinforced Plastics and Electrical Insulating
Materials by Four-Point Bending®

E4 Practices for Force Verification of Testing Machines”

E 91 Practive for Conducting an Interlaboratory Study to

Determune the Precision of a Test Method”

3. Terminology

31 Defninions—Defimtions. of terms applying to these test
methods appear in Terminology D 883 and Annex Al of Test
Method D 638,

4. Summary of Test Method

4.1 A bar of reciangular cross section resis on iwo supporis
and is loaded by means of a loading nose midway between the
supports (see Fig. [). A suppon span-to-depth ratio of 6l
shall be used unless there is reason to suspect that a larger
spun-to-depth ratio may be required, as may be the case for
cenain laminated materials (see Section 7 and Note 8 for
guidance)

4.1 The specimen is deflected until rupture occurs in the
outer surface of the test specimen or until 4 maximum strain
{see 12.7) of 5.0 % is reached, whichever oceurs first,

4.3 Procedure A employs & stram e of (.01 mm/mm‘mim
(001 in/in/min) and is the preferred procedure for this test
method, while Procedure B employs o sirain rare of .10
mmmm/min (010 inin/min),

* Amneal Bonk of ASTA Standrite, Val 08.01,
* Amusal Book of ASTM Standandr, Yol 08.02.
Y Amesal Book of ASTH Stundarir, Yol D800
* Amvusl ook of ASTAF Stundandy, Vol 0301,
* dAmasal Boak of ASTM Seandanr, Yol 1400

*A Smmmary of Changes section appears of e end of this standard.
Copyright & ASTM hesacnarional, 100 Ban Hater B, P03 Box C700. West Corshobocken, PA 1 RTS8, Lintec S
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[l m

(1]

Nore—{o) Minimum modios =32 mm (% i} (5) Maximam radios
suppors L6 times specimen depth; maximum rodins Joading nose = 4
times. specimen depth.

FiG.1 Allowshia Range of Loading Nasa and Support Radii

5. Significance and Use

5.1 Flexural properies as determined by these test methods

are especially wseful for quality control und specification
5.

5.2 Maderials that do pot fail by the maximum sirain
allowed under these test methods (3-point bend) may be more
suited to a d-point bend test. The basic difference between the
twn test methods s in the location of the maximum bending
maoment and maximum axial fiber stresses. The maximum axial
fiber stresses occur an a line under the loading nose in 3-point
hending and over the arca berween the loading noses in 4-paint
bending.

5.3 Flexoral properties may wvury with specimen depth,
temperature, atmospheric conditions, and the dilfersnce in rate
of straining as specified in Procedures A und B (see also Note
8).
54 Before procecding with these test methods, reference
shiould be made to the speaification of the matenal being tested.
Any test specimen preparuion, conditioning, dimensions, or
lesting parameters, of combination thereof, covered in the
matenals specification shall tuke precedence over those men-
tioned in these test methods, TF there are no materinl specifi-
cations, then the default conditions apply. Table | in Classifi-
cation System D 4000 lists the ASTM materials standards that
currently exist for plastics.

6. Apparatus

6.1 Testing Machine— A propecly calibruted testing mo-
chine that can be operated at constant rtes of crosshead motion
over the range indicated, and in which the error in the load
measurmg system shall not exceed =1 % of the maximum |osd
expected to be measured. It shall be equipped with o deflection
measuring device: The stiffness of the testing machine shall be
such that the total elastic deformation of the system does not
exceed | % of the total deflection of the test specimen during

TABLE 1 Fiesurai Strength

‘alues Exprassed in Uinis of %
Mateiial Msar, 10" psi of 107 psi

WA 1 ® ~ RE
ABS v 151 B0 4M W2
DAF thamosel 143 658 658 186 1BE
Cast mcrylic 3 187 1"a 4T3 R0
GR potymsar 108 143 216 408 608
GR poycarbanate 210 516 805 & 171
SHC 260 A76  Ti9 115 M4
= coefficiant of variaton for the indicated matanal, |t is

= withir-abaratory
rad by firs! poging the wininlsboraicey standar: devaiors of the fest
185" Irom all of the panicipating boraties: St = Ms ) + (s, .+ 5,F¥)R]
v then V.= (5, dhvded iy Me cvensl sverge for the matens) » 100,

1= botween-aboratory reproducibity, xpréssed as the coslicert ol vatia-
o Sp={5%+ 57" whara 5, 5 the stancand devaion ol labaralory maans.
There: Vi, = (8  tivedac by the oversil sverags for fha matseal) X 100,

= within-laborstnry citical intenval betwoan teo tast resuts = 28 % ¥,

PR = hotwesn-labceatony crifcal st hotwoun fwa iest meuts = 285 W,
lesting, or appropriate comections shall be made. The load
indicating mechanism shall be esseniially free from mertial kg
ot the crosshead rte used. The accuracy of the testing machine
shall be verified in accordance with Practices E 4.

6.2 Loading Noses and Supporis—The losding nose und
supports shall have cylindrical surfuces. In order to avoid
excessive indemtatinn. or failure due 1o stress conceniration
directly under the loading nose, the radih of the loading nose
and supports shall be 5.0 £ 0.1 mm (0,197 £ 0.004 in.) unless
utherwise specified or agreed upon between the mierested
clients, When other loading noses and supports are used they
niust comply with the following requirements: they shall have
4 minimmum radivs of 3.2 mm {4 in.) for all specimens, and for
specimens 3.2 mm or greater in depth, the radivs of the
supports may be up o 1,6 times the specimen depth, They shall
be this large if significam indentution or compressive fuilure
occurs. The arc of the Joading nose in contact with the
specimen shall be sufficienly large to preveni comtact of the
specimen with the sides of the nose (see Fig. 1). The maximum
ruding of the losding nose shall be no more than 4 times the
specimen depih.

Neme 2—Test duts have shonn that ihe Jooding nowe and ssppart
dimensions can influence ibe fAexoral modulus and fexaral strengsh
values. The loading pose dimension has the preater infloence. Dimensions
of the Ioading mose and supports must be specifisd in the material
specification.,

6.3 Micrometers— Suitable micrometers for measuring, the
width and thickness of the test specimen to an incremental
discrimination of s beast 0.025 mm (0001 in.) should be used.
All width and thickness measurements of rigid and semirigid
phastics may be measured with a hand micrometer with michet,
A suitphle instrument for measuring the thickness of nonrigid
test specimens shall huve: o contact measuring presswe of
25+ 25 kPu (3.6 + 0.36 psi), a movahle circulir contuct foot
6,35 + 0,025 mm (0250 £ 0,001 in.) in dismeter and a lower
fined amvil lange enough o extend bevond the contact foot n
all directions and being parallel o the contact foot within 0.005
mn {0,002 in) over the entire fool area. Flatsess of foot and
anvil shall conform to the portion of the Calibration section of
Test Metheds D 5947,

7. Test Specimens
T.1 The specimens may be cut from sheets, plates, or
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molded shapes, or may be molded w the desired finished
dimensions. The acwal dimensions used in Section 4.2, Cal-
culation, shall be measured in acoondance with Test Methods
D57,

Noms 3—Any necessary polishing of specimens shall be done oaly in
the lemgthwrse direction of the specimen.

7.2 Sheet Materials {Excepr Laminmied Thermosetiing Ma-
terials and Certain Materialy Used for Elecrrical Inswlarion,
Including Videamized Fiber and Glass Bended Mical:

T.2.0 Maseriols 1.6 mm (Vs in) or Greater in Thicknesi—
For flatwise tests, the depth of the specimen shall be the
thickness of the material. For edgewise tests, the width of the
specimen shall be the thickness of the sheet, and the depth shall
nod exceed the width (see Notes 4 and 5, For all tests, the
support span shall be 16 (olernce £1) times the depth of the
beam. Specimen width shall not exceed one fourth of the
support span for specimens greater than 3.2 mm (46 ) in
depth. Specimens 3.2 mm or less in depth shall be 12.7 mm (%
in.) in width. The specimen shall be long enough o aflow for
overhanging on ench end of at least 10 % of the suppornt span,
but in o case less than 6.4 mm (Y% in.) on each end. Overhang
shall be sufficient 1o prevest the specimen from slipping
thriugh the suppans.

Note 4—Whenever possible, the ongenal surface of the sheet shall be
nalensd, However, where testing machine lmstation make il impossible
t0 follow the sbove criterion on the unaltersd shoet, o ar boll surfuces
shall he muchined to provide the desinad dimensions, and the locaion of
the specimens with reference to the tofal depth shall be noted. The value
whinined on specimens with machined surfaces may differ from those
aitained oa specimens with onginal sarfaces. Conssquently, any specifi-
citwms {or flexural propertics on thacker shects must state whether the
ariginal surfaces are 1o be wizined ar noi. When valy ooe surface was
michaned, it it be stited whether the machined surface wiis om the
remsioa o compression side of the beam,

Note 5—Edgewise tests are pot apphcable for sheets that are so thin
that specimens meeting these regmirersents canood be cut. 1 specimen
depih exceeds the widih, buckling may occwr.

7232 Materials Less than L6 mm (Yis in) in Thickress—
The specimen shall be 50.8 mm (21m,) long by 12,7 mm (%2 m.)
wide, tested flatwise on a 28.4-mm (1-in.) support span,

Newe f—Llse of the formudn for smple beans cited in these st
methods for colculatmg resudis presumes (hat beamn width s small 1n
companson with the support span. Therefore, the formals do oot spply
sigurously 1o these dimensiane.

Nore 7—Where mackine seasitivity is such that specimens of these
dimvensinns camnot be I, witler p U sharier sappon
apans, o both, nuy be usal, provided the wppon span-o-depeh ratio is ot
Jeast 140 1 All dimnerssions must be suied in the repont (see abso Note 6.

T3 Lamisated Thermosetting Materials and Sheet and
Plate Muterials Used for Elecirical Insularion, Ineluding
Vileanized Fiber and Glass-Bonded Mica—For papes-huse
and fabric-base grades over 254 mum (1 in.) in nominal
thickness, the specimens shall be machived on buth surfaces o
a depth of 254 mm. For glass-base and nylon-base grades,
specimens over 127 mm (%4 in) in nominal depth shall be
machined on both surfaces to & depth of 12.7 mm. The support
span-io-depth ratio shall be chosen such that failures oceur in
the outer fibers of the specimens, due ooly to the bending
moment (see Note §). Therefore, o ratio larger than 16:1 may

a1

e mecessary (321 or 400 are recommended ). When luninated
materials exhibit low compressive strength perpendicular to the
lammmations, they shall be loaded with a large radius loading
nose (up to four times the specimen depth (o prevent premature
damage to the outer Aibers,

T4 Molding Marerialy (Thermoplastics and Thermosetsj—
The recommended specimen for molding materials is 127 by
12.7 by 3.2 mm (5 by Yehy Y in.) tested flatwise on a suppont
span, resulting in a support span-to-depth ratio of 16 {tolerance
£1), Thicker specimens should be avoided if they exhibit
significant shrink marks or bubbles when molded.

75 High-Streagth Reinforced Composites, Ineliding Highly
Orthatropic Laminates=—The span-to-depth ratio shall be ¢ho-
sen such that failure occars in the outer fibers of the specimens
and is due only to the bending moment (see Nowe H). A
spun-to-depth ratio Lirger than 16:1 may be necessary (32:1 or
40:1 are recommended). For some highly anisotropic compos-
ites, shear deformanion can sigmificantly infiuence modulus
measurements, even ol span-to-depth ratios as high as 40:1,
Hence, for these materials, an increase in the span-to-depth
rativ fo 601 13 recommended 1o climinate shear cffects when
modulus data are reguired, it should also be noted that the
flexural modulus of highly anisotropic laminates is 4 strong
function of ply-stacking sequence and will mod necessarily
correlane with tensile modulus, which is net stacking -sequence
dependent,

Nome 8—As 2 genenl mule, nupport span-io-depth mios of 16:1 are
aatisfactory when the ratio of the tensile strength wo shear strength is ks
tham 8 to L but the support span-io-depth ratio must be incressed for
composite laninates having relatively low shear srenith in thse plane of
the laminate and relatively bigh tensile srength paraliel to e suppon
span.

8. Number of Tost Specimens

8.1 Test at least five specimens for each sample in the case
of isotropic matenals ar molded specimens.

8.2 For each sample of anisotropic material in sheet form,
test al Jeast five specimens for each of the follewing conditions.
Recommended conditions are flarwise and edgewise wests on
specimens cut in lengthwise and crosswise directions of the
sheet. For the purposes of this test, “lengthwise” designates the
prancipal axis of anisotropy and shall be interpreted to mean the
direction of the sheet knawn to be stronger in flexure, “Cross-
wise™ indicates the sheet direction known 1 be the weaker in
flexure and shall be ut 90° 10 the lengthwise direction.

9, Conditioning

9.1 Conditioning—Condition the test specimens at 23 £
2°C(734 £ 3.6°F) and 50 = 5 % relative humidity for not less
than 40 b prior 1o test in sccordence with Procedure A of
Pructice D18 unless otherwise specified by contruct or the
relevant ASTM material specification, Reference pre-test eon-
ditiomng, o seitle disagreements, shall apply tolerances of
L1°C (1L8F) and =2 % relutive humidity,

9.2 Test Concditions—Conduct the tests w 23 = 2°C (T34 +
36F) und 50 £ 5% relative bumidity unless otherwise
specified by contract or the relevant ASTM material specifica-
tion. Referemce testing conditions, o sentle disagreements,
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shall apply tolerances of £1°C (L&°F) and 2% relative
Tutemidliey.

10. Procedure

101 Procedure A:

10L] Use an wntested specimen for each measurement.
Measore the width and depth of the specimen to the nearest
(.03 mm (0000 in) at the center of the suppart span. For
specimens less than 2.54 mm (0,100 in.) in depth, measure (he
depth to the nearest 0.003 mm (0.0005 in.). These measure-
ments shall be mide in accordance with Test Methods D 5947,

10.0.2 Determine the support span o he used as described in
Section 7 and set the suppon span to within 1% of the
determined vuloe.

10.1.3 For flexura] fxires that have continuously adjust-
ahle spans, measure the span accuralely to the nearest 0.1 mm
(0,004 i) for spans bess than 63 mim (2.5 1n,) and 1o the nearest
0.3 mm (0,002 in.) Tor spans greater than or equal w 63 mm
(2310 ). Use the netwal measured spun for all ealendmions. Fos
fiexural fixtures that have fixed machined span positions, verify
the spun disionce the same 25 for adjesiable spans at each
machined pasition. This distance becomes the spun for that
position and is used for caleulutions upplicable o all subse-
quent tests conducted at that position, See Anoex A2 for
wformation on the determmnation of and setting of the spun,

10.1.4 Caloulate the rate of crosshead motion as follows md
set the machine for the vate of crosshead motion s calculaed

by Bq I:

R=2d i
where:
R = rute of crosshesd motion, mm (in,V'min,
L = suppont span, mm {in.),
= depth of beam, nun (in.), and

d
Z = rute of straining of the outer fiber. mm/mm/min (in./
nfman). Z shall be equal to 001

In no case shall the actual crosshead rate differ from that
cakculated using Eq 1, by mone than = 10 %,

10.1.5 Align the loading nose and supparts so that the axes
of the cylindrical surfaces are parallel and the londing nose is
midway between the supports, The puralielism of the apparatus
may be checked by means of a plale with parallel groaves into
which the loading nose and supports will fit when properly
aligned {see A2.3). Center the specimen on the supports, with
the long axis of the specimen perpendicular 1o the lnading nise
and supparts,

10,16 Apply the load io the specimen i the specified
erosshead rate, and take simulaneous load-deflection duta.
Measure deflection either by & gage umder the specimen in
coniuct with it ai the center of the support span, the gage bemg
mounted stationary relstive 1o the specimen supports, or by
mezsarement of the motion of the loading nose relative 1 the
supports. Load-deflection curves may be plotted o determine
the Acxuoral strength, chord or secant moduolus or the tangent
modulus of elasticity, and the 1tal work as measured by the
ared under the load-deflection curve. Perform the necessary e
compensation (see Annex Al) 1o comect for seating and
indentaion af the specimen and deflections in the machine.

(0.7 Termimme the test when the muximum strain in the

outer surface of the test specimen has reached 005 mm/mm
(infin) or gt break if bresk occurs prior to reaching the
maximam steain (Nates 9 and 10). The deflection o which this
sirain will eccur may be caleulated by leiting r equal 0,03
mm‘mm (in/in,} in Eq 2:

B=ris i2)
where:
D = midspan deflection, mm in.),
Fo= stmin, mm/mm (infn,),
L = suppont span, mm {in.), and
d = depth of beam, mm (in)

Nartti §—For st muterials that d ool yiekd or hreak within the 5 %
strain lemi when jested by Procedumn: A, the iscreased srmn mie allowed
by Proceduse B {see [0.2) nay knduce the specimen to yield e hresk or
ok, withiin the requéred § % strain limi,

Narre [0—8eyonid 5% strain. this test methed i st applicable. Some
oiber mechanical property might be mone relevant b chamcicnie male-
riali thit seither yiehl sar break by cither Precedire A of Procedure B
within the 3% strain limit (for cxample, Test Method D638 nay be
womsidered )

102 Procedure B:

1020 Use an untested specimen for cach messurement.

10.2.2 Test conditions shall be identical to thoie desernbed
in 101, except that the rate of straining of the owser surface of
the test specimen shall be 0.10 mm/mm {in./in. \'min.

10,23 10 oo break has oceumed n the specimen by the time
the muximam strain in the ouer surface of the fest specimen
has reached 0,05 mm'mm (infin.), discontinue the test {see
Note 10),

11, Retests

111 Values for properties al rupture shall not be calenlated
for uny specimen thut breaks o some obvious, fomuious Saw,
urless such flaws constimite a variable being smudied. Retests
shall be made for any specimen on which values are not
calculated.

12, Caleulation

12,1 Toe compensaon shall be made in scoondance with
Annex Al unless it can be shown that the toe region of the
curve is not due o the take-up of slack, seating of the
specimen. or other antifact, but rather i an mhentic material
response,

122 Flexural Siess (orj—=When a homogencous elastic
material is tested in fexure a5 3 simple beam supported at two
points and boaded m the midpoint, the maximum stress in the
ouier sarface of the test spectmen occurs af ihe medpoint, This
stress may e colculsted for any paint on the load-deflection
curve by means of the following equation (see Notes 11-13)

m = 3L )
where:
o = siress {n the outer fibers at midpoing, MPa (psi),
P = load ai a given point on the lood-deflection curve, N
(i,
L = suppart span, mm {in.},
b = widih of beam ested, mm (in.j, and
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4. ASTM D6110-10 Untuk Standar Uji Impak

Designation: D6110 - 10

Standard Test Method for

Determining the Charp +y Impact Resistance of Notched

Specimens of Plastics

Thes suandard is seosd under the ued desigrazion D611, the mumber smmedinely fellowing @e desigianos indicaies the yoar of
weagineal sloption o, i the e of revisbon, et yesr of 1act reviskon. A marsber i pasenities mdeates e pear of L reappreval. A
saperccript spellon {4} ballesies a st change o 1 L sevishos or resppeowl.

L Scope*

1,1 This test method 15 nsed to determing the resistance of
plastics to breakage by flexural shock as indicated by the
tn:rg) extracted from mmhndmul {see Noe | pendulam-
type h lin 1 much it hreaking
standard specimens with ome pendulum swing. This est
method requires specimens to be made with 3 milled nosch (see
Mot 21 The moich prodeces o stress copceniration which
promates  brittle, rther than 2 ductile. fracture. The results of
this test method are reported in terms of energy atsarbed per
unit of specimen width (see Note 31,

Mo |—The mockines with pendulum.type hammers have. been
stnnifandirad im thr they must comply with certain raquiremesrs including
& fned beight of hammer f2, wiich reselis i o substantislly Hyed
velocity of the hzmmer ai the momes: of impoct. Hommess of differen:
|Mlnlm=m¢|pmdmrﬂhs‘ varyimg thewr effeciive weights), however, are

d for wee with speci af differenl impact reststance.
Moreover, massdacurers of the equipment s permitied to sse different
lengths and constractions of pendulums with possible differences
pendilliin mgidities el (s Soiten 31, Be awae thal et
differcooes i machine design do exist.

Mo 2—The e sturclandized in that they have 8 fined
lengih sad fxed depth, bowsver. the width of the specimens s perminad
o wary between lamits. One design of milled potch iy alfowed, The soich
in the specimen serves 1 concemtrate the strew, mEnmGE i
elommatsng, mnd direct the fracoare o the pant of the specimen behimd the
nofch. Scatlir e energy-to-hoiak s this redicerd. Bociuse af diflerenon
in the elastic amf viscoekssic properties of plastics, however, response @
& given nomh varks among maeria.

Bane 3—Caution must be enercised in isterpreting the nesudts of this
test method. The following esting parameters have hoer shown: 1o afect
test resules. sigmificamly: method of specimen: fahrication, mcluding hus
not limsied o processing sechaodopy. moldmg conditson:, mald decgs
vl thermad envatment; methad of notching: speed of nolching wool, design
af nolching apparatus; quality af the notch: fine hetween notching and
test: best specimen (hickness: test specimen width weder nolch; ssd
emaronmenial conditioming.

1.2 This ssandard does not porport o address all of the
safery concermns. If any axsdoiated witk i ase. B i the
respansibility of the uver of iy sandard 10 esublish appro-

 This vest b s smdr ihe jutsdictiom f ASTM Conmitior £ o0 Plaics
anelbs ihe direct respumsibiicy of Suhcommisce B 14 va Mochenieal
[T April 1_ Ui Pablisher) April U0 Criginally
ia 1997 Lt pvions alition ”Tmhd b 10N s DSLH - 0. DOL
18152061118,

printe saferv and health practices and determine the applica-
Bifity of regulatory lmisations prier fo ise.

Mere 4—Thes stainband resernbles 150 179 i tile oaly. The contel is
stgmaficamdly differeal

2. Referenced Documents

L1 ASTM Standands”

D618 Practice for Conditioning Plastics for Testing

D647 Practice for Design of Molds for Test S?amsnd!
Plastic Molding Materials (Withdrawn 19594)’

DER] Terminology Relating to Plastics

D0 Classification System for Specifyng Plastic Maten-
uls

D066 Classification System for Nylen Injection and Extm-
sion Muaterials (PA}

D537 Test Methods for Physieal Dimensions of Sofid
Plastics Specimens

E&9] Practice for Conducting an Interlaborssory Stady 10
Determing the Precision of a Test Method

3. Terminology

1.1 Pefenitionr—For definitions related 1o plastics. see Ter-
minalogy DEE3,

4, Summary of Test Method

4.1 A meuched specimen is supported as 2 honzomiz] simple
‘heam and is broken by a singhe swing of the penduolum with the
impact tine midway between the supports and directly oppesite
the notch.

5. Significance and Use

5.1 Before proceeding with this wst method, refer w the
maferial sp:uﬁnlmn for t'h: mmli b:mg tested. Any test
specimen | and testing
parameters required by the maserials qm:l.ﬁualun shall ke
precedence aver those required by this test method. Table 1 of

* For reforenced ASTM siamtands. v e ASTM webnie, wwwasimorg, or
contt ASTHM Cesmoer Service. o service@astmon. For dsrwal Book of ASTH
Saaradunds voleme information. refer o the stmdand's Bocunent Sussmary page on
the ASTM wehaite.

T bes el vesiom ol tha hitedsl munded b edoessd i
e g

#A Summary of Changes section appears ut the end of this sanidard
Copyragr! © ASTM Pisegtons. |03 Ban Hamer Dave. PO Box C709. ‘Wast Comgtorocian, PR (GE28-E063 Unfen Suses
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Clussification 4000 Lists the ASTM materials standards that
cumently exist, If there is no material specification, then the
requirements of this test method apply.

§.2 The pendulum impact test indicites the energy to hreak
standard test specimens of specified size under stipulated
conditions of specimen mounting. notching (stress
concentration), and pendulum velocity ut impact.

4.3 For this test method, the energy lost by the pendulum
during the breakage of the specimen is the sum of the energies
required 1o initiate fracture of the specimen; o propagate the
fracture across the specimen; to throw the free ends of the
broken specimen (ioss energy); to bemd the specimen: 1o
produce vibration in the pendulum arm; 1o produce vibration or
horizontal movement of the machine frame or base; to over-
come friction in the pendulum bearing and n the indicating
mechansim, and to overcome windage (pendulum arr drag); 1o
mdent or deform, plassically, the specimen at the line of
impact; und w overcome the friction caused by the rubbing of
the striking nose over the face of the bent specimen.

Nisre 5—The toss energy. of the energy usad to thaenw the free ends of
the beoken specimen, 1s suspected o represent o very lange fraction of the
totnl emerpry shsoohed when testing rebatively dense and brittle materials.
Nor provedure Ik beea establivhed for estimating tbe toss energy for the
Charpy method.

54 For tough, ductile, Aber-filled, or cloth-buminated
mierials, the fracture propagation energy is usually large
compured 1o the fracture initiation energy. When testing these
mterials, energy losses due 1o fracture propagation, vibeation,
friction between the striking nose and the specimen has the
potential w become quite significant, even when the specimen
15 accurately machined and positioned, and the machine is in
good condition with edequate capacity (see Note ). Significant
energy losses due (o bending and indentation when testing soft
materials have also been observed.

Nore f—Alibough the frame and the base of the machine must be
smfficiently rigisd and massive 1o handle the energies of tugh specimens
withaut mation or excessive shratian, the penduolam arm casnot be made
wery massive because the grester part of ie mass must be concentraied
neear s cemder of pescussion i ibs striking nose. Locating the striking nose
precisely ar the conter of percussion rednoes the vibratics of the penduluny
arm when wed with brittle specimens, Some losses due to pendubum arn
wibratin (the anvoum varying with the design of the pendulam) will ocewr
wilh tough specimens even when the srking nose i properly pasitioned.

55 In u well-designed machine of sufficient ngidity and
miass, the losses due o vibration and friction in the pendulum
hearing and in the indicating mechanism will be very small.
Vibrational Josses are observed when wide specimens of 1ough
muterials are tested in machines of insufficient mass, or in
machines that are vot securely fastened 1w a heavy base.

5.6 Since this test method permits a variation in the width of
the specimens and since the width dictates, for many materials,
whether a brittle, Jow-energy break (as evidenced by little or no
drawing down or necking and by a relatively low energy
absorption) er a ductile, high-energy break (as evidenced by
considernble drawing or pecking down in the region behind the
noich and by a relatively high energy absorption) will oceur, it
is necessary that the width be stated in the specification
covering thil matenal and that the width be stated abong with
the impact value.

R

5.7 This test method requires thut the specimen break
completely, Results obtained when testing muterials with s
pendulum that does not have sufficient energy 1w complete the
breaking of the extreme fibers and toss the broken pieces shall
be considered a departure from standard dind shall not be
reporied us a stundard resull. Tmpact values cannot be directly
compared for any two matenals that expenence different types
of failure.

.8 The value of this impact lest method lies mainly in the
arcas of quality control and materials specification. If two
groups of specimens of supposedly the same material show
significantly different energy absorphions, critical wadths, or
critical temperatures, it s permitied 1o wssume that they were
mide of different mterials or were exposed 1o different
processing or conditioning énvironments. The fact that a
miterial shows twice the energy absorption of another under
these conditions of fest does not indicate thar this same
relationship will exist under another set of test conditions.

6. Apparatus

0.1 Pendutum Impact Machime—The machme shall consist
of a massive hase on which are mounted a pair of supports for
holding the specimen and to which is connected, through a
migad frume and beanngs, ene of @ number of pendulum-type
hemmers having an imitial eaergy suitable for wse with the
particular specimen to be tested (or one basic pendulum
designed to accept add-on weights), plus a pendulum holding
mad releasing mechanism and o mechanism for indicating the
breaking energy of the specimen. The specimen anvil,
pendulum, and frame shall be sufficiently rigid to maintain
correct alignment of the striking edge and specimen, both at the
moment of impact and during the propagation of the fracrure,
el to minimize energy losses due (o vibration. The base shall
be sufficiently massive so that the impact will not cause it 1o
move. The machine shall be designed, constructed, and main-
tained so that emergy losses due o pendulum air drag
(windage), friction in the pendubum bearings, and friction and
inertia in the indicating mechanism ure beld 10 & minimum,

6.1.1 Pendulun—The simple pendulum shall consist of a
single or multi-membered arm with a bearing on one end and
4 head, containing the siriking nose. on the other. Although o
large proportion of the mass of the simple pendulum 15
concentrated in the head, the arm must be sufficiently ngid o
muintain the praper clesrunces and geometric relationships
hetween the machine parts and the specimen and {0 minimize
vibrational energy losses, whach are always included . the
measured mpact value, A machine with o simple pendulum
design is illustraced m Fig. 1. Instruments with & compound-
pendulum design also have been found to be acceptable for
use. A compound-pendulum design is dlestrated in Fig. 2.

6111 The muchine shall be provided with o basic pendu-
Tum capable of delivering an énergy of 2.7 + 014 1240 *
0,10 ft-Ibf). This pendulum shall be vsed for specimens that
extract less than 83 % of this energy when breaking a speci-
men. Heavier pendulums or additional weights designed o
antach to the basic pendulum shall be provided for specimens
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FIG. 1 Simple Beam (Charpy-Type) impact M;

that require more energy o break. A series of pendulums such
that each has twice the energy of the next lighter one has been
found convenient.

6.1.1.2 The effective length of the pendulum shall be
herween 0325 and 0406 m (12.8 and 16.0 in) so that the
required elevation of the siriking nose is obtained by raising the
penduilumn to an angle between 6 and 307 above the horizonial.

6.1.2 Striking Edge—The striking edge {nose) of the pen-
dulum shall be made of hardened steel, tapered 1 have an
included angle of 45 + 2° and shall be rounded 10 a radins of
17 £ (012 mm (0125 + 0.005 in ). The pendutum shall be
aligned in such a way that when it is in its free hanging
position, the center of percussion of the pendulum shall lie
within =2.54 mm (0. 10 in.) of the middle of the line of contact
ade by the stnking nose upon the face of a standird specimen
of square cross section. The distance from the axis of support
tw the center of percussion is determinesd expermentally from
the period of motion of small amplitude oscillations of the
pendulum by means of the following equation:

L=(ghx’|p* (48]

tah

FIG. 2 Example of Compound—Pendulum-Type Machine

whire:

L = distance from the axis of support to the center of
percussion, m,

Tocal gravitational sceeleration (known 1o an securicy of
one part in one thousand), mis”

31416 {47 = 3948), and

period, in s, of a single complete swing (to and fro)
determined from o least 20 consecutive and uminter-
rupted swings, The angle of swing shall be less than 5°
each side of center,

6.13 Pendulum Holding and Releasing Mechanism—The
mechanism shall be designed, constructed, and operated so that
it will release the pendulum without imparting acceleration or
vibration to the pendulum. The position of the pendulum
holding and releasing michamism shall be such that the vertical
height of fall of the striking nose shall be 610 + 2 mm (24.0
= 0005 in.). This will produce a velocity of the striking nose

g

T
P
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Fii3. 3 Relfationship of Amvil, Speciman, and Siriking Edge io
Each Other for Charpy Test Method

ol the moment of impact of approximately 346 m (114 ft)s us
determined by the following equation:

= ‘\fm )
where:
v = webocity of the striking nose at the moment of inpact,
¢ = local ravitational acceleration, und
i = vertical height of fall of the siriking nese.

This sssumes no windage or frction,

614 Specimen Supports—The test specimen shall be sup-
ported agaiist two ngd anvils i stich a position that its center
of gravity and the center of the noich shall Lie on tangent to the
are of ravel of the center of percussion of the pendulum drawn
at the position of impact. The edges of the anvils shall be
rounded 10 2 racius of 317 = 012 mum ((LE25 = 0L.005 in,) and
the anvils' lines of contact (span) with the specimen shall be
1016 £ 05 mm (40 = 0.02 in.) apan {see Fig. ). Some
nachine munufacturers supply o jig for positioning the speci-
mien on the suppors.

Nore T—Some machines currently m use emgloy o [08 {-mm span.
Data obained under these conditions are valid*

615 Indicator—=Means shall be provided for determining
the energy expended by the pendulum ia breaking the speci-
men. This is accomplished using either 2 pointer and diul
mechamsm or an eleeirome system consisting of a digital

4 Supportng dain have been Sled 2t ASTM hicmanosal Headgquesiers and may
be obtained by soquesting Hesaarch Bopon RDZM10EL

indicator and sensor (ypically an encoder or resolver). In
either case, the indicaied breaking energy ie determined by
detecting the height of rise of the pendulum heyond the point
of impact in terms of energy removed from that specific
dulum. The indicated ining energy mist be correcied
for pendulam beanng friction, poinler Irichion, pomder inertia,
and pendulum windoge. Some equipment manufaciumers pro-
widde graghs or tables to aid i the caleulation of the comection
for friction and windage. [nstructions for making these comec-
tions e found in Anmes Al and Annex A2 Many digital
indicating systems swomarically comect for windage and
friction, Consult the eguipment manufactorer for information
on how this s perfarmed,
6lh Appendinc X2 describes a calibration procedure for
establiching the accuracy of the equipment. A check of the
calibration of an impact machive 15 difficull 10 make under
dymamic conditions, The basic parameters normally are
checked under static conditions. If the mochine passes the
static fests, then it is assamed to be accurde. Appendin X2,
however, v describes 3 dynamic fest for checking certain
Teatures of the maching and specimen. For some machine
designs, it might be necessary 10 change the recommended
mithod of obiwining the required calibration measarements,
Contact the machine manufacturer 1o determine if additional
instructions for adjusting o parhcular maching are aviikable,
Other methods of performing the required checks are aceepi-
able provided that they are proven fo resull in an equivalent
BOCURECY.

6.2 Specimen Newching Machine—Naotching shall be done
on & milling machine, engine lathe, or other suitable machine
tool. A carbide-tipped or industnal diamond-tipped notching
citter {8 recommended. Both cutter speed and feed rate shall be
comroflable. Provision for cooling the specimen & recom-
mended. Water and compressed air are suitahle coolants for
mny plastics.

6.2.1 The profile of the cutting tooth or teeth shall be such
as 1o preduce o notch in the test specimen of the coatowr and
depth specified in Fig. 4 and in the manner specifiad in Section
8

622 A single-wocth cutter shall be used for soiching the
specimen, unbess it 15 demonstratzd that notehes of an equiva-
lent gaality are produced with 2 multi-woth cotter. Single-tocth
cutrers are prefermed because of the egse of grinding the cutter
tiy the specumen contoir and because of the amodther cut on the
specimen, The cutting edge shall be ground and honed care-
fully o ensure sharpness and freedom from nicks and burs,
Tools with no rake and o work relief angle of 15 to 20° have
been found satisfactory.

6.3 Micrometers—Apparatis for measurcment of the width
of the specimen shall comply with the requirements of Test
Methods 05947, Appanatos for the messurenwnt of the depth
of plastic material remaining in the specimen under the noich
shall comply with reguirements of Tesl Methods D3947,
provided however that the one anvil or presser foot shall be a
tapered blade conforming 1o the dimensiens given m Fig 3,
Thee oppasing anvil or presser foot shall be flat and conforming
to Test Methods D5947,
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—1— _i_ MOLDING
c
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'WITH SECTION 7.2
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A 1016 005 0400 2 0.002
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8.0 mn 2.8y min
c 1270 man 5,00 max
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] 0.25A & 0.05 0010 = 0.0C2
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FIG. 4 Dimansions of Simpla Beam, Charpy Type. Impact Test Specimen

Standard Spindie
(Fiat Circular Anvil

Specimen End View Specimen Side View
[FIG. 5 Notch Depih Measurament on Tesi Specimens

7. Test Specimen

7.1 The test specimen shall conform o the dimensions ad
geomeiry of Fig, 4, excepl as modified in accordance with 7.2
- 75 To ensure the comect contour and conditions of the
specified notch, all specimens shall be notched in acoordunce
with Section £

e

7.2 Molded specimens shall have a width between 3,00 and
127 mm (0,118 and 0.500 m.), Use the specimen width as
specified in the material specification or as agreed upon
between the supplier and the cusiomer,

T.2.1 The tvpe of mold and mokbng maching used and the
fiow behavior i the mold cavity will influence the strength
obtained. It is possible thit results from a specimen taken from
one endl of 8 moldad bar will give different resulis than o
specimen taken from the other end. 11 is therefore important
thie coperiting laboraterizs agree on standard mokds canfarm-
img to Practice D647, and upen & standard molding procedure
fior the matcrial wnder investigation,

T.22 A critical investigation of the mechonics of impact
testing has shown that tests made upon specimens under 6,33
e (0:250 in) i width absoeb moce energy due 1o crushing,
bending, and twisting than do wider specimens. Specimens
6.35 num (0250 in.) or over in width are therefone recom-
mended. The mesponsibility for determining the minimum
specimen width shall be the mvestigatar's, with due reference
tor the specification for that material

7.2.3 The impact resistance of a plastic material will be
different if the notch is perpendicalar to, rather than parallel to.
the direction of molding,

7.3 For sheet materials, the spacimens shall be cut from the
sheet in both the Tengthwise and crosswise directions unless
otherwise specified. The widih of the specimen chall be the
thickness of the sheet iff the sheet thickness is between 300 and
12,7 mm (0. 118 and 0.500 in.}. Sheet material thicker than 12.7
mm (0,500 in.) shall bhe machined down to 12,7 mm (0,500 m, .

84



¥ oer10-10

It is acceptable to test specimens with a 12.7-mm ¢0.500-in.)
square cross section either edgewise or fatwise as cul from the
sheet. When specimens are tested flatwise, the notch shall be
made on the machined surface if the specimen is machined on
one face only. When the specimen is cut from a thick sheet,
notation shall be made of the portion of the thickness of the
sheet from which the specimen was cut, for example, ceater.
top. or hotiam surface.

731 The impact resistance of a plastic material will be
different if the noteh is perpendicalar 1, rther than paraflel o,
ihe grain of an anisolropic bar cut from a sheet. Specimens cut
from sheets that ure suspected of being anisotropic shall be
prepared and tested both lengthwise and crosswise 1o the
direction of the anisotropy.

74 The practice of cementing, bolting, clamping. or other-
wise combning specimens of substandard widih to form o
composite lest specimen is not recommended since test results
will be seriously affected by interface effects or effects of
selvents and cements on energy absorption of comiposite (est
specimens, or both. 1f Charpy test data on such thin meaterals
are required, however, and if possible sousces of error are
recognized and acceptable, the following technique of prepar-
ing composites vught to be utilized, The test specimens shall be
1 composite of individual thin specimens totaling 6.35 1o 127
men (0,125 to 0.500 in,} in widih, Individual members of the
composite shall be aligned accurately with each other and
clamped, bolted, or eemented together. Care must be taken 1o
select a solvent or adhesive that will ot affec) the impact
resistance of the material under test. If solvents or solvent-con-
faining adhesives are employed. s conditioning procedure shall
be established to ensure complete removal of the solvent prior
1o test. The compasite specimens shall be machined o proper
dimensions and then notched. In all such cases, the vse of
composie speaimens shall be nobed i the report of test resulis,

7.5 Each specimen shall be free of twist und shall be
bounded by mutually perpendicular parrs of plane, paralleled
surfaces and free from seratches, pits, and sink marks. The
specimens shall be checked for conformity with these requine-
ments by visunl observation against stroight edges, squores or
flar plates. and by mensuring with micrometer calipers. Any
specimen showing chservable or measarable departure from
one or more of these requirements shall be rejected or
machined 1o the proper size and shape before testing. A
specimen that has a shight twist to its nosched face of (.05 mm
{0.002 in.) at the pamt of contact with the pendulum siriking
edge will be likely to have a characteristic fracture surface with
considerable greater fracture area than for a pormal break. In
this case, the energy to break and toss the hroken section will
be considerably larger (20 10 30 %) than for a normal break,

8. Notching Test Specimens

Note 8—When testing a material for the fird Lime, if 15 pecessary (o
study the effect of all variatons in the notching conditions, inclsding
cutter demessives, molch depth, cuter speed, and feed rate. To estabhsh
that (hve menching pasmetens ane suitable, it is advisable o mnch several
specimens of the material and mspect both the jool emrmnce and (ool exit
sile of cach noéched specimen, m accordance with Appendix X1 Adst

8.1 Norch Dimemsions—The included angle of the notch
shall be 45 + 1" with a radius of curvature af the apex of .25
+ 0,05 mm (0.010 + 0,002 in.), The plane hisecting the notch
angle shall be perpendicular to the face of the test specimen
within 2%,

8.1.1 The notch is 2 critical factor of this test. It is extremely
important. therefore, that dimensions of the notch in the
specimen are verified There is evidence that the contour of
nofehes cut in materials of widely differing physical properties
by the saene cutter will differ. It is sometimes necessary 1o alier
the cufier dimensions in order 1 produce the required notch
contour for certain materials,

8.1.2 A motching operation notches onie of more specimens
plus the “dummy bars”. The specimen notch produced by each
cutrer will be examined after every 500 mching operations or
less frequently if experience shows this 1o he acceptable, The
specimen wsed o verify the nowch shall be the sime material
thal is being prepared for testing. Inspect and venify the notch
in the specimen. If the angle or radivs of the nowh does not
meet the requirements of 8.1, the cutter shall be replaced, One
procedure for inspecting and verifying the notch is provided in
Appendix X1.

Nore $—The: contour of the nosch made using milei-tooth cutsers s
checked by messusmg the contaur of the noech e o snp of soft metal that
is mseried hetween two specimens during the noiching pracess,

Nome [h—When the same material is being lested on o repetitive hasis,
and 1t s demonsirated that the notch in the specimes takes the costour of
i tip of the cutter and that the nolch meets e confour rRquEREments
when checked in socondimee with Appendix X, thes it ix scceptable o
wheck the costour of the tip of he cutter [msead of the notch in the
specimen

B2 Notek Deprii—The depth of the plastic matesial remain-
ing in the specimen wnder the notch shall be 10,16 = 0.05 mm
(0400 = 0002 in). This dimension shall be measured with
apparatus in accordance with 6.3, The tapered blade will be
fied to the notch. The specimen will be approximately vertical
between the anvils, Position the edge of the non-cavity (wider
edze) surfoce centered on the micrometer's flat circular anvil

8.3 Cutter Speed and Feed Rale—Select the cutter spesd
ndl Feed speed based on the material being tested. The quality
of the notch will be adversely affecied by thermal deformations
and stresses induced during the cunting operation if proper
conditions are not selecled.” The notching paramelers used
shall nat aher the physical state of the material, such as by
raising the temperatare of a thermoplastic above its glass
trunsition lemperature.

831 In general, high cunter speeds, slow feed rates, and
lack of coolant induce more thermal damage than a slow cutter
speed, fast feed speed, and the wse of a coolant. Too high a feed
speedicutter speed nitio, however, has been shown W case
impacting und cracking of the specimen. The mnge of culier
speedifeed ratios posiible 1o produce scceptable notches has
been shown to be extended by the use of a suitable coolant.

8.3.1.1 For some thermoplastics, suitable notches have been
produced using cutter speeds from 54 1o 150 m/min and a leed
rate of 89 to 160 mmimin without o water coolant, Satisfactory

the molching machine 15 required. The s ised 1o ik
suilching conditions shull mol he used 1o make delerminations of gt
LTI

* Supporting s kave beem filed ai ASTM Intermsonal Beadypariers aml may
the ribigined by rogeesting Research Repor RE-D20- 1066,
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notches also bave been produced using the same cuer speeds
at feed speeds of from 36 to 160 mm/min with water coolant,

§.3.1.2 Embedded thermocouples have been wsed 10 deter-
mine the remperature rise in the material near the apex of the
notch durng machining, Thermal stresses induced doning the
notwching eperstion have: been ohserved in iransparent makeral

nuadde to determing the average impact resisiance for a particu-
lar sampe. The specimens shall be of nomisal widih anly,
10.1.2 Notch the specimens in accondance with the proce-
dure in Section §,
10.1.3 Condition the specimens in accordance with the

by viewing the specimen at low magnification berween crossad
palars in mocochromatie hght. The specimens wed fo deter-
minrmmmrbzdu]lmhuwdmmakzlhnmimﬁm
of impact resistance,

832 The feed rate und the cutter speed shall remain
constant throughaut the notching aperation.

#4 It s acceptable to nowch specimens mdividually or in a
group. In either case, however. an unnoiched backup or dummy
bar shall be placed behind the last specimen in the sample
habder to prevent distorhon and chipping by the cotter as it
enits from the last test specimen.

8.3 All specimens having one dimemsion less than 12.7 mm
{0.500 in.) shall have the noich cul on the shoder side,
Compression molded specimens shall be notched on the side
pasallel o the direction of application of molding pressare. The
impact resistance of a plastic material will be different if the
notch is perpendicular to ruther than paralle] to the direction of
mlding, a5 with or across the grain of an anisotopic bar cut
from o plate.

9. Canditioning

4.1 Check the maserials specifiction for the materiul that is
being tested. [f there are no conditioning requirements stated
by the materials specification, the fest specimens shall be
conditioned a1 23 + 29C (T3 + 36°F) and 50 = 10 % relative
humidity for not less than 40 b after noiching and prior 1o
testing in gecordance with Procedure A of Practice D6LS unbess
documented (between sapplier amd customer) thal shomer
conditioning time 1 sufficient for a given material o rach
exquilibrium of impact resistance.

9.2 For hygroscopic materials, such as nylons, the malerial
specifications (for example, Classification System D4066) call
for testing dry-as-molded specimess. Such requirements take
precedence over the above routing preconditioning 1o 50 %
relative humidity. These specimens shall be sealed in water
vapur-impermeable containers as soon as molded. When notch-
ing these specimens, minimize the exposure time during
notching and refurn the specimens 1o a dry container after
noiching o allow for full cooling of the specimens prior 1o
testing.

93 Test Conelitions—Conduct tsts in the standand labora-
tory atmesphere of 13 £ 2°C (73 £ 36°F) and 30 = 10 %
relative humidity. unlbess otherwise specified [n cases af
disagreement, the tolerances shall he +1°C and =5 % relative
humidity.

10, Procedure

10,1 Specimen Preparation.

10,11 Prepare the test specimens in sceordance with the
procedores m Section 7. At least five and preferably ten or
mure individual determimations of impact resistance shall be

aterials specification for the material that i being tested, IF
there e no conditioning requirements detailed in the mutenals
specification, follow the conditioning requirements in Section
2

102 Machine Preparation:

10.2.1 Esumate the breaking energy for the sample and
sebect a pendulum of suitable energy. Select the lighiesi
standand pendulum thot s expecicd o break all specimens in
the groap with an eperpy loss of not more than 85 % of s
capacity (see 1) I the hreaking energy cannot be estimated,
select the comect pendulam by performing wial runs. Lise
caution o avoid damaging the pendulum by sclecting 2
pendulum that 15 too light for a particular sample,

Do |l —Ideatly, an bmpact et wonld be condacted o o comatand ost
velocay. In a pendubam-type test, bowever, the velocitly decreases o the
Erscture progresess. For spevimen tal have an kmpact energy approach-
iz ihe capacwy of the pentulm. there is insulficient emerzy in complele
the beeak and wss. By avoiding the higher |5 % scale encegy readings, the
ety of the pendulns will net be rediced beluw | 33 mis. O e cther
fuaml, the wee of o pendulim that is 100 beavy would neduce fhe semitiviry
of the reading

1022 Afier installing the sefecied pendulam on the
machine, check the machine for conformity with the require-
ments of Section 6 before starting the rests,

10.2.3 When using a machine equipped with a pointer and
dial mechanism or an clectronic indicator that does mot
sutomatically correct for windage and friction, determine the
windage and friction comeetion factors for the maching hefore
testing specimens. Windoage and friction correction faclons
shall be determined on & daily basis and shall be calonlated
each time weights are added to the pendulum or the pendulum
ix changed. Refer io Ammes Al for information on consiruciing
windage and friction comectina charts o refer 1o Ames A2 for
a procedure 1o caleulatz the windage mnd friction comection, 1f
excessive friction is indicated {see X202 and X2.13) the
machine shall be adjusted before testing specimens, Falkow the
machine menufaciures's instrections o correct for excesave
windage and friction,

Wiy §2—The aciual eoerection ficiors for windoge and fricticn wili he
ssmbler thram these facturs I an actual tesi becie the energy dbworbed by
Ibe specimen peevents the pendulum from making 3 full sz The
imdicaed bicaking emergy of the specimen, dwerefore, most be includad in
b caloaluion of the maching commetion.

1024 Seme machines equipped with an electronic digital
display or compuber anfomatically compensaie for windage and
friction.

103 Specimen Testing:

1031 Check all of the specimens in the sample group for
conformity with the requirements of Sections 7 and 8 and 1001

10.3.2 Measure snd record the width of each specimen after
ovtching o the nearest 0025 mm (000] n). Measure the
width in ome Iocation adjacent to the nosch centered shoot the
anticipated fractiore plme.

86



iy ost10-10

10.3.3 Measure and record the depth of material remaining
in the specimen under the notch of exch specimen 1o the nearest
0.025 mm (0.001 in). The tapered blade will be fitied to the
noteh. The specimen will be approximately venical between
the anvils, Position the edge of the noo-cavity (wider edge)
surface so that it is centered on the micrometer's fat circular
anvil. See Fig. 5.

10034 Position a test specimen honzontally on the supports
and against the anvils so that it will be impacted on the face
opposite the notch (see Fig. 3). Center the notch between the
anvils. A centering jig is useful for this purpose.

10.3.5 Raise and secure the pendulum in the release mecha-

10,36 Release the pendulum, allowing the stnking edge of
the pendulum to impact the specimen. Note the indicaied
breaking energy.

10057 Calculate the net breaking energy (see 11.1), If the
net hreaking encrgy is greater than 85 % of the pendulum’s
nominal energy, the wrong pendulum was used. Discard the
result. Select and install a pendubum with o greater available
energy or add additional weight 1o the pendulum, determine the
windage and frction comection factor, and repeat the test on a
W Specimen,

10.3.8 I the proper pendulum was used, st the remmimng
specimens a8 described m 1031 - 1036 Results from
specimens that do not break shall be discarded, A specimen thi
does not break completely into two or mare pieces is not
considered 10 be broken.

10,39 After ull of the specimens for the sample have been
tested, caleulate the ympact resistance, m joules per metre, for
each individual specimen (see 11.2).

10300 Calculate the average impact resistance for the
group of specimens (see 11.3). Villues obtained from specimens
that did not break completely shall nor be included in the
average,

10301 Cabeulate the stundard deviation for the growp of
specimens (see 1141

11. Calculation

1.1 Ner Breaking Energyv—Subiract the windage and fric-
tion loss energy from the indicated breaking encrgy.

112 fmpact Resistance—Divide the net breaking energy by
the meénsured width of each individual specimen.

113 Calculate the average impact resistance for a group of
specimens. by adding the individual impact resistance values
for the group and dividing the sum by the 1al number of
specimens. in the group,

114 Calculate the standard deviation as follows and repori
it 1o two significant figures;

= V(T -0 8- (3

estimated standard deviation,

value of single observation,

number of ohservations, und

arithmetic mean of the set of ohservations,

EE
LI 1}

12, Report

12,1 Repont the follewing information:

1211 Complete identification of the material tested, includ-
ing type source, manufacturer’s code number, and previous
histary.

1212 Astatement of how the specimens were prepared, the
testing conditions used, the number of hours the specimens
were conditioned afier notching, and for shees materials, the
direetion of testing with respect 1o anisotropy, if any.

12.1.3 The capacity of the pendulum, J.

1214 The span.

12.1.5 The width und depth under the notch of each speci-
e lested,

12.1.6 The total number of specimens tested per sample of
maderial (that is five, ten, or mare).

1217 The average impact resistance, Jfm. Impact resis-
tance s not o be :cpmgd fior other than complete breaks.
Reporting results in k)fm® is optional (see Appendix X4),

1218 The standard deviation of the values of the impact
resistance of the specimens in 10.3.11.

TABLE 1 Precision for Charpy Tost
Values v Hablin. of Width

Mo deage 54 5t g ge el
Prandia 0% 00289 00s0  0oR o 1
Finieitead
myan 195 0065 GMI 048 04D 7
Poycarhonmla 285 D.083 naz22 023 118 a
Poypopyers 405 051 oM 042 1ae 9
ABS W3 oNE 08M 03 178 9
5, = within-laboratory sandand devigben for the ndicsted matesl, || is obtainad
by pocing tha wihi y darviations of the sl the
partisipatrg aborstones:

& = [[I81 +i8yl" . .+ 8 n]™
B35, = between-iaborsicres reproducinilty, expracsed as slandaid devizion:
B =|Slegr)m
where 5, = sandard devaion of Bborskey MEans.

Ct » wilhie-laboeatory rikcsl inlerna Btwasn tuo bt resdls « 285 5,
O = between Isboratcres offical inarval betwean two et resuls = 28 % 5o

13. Precision and Bias

13,1 Table | is based on a round robin® conducted in 1987
in secordance with Practice EA91, involving five materials
tested by ning laboratories. For cach material, all samples were
preparcd ot one source, but the individual specimens were
notched and condinoned at the laboratones which tested them.
Each laboratory tested an average of nine specimens for each
maderial. (Warning—The explanations of r and 8 (132 -
13.2.3) are intended only to present o meaningful way of
considering the approximate precision of this test method. The
duta presented in Table | are not to be applicd to acceptance or
rejection of materials, as these data apply only 1o the materials
tested in the round robin and are unlikely to be ngorously
representative of other kots, formulations, conditions, materials,
or laboratories. Users of this test method are advised 1o apply

L datn Barve boem fled al ASTM ) | Bl sl mmy
e chtained by rogeesting Brseanch Repont RE:000.1134
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the principles ootlined in Pructice E6%1 W generate dut
specific 1o their matenials and laboratory, or between speeific
Iabarstories. The principles of 133 - 1323 would then be
valid for such dats. |

13.2 Concept of rand K in Table | —If §, and 5, have been
calulated from o Jarge enough body of daia. smd for fest resulis
that were averages from lesting nine specimens for each test
result, then:

§3.21 Repeatabiliny—r is the interval representing the criti-
cal difference between two test results for the seme mugeral,
obtmned by the sume operstor using the seme equipment on the
same day in the same |shoratory. Two tests results shall be
Judged not equivalent if they differ by more than the + value for
that material

1322 Reproducibility—R & the mterval representing the
criticill difference between twor iest resulis for the same
naaterial, obtained by different operators using different squip-
ment i different Ishorataries, not necessarily on the same day.
Two test results shall be judged not equivalent if they differ by
e than the K valse for thit meaterial.

1323 Any judgement in accondince with 13.2.) og 1322
would have an approximate 93 % (0.95) probabality of being
oomect,

13.3 There are no recognized standards by which to esti-
ate bias of his lest method,

4. Keywards

14.] Charpy impact; impact resistance; noich sensitivity,
notched specimen

ANNEXES

(Mandatory Enformation|

AL INSTRUCTIONS FOR THE CONSTRUCTION OF A WINDAGE AND FRICTION CORRECTION CHART

ALl The constrction and use of the chan herein described
15 bosed wpon the assemption that the tnction ond windage
lesses are propostional to the angle through which these loss
tovques are applied o the pendulum. Fig AL shows the
assumed eoergy oss virsus the angle of the pendulum positicn
doring the pendulum swing. The corection chan 10 be de-
scribed i principally the left half of Fig. ALL Some man-
Facturers supply windage and (riction comection charts for their
equipment. The energy losses desipnated as A or B are
descrabed 1n 103

Al2 Siart the construction of the comection chart (Fig.
AL2) by laying off te sume convenient lingsr scale on the
abseissa of & graph the angle of pendulum posinon for the
portion of the vwing beyond the free hanging position. Far
convenience, place the free hanging reference point on the
right end of the abscissa with the angular displacement
increasing linearly to the left. The thscissa is referred fo as

o

L3
v
.g.
{ ¢
MAKIMUM SWING FREE HANGING BRLEASE
POEITION POSITRON FOSITION
UNERR A
WO BERE €

FIG. 1.1 Mathid of Construction of @ Windage and Friction Cor-
tection Chast

=
=

CORRECTION — LINEAR SCALE "D

~— LINEAR 8
NONLINEAR ENERGY —
FilG. A1.2 Samgle Windage and Friclion Carection Chart

READING WITH POINTER — LINEAR SCALE “A"
READING WITHOUT POINTER — LINEAR SCALE "B~

Scade C. Although angular displacement is the quaniity 1o be
represented hnearly on the abscissa, this displacement & more
convenizntly expressed in terms of indicated energy read from
the machine dial. This yields a nonlinear Seale C with indicared
pendulum energy increasing to the right.

AL3 On the right hand ardinate |2y off a linear Scule B
starting with zero at the bottom and stopping ot the maximum
expecied pendulum friction and windage valee at the top,

Al4 On the left erdinate construct a linear Scale D ranging
from zere at the botiom o 1.2 timex the maximum ordingie
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value appeartng on Scale B, but make the scale twice the scale
used in the construction of Scale B,

ALS Adjoining Seale D draw a curve OA which is the focus
of poants whose coordinates have equal values of energy
correction on Scale D und indicated energy on Scale C. This
curve is referred to as Seale A and utilizes the same divisions
and numbering system as the adjoining Scale D.

AL& Instrections for Using Charr:

ALA Locate and mark on Scale A the reading A obtained
from the free swing of the pendulum with the pointer prepo-
sitioned in the free hanging or maximum indicated energy
position on the dial.

Al6.2 Locate and mark on Scale B the reading B obtained
after several free swings with the pointer pushed op close to
rero indicated energy position of the dial by the pendulum n
accordance with instructions i 103,

A16.3 Connect the two points thus obtained by 1 straight
line.

Al6A From the indicated impact energy on Scale C project
up to the constructed tine and across 1o the left 1o obtain the
carrection for windage and friction from Scale D.

ALGS Subtract this correction from the indicated impact
reading to obtain the energy delivered to the specimen,

AZ PROCEDURE FOR THE CALCULATION OF WINDAGE AND FRICTION CORRECTION

A2.1 The procedure for the ealeulation of the windage and
friction comection in this annex 35 based on the equations
developed by derivation in Appendix X3, This procedure is
scoeplable as a substitute for the graphical procedure described
in Annex Al and is applicable 1o small ebectronie caleulator
and computer analyss.

A2 Caleulate I, the distance from the axis of support 1o
the center of percussion as indicated in 6.3, 1t is assumed here
that the center of percussion is approximately the same a5 the
center of stnke,

A23 Measure the maximum height, k. of the center of
percussion (center of stnke) of the pendulum at the start of the
test as indicated in X211,

A24 Measure and recond the energy correction, £, for
windage of the pendulum plus friction in the dial, as deter-
mined with the first swing of the pendulum with no specimen
in the testing device. This correction must be read on the
energy scale, Ey, appropriate for the pendulum used.

A25 Without resetting the position of the indicator obtained
in A24, measure the energy comection, Ep for pendulum
windage after two additional releases of the pendulum with no
specimen in the lesting device,

A2 6 Caleulate i, us follows:

Pou= cos' [1= [(MJI1 - EJES] (A2}
where:
£, = energy comection for windage of pendulum plus
friction in dial, J (frIbf),
Ey = full-scale reading for pendulum used, J iftIbf),

L distance from fulerum to center of strike of

pendulum, m (ft),

hy = maximum height of center of strike of pendulum at
start of test, m (). and

By = maimom angle pendulum will wavel with one swing
of the pendulum,

AT Measure specimen hreaking energy, Ey. J (ft1bf),
A28 Calculate f for specimen measurement £, as:

f= e L =[im L - EQE) 142.2)
where;

f = angle pendulum travels for a given specimen, and

Ey = dial reading breaking energy for a specimen, J (ft-[hf),

A2Y9 Calculate total cormection energy, Epp as:

B, =(E, — (E 42| [{Mp S HIELT) (A1)
where:
E = toml correction energy for the breaking energy, £, of
a specimen, J (fidbf), and
Ey = energy comection for windage of the pendulum, J
(f-1bf).
A2 Caleulste the impact resistance using the following
formula:
1,=(E, - Eg i (A2.4)

1, = mmpact resistance of specimen. Mm (ft-Ibifin.) of width,
and
r = width of specimen or width of notch, m (in.)
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APPENDIXES

(Sanmandatory Infermmation)

XL PROCEDURE FOR THE INSPECTION AND VERIFICATION OF NOTCH

X11 The purpese of this procedure is 1o describe the
maerescopie method 1o be used for determning the radins and
ungle of the moach, These measurements could also be made
using & comparater if available,

Mok X1 l—The mosch shall have 3 radins of 0.25 = 005 mm {010
= 0002 inch ond an amgle of 45 = 17,

X1.2 Apparatus,

X120 Optigal Device, with minimum maganificaon of
60, Filur glace seule and camern urtichment.

X1.2.2 Trapsparent Template, that will be developed in this
procedure.

X123 Ruler
X124 Compass

X125 Plasric
4345407,

Drafting  Sét  Squiares  (Triangles),

X13 A transparent template must be developed for each
magnification and for each microscope wsed. It is preferable
it each laboratory standandize on one microscope and one
magnificwtion, It is ned necessury for esch boratory 1o wse the
sume magnilicstion bevause each microscope and camera
combinanon have somewhat different blowup mtios

X130 Ser the magnification of the optical deviee ar a
suitahle magnificstion with o minimum magnificstion of 60,

X1.3.2 Place the Filar glass slide on the microscope plat-
form. Foous the microscope so the mast distinet of the Filer
seale is visible,

X1.3.3 Take a photograph of the Filar scale {see
Fig. XL1).

X134 Create a template similar to that shown in
Fig: X1.X

X134.1 Find the spproximute center of the psece of paper.

X1342 Draw a set of perpendicular coordinites through
thee center paint.

X1L343 Draw a family of concentric circles that are spaced
in accordance with the dimensions of the Filar seale. This task
is accomplished by first setting o mechanical compiss at a
distance oF 0.1 mm (0.00f in.) a5 referenced by the magnified
photograph of the Filar eyepiece. Subsequent circles shall be
spaced 002 mm apart (0.001 i), as rings, with the ouler nng
being 0.4 mm (0016 in.) from the center.

X135 Phowcopy the paper with the conceniric circles o
make a trunsparent template of the concentric circles,

X1.3.6 Construet Fig. X1.3 by taking a scond piece of
paper. finding its approximue center, and marking this point,
Draw one line through this cemer point. Label this line #em
degree (07, Draw a second line perpendicular to the first line
through this center point. Label this line %0°, From the center

11

1.0

Nt 1— 100 Refenenie
TNors 2—00 | mm magor scales Q01 o maor scale
FIG, X1.1 Filar Scale

draw o line that 15 44" refative o the 07, Label the line 447,
Draw another Jine at 46%, Label the line 46°,

X014 Place a micrescope glass shide on the microscope
plasform. Place the notched specimen an top of the slide, Focus
the microscope, Move the specimen arcund using the platform
adjusting knobs unnl the specimen’s notch 15 centered and near
the bottom of the viewing area. Take a picture of the noich,

XLAL Determination of Notching Radius (Fig. X1.4):
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Nots 1 —Magmificatson = Nl
FAG. X1.2 Exampin of

0410 018 026 034 042

X1.4.1.1 Place the pictire on a sheel of paper. Posttion the
picture so thet botam of the notch in the picare faces
dowrrwards and is showt &4 mm (2.5 in_) from the bottom of the
paper. Tape the pictuse dow b0 ihe paper.

X1.4.1.2 Draw two lines oloog the sides of the noich
prigecting down 1o a point whese they intersect below the noich
Point I {see Fig. X1.4B).

X1.4.13 Open the compass 1o about 51 mm (2 in.). Using
Faint | as & reference, draw two arcs intersecting bath sides of
the motch (see Fig X1.4C). These intersections are called la
and 1h.

X1.4.1.4 Close the compass (o sbout 38 mm {15 in. ). Using
Foint la as the seference paint, draw an arc {23) shove the
maich, draw a second are {3b) that iniersects with anc 20 ot
Point . Draw a line berween | and 1 This esiablishes the
centerline of the notch (see Fig X14Dy

X1.4.1.5 Place the transparent template on top of the piciure
and align the cemter of the concentric circkes with the deawn
centerline of the notch {see Fig. X14EL

Tompiata tor

g Radus of Notch

XLALA Slide the template down the cemterdme of the mitch
until one concentric circle wuches both sides of the notch.
Record the radius of the notch snd compars it spainst the limits
of 0.2 to 0.3 mm ((L008 o 0012 i)

XLA.LT Examine the notch te ensure that there are no fla
spitx along the measwred radies,

X142 Deermimapion of Noroh Angle—Flace transparent
template for determining nosch angle (Fig. X1.3) on top of the
photograph attached to the sheet of paper. Rotate the picture so
that the noth tip is pointed wwands you. Position the cemer
point of the wmplate on top of the Point | established in 0° axis
of the template with the right side straight partion of the notch.
Check the lefr side stralght perticn of the noteh w ensure that
this portion falls between the 44° and 467 Imes. If not. replace
the blade.

X1.5 A pictare of o notch shall be taken af leasi every 300
noiches or if a control sample gives a valoe outside iis 3-sigma
limits for that test.
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90°
46;10
r
CENTER
POINT
FIG. 11.3 Example of Tempiate for Angie of Notzh

K16 If the noach in the comrol specimen is not within the
reguirernents, tuke a picture of the nolchng blade und analyze
il by the same procedure used for the specimen notch. 1f the
noiching blade does not meet ASTM requirements or shows
damage, it shall be replaced with & new blade which has been
checked for proper diminsion:.

XLT 1f 2 cutier has the eormect dimensions., but does not cut
the correct notch in the specimen, it will be mecessary o
evaluate other conditions {curter and feed speads) 1o obtain the
comeet notch dimension for that matenal
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XL CALIERATION OF PENDULUM-TYPE HAMMER IMPACT MACHINES FOR USE WITH PLASTIC SPECIMENS

X2.1 This calibration procedure applies specifically to the
Charpy impuct machine.

X227 Locate the impact machine on a sturdy base. It shall
niot walk on the hase and the base shall aot vibrase appreciahly.
Loss of energy from vibrations will give high readings. It is
recommentled that the impact tester be bolted 1 3 base having
wmiass of at least 23 kg if it is used at capacities higher thin 2.7
12 fedbdi.

X213 Check the level of the machine in both directions on
the phane of (he base with spiril levels mounted m the buse, by
o muchinist's level if o satisfactory reference surface is
available, or with o plumb bob. Level the machine tn within
tan™ 0001 in the plane of swing and 1o within tan™ 0.002 in
Ihe place perpendicalar 1o the swing,

X2.4 Contact the machine manufacturer for a procedure fo
ensure the striker radius is in wlerance (3,17 = 0.12 mm) {see
Gl2).

X25 Check the transverse location of the center of the
pendulum striking edge that shall be within 040 mm (0016
in.) of the center of the anvil. Readjust the shalt bearings or
relocate the anvil or straighien the pendulum shaft as necessury
lo attain the proper relationship between the two cenlers,

X216 (heck the pendulum arm for straghiness within 1.2
mm (005 in.) with & sraightedge or by sighting down the
shaft. This arm is sometimes bent by allowing the peadulum (e
sdgm against the catch when high-capacity weights are on the
pemdulum,

X2.7 Center a sotched 12.7-mm square metal bar having
opposile sides parallel within 0,025 mm and 125 mm bong on
the Charpy anvils, Place a thin oil film, ink or dye on the
striking edpe of the pendulum and let e seriling edpe redt
gemtly against the bar. If the striking edge is comeetly making
colact with the specimen, a thin line of o1l iak, or dye will be
transferred seross the entire widih of the bar.

X28 When the pendulum is hanging Ffree in its fowest
posdtion, the energy reading must be within 0.2 % of full scale.

X2.9 Swing the pendulum 1o 8 herizonial position, and
suppan it by the siriking edge in this position with a vertical
lar. Allow the other ead of this bar to fest at the cenler of a load
jpan on 4 balaneed scale. Subtract the weaght of the bar from the
tatal weight 1o find the effective weight of the pendulum. The
effective pendulum weight shall be within 0.4 % of the
required weight for that pendulum capacity, I weight must be
added or removed, take care 1o balance the added or removed
wieight without affecting the center of percussion relative to the
striking edge. I is not advisable o add weaght 1o the opposite
sadde of the bearng axis from the striking edge o decrease the
effective weight of the pendulum since the distributed mass hos
the potential to result in large energy bosses from vibration of
the pendulum.

X110 Caleulate the effective leagth of the pendulum arm or
the distence to the center of paroussion fram the wxis of mtation
by the procedure in 6.1.2, The effective length must be within
the toleranee stased in 6.1.1.2.

X211 Determine the verticnl distance of fall of the pendu-
lum striking edge from its latched height 1o its lowes! paint.
This distance shall be 610 = I mm. This measurement is made
with 4 half-width specimen positioned on the anvils. Place a
thin ail film on the specimen and bring the siriking edge against
it. The upper end of de oil ling on the stking edge i the
center of strike. Measure the change in vertical height of the
center of strike from the lached to the free hung position (the
lowest poent]. This vertical fall distance is adjusted by varying
the position of the peodulum luch.

X212 1 a pomter and dial mechamizm 15 wed 0 indicale
the energy. the pointer friction shall be adjusted so thar the
puinder will jest maimiain 14 position anywhere on the scale.
The striking pin of the pointer shall he securely fastened 10 the
poinder. Friction washers with glazed surfaces shall be replaced
with new washers. Friction washess shall be on cither side of
the pointer collar, The last friction washer installed shall he
backad by a heavy metal washer, Pressure on this metal washer
is produced by a thin bent spring washer and lockmuts, I the
spring washer is placed next to the fiber frction washer, the
pointer will fend 1o vibrale dunng impact.

X113 The free-swing reading of the pendulum (withoul
specimen) from (he latched height shall be less than 2.5 % of
pendilum capacity an the first swing. If the reading is higher
than this, the friction i the indscating mechanism is excessive
or the bearings are dirty. To clean the bearings, dip them in
grease solvent and spin dry in an gir jet, Clean the bearings
uniil they spin freely or replace them. O very hghtly with
instrument il before replacing. A reproducible method of
starting the pendulum from the proper height most be devised.

X214 The shaft shout which the pendulum rotates shall
have no detectable radial play, less than 0.05 mm {0,002 in.).
An end play of 0.25 mm (0010 in) is permissible when a
9.8-N (2.2-Ib) awciad Torce is applied in alernate directions,

X115 'The machine shall not be used 1o indicaie more tan
85 % of the energy capacity of the penduhm. Extra weight
added to the pendulum will increase available energy of the
maching, This weight must be added 0 & (o mamtin the
center of percussion within the tolerance stated in 6.1.2
Correct eflective weight for any range is caleulited as fullows:

W=E /i (x2.1)
where:

W = the effective pendulum weight, N (Thf) (see X2.9),

E, = potential or available energy of the machine, | (1 Ihf),

and
the vertical distance of fall of the pendulum uriking
edge. m ifth {see X2.11%

h
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Each 4.5 N {1 1bf) of added effective weight increases the
capucity of the machine by 2.7 1 (2 ft x Ihf).

Nome X211 —If the pendutam is designed foruse with add-on weight, i

i necommendad that they be obained throngh the equipment manufac-
turer.

X3, DERIVATION OF PENDULUM IMPACT CORRECTION EQUATIONS

X2.1 From right triangle distances in Fig. X3.1:
L=h=Leosh
X3.2 The potential energy gain of pendulum, £, is:
E = hWg
X33 Comhining Eq X3.1 and Eq X32 gives the following:
L-EjW,p = Lonf
X34 The maximum energy of the pendulum is the polential
energy at the start of the test, Eg,, or
Ey=h,We (X3.4)

X3.5 The potential energy gained by the pendulum, E,, is
related to the absorption of energy of a specimen, E,, by the
fallowing equation:

X0

X3

1XA.3)

E,—E,=E, (X3.5)

X236 Combining Eq X3.3.X3.5 pives the following:

{Ey = EJE, = Lib (] = con ) (X3.6)
X3.7 Solving Eq X3.6 for i gives the following:
P=cos= 1= [lk LN = EJEN NAT)

X318 From Fig. X3.1, the total energy comection, ., 18
piven 15

Eo=nfi+h 1X1K)
X3 Atthe zero point of the pendulum the porentil energy

1=
EJ2=m(0)+h x19)

o

b=E?

FIG. X3.1 Swing of Pendulum from s Rest Position
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FIG. X3.2 Tatal Energy Correction for Pendulum Windage and
Diia! Friction as a Funciion of Pendulum Pesition

X310 The energy correction, £, o the first swing of the
pendulum occurs al the maximum pendulum angle, f,..
Suhstituting in Eq X3.8 gives the following:

E, =mp . +E02) X310
) X311 Combining Eq X3.K and Eq X311 gives ihe follow-
ing:

Epe= (£, = (E 2]} P +ESD) {Xih
X312 Nomenclatume:

intercept of total comection energy straight line,
energy correction, including both pendulum windage
plus dial friction, J,

energy comection for pendulum windage anly, I,
maximum energy of the pendulum (sl the start of
test), 1,

= potential energy gain of pendolum from the pendu-
Tum resl position, J,

uncorrected breaking energy of specimen, I,

fofal energy comection for a given breaking energy,
Egl

acceleration of gravity, mis’,

distance center of gravity of pendulum rises verti-
cally from the rest position of the pendulum, m,

= maxinuim height of the center of gravity of the
pendulum, m,

slope of wtal comection energy straight line,
distance from fulerum w center of gravity of
pendulum, m,

= weight of pendulum, as determined in X213, kg, and

Gl
Mo

=z = e i m
i i 0o i i

=

f = angle of pendulum position frem the pendulum rest
position.
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X4, UNIT CONYERSIONS

X4.1 Joules per metre cannot be convened direetly ina
kilojoules per syare metre.

Nrst: KA1 —IF the optinial ity of Klin? (il A are requised the
arnss-sectional anea under the netch must be reported.

X2 The following examples are approximations:

1 8b39.97 n= 1,356 &m

il (38:37)41.358) Lim
Blin= 534 Jm
Bz 00534 kdim

BE 850 .5 1,356 AmE
Ml T (155051 288) Jim?
B 20 St
Ml T 2.1 kdm®

SUMMARY OF CHANGES

Commitiee D2 has identified the location of selected changes o this standand since the last ssue (D61 10 - D8)
that may impact the wse of this standard. [April 1. 20100

(1) Revised Section 9.
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