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ABSTRAK 

 

Penggunaan komposit saat ini sudah sangat luas mulai dari pembuatan 
pesawat, bidang otomotif, peralatan luar angkasa dan alat alat olahraga sudah 
menggunakan komposit. Karena seperti yang kita ketahui, komposit sangat banyak 
manfaatnya mulai dari karekteristik bahan, pembuatannya dan pengaplikasiannya 
bisa disesuaikan dengan keinginan para pemakainya atau kebutuhannya. Tujuan 
penelitian ini adalah membuat spesimen komposit, menguji ketahanan impak 
spesimen komposit, menganlisis ketahanan impaknya dan mengaplikasikannya 
pada penutup spidometer motor. Pada penelitian ini bahan yang digunakan dalam 
pembuatan komposit yaitu resin polyester dengan lem PVA (polyvinyl acetate). 
Komposit yang akan dibuat dengan ukuran panjang dan lebar 200 mm dengan 
ketebalan 0,8 mm. Cetakan komposit dibuat dari kaca dan dibentuk sesuai ukuran 
spesimen menggunakan double tape putih. Untuk menghindari perekatan komposit 
pada kaca digunakan mirror glaze sebagai pelumasnya. Pengujian spesimen 
komposit dilakukan menggunakan alat uji impak anak panah jatuh bebas yang 
mengacu pada ASTM D 1709 ISO 7765-1 dengan hasil dari pengujian Telah 
berhasil dibuatnya komposit berbahahan resin polyester dan lem PVA (polyvinyl 
acetate) tanpa menggunakan serat pada pengaplikasian spidometer motor. Hasil 
pengujian didapati bahwa pada variabel 1 memiliki dampak kegagalan impak 
sebesar 37,5 g, variabel 2 memiliki dampak kegagalan impak sebesar 45 g dan 
variabel 3 memiliki dampak kegagalan impak sebesar 52,5 g. Berdasarkan hasil 
yang berpeluang untuk diaplikasikan pada pembuatan spidometer motor yaitu 
komposisi bahan dari variabel 2, yaitu 80 % resin dan 20 % lem PVA (polyvinyl 
acetate). Prototipe dengan bahan bahan bahan dari variable 2 lebih berhasil dibuat 
dan memiliki ketahanan impak sebesar 45 g. 

Kata kunci : komposit, resin polyester, lem PVA (polyvinyl acetate), dampak 
kegagalan impak. 
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ABSTRACT 

The use of composites is currently very broad, starting from the manufacture 
of aircraft, the automotive sector, aerospace equipment and sports equipment, 
using composites. Because as we know, composites have many benefits, starting 
from the characteristics of the material, its manufacture and application can be 
adjusted to the wishes of the users or their needs. The purpose of this study was to 
make composite specimens, test the impact resistance of composite specimens, 
analyze their impact resistance and apply them to the manufacture of motor 
speedometers. In this study the material used in the manufacture of composites is 
polyester resin with PVA (polyvinyl acetate) glue. The composite will be made with 
a length and width of 200 mm with a thickness of 0.8 mm. The composite mold is 
made of glass and shaped to the size of the specimen using white double-sided tape. 
To avoid gluing the composite on the glass, mirror glaze is used as a lubricant. 
Composite specimens were carried out using a free fall arrow impact test 
equipment which refers to ASTM D 1709 ISO 7765-1 with the results of the test. A 
composite test made of polyester resin and PVA (polyvinyl acetate) glue has been 
successfully made without using fiber in the application of a motor speedometer 
speedometer. The results on variable 1 have an impact failure impact of 37.5 g, 
variable 2 has an impact failure impact of 45 g and variable 3 has an impact failure 
impact of 52.5 g. Based on the results that have the opportunity to be applied to the 
manufacture of speedometer motors, namely the material composition of variable 
2, namely 80% resin and 20% PVA glue (polyvinyl acetate). The prototype using 
materials from variable 2 is more successful and has an impact resistance of 45 g. 

 
Keywords: composite, polyester resin, PVA (polyvinyl acetate) glue, impact failure. 
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BAB I 

PENDAHULUAN 

 

A. Latar Belakang 

Pengujian bahan komposit dilakukan untuk mengetahui kualitas dan kekuatan 

yang dimilki bahan komposit tersebut. Dalam menguji kekuatan suatu komposit 

dapat dilakukan dengan metode uji impak, salah satunya uji impak anak panah jatuh 

bebas. Dengan mneggunakan metode pengujian ini bahan komposit yang akan diuji 

yaitu kekuatan impaknya, karena seperti yang sering terjadi dilapangan atau 

kehidupan sehari hari dimana terkadang suatu benda mengalami masalah atau 

beban pakai yang kadang tidak terjadi secara perlahan tetapi bisa secara mendadak. 

  Uji impak dilakukan pada bahan komposit sebagai upaya untuk 

mensimulasikan kondisi operasi material melalui beban kejut yang terjadi. 

Pengujian impak ada beberapa jenis contohnya seperti impak charpy, izod, dan juga 

impak anak panah jatuh bebas.  

  Komposit merupakan gabungan dari material yang terdiri dari dua atau lebih 

material, dimana sifat mekanik dari material terbentuknya berbeda beda 

dikarenakan karakteristik pembentuknya berbeda beda dan bahan komposit yang 

dihasilkan akan memiliki sifat dan karakteristik dari material yang berbeda beda 

pula. 

  Komposit mempunyai keunggulan tersendiri dibandingkan dengan bahan 

teknik alternatif lain seperti kuat, ringan, tahan korosi, ekonomis dan sebagainya, 

salah satu jenis bahan pembuatan komposit pada penelitian ini yaitu menggunakan 

matriks polimer jenis thermoset yaitu resin polyester dan dicampur dengan lem 

PVA (polyvinyl acetate) maka akan mengasilkan komposit.  
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Dari penjelasan di atas maka pada penelitian ini dilakukan untuk mendapatkan 

data kekutaan impak material komposit dan cara pengaplikasiannya yang 

berpeluang pada pembuatan spidometer motor.   

Dalam pembuatan komposit ini menggunakan metode Hand Lay-Up yaitu 

metode yang paling sederhana dalam pembuatan komposit. Dengan cara 

menggabungkan bahan bahan yang sudah ditentukan dalam cetakan dan 

disesuaikan dengan ketebalan yang diinginkan. Alat uji dalam pengujian ini 

mengacu pada ASTM D 1709 ISO 7765-1. 

 

B. Rumusan Masalah 

Pada penelitian ini yang menjadi rumusan masalah adalah : 

1. Bagaimana cara melakukan pengujian ketahanan impak material komposit yang 

tidak menggunakan serat pada pembuatan spidometer motor. 

2. Bagaimana sifat ketahanan impak material komposit dari campuran resin 

polyester lem PVA (polyvinyl acetate) yang dapat berpeluang diaplikasikan pada 

pembuatan spidometer motor. 

 

C. Batasan Masalah 

Adapun batasan masalah pada penelitian ini adalah : 

1. Jenis komposit yang dijadikan sebagai bahan penelitian ini hanya menggunakan 

resin polyester dan lem PVA (polyvinyl acetate) tanpa menggunakan serat. 

2. Analisis ketahanan impak material komposit yang dilakukan pada penelitian ini 

menggunakan alat uji impak anak panah jatuh bebas. 
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D. Tujuan Penelitian 

Adapun tujuan dari penelitian ini adalah : 

1. Membuat spesimen komposit dari bahan resin polyester dan campuran lem PVA 

(polyvinyl acetate) tanpa menggunakan serat dalam campurannya. 

2. Menguji ketahanan impak spesimen komposit dari campuran resin polyester 

dam lem PVA (polyvinyl acetate) menggunakan alat uji anak panah jatuh bebas. 

3. Menganalisis ketahanan impak material komposit berbahan resin polyester dan 

lem PVA (polyvinyl acetate) yang dapat berpeluang pada pengaplikasian 

spidometer motor. 

4. Mengaplikasikan material komposit campuran resin polyester dan lem PVA 

(polyvinyl acetate) pada pembuatan spidometer motor. 

 

E. Manfaat Penelitian 

Adapun manfaat dari penelitian ini adalah : 

1. Untuk meningkatkan nilai guna resin polyester dan lem PVA (polyvinyl acetate) 

melalui analisis ketahan impaknya dalam pembuatan speedometer motor. 

2. Untuk mengoptimalkan bahan dasar resin polyester dan lem PVA (polyvinyl 

acetate) dalam rekayasa material komposit yang lebih efisien dari segi kualitas 

dan ekonomis. 
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BAB II 

TINJAUN PUSTAKA 

 

A. Komposit 

Komposit merupakan struktur yang tersusun atas beberapa bahan pembentuk 

tunggal yang digabungkan menjadi struktur baru dengan sifat yang lebih baik 

dibandingkan dengan masing masing pembentuknya, bahan komposit berarti  

terdiri dari dua atau lebih bahan yang berbeda digabung atau dicampur secara 

(makroskofis) menjadi suatu bahan yang berguna sesuai keinginan pembuatnya dan 

masing masing bahan tersebut mempertahankan sifat aslinya.[1] 

Bahan komposit secara umum terdiri dari penguat dan matriks, material 

komposit mempunyai sifat dari material konvensional yaitu semua jenis material 

yang belum mengalami reaksi kimia pada umumnya dari proses pembuatan melalui 

pencampuran yang tidak homogen yaitu pencampuran yang tidak seragam, 

sehingga leluasa merencanakan kekuatan material pembentuknya dan ada komposit 

yang menggunakan serat dan tidak menggunakan serat [2]. 

Dalam pembuatan komposit ada beberapa jenis polimer yang biasa 

digunakan, bahkan polimer yang biasa digunakan alaha jenis polimer thermoset. 

Pemilihan bahan ini didasarkan bahwa polimer thermoset memiliki ketahanan 

terhadap suhu dan bahan kimia atau pelarut,yang disebabkan wujud yang cair dan 

kekentalannya tidak terlalu tinggi [3].  

Penggunaan komposit saat ini sudah sangat luas mulai dari pembuatan 

pesawat, bidang otomotif, peralatan luar angkasa dan alat alat olah raga sudah 

menggukan komposit karna seperti yang kita ketahui komposit sangat banyak 

manfaatnya mulai dari karekteristik bahan, pembuatannya dan pengaplikasiannya 
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bisa disesuaikan dengan keinginan para pemakainya atau kebutuhannya dan dalam 

pembuatan material komposit hanya menciptakan satu bahan tetapi didalam satu 

bahan tersebut sudah terdapat dua atau lebih sifat sifat karekteristik bahan yang lain 

artinya satu bahan tersebut tidak hanya memiliki satu sifat saja. 

Keuntungan penggunaan bahan komposit antara lain adalah mempunyai 

kekakuan spesifik dan kekuatan spesifik yang lebih tinggi, tidak terkorosi, 

mempunyai ketahanan fatigue tinggi, lebih kuat dan lebih ringan, tahan terhadap 

cuaca, mudah diproses, lebih murah biayanya. 

Sedangkan kerugiannya adalah harganya mahal, kerusakan akibat tumbukan 

sulit dideteksi secara visual, tidak mempunyai sifat elastis, tidak tahan terhadap 

beban kejut, lebih sulit dibentuk secara plastis, sifatnya dipengaruhi oleh suhu dan 

kelembapan.  

Komposit juga memiliki Sifat mekanik yaitu sifat sifat yang berhubungan 

dengan material setelah diberikan gaya pada material komposit tersebut maka sifat 

sifat mekaniknya adalah seperti tegangan (stress) regangan (strain) dan modulus 

elastisitas dan termasuk juga kekakuan dan keuletan. 

1. Klasifikasi komposit 

Bahan komposit memiliki ciri ciri yang berbeda dan komposisi untuk 

menghasilkan suatu bahan yang mempunyai sifat dan ciri ciri tertentu yang berbeda 

dari sifat dan ciri konstituen asalnya. Secara garis besar struktur komposit dapat 

diklasifikasikan berdasarkan bahan penguatnya sebagai berikut [4] : 

a. Komposit serat (fiber composite) 

Komposit serat ialah salah satu jenis komposit yang serat sebagai reinfore 

atau yang memperkuat, serat yang digunakan adalah serat glass serat karbon, serat 
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aramid dan sebagainya. Komposit serat menggunakan bahan utama berupa serat 

benang gabungan dari banyak filamen dengan ukuran diameter dalam satuan 

mikron, pertimbangan penggunaan jenis serat berhubungan dengan kegunaan 

produk, waktu layanan, suhu layanan, pertimbangan berat produk dan 

pertimbangan harga. 

Gambar 2.1. Menunjukkan bahwa komposit serat disusun secara searah 

memanjang dan bisa juga disusun secara acak atau random.  

 
Gambar 2.1 Komposit serat [4]. 

b. Komposit laminat (laminate composite) 

Komposit laminat adalah komposit yang terdiri dari sekurang-kurangnya dua 

lapis material yang berbeda dan digabung secara bersama-sama,  komposit laminat 

dibentuk dari berbagai lapisan-lapisan dengan berbagai macam arah penyusunan 

serat yang ditentukan yang disebut laminat sedangakan istilah laminasi komposit 

adalah rakitan lapisan material komposit yang berserat yang dapat digabungkan 

untuk memberikan sifat teknik yang diperlukan termasuk kekakuan dalam bidang 

kekakuan lentur. Kekuatan dan koefisien muai panas lapisan individu terdiri dari 

modulus tinggi, serat berkekuatan tinggi dalam bahan matriks, bentuk komposit 

laminat dapat dilihat pada Gambar 2.2. 
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Gambar 2.2 Komposit laminat [4]. 

c. Komposit Partikel (particulate komposit) 

Komposit yang menggunakan partikel atau serbuk sebagai penguatnya yang 

sangat menentukan sifat mekanik dari komposit dan didistribusikan secara merata 

dalam matriks disebut komposit partikel. Contoh komposit dari partikel dan matriks 

adalah butiran (pasir, batu) yang diperkuat semen yang biasa dijumpai sebagai 

beton.  

Komposit jenis ini adalah produk yang dihasilkan dengan cara menempatkan 

partikel pertikel dan diikat dengan matriks bersama sama dengan satu atau lebih 

unsur unsur perlakuan seperti panas, tekan, kelembapan, katalisator atau sesuatu 

yang menyebabkan terjadinya perubahan dan menimbulkan kejadian baru dan lain 

lain. Komposit partikel tidak sama dengan komposit jenis serat acak sehingga 

bersifat isotropis atau keseragaman,Bentuk komposit yang tersusun partikel dapat 

dilihat pada Gambar 2.3. 

 
Gambar 2.3 Komposit partikel [4]. 
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2. Material penyusun komposit 

Komposit seperti telah dijelaskan dalam pengertiannya merupakan gabungan 

dari dua atau lebih material, material-material itu sendiri tersusun dan terbagi 

menjadi dua macam yaitu ada yang dinamakan sebagai penguat (reinforcement) dan 

matriks. Dari dua bagian penting dari bagian komposit ini yaitu penguat dan matriks 

sangat berpengaruh pada komposit karna tanpa adanya salah satu dari dua 

persamaan tadi tidak akan bisa adanya komposit.  

a. Penguat (reinforcement) 

Penguat (Reinforcement) adalah bagian dari komposit yang berfungsi sebagai 

penguat contoh nya serat. Bahan ini biasanya diberikan pada matriks tidak lebih 

dari 50 % jika terlalu banyak ikatan antara penguat dan matriks maka komposit 

yang akan dihasilkan tidak akan maksimal dan dapat menurunkan sifat komposit 

yang dihasilkan, ada dua jenis reinforcement yaitu Serat panjang (Continuously 

reinforced) dan Serat pendek (Discontinuously reinforced) 

b. Matriks  

Matriks adalah bagian terbesar dari sebuah bahan komposit yang akan 

ditingkatkan mechanical propertiesnya biasanya matriks memiliki persentase 

volume lebih besar dari 50 % dari bahan komposit, selain sebagai bahan utama 

matriks diharapkan juga memiliki kemampuan mengikat reinforcement dengan 

baik, dengan begitu maka matriks serat yang berperan sebagai reinforcement akan 

lepas (fiber pull out). 

Banyak sekali bahan di alam ini yang dapat dijadikam sebagai matriks dalam 

sebuah komposit namun jika dikelompokkan menurut jenisnya terdapat 3 jenis 

matriks yaitu matriks dari bahan polimer, logam, dan keramik [5]. 
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B. Resin Polyester dan Katalis 

 

Resin Polyseter adalah jenis polimer thermoset yang berbentuk cair dan 

memiliki viskositas rendah jika ditambahkan katalis, polyester akan mengeras pada 

suhu ruang karena banyaknya kandungan monomer stiren pada resin polyester 

sehingga suhu deformasi termalnya lebih rendah daripada resin thermoset lainnya 

dan ketahanannya jangka panjangnya kira kira 110 - 1400 0C, ketahanan resin ini 

termasuk baik karena tahan terhadap panas yang telah ditentukan  

Resin polyester banyak digunakan untuk membuat komposit, resin polyester 

dibuat dari bahan asam tereptalat atau dimetill tereptalat dan monoetilen glikol, 

polyester thermosetting umumnya berupa kopolimer polyester tak jenuh dengan 

stiren, ketidak jenuhan polyester disebabkan oleh asam maleat dan asam fumarat. 

[6]. 

Katalis merupakan bahan kimia yang ditambahkan pada matriks resin yang 

bertujuan untuk proses pembekuan matriks, katalis yang digunakan untuk resin 

polyester adalah Methyl Ethyl Ketone Peroxide (MEKP) yaitu jenis katalis 

homogen, katalis homogeny umumnya bereaksi dengan satu atau lebih pereaksi 

untuk membentuk suatu perantara kimia yang selanjutnya bereaksi membentuk 

produk akhir reaksi. 

Katalis juga yaitu suatu zat yang mempercepat laju reaksi reaksi kimia pada 

suhu tertentu tanpa mengalami perubahan atau terpakai oleh reaksi itu sendiri. 

Suatu katalis berperan dalam reaksi tetapi bukan sebagai pereaksi ataupun produk 

katalis memungkinkan reaksi berlangsung lebih cepat atau memungkinkan reaksi 

pada suhu lebih rendah akibat perubahan yang dipicunya terhadap pereaksi, 

tergantung pada banyak sikitnya campuran pada saat pemakaiannya. 
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C. Lem PVA (polyvinyl acetate) 

PVA merupakan singkatan dari polyvinyl acetate, sebuah polimer kimia 

sintetis. Polimer tersebut ditemukan oleh seorang warga negara Jerman pada tahun 

1912. Sejak saat itu, PVA banyak digunakan untuk berbagai kebutuhan, salah satu 

yang paling sukses adalah pemakaiannya sebagai bahan dasar adhesive. Bahkan 

kesuksesan tersebut membuat PVA mampu menggeser posisi animal glue (lem kak) 

yang saat itu sangat banyak digunakan. 

 Hingga hari ini, lem PVA telah hadir dalam berbagai merek dan varian. 

Fungsinya pun beragam tergantung formulasi yang didesain tiap manufakturnya. 

Namun, secara umum lem ini biasanya digunakan untuk perekatan media kaya 

selulosa seperti aneka kayu, aneka bambu, aneka serat alam seperti rotan, daun 

kering seperti pandan, buku, honeycomb paper, dan berbagai adheren kaya selulosa 

lainnya. Apa Keunggulan PVA Glue Secara umum dibanding adhesive dari bahan 

lainnya, lem PVA unggul karena [7] : 

1. Secara umum lebih kuat. 

2. Sangat aman, bahkan merupakan formula lem yang paling ramah lingkungan. 

3. Tak berbau 

4. Single komponen yang pemakaiannya praktis 

5. Kecepatan kering yang baik 

Pada penelitian ini penggunaan lem PVA (polyvinyl acetate) yaitu sebagai 

salah satu bahan pembuatan komposit dengan satu bahan lagi yaitu resin polyester. 

Dimana lem PVA (polyvinyl acetate) sebagai reinsforcement nya dan resin 

polyester sebagai matriksnya, yang akan diaplikasikan pada pembuatan spidometer 

motor, melalui analisis dampak kegagalan impaknya. 

----------------------------------------------------- 
© Hak Cipta Di Lindungi Undang-Undang 
----------------------------------------------------- 
1. Dilarang Mengutip sebagian atau seluruh dokumen ini tanpa mencantumkan sumber 
2. Pengutipan hanya untuk keperluan pendidikan, penelitian dan penulisan karya ilmiah 
3. Dilarang memperbanyak sebagian atau seluruh karya ini dalam bentuk apapun tanpa izin Universitas Medan Area 

Document Accepted 9/6/22 
 
 
 
 

Access From (repository.uma.ac.id)9/6/22 
 
 
 

Access From (repository.uma.ac.id)

UNIVERSITAS MEDAN AREA

Roni Kosasih - Analisis Ketahanan Impak Bahan Lembaran Polimer yang Berpotensi....



11 
 

D. Cetakan dan Spesimen Uji 

1. Cetakan spesimen 

Cetakan spesimen komposit bisa terbuat dari aluminium, silicon ataupun dari 

kaca, tergandtung pada pengaplikasiannya. Pada saat pencetakan spesimen, cetakan 

harus terlebih dilumasi dengan bahan yang bersifat menjaga bahan spesimen agar 

tidak lengket dan mudah untuk dilepas dari cetakan, seperti menggunakan mirror 

glaze. Volume cetakan dapat dihitung menggunakan persamaan berikut : 

Vc   =  p x l x t  ............................................................................  (pers, 2.1) 

Dimana : 

Vc   =  volume cetakan (cm3) 

P =  panjang (mm) 

L =  lebar (mm) 

T =  tinggi (mm) 

Dengan menggunakan pembuatan spesimen metode Hand Luy-Up yaitu 

metode untuk pembuatan spesimen yang sederhana yang dilakukan manual oleh 

manusia yang menggunakan cetakan. Penggunaan dan cara kerjanya mudah untuk 

dilakukan [8]. Cetakan spesimen metode Hand Lay-Up dapat dilihat pada Gambar 

2.4. 

 
Gambar 2.4. Cetakan spesimen [9]. 
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2. Spesimen uji 

Spesimen uji adalah suatu sampel percobaan yang dibuat dan diuji untuk 

mengetahui kekuatan impak dari bahan spesimen uji, standart spesimen uji 

mengacu pada standart ASTM D 1709 ISO 7765-1 yang memiliki ketebalan kurang 

dari 1 mm, spesimen yang akan diuji menggunakan 2 metode pengujian yaitu 

menggunakan anak panah degan diameter kepala 38,1 mm dijatuhkan dari 

ketinggian 0,66 m dan anak panah dengan diameter kepala 50 mm dijatuhkan dari 

ketinggian 1,5 m. Spesimen uji dapat dilihat pada Gambar 2.5. 

 
Gambar 2.5. Spesimen uji [10]. 

Pada penelitian ini spesimen yang dibuat akan diuji menggunakan alat uji 

impak anak panah jatuh bebas yang mengacu pada standart ASTM D 1709 ISO 7765-

1 dengan jenis spesimen yaitu komposit dengan polimer thermoset tanpa 

menggunakan serat dengan ketebalan 0,88 dan perbandingan yang sudah ditentukan. 

Peneliti dapat menentukan volume matriks dan reinsforcement dengan menggunakan 

persamaan berikut : 

Vmatriks =  𝑝𝑒𝑟𝑏𝑎𝑛𝑑𝑖𝑛𝑔𝑎𝑛 𝑚𝑎𝑡𝑟𝑖𝑘𝑠

100 %
 x Vcetakan  ..................................  (pers, 2.2) 

Vreincf =  𝑝𝑒𝑟𝑏𝑎𝑛𝑑𝑖𝑛𝑔𝑎𝑛 𝑟𝑒𝑖𝑛𝑐𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡

100 %
 x Vcetakan  .......................  (pers, 2.3) 

Dan dapat menentukan massa matriks dan reincforcement dengan 

menggunakan persamaan berikut : 
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m =  v x ρ  ..............................................................................  (pers, 2.4) 

Dimana : 

m =  massa (g) 

v =  volume (cm3) 

ρ =  massa jenis (g/cm3) 

 

E. Impak Anak Panah Jatuh Bebas 

Impak jatuh bebas adalah suatu alat uji yang menguji benda kerja dengan 

menjatuhkan benda jatuh bisa itu berbentuk anak panah dari ketinggian tertentu 

untuk menghantam benda yang akan diuji sehingga benda tersebut mengalami 

benturan atau beban kejut. 

Benda jatuh tanpa kecepatan awal Vo = nol semakin ke bawah gerak benda 

semakin cepat, percepatan yang dialami oleh setiap benda jatuh bebas selalu sama 

yakni sama dengan percepatan gravitasi bumi yaitu besar g = 9,8 m/s dan sering 

dibulatkan menjadi 10 m/s jika benda jatuh ke bumi dari ketinggian tertentu relatif 

lebih kecil dibandingkan dengan jari-jari bumi maka benda mengalami 

pertambahan kecepatan dengan harga yang sama setiap detik[11]. 

  Metode pengujian impak yang akan dilakukan yaitu yang  menggunakan alat 

uji impak anak panah jatuh bebas yang mengacu pada standard test methods for 

impact resistance of plastic film by the fore falling dart method ASTM 1709 / ISO 

7765-1 [12], menggunakan kepala anak panah diameter 38,1 mm dan dijatuhkan 

dari ketinggian 0,66 m dan komposit yang akan digunakan dalam pengujian ini 

adalah material komposit biasa yaitu komposit campuran resin dan lem PVA 

(polyvinyl acetate) yang berpeluang digunakan untuk penutup spidometer motor. 
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 Dengan melakukan pengujian ini, maka dapat diketahui seberapa besar 

dampak kegagalan impak yang dimiliki oleh komposit yang akan diuji. Alat uji 

impak anak panah jatuh bebas dapat dilihat pada Gambar 2.6. 

 
Gambar 2.6. Impak anak panah jatuh bebas [13]. 

Hasil pengujian dampak kegagalan impak anak panah jatuh bebas dapat 

dihitung dengan melakukan perhitungan persamaan yang mengacu kepada ASTM 

D 1709 ISO 7765-1 berikut : 

WF =  WO + [∆W (A/N-1/2)]  .....................................................  (Pers 2.5) 

Dimana : 

 WF =  Dampak kegagalan impak (g). 

 WO =  Bobot anak panah terendah (g). 

 ∆W =  Peningkatan berat anak panah (g).  

NJ =  Jumlah total x pada setiap nilai anak panah. 

 I =  Integer 0,1,2 masukkan 0 untuk massa anak panah terendah 1 untuk 

lebih berat. 

INJ  =  Hasil dari I kali NJ. 
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  Dampak kegagalan impak dari rangkaian pengujian dapat diketahui dimana 

nilai NJ dan I diambil dari hasil test, jumlah kegagalan pada tiap nilai anak panah 

tertentu ditetapkan sebagai NJ, penjumlahan NJ = N. Jumlah kenaikan massa (WO) 

adalah I, dengan mengalikan I dengan NJ diperoleh istilah INJ, penjumlahan dari INJ 

= A, dampak kegagalan impak = WF [12].  

 

F. Spidometer Motor 

spidometer pada sepeda motor adalah salah satu bagian atau peralatan yang 

berpungsi sebagai penutup dari spidometer motor, yang isinya yaitu jarum yang 

menunjukkan kecepatan pada laju sepeda motor. Serta ada juga angka angka digital 

yang menunjukkan isi dari tangki dan jarak tempuh dari kendaraan tersebut. Bahan 

dari spidometer motor ini biasanya adalah bahan plastik dan transfaran. 

Kerusakan yang terjadi pada spidometer motor karena adanya faktor alam 

maupun kerusakan yang tidak sengaja dibuat penggunanya ataupun orang lain, 

kerusakan spidometer yang disebabkan oleh alam biasanya seperti tekena panas 

matahari yang cukup lama dan terkena hujan, sehingga merubah bentuk ataupun 

warna spidometer motor. 

Jika spidometer motor sudah mengalami kerusakan maka akan banyak 

ruginya seperti spidometer akan kemasukan air pada saat mencuci ataupun pada 

saat terkena hujan merusak estetika kecantikan pada motor karna pecah membuat 

pemakainya susah melihat kecapatan dan amper minyak pada sepeda motor karna 

mika kacanya berwarna kuning atau tidak bening dan transparan lagi dan juga dapat 

merusak fungi fungsi bagian dalam spidometer jika kacanya pecah dan masuk air 

kedalam spidometer. 
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Pada penelitia ini diperlukannya spidometer motor sebagai referensi dalam 

pembuatan prototipe komposit yang berbahan resin polyester dan lem PVA 

(polyvinyl acetate). spidometer motor dapat dilihat pada Gambar 2.7. 

 
Gambar 2.7. Spidometer motor [14]. 
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BAB III 

BAB III METODOLOGI PENELITIAN  

 

A. Tempat dan Waktu 

1. Tempat  

Tempat penelitian uji ketahanan impak komposit dilakukan di laboratorium 

pengujian bahan UNIVERSITAS MEDAN ARE, Jl. Kolam no.1 Medan Estate/ 

jalan gedung PBSI Medan. 

2. Waktu 

Waktu yang direncanakan untuk penelitian analisi ini diperkirakan 6 bulan, 

mulai dari kegiatan study literature sampai dengan sidang proyek akhir. Dapat 

dilihat pada Tabel jadwal kegiatan 3.1. 

Tabel 3.1. Jadwal Kegiatan Penelitian 

No                      kegiatan 
Waktu (bulan) 

Apr 
2021 

Mei 
2021 

Jun 
2021 

Jul 
2021 

Ags 
2021 

Sep 
2021 

1 Study literature       

2 Persiapan alat dan bahan       

3 Pembuatan cetakan 
spesimen       

4 Seminar proposal       

5 Pembuatan spesimen uji       

6 Melakukan pengujian 
spesimen       

7 Analisa data uji       

8 Seminar hasil       

9 Sidang proyek akhir       
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B. Bahan dan Alat 

1. Bahan pembuatan spesimen dan bahan pembuatan prototipe. 

a. Resin polyester. 

Sebagai matriks spesimen. Resin polyester dapat dilihat pada Gambar 3.1. 

 
Gambar 3.1. Resin polyester. 

b. Lem PVA (polyvinyl acetate) 

Sebagai campuran bahan dalam pembuatan spesimen uji.lem PVA (polyvinyl 

acetate) dapat dilihat pada Gambar 3.2. 

 
Gambar 3.2. Lem PVA (polyvinyl acetate). 

c. Mirror galze 

Untuk pelumas cetakan agar spesimen tidak lengket dan mudah dilepas. 

Mirror glaze dapat dilihat pada Gambar 3.3. 

 
Gambar 3.3. Mirror glaze. 
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2.  Bahan pembuatan cetakan spesimen dan cetakan prototipe. 

a. Dua lembar kaca 

Untuk cetakan alas dan penutup cetakan spesimen. Dua lembar kaca dapat 

dilihat pada Gambar 3.4. 

 
Gambar 3.4. Dua lembar kaca. 

b. Double tape putih 

Untuk membuat ukuran dan ketebalan cetakan spesimen. Double tape putih 

dapat dilihat pada Gambar 3.5. 

 
Gambar 3.5. Double tape putih. 

c. Silicon rubber RTV 48 

Untuk membuat cetakan prototipe spidometer motor. Silicon rubber RTV 48 

dapat dilihat pada Gambar 3.6. 

 
Gambar 3.6. Silicon rubber RTV 48. 
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d. Double tape foam hijau 

Untuk membuat variasi prototipe spidometer motor. Double tape foam hijau 

dapat dilihat pada Gambar 3.7. 

 
Gambar 3.7. Double tape foam hijau. 

3. Alat penelitian 

a. Penggaris  

Untuk mengukur panjang lebarnya cetakan spesimen. Penggaris dapat dilihat 

pada Gambar 3.8. 

 
Gambar 3.8. Penggaris. 

b. Timbangan digital  

Untuk mengukur massa bahan resin polyester dam lem PVA (polyvinyl 

acetate). Timbangan digital dapat dilihat pada Gambar 3.9.  

 
Gambar 3.9. Timbangan digital. 
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c. Pisau karter 

Untuk melepas spesimen dari cetakan dan untuk memotong double tape. 

Pisau karter dapat dilihat pada Gambar 3.10. 

 
Gambar 3.10. Pisau karter. 

d. Jangka sorong  

Untuk mengukur ketebalan spesimen. Jangka sorong dapat dilihat pada 

Gambar 3.11. 

 
Gambar 3.11. Jangka sorong. 

e. Impak anak panah jatuh bebas 

Sebagai alat untuk menguji spesimen. Impak anak panah jatuh bebas dapat 

dilihat pada Gambar 3.12. 

 
Gambar 3.12. Impak anak panah jatuh bebas. 
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C. Metode Penelitian 

Penelitian menggunakan metode penelitian experimental, dimana peneliti 

dengan sengaja membangkitkan timbulnya suatu kejadian atau keadaan. Experimen 

slalu dilakukan dengan maksud untuk melihat akibat dari suatu perlakuan yang 

dilakukan oleh peneliti [15]. 

Metode penelitian ini juga bertujuan untuk menganalisa nilai optimal 

ketahanan impak dari bahan komposit pada uji impak anak panah jatuh bebas, yang 

berpeluang bisa digunakan untuk penutup spidometer motor. Karena hasil dari 

penelitian ini hanya bisa diperoleh dari hasil percobaan atao experimen. Penelitian 

ini menggunakan metode pengujian yang mengacu pada ASTM D 1709 ISO 7765-

1 yaitu: 

Dengan metode pengujian menggunakan anak panah yang dijatuhkan dari 

ketinggian 0,6 m dengan diameter kepala anak panah 38,1 mm dengan ketebalan 

spesimen 0,8 mm. Dengan variabel spesimen: 

1. 90 % resin polyester dan 10 % lem PVA (polypinyl acetate) 

2. 80 % resin polyester dan 20 % lem PVA (polyvinyl acetate) 

3. 70 % resin polyester dan 30 % lem PVA (polyvinyl acetate) 

 

D. Prosedur Penelitian 

Prosedur yang dilakukan dalam penelitian ini meliputi: 

1. Mencari dan mengumpulkan sumber sebagai pembelajaran literature. 

a. Mencari informasi dari internet, buku dan jurnal pendukung. 

b. Melakukan diskusi dengan dosen pembimbing. 

2. Melakukan survey atau observasi kelapangan. 
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a.  Mencari bahan dan alat yang digunakan dalam penelitian 

b. Membandingkan bahan dan alat yang lebih efisien dari segi kualitas dan 

ekonomis. 

c. Membeli bahan dan alat yang dibutuhkan. 

3. Membuat cetakan spesimen. 

Cetakan spesimen dibuat menggunakan dua lembar kaca dengan ketebalan 5 

mm dengan panjang dan lebar 300 mm. pada lembar kaca pertama dibuat bentuk 

persegi dengan ukuran panjang dan lebar 200 mm menggunakan double tape putih 

dengan ketebalan 0,8 mm dan pada lembar kaca kedua hanya sebagai penutup 

cetakan. Pembuatan cetakan dapat dilihat pada Gambar 3.13. 

 
Gambar 3.13. Pembuatan cetakan spesimen. 

Volume cetakan dapat dihitung dengan merujuk kepada (Pers 2.1.) 

Vc   =  p x l x t 

Dimana : 

Vc   =  200 mm x 200 mm x 0,8 mm 

Vc =  32.000 mm3 

Vc =  32 cm3 

4. Membuat spesimen. 

Bahan pembuatan spesimen yaitu resin polyester dengan massa jenis 1,5 

g/cm3 dan lem PVA (polyvinyl acetate) dengan massa jenis 1,19 g/cm3 dengan 

variabel spesimen : 

Pembuatan 
cetakan 

Double 
tape putih 
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Tabel 3.2. Variabel spesimen. 
Variabel Resin % Lem PVA (polyvinyl acetate) 

Variabel 1 90 % 10 % 

Variabel 2 80 % 20 % 

Variabel 3 70 % 30 % 
 

Setelah volume cetakan diketahui, selanjutnya kita dapat menentukan volume 

resin dan volume lem PVA (polyvinyl acetate) yang merujuk kepada (Pers 2.3) dan 

(Pers 2.4) dengan memasukkan perbandingan tiap bahannya pada persamaan yang 

sudah ada. 

Vmatriks =  𝑝𝑒𝑟𝑏𝑎𝑛𝑑𝑖𝑛𝑔𝑎𝑛 𝑚𝑎𝑡𝑟𝑖𝑘𝑠

100 %
 x Vcetakan 

Vreincf =  𝑝𝑒𝑟𝑏𝑎𝑛𝑑𝑖𝑛𝑔𝑎𝑛 𝑟𝑒𝑖𝑛𝑐𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡

100 %
 x Vcetakan 

Variabel 1. 

Vmatriks =  90 %

100 %
 x 32 cm3 =  28,8 cm3 

Vreincf =  10 %

100 %
 x 32 cm3 =  3,2 cm3 

Variabel 2. 

Vmatriks =  80 %

100 %
 x 32 cm3 =  25,6 cm3 

Vreincf =  20 %

100 %
 x 32 cm3 =  6,4 cm3 

Variabel 3. 

Vmatriks =  70 %

100 %
 x 32 cm3 =  22,4 cm3 

Vreincf =  30%

100 %
 x 32 cm3 =  9,6 cm3 

Setelah mengetahui volume resin polyester dan lem PVA (polyvinyl acetate) 

selanjutnya kita dapat menentukan massa resin polyester dam lem PVA (polyvinyl 

acetate) yang merujuk kepada (Pers 2.4) 
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m =  v x ρ  

variabel 1. 

mresin =  28,8 cm3  x 1,5 g/cm3    =  43,2 g. massa resin variabel 1 dapat dilihat 

pada Gambar 3.14. 

 
Gambar 3.14. massa resin polyester variabel 1. 

mlem =  3,2 cm3    x  1,19 g/cm3  =  3,8 g. massa lem PVA (polyvinyl acetae) 

varaibel 1 dapat dilihat pada Gambar 3.15. 

 
Gambar 3.15. massa lem PVA (polyvinyl acetae) variabel 1. 

Variabel 2.  

mresin =  25,6 cm3  x 1,5 g/cm3    =  38,4 g. massa resin variabel 2 dapat dilihat 

pada Gambar 3.16. 

 
Gambar 3.16. massa resin polyester variable 2. 
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mlem =  6,4 cm3    x  1,19 g/cm3  =  7,6 g. massa lem PVA (polyvinyl acetae) 

variabel 2 dapat dilihat pada Gambar 3.17. 

 
Gambar 3.17. massa lem PVA (polyvinyl acetae) variabel 2. 

Variabel 3. 

mresin =  22,4 cm3  x 1,5 g /cm3    =  33,6 g. massa resin variabel 3 dapat dilihat 

pada Gambar 3.18. 

 
Gambar 3.18. massa resin polyester variabel 3. 

mlem =  9,4 cm3    x  1,19 g/cm3  =  11,1 g. massa lem PVA (polyvinyl acetae) 

variabel 2 dapat dilihat pada Gambar 3.19. 

 
Gambar 3.19. massa lem PVA (polyvinyl acetae) variabel 3. 
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Setelah semuanya diketahui, selanjutnya mencampur bahan dan 

mengaduknya secara merata kurang lebih 2 menit dan melumasi cetakan 

menggunakan mirror glaze, agar spesimen tidak lengket pada saat membuka 

cetakan dan pelepasan spesimen dari cetakan. 

Setelah bahan dituangkan kedalam cetakan, lalu ditekan dan diratakan 

menggunakan kaca lapis penutup cetakan. Penuangan bahan kedalam cetakan 

penekanan dapat dilihat pada Gambar 3.20. 

 
(a)                                                                 (b) 

Gambar 3.20. (a) Penuangan bahan kedalam cetakan (b) penekanan. 

Setelah dituang kedalam cetakan dan ditututup dengan penutup cetakan 

selanjutnya dibiarkan dan dikeringkan kurang lebih 4 sampai 5 jam dan diletakkan 

jauh dari aktifitas sehari hari karena baunya sangat menyengat. Spesimen yang 

dicetak dapat dilihat pada Gambar 3.21. 

 
Gambar 3.21. Spesimen yang dicetak. 

Setelah kering cetakan dibuka menggunakan obeng dang dicongkel secara 

perlahan, biar kacanya tidak pecah. Lalu melepas spesimen dari dalam cetakan. 

pelepasan spesimen dari cetakan dapat dilihat pada Gambar 3.22. 

Cetakan 
spesimen 

Spesimen 
yang 

dicetak 
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Gambar 3.22. Pelepasan spesimen dari cetakan. 

Spesimen uji dibuat tiga tiap variabel menjadi 9 spesimen dengan ukuran 

yang sama tiap variabelnya. 

5. Melakukan pengujian spesimen. 

Pengujian spesimen dilakukan menggunakan alat uji impak anak panah jatuh 

bebas yang mengacu pada ASTM D 1709 ISO 7765-1. Dengan prosedur pengujian 

meletakkan spesimen diantara klem atas dan bawah penjepit spesimen lalu 

membuat lingkaran dengan stabilo pada spesimen yang bersentuhan langsung 

dengan klem atas spesimen agar dapat dilihatnya apakah spesimen yang diuji 

bergeser atau tidak dari klem penjepit pada saat pengujian. Setelah itu mengaktifkan 

mekanisme penjepit anak panah dan meletakkan anak panah pada mekanisme 

penjepit diketinggian 0,66m.  Anak panah alat uji dapat dilihat pada Gambar 3.23. 

 
                     (a)                                        (b)                                     (c) 

Gambar 3.23. Anak panah alat uji : (a) massa 60 g (b) massa 45 g (c) massa 30 g. 

Setelah semuanya telah dipersiapkan selanjutnya melepaskan anak panah 

dengan menekan tombol pada mekanisme pelepasan anak panah yang ada pada 

laptop agar anak panah jatuh. Pengujian spesimen dapat dilihat pada Gambar 3.24. 

Spesimen 
yang sudah 

dilepas Cetakan 
spesimen 
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Gambar 3.24. Pengujian spesimen. 

Hasil pengujian dampak kegagalan impak anak panah jatuh bebas dapat 

dihitung dengan melakukan perhitungan persamaan yang sesuai dengan ASTM D 

1709 ISO 7765-1 berikut : 

WF =  WO + [∆W (A/N-1/2)] 

Dimana : 

 WF =  Dampak kegagalan impak (g). 

 WO =  Bobot anak panah terendah (g). 

 ∆W =  Peningkatan berat anak panah (g).  

NJ =  Jumlah total x pada setiap nilai anak panah. 

 I =  Integer 0,1,2 masukkan 0 untuk massa anak panah terendah 1 untuk 

lebih berat. 

INJ  =  Hasil dari I kali NJ. 

  Dampak kegagalan impak dari rangkaian pengujian dapat diketahui dimana 

nilai NJ dan I diambil dari hasil test, jumlah kegagalan pada tiap nilai anak panah 

tertentu ditetapkan sebagai NJ, penjumlahan NJ = N. Jumlah kenaikan massa (WO) 

adalah I, dengan mengalikan I dengan NJ diperoleh istilah INJ, penjumlahan dari 

INJ = A, dampak kegagalan impak = WF [11].  

Setelah melakukan pengujian selanjutnya pengumpulan data, melakukan 

analisa dan pembahasan. 

Anak panah alat 
uji diketinggian 

0,66 m. 

Spesimen 
yang akan 

diuji. 
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E. Diagram Alir Penelitian 

Proses jalannya penelitian ini dapat dilihat pada Gambar 3.25. 

 

  

 

 

 

 

 

 

 

 

 

 

        

           

                                                                             

                                                                                                                                                                              

        

        

 

Gambar. 3.25. Diagram alir penelitian. 

 

 

Mulai 

Study literatur 

Persiapan bahan dan alat 

Pembuatan spesimen 

1. 90 % resin 10 % lem PVA (polyvinyl acetate) 
2. 80 % resin 20 % lem PVA (polyvinyl acetate) 
3. 70 % resin 30 % lem PVA (polyvinyl acetate) 

kesimpulan 

Analisa dan pembahasan 

Selesai 

Tidak  
Validasi data 

Uji impak anak panah jatuh bebas 

Ya  
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BAB V 

KESIMPULAN DAN SARAN 

 

A. Kesimpulan 

Dengan melihat hasil penelitian yang telah dibahas, maka dapat ditarik 

kesimpulan sebagai berikut : 

1. Telah berhasil dibuatnya komposit berbahahan resin polyester dan lem PVA 

(polyvinyl acetate) tanpa menggunakan serat pada pengaplikasian spidometer 

motor. 

2. Hasil pengujian didapati bahwa pada variabel 1 memiliki dampak kegagalan 

impak sebesar 37,5 g, variabel 2s memiliki dampak kegagalan impak sebesar 45 

g dan variabel 3 memiliki dampak kegagalan impak sebesar 52,5 g. 

3. Berdasarkan hasil dari tabel kriteria karakteristik teknik variabel yang 

berpeluang untuk diaplikasikan pada pembuatan spidometer motor yaitu 

komposisi bahan dari variabel 2, 80 % resin dan 20 % lem PVA. 

4. Pengaplikasian spidometer motor dibuat dalam bentuk prototipe dengan 

menggunakan  komposisi bahan dari variabel 2, 80 % resin dan 20 % lem PVA. 

 

B. Saran 

Berdasarkan hasil penelitian, pembahasan dan kesimpulan yang diatas 

penulis memeberikan saran sebagai berikut: 

1. Jika ingin membuat komposit yang berpeluang digunakan sebagai penutup 

spidometer motor yang lebih baik lagi. Ada baiknya pada penggunaan campuran 

bahannya ditingkatkan lagi kebahan yang lebih baik dan transfaran dari lem PVA 

(polyvinyl acetate) 
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2. Bagi peneliti selanjutnya, hendaknya untuk memperluas penelitian sehingga 

diperoleh hasil dari pemanfaatan komposit yang lebih baik lagi dan dapat 

digunakan dengan baik dengan kualitas dan mutu yang baik juga. 

43 
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Designation: D 1709 – 98Designation: D 1709 – 98

Standard Test Methods forStandard Test Methods for
Impact Resistance of Plastic Film by the Free-Falling DartImpact Resistance of Plastic Film by the Free-Falling Dart
MethodMethod11

This standard is issued under the fixed designation D 1709; the number immediately following the designation indicates the year of This standard is issued under the fixed designation D 1709; the number immediately following the designation indicates the year of 

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. Aoriginal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A

superscsuperscript epsilon ript epsilon ((ee) indicates an editorial change since the last revision or reapproval.) indicates an editorial change since the last revision or reapproval.

1. 1. ScoScope *pe *

1.1 The1.1 These se testest t metmethodhods s covcover er the the detdetermerminainatition on of of thethe

energy that causes plastic film to fail under specified conditionsenergy that causes plastic film to fail under specified conditions

of impact of a free-falling dart. This energy is expressed inof impact of a free-falling dart. This energy is expressed in

tetermrms s of of ththe e weweigight ht (m(masass) s) of of ththe e mimissssilile e fafallllining g frfrom om aa

specified height which would result in 50 % failure of speci-specified height which would result in 50 % failure of speci-

mens tested.mens tested.

1.2 1.2 TTwo test methods are describwo test methods are described:ed:

1.2.11.2.1   Te  Test st MethMethod od AA   employs a dart with a 38.0  employs a dart with a 38.0 66 1-mm1-mm

(1.50(1.50 66 0.05-in.) diameter hemispherical head dropped from a0.05-in.) diameter hemispherical head dropped from a

height of 0.66height of 0.66 66 0.01 m (26.00.01 m (26.0 66 0.4 in.). This test method may0.4 in.). This test method may

be used for films whose impact resistances require masses of be used for films whose impact resistances require masses of 

about 50 g or less to about 2 kg to fracture them.about 50 g or less to about 2 kg to fracture them.

1.2.21.2.2   T  Test est MethMethod od BB   em  emplployoys s a a dadart with a rt with a 5050 66 1-mm1-mm
(2.0(2.0 66 0.01, −0.07-in.) diameter hemispherical head dropped0.01, −0.07-in.) diameter hemispherical head dropped

from a height of 1.50from a height of 1.50 66 0.03 m (60.0 + 0.25, −1.70 in.). Its0.03 m (60.0 + 0.25, −1.70 in.). Its

range of applicability is from about 0.3 kg to about 2 kg.range of applicability is from about 0.3 kg to about 2 kg.

1.3 1.3 Two testiTwo testing techniques are described:ng techniques are described:

1.3.1 1.3.1 The standarThe standard d techtechnique is the nique is the staistaircase methorcase method. Byd. By

this technique, a uniform missile weight increment is employedthis technique, a uniform missile weight increment is employed

during test and the missile weight is decreased or increased byduring test and the missile weight is decreased or increased by

the uniform increment after test of each specimen, dependingthe uniform increment after test of each specimen, depending

upon the result (fail or not fail) observed for the specimen.upon the result (fail or not fail) observed for the specimen.

1.3.2 1.3.2 The alternatThe alternative techniquive technique e proviprovides for des for testtesting speci-ing speci-

memens ns in in susuccccesessisive ve grgrououps ps of of teten. n. OnOne e mimissssilile e weweigight ht isis

empemployloyed ed for each for each grogroup up and and mimississile le weiweight ght is is varvaried ied inin

uniform increments from group to group.uniform increments from group to group.

1.3.3 1.3.3 The staircaThe staircase se techntechnique and ique and the alternatthe alternative techniquive techniquee

give equivalent results both as to the values of impact failuregive equivalent results both as to the values of impact failure

weight which are obtained and as to the precisions with whichweight which are obtained and as to the precisions with which

they are determined.they are determined.

1.1.4 4 ThThe e vavalulues es ststatated ed in in SI SI ununitits s arare e to to be be reregagardrded ed asas

standard. The values stated in parentheses are for informationstandard. The values stated in parentheses are for information

only.only.

NNOTEOTE  1—Tests on materials that do not break, for any reason, are not 1—Tests on materials that do not break, for any reason, are not

considered to be valid. It has been noted that certain materials may stretchconsidered to be valid. It has been noted that certain materials may stretch

so far as to bottom out at the base of certain test instruments withoutso far as to bottom out at the base of certain test instruments without

actually rupturing. Subcommittee D20.19 is currently considering meth-actually rupturing. Subcommittee D20.19 is currently considering meth-

ods for testing these materials.ods for testing these materials. Anyone interested in participating in a Task Anyone interested in participating in a Task 

Group should contact the Group should contact the ChairmChairman of an of SubcomSubcommittee D20.19 throughmittee D20.19 through

ASTM Headquarters.ASTM Headquarters.

NNOTEOTE   2—Thi  2—This s testest t metmethod hod is is tectechnihnicalcally ly equiequivalvalent ent to to ISO 7765-1ISO 7765-1::

1988, with the exception of a larger tolerance on the drop height in Test1988, with the exception of a larger tolerance on the drop height in Test

Method B. Also, the ISO method does not allow the alternative testingMethod B. Also, the ISO method does not allow the alternative testing

technique described in Section 11 of this test method.technique described in Section 11 of this test method.

1.51.5   This standar  This standard d does not does not purppurport to ort to addraddress the ess the safesafetyty

concerns, if any, associated with its use. It is the responsibilityconcerns, if any, associated with its use. It is the responsibility

of the user of this standard to establish appropriate safety and of the user of this standard to establish appropriate safety and 

health practices and determine the applicability of regulatoryhealth practices and determine the applicability of regulatory

limitations prior to use.limitations prior to use.
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3.2.13.2.1   failure  failure—any break through the film that can be ob-—any break through the film that can be ob-

served readily by feeling or by viewing the specimen underserved readily by feeling or by viewing the specimen under

backlighted condition.backlighted condition.

3.2.23.2.2   impact failure weight   impact failure weight —that missile weight, estimated—that missile weight, estimated

statistically, at which 50 % of the specimens would fail in thestatistically, at which 50 % of the specimens would fail in the

specified test.specified test.

3.2.33.2.3   missile weight   missile weight —the weight (mass) of the dart plus the—the weight (mass) of the dart plus the

total value of incremental weights attachedtotal value of incremental weights attached   plus  plus   the locking the locking

collar.collar.

4. 4. SigniSignificancficance and Usee and Use

4.1 4.1 TTest Metest Methodshods AA and B are used to esand B are used to establtablish the weiish the weight of ght of 

the dart when 50 % of the specimens fail under the conditionsthe dart when 50 % of the specimens fail under the conditions

specified. Data obtained by one test method cannot be com-specified. Data obtained by one test method cannot be com-

paparered d didirerectctly ly wiwith th ththe e ototheher r tetest st memeththod od nonor r wiwith th ththososee

obtained from tests employing different conditions of missileobtained from tests employing different conditions of missile

velocity, impinging surface diameter, effective specimen diam-velocity, impinging surface diameter, effective specimen diam-

eter, and thickness. The values obtained by these test variableseter, and thickness. The values obtained by these test variables

are highly dependent on the method of film fabrication.are highly dependent on the method of film fabrication.

4.4.2 2 ThThe e reresusultlts s obobtatainined ed by by TTesest t MeMeththodods s A A anand d B B araree

grgreaeatltly y ininflufluenenceced d by by ththe e ququalalitity y of of filfilm m unundeder r tetestst. . ThThee

conconfidefidence nce limlimits its of of datdata a obtobtainained ed by by thithis s proprocedcedure ure cancan,,

therefore, vary significantly, depending on the sample quality,therefore, vary significantly, depending on the sample quality,

unifuniformiormity ty of of film gage, film gage, die marks, die marks, contcontaminaminants, etc. ants, etc. (see(see

Section 15).Section 15).

4.4.3 3 TTesest t MeMeththodods s A A anand d B B hahave ve bebeen en fofounund d ususefeful ul foforr

specispecificatification on purpopurposes. ses. CorreCorrelatilation on betwebetween en test test resuresults lts andand

field performance can usually be established.field performance can usually be established.

4.4 The 4.4 The impimpact act resresististancance e of of plaplastistic c filmfilm, , whiwhile le parpartltlyy

dependent on thickness, has no simple correlation with sampledependent on thickness, has no simple correlation with sample

thickness. Hence, impact values cannot be normalized over athickness. Hence, impact values cannot be normalized over a

range of thickness without producing misleading data as to therange of thickness without producing misleading data as to the

actual impact resistance of the material. Data from these testactual impact resistance of the material. Data from these test

methods are comparable only for specimens that vary by nomethods are comparable only for specimens that vary by no

more thanmore than 6625 % from the nominal or average thickness of the25 % from the nominal or average thickness of the

specimens tested.specimens tested.

4.5 Seve4.5 Several imparal impact ct testest t metmethodhods s are used are used for film. It for film. It isis

somsometietimes mes desdesirairable ble to to knoknow w the the relrelatiationsonshiphips s amoamong ng testestt

resuresults derived by lts derived by difdiffereferent nt test methodstest methods. A . A study was study was con-con-

ducted in which four films made from two resins (polypropy-ducted in which four films made from two resins (polypropy-

lenlene e and and linlinear ear lowlow-de-densinsity ty polpolyetyethylhyleneene), ), witwith h two two filmfilm
thicknesses for each resin, were impacted using Test Methodsthicknesses for each resin, were impacted using Test Methods

D D 171709 09 (M(Metethohod d A)A), , D D 343420 20 (P(Prorocecedudureres s A A anand d B)B), , anandd

D 4272. The test results are shown in the Appendix. Differ-D 4272. The test results are shown in the Appendix. Differ-

ences in results between Test Methods D 1709 and D 4272 mayences in results between Test Methods D 1709 and D 4272 may

be be expexpectected ed sinsince ce TTest est MetMethodhods s D D 1701709 9 reprepresresentents s faifailurluree

initiated energy, while Test Method D 4272 is initiation plusinitiated energy, while Test Method D 4272 is initiation plus

completion energy. Some films may show consistency whencompletion energy. Some films may show consistency when

the initithe initiatiation on eneenergrgy y is is the the samsame e as as the total the total eneenergrgyy. . ThiThiss

stastatemtement ent and and the the testest t datdata a alsalso o appappear ear in in the the sigsignifinificancancece

sections and appendixes of Test Methods D 3420 and D 4272.sections and appendixes of Test Methods D 3420 and D 4272.

5. 5. AppaApparatusratus

5.1 5.1 The apparatus shall be constructeThe apparatus shall be constructed essentially as shownd essentially as shown

in Fig. 1, using the following components common to both testin Fig. 1, using the following components common to both test

methods:methods:5.1.15.1.1   Spe  Specimcimen en ClaClampmp—A —A twotwo-pi-piece ece annuannular lar spespecimcimenen

clamp having an inside diameter of 125clamp having an inside diameter of 125 66 2.0 mm (5.0 + 0.0,2.0 mm (5.0 + 0.0,

−0.15 in.) and conforming to the following requirements:−0.15 in.) and conforming to the following requirements:

5.1.1.5.1.1.1 1 The lower or stationThe lower or stationary half of the ary half of the clamclamp shall bep shall be

mounted rigidly so that the plane of the specimen is horizontal.mounted rigidly so that the plane of the specimen is horizontal.

5.15.1.1..1.2 2 The uppeThe upper r or movabor movable part of le part of the clamthe clamp p shashall bell be

designed to maintain positive and plane contact with the lowerdesigned to maintain positive and plane contact with the lower

papart rt of of ththe e clclamamp p whwhen en in in poposisititionon. . ThThe e clclamamps ps shshalall l bebe

provided with suitable means of maintaining sufficient contactprovided with suitable means of maintaining sufficient contact

to to hohold ld ththe e filfilm m sasampmple le firfirmlmly y in in plplacace e duduriring ng ththe e tetestst..

PneumPneumaticaatically lly operaoperated ted clamclamps ps have have been been succsuccessfuessfully lly em-em-

ployed.ployed.

5.1.1.3 5.1.1.3 Rubber-like gasketRubber-like gaskets may be affs may be affixed to the specimenixed to the specimen
contact surfaces of both clamps to provide a cushion whichcontact surfaces of both clamps to provide a cushion which

miniminimizes mizes thicthickness kness variavariation tion efeffectsfects. . Rubber Rubber gaskegasketingting

3.03.0 66 1 mm (0.125 + 0.025, −0.04 in.) thick, of 50 to 60 Shore1 mm (0.125 + 0.025, −0.04 in.) thick, of 50 to 60 Shore

A durometer hardness, 125A durometer hardness, 125 66 2.0 mm (5.00 + 0.00, −0.15 in.)2.0 mm (5.00 + 0.00, −0.15 in.)

in inside diameter and 150in inside diameter and 150 66 3.0 mm (6.0 + 0.02, −0.2 in.) in3.0 mm (6.0 + 0.02, −0.2 in.) in

outside diameter has been found satisfactory for this purpose.outside diameter has been found satisfactory for this purpose.

5.1.1.4 5.1.1.4 Slippage of filmSlippage of films greater than s greater than 0.10 mm (0.004 in.) 0.10 mm (0.004 in.) inin

thickness may be minimized or eliminated by securing crocusthickness may be minimized or eliminated by securing crocus

cloth or 50D garnet abrasive paper to the gaskets with doublecloth or 50D garnet abrasive paper to the gaskets with double

sensitive tape so that the abrasive surface is in direct contactsensitive tape so that the abrasive surface is in direct contact

with the with the film. There should be film. There should be sufsuffficieicient nt clamclamping force toping force to

eliminate detectable slippage. Other means of reducing slip-eliminate detectable slippage. Other means of reducing slip-

page such as additional clamping devices or positive clampingpage such as additional clamping devices or positive clamping

surfaces may be used provided that the film is not weakened atsurfaces may be used provided that the film is not weakened at

the inside wall of the specimen clamps and that the effectivethe inside wall of the specimen clamps and that the effectivediameter of 125diameter of 125 66 2.0 mm (5.00 + 0.00, −0.15 in.) of the film2.0 mm (5.00 + 0.00, −0.15 in.) of the film

is not changed.is not changed.

5.1.25.1.2   Dart   Dart ReleaRelease se MechMechanismanism, , capcapablable e of of supsupporportinting g aa

2-kg weight shall be used for supporting and releasing the dart2-kg weight shall be used for supporting and releasing the dart

assembly. It shall be equipped with a centering device, such asassembly. It shall be equipped with a centering device, such as

a removable plumb bob, to ensure a reproducible drop. Eithera removable plumb bob, to ensure a reproducible drop. Either

an electromagnetic- or pneumatic-operated release mechanisman electromagnetic- or pneumatic-operated release mechanism

may be used.may be used.

5.1.35.1.3   Positioning Device  Positioning Device—Th—The e appapparaaratus shall be tus shall be ablable e toto

drop the dart from heights of 0.66drop the dart from heights of 0.66 66 0.01 m (26.00.01 m (26.0 66 0.4 in.)0.4 in.)

for Test Method A and 1.50for Test Method A and 1.50 66 0.03 m (60.0 + 0.25, −1.70 in.)0.03 m (60.0 + 0.25, −1.70 in.)

for Test Method B. The distance between the impinging surfacefor Test Method B. The distance between the impinging surface

of of ththe e dadart rt hehead ad anand d ththe e susurfrfacace e of of ththe e tetest st spspececimimen en isis

considered to be the drop height. The dart shall be positionedconsidered to be the drop height. The dart shall be positioned

vertically above the center of the test specimen.vertically above the center of the test specimen.5.1.45.1.4   Micrometer   Micrometer , accurate to, accurate to   660.0025 mm (0.0025 mm (660.0001 in.)0.0001 in.)

in the range from 0.0025 mm (0.0001 in.) to 1 mm (0.4 in.) forin the range from 0.0025 mm (0.0001 in.) to 1 mm (0.4 in.) for

measuring specimen thickness (see Test Methods D 374).measuring specimen thickness (see Test Methods D 374).

5.1.55.1.5   Cushioning and Shielding Devices  Cushioning and Shielding Devices, to protect person-, to protect person-

nel and to avoid damaging the impinging surface of the dart.nel and to avoid damaging the impinging surface of the dart.

These devices shall not interfere with the dart or the specimenThese devices shall not interfere with the dart or the specimen

prior to penetrating the specimen.prior to penetrating the specimen.

5.1.65.1.6   Collar   Collar   with inside diameter of approximately 7 mm  with inside diameter of approximately 7 mm

(0.28 in.) and with set screw for securing collar to dart shaft.(0.28 in.) and with set screw for securing collar to dart shaft.

5.25.2   Darts  Darts for Test Methods A and B shall have hemispheri- for Test Methods A and B shall have hemispheri-

cal heads, each fitted with a 6.5cal heads, each fitted with a 6.5 66 1-mm (0.25 + 0.04, −0.03-1-mm (0.25 + 0.04, −0.03-

in.) diameter shaft at least 115 mm (4.5 in.) long to accommo-in.) diameter shaft at least 115 mm (4.5 in.) long to accommo-

date removable incremental weights. Each dart weight shall bedate removable incremental weights. Each dart weight shall be

known toknown to 6 60.5 % relative. Dart head surfaces shall be free of 0.5 % relative. Dart head surfaces shall be free of 

nicnicks, ks, scrscratcatcheshes, , or or othother er irrirreguegularlarititiesies. . The The shashaft ft shashall ll bebeattached to the center of the flat surface of the head with itsattached to the center of the flat surface of the head with its

longitudinal axis perpendicular to the surface. If an electro-longitudinal axis perpendicular to the surface. If an electro-

magnet is used, the shaft shall be made of material that is notmagnet is used, the shaft shall be made of material that is not

D 1709D 1709
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magnetic and shall have a steel tip 125magnetic and shall have a steel tip 125 66 0.2 mm (0.50 + 0.00,0.2 mm (0.50 + 0.00,
−0.02 in.) long at the end held by the electromagnet.−0.02 in.) long at the end held by the electromagnet.

5.2.1 5.2.1 For TFor Test Method A, the dart head shall be 38.0est Method A, the dart head shall be 38.0 66 0.060.06

mm (1.50mm (1.50 66 0.005 in.) in diameter. It may be constructed of 0.005 in.) in diameter. It may be constructed of 

smoosmooth, th, polipolished shed alumaluminuminum, , phenophenolic, lic, or or otheother r low-low-densidensityty

material of similar hardness.material of similar hardness.

5.2.2 5.2.2 For TFor Test Methest Method B, the dart head shall be 50od B, the dart head shall be 50 66 0.080.08

mm (2.0mm (2.0 66 0.00.005 05 in.in.) ) in in diadiamemeterter. . It It may be may be conconstrstructucted ed of of 

smoosmooth, th, polispolished hed staistainlesnless s steesteel l or or otheother r matematerial of rial of simisimilarlar

durability.durability.

5.35.3   Incremental Weights  Incremental Weights  for Test Methods A and B shall be for Test Methods A and B shall be

of stainless steel or brass and cylindrical in shape. Each shallof stainless steel or brass and cylindrical in shape. Each shall

have a center hole 6.6 + 1.0, −0.00 mm (0.26 + 0.03, −0.00 in.)have a center hole 6.6 + 1.0, −0.00 mm (0.26 + 0.03, −0.00 in.)

in diameter. The thickness of each shall be adjusted to obtainin diameter. The thickness of each shall be adjusted to obtain

the the spespecificified ed weiweight ght witwithinhin    660.0.5 5 %. %. ThThe e didiamameteter er of of ththee

weweigighthts s shshalall l nonot t exexceceed ed ththe e didiamameteter er of of ththe e dadart rt heheadad..Suggested combination of weights for the specified diametersSuggested combination of weights for the specified diameters

are as follows:are as follows:

5.3.1 5.3.1 For TFor Test Mest Methodethod A, 31.5A, 31.5 66 1-mm (1.25 + 0.03, −0.05-1-mm (1.25 + 0.03, −0.05-

in.) diameter weights.in.) diameter weights.
NNuummbbeer  r  WWeeiigghhtt,  ,  gg

2  2  oor  r  mmoorre  e  55

8 8 1515

8 8 3030

8 8 6060

5.3.2 5.3.2 For TFor Test Method est Method B, 45.0B, 45.0 66 1-mm (1.75 + 0.06, −0.02-1-mm (1.75 + 0.06, −0.02-

in.) diameter weights.in.) diameter weights.

NNuummbbeer  r  WWeeiigghhtt,  ,  gg

2  2  oor  r  mmoorre  e  1155

8 8 4545

8 8 9090

5.3.3 5.3.3 OptioOptionallynally, , addiadditionational l weighweights, ts, each 120 each 120 gg 66 0.5 %0.5 %

for Test Method A or 180 gfor Test Method A or 180 g 66 0.5 % for Test Method B, may0.5 % for Test Method B, may

be constructed for use if it is necessary to extend the missilebe constructed for use if it is necessary to extend the missile

weight beyond that attainable when using all weights in theweight beyond that attainable when using all weights in the

standard set.standard set.

6. 6. TTest Specimenest Specimen

6.1 6.1 TTest specimest specimens shall be ens shall be larlarge enough to ge enough to exteextend outsidend outside

NNOTEOTE—Legend Dart Assembly:—Legend Dart Assembly:

A. A. SteSteel shafel shaft tip 6.5t tip 6.5 66 1 mm (0.25 + 0.04, −0.03 in.) OD by 12.51 mm (0.25 + 0.04, −0.03 in.) OD by 12.5 66 0.2 mm (0.50 + 0.00, −0.02 in.) long.0.2 mm (0.50 + 0.00, −0.02 in.) long.

B. B. Dart shaDart shaft: 6.5ft: 6.566 1 mm (0.25 + 0.04, −0.03 in.) OD and at least 115 mm (4.5 in.) long:1 mm (0.25 + 0.04, −0.03 in.) OD and at least 115 mm (4.5 in.) long:    11 ⁄  ⁄ 44–20 thd. (N.C.) 12.5–20 thd. (N.C.) 12.5 66 0.2 mm (0.50 + 0.00, −0.02 in.) long0.2 mm (0.50 + 0.00, −0.02 in.) long

on bottom: No. 5–40 thd. (N.F.) for steel tip.on bottom: No. 5–40 thd. (N.F.) for steel tip.

C. C. HemisphHemispherical head: Method A—38erical head: Method A—38.0.0 66 0.06 mm (1.500.06 mm (1.50 66 0.005 in.) in diameter. Method B—500.005 in.) in diameter. Method B—50 66 0.08 mm (2.00.08 mm (2.0 66 0.005 in.) in diameter.0.005 in.) in diameter.

D. D. RemovRemovable weights.able weights.

E. E. Collar and screwCollar and screw..

FIG. 1 Apparatus for Free-Falling Dart Impact Test for Plastic FilmFIG. 1 Apparatus for Free-Falling Dart Impact Test for Plastic Film
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the specimen clamp gaskets at all points. The specimens shallthe specimen clamp gaskets at all points. The specimens shall

be representative of the film under study and shall be takenbe representative of the film under study and shall be taken

from the sheet or tube in a manner representative of soundfrom the sheet or tube in a manner representative of sound

sampling practice. This is to ensure that the whole of the sheetsampling practice. This is to ensure that the whole of the sheet

be represented in the test unless such sampling constitutes abe represented in the test unless such sampling constitutes a

variable under study.variable under study.

6.2 6.2 The specimens shall The specimens shall be free of pinholes, wrinbe free of pinholes, wrinkles, folds,kles, folds,

or or otheother r obviobvious ous impeimperfectrfections, ions, unleunless ss such such impeimperfecrfectionstions

constitute variables under study.constitute variables under study.

7. 7. CondConditionitioninging

7.17.1   Conditioning  Conditioning—Fol—Follow low the the condiconditionitioning ng requirequiremerementsnts

specified in the materials specification for the material that isspecified in the materials specification for the material that is

beibeing ng testestedted. . OthOtherwerwiseise, , conconditdition ion the the testest t spespecimcimens ens atat

2323 66 2°C (70 to 77°F) and 502°C (70 to 77°F) and 50 66 5 % relative humidity for not5 % relative humidity for not

less than 40 h prior to test in accordance with Procedure A of less than 40 h prior to test in accordance with Procedure A of 

Practice D 618, for those tests where conditioning is required.Practice D 618, for those tests where conditioning is required.

In In cacaseses s of of didisasagrgreeeemementnt, , ththe e totolelerarancnces es shshalall l bebe    661°C1°C

((661.8°F) and1.8°F) and  6 62 % relative humidity.2 % relative humidity.

7.27.2   Test Conditions  Test Conditions—Conduct tests in the standard labora-—Conduct tests in the standard labora-

tortory y atmatmospospherhere e of of 2323 66 2°C (73.42°C (73.4 66 3.63.6°F) and °F) and 5050 66 5 5 %%

relarelative tive humihumidity dity unleunless ss otheotherwise specified rwise specified in in the the matematerialrialss

specification. In cases of disagreement, the tolerances shall bespecification. In cases of disagreement, the tolerances shall be
661°C (1°C (661.8°F) and1.8°F) and  6 62 % relative humidity.2 % relative humidity.

8. 8. PrepPreparataration of ion of AppaApparatusratus
8.1 8.1 Set up the apparatuSet up the apparatus for testing by Tes for testing by Test Method A ost Method A or byr by

Test Method B.Test Method B.

8.1.1 8.1.1 For TFor Test Methoest Method A select a dart with a d A select a dart with a 38.038.0 66 1-mm1-mm

(1.5(1.5 66 0.05-in.) diameter hemispherical head. For Test Method0.05-in.) diameter hemispherical head. For Test Method

B, select a dart with a 50.0B, select a dart with a 50.0 66 1-mm 1-mm (2.0 + (2.0 + 0.01, 0.01, −0.07−0.07-in.)-in.)

diameter hemispherical head.diameter hemispherical head.

8.18.1.2 .2 ActActivaivate te the the dardart t relreleasease e mecmechanhanism ism and and insinsert ert thethe

steel shaft tip into the mechanism. The dart should be held insteel shaft tip into the mechanism. The dart should be held in

place by the dart release mechanism. Adjust the drop heightplace by the dart release mechanism. Adjust the drop height

(the vertical distance from the plane of a clamped specimen to(the vertical distance from the plane of a clamped specimen to

ththe e bobottttom om susurfrfacace e of of ththe e dadart rt heheadad) ) to to 0.0.6666 66 0.0.01 01 mm

(26.0(26.0 66 0.0.4 4 inin.) .) fofor r TTesest t MeMeththod A od A or or to to 1.1.5050 66 0.0.03 03 mm

(60(60.0 .0 + + 0.20.25, 5, −1.−1.70 70 in.in.) ) for Tesfor Test t MetMethod hod B. B. ((CautionCaution—For—For

safety reasons, remove the dart while making position adjust-safety reasons, remove the dart while making position adjust-

ments.)ments.)
8.8.1.1.3 3 WWitith h a a trtriaial l filfilm m spspececimimen en clclamampeped d bebetwtweeeen n ththee

spespecimcimen en claclamps and mps and witwith h no no addadded ed weiweightghts s on on the dartthe dart,,

release the dart and observe the point at which the dart impactsrelease the dart and observe the point at which the dart impacts

the specimen, catching the dart after it bounces off the filmthe specimen, catching the dart after it bounces off the film

surface. If necessary, adjust the dart release mechanism so that,surface. If necessary, adjust the dart release mechanism so that,

in repeated trials, the dart reproducibly impacts the center of in repeated trials, the dart reproducibly impacts the center of 

the clamped portion of the film.the clamped portion of the film.

8.2 8.2 Check the apparatus perCheck the apparatus periodically to make siodically to make sure specimenure specimen

slippage during testing is not occurring. If slippage occurs, thisslippage during testing is not occurring. If slippage occurs, this

is reason to reject the results. The likelihood of occurrence of is reason to reject the results. The likelihood of occurrence of 

slipslippage increaspage increases es with increaswith increasing dart ing dart weighweight t and with and with in-in-

creasing drop height and is greater with some materials thancreasing drop height and is greater with some materials than

with others. Slippage may be checked conveniently during thewith others. Slippage may be checked conveniently during the

coucourse of rse of testestiting ng of of a a rouroutintine e samsample at ple at a a mimississile le weiweightght

wherewherein in both failures and both failures and non-non-failfailures are ures are beinbeing g obserobserved.ved.
Either of the following procedures is effective.Either of the following procedures is effective.

8.2.1 8.2.1 BeforBefore e droppdropping the ing the missmissile on ile on a a clamclamped specimeped specimen,n,

draw a circle on the film using a ball-point pen in contact withdraw a circle on the film using a ball-point pen in contact with

the inside wall of the upper clamp. Apply only the pressure of the inside wall of the upper clamp. Apply only the pressure of 

the pen itself to the film. (the pen itself to the film. (CautionCaution—For safety reasons, the—For safety reasons, the

dart should not be in the dart release mechanism while drawingdart should not be in the dart release mechanism while drawing

the circle.) After the dart is dropped and prior to removing thethe circle.) After the dart is dropped and prior to removing the

plaplastistic c filmfilm, , dradraw w anoanothether r circircle using cle using a a balball-l-poipoint nt pen pen of of 

another color. If the lines are drawn, distinct double lines at anyanother color. If the lines are drawn, distinct double lines at any

point on the circumference show that slippage has occurred.point on the circumference show that slippage has occurred.

8.2.2 8.2.2 If crocus cloth or sandpaper is afIf crocus cloth or sandpaper is affixefixed to the gaskets tod to the gaskets to

effect greater gripping, determine slippage simply by inspect-effect greater gripping, determine slippage simply by inspect-

ing the clamped film area after impact for evidence of scratching the clamped film area after impact for evidence of scratch
marks produced as slippage occurred.marks produced as slippage occurred.

STAIRCASE TESTING TECHNIQUESTAIRCASE TESTING TECHNIQUE

9. 9. ProcProcedureduree

9.1 9.1 By this technique, a uniBy this technique, a uniform missile weiform missile weight increment isght increment is

employed during test and the missile weight is changed afteremployed during test and the missile weight is changed after

test of each specimen.test of each specimen.

9.2 9.2 SelSelect Teect Test st MetMethod A or hod A or TTest Methest Method od B B for use, for use, asas

desired, or as required by the relevant material specification.desired, or as required by the relevant material specification.

Set up the apparatus for testing as described in 8.1. If desired,Set up the apparatus for testing as described in 8.1. If desired,

carry out a slippage check as described in 8.2 at some pointcarry out a slippage check as described in 8.2 at some point

during the course of testing.during the course of testing.

9.3 9.3 MeaMeasursure e and recorand record d the averathe average ge thithicknckness of ess of the testthe test

spespecimcimens in ens in the area the area of of impimpact to act to the nearthe nearest 0.002est 0.0025 5 mmmm

(0.0001 in.).(0.0001 in.).
9.4 9.4 For a For a stastartirting ng poipoint, selent, select ct a a mimississile le weiweight near theght near the

expected impact failure weight. Add the necessary number of expected impact failure weight. Add the necessary number of 

incremental weights onto the dart shaft and put the lockingincremental weights onto the dart shaft and put the locking

collar into place so that the weights are held securely in place.collar into place so that the weights are held securely in place.

9.5 9.5 Select a misSelect a missile weight incsile weight incrementrement DDW W  appropriate to the appropriate to the

impact strength of the sample: The value chosen forimpact strength of the sample: The value chosen for DDW W  should should

be such that three to six (but at least three) missile weights willbe such that three to six (but at least three) missile weights will

be employed in the determination. Abe employed in the determination. A DDW W  value equal to some value equal to some

5  5  tto  o  115  5  %  %  oof  f     W W 
F F 

, , ththe e imimpapact ct fafaililurure e weweigightht, , is is ususuauallllyy

appropriate.appropriate.

9.6 9.6 PlacPlace the first test specime the first test specimen over the bottom paren over the bottom part of t of thethe

clamp, making sure that it is uniformly flat, free of folds, andclamp, making sure that it is uniformly flat, free of folds, and

that it covers the gasket at all points. Clamp in place with thethat it covers the gasket at all points. Clamp in place with the

top part of the annular clamp.top part of the annular clamp.

9.7 9.7 ActActivaivate te the dart the dart relreleasease e mecmechanhanism and ism and put the put the dardartt
intinto o pospositiition. on. RelReleasease e the dart. the dart. If If the the dardart t boubouncences s ofoff f thethe

specimen surface, catch the dart after it bounces to preventspecimen surface, catch the dart after it bounces to prevent

both multiple impact with the specimen surface and damage toboth multiple impact with the specimen surface and damage to

the the hemihemisphespherical contact surfacrical contact surface e of of the the dart resultidart resulting ng fromfrom

impact with metal parts of the apparatus.impact with metal parts of the apparatus.

9.8 9.8 Examine the test sExamine the test specimen for any evidpecimen for any evidence of slippage.ence of slippage.

If slippage occurs, this is reason to reject the results.If slippage occurs, this is reason to reject the results.

9.9 9.9 ExamExamine the specimen to determiine the specimen to determine whether it has ne whether it has oror

has not failed. Record the result on a form such as that shownhas not failed. Record the result on a form such as that shown

in Fig. 2, using a 0 to denote non-failure and anin Fig. 2, using a 0 to denote non-failure and an   X X  to denote to denote

failure, or any other similar convention to indicate non-failurefailure, or any other similar convention to indicate non-failure

or failure.or failure.

9.10 9.10 If the first specimen failIf the first specimen failed, decrease the missile weied, decrease the missile weightght

byby   DDW W . If the first specimen did not fail, increase the missile. If the first specimen did not fail, increase the missile

weighweight t byby    DDW W . . TTest the est the seconsecond d specspecimenimen. . ContiContinue testingnue testingsuccesuccessivssive e specispecimensmens, , decredecreasing asing or or increincreasing asing the the missmissileile

weighweight t byby    DDW W   bet  between drops ween drops dependepending upon ding upon whethwhether er thethe

preceding specimen did or did not fail.preceding specimen did or did not fail.
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9.19.11 1 After 20 After 20 specspecimenimens s have been tested, count the have been tested, count the totaltotal

number,number,  N  N , of failures, (, of failures, ( X  X ’s). If ’s). If  N  N 55 10 at this point, testing is10 at this point, testing is

complete. If not, complete testing as follows:complete. If not, complete testing as follows:

9.19.11.1 1.1 If If  N  N  < 10, continue testing additional specimens until < 10, continue testing additional specimens until

 N  N 55 10, then stop testing.10, then stop testing.

9.19.11.2 1.2 If If  N  N  > 10, continue testing additional specimens until > 10, continue testing additional specimens until

the total number of the total number of non-fnon-failuailures (0’s) res (0’s) reacreaches 10, hes 10, then stopthen stop

testing.testing.

10. Calculation10. Calculation

10.1 10.1 On the data record-On the data record-calculation form calculation form (see Fig. 2), record(see Fig. 2), record

underunder    nn
ii

  th  the e tottotal al numnumber of ber of    X X ’s ’s at at eaceach h mimississile le weiweightght,,

counting only thecounting only the  last  last   1010   X X ’s during test.’s during test.

NNOTEOTE    3—If, during test, afte3—If, during test, after 20 r 20 drops,drops, N  N  < 10 or < 10 or  N  N 55 10, there will be10, there will be

only 10only 10    X X ’s after testing is complete. Only where’s after testing is complete. Only where  N  N  > 10 after 20 drops > 10 after 20 drops

will it be necessary to omit some of the earlierwill it be necessary to omit some of the earlier  X  X   results.  results.

10.2 Under10.2 Under    ii, enter integers 0, 1, 2, etc. for each, enter integers 0, 1, 2, etc. for each    nn
ii
 entry. entry.

Enter 0 for the lowest missile weight at which anEnter 0 for the lowest missile weight at which an  n nii  value has value has

been entered, a 1 for next higher missile weight, etc.been entered, a 1 for next higher missile weight, etc.

10.3 Under10.3 Under  in in
ii
, enter the product of , enter the product of  i i  times times   nn

ii
..

10.10.4 4 Add theAdd the    nnii
’s ’s anand d enenteter r asas    N N ; ; by by the procthe proceduedure de-re de-

scribed,scribed, N  N  will alwa will always be 10.ys be 10. Add theAdd the in in
ii
’s and enter as’s and enter as A. A. Enter Enter

W W oo, the missile weight to which an, the missile weight to which an  i i  value of zero is assigned. value of zero is assigned.

EnterEnter  DDW W   the uniform missile weight increment employed.  the uniform missile weight increment employed.

10.5 10.5 CalcuCalculate the impact failurlate the impact failure e weighweightt  W  W F F 
, g, as follows:, g, as follows:

W W F F 55 W W oo 11 @D@DW W ~~ A A /  /  N  N 22 1/21/2!#!#

ALTERNATIVE TESTING TECHNIQUEALTERNATIVE TESTING TECHNIQUE

11. Procedure11. Procedure

11.11.1 1 By this By this techtechniquenique, , succesuccessive groupssive groups s of ten of ten specispecimensmens

eaceach h are testeare tested. d. For each For each grogroup, up, one missone missile weighile weight t is is em-em-

ployed and from group to group missile weight is varied inployed and from group to group missile weight is varied in

uniform increments. Testing is carried to a point where thereuniform increments. Testing is carried to a point where there

are at least five results for percentage failure: one 0 % result,are at least five results for percentage failure: one 0 % result,
one one 100 100 % % resresult and ult and at at lealeast st thrthree ee resresultults s betbetweeween n 0 0 andand

100 %.100 %.

NNOTEOTE    4—In quality cont4—In quality control work, one may find it useful to rol work, one may find it useful to estimatestimatee W  W 
F F 

frofrom m fewfewer er than five than five faifailure resultlure results s at at mismissile weightsile weights s not not necnecessaessarilrilyy

uniformuniformly spaced. Of these, no result should be 0 ly spaced. Of these, no result should be 0 or 100 % or 100 % failurfailure, at leaste, at least

one result should be less than 50 %, and at least one result should beone result should be less than 50 %, and at least one result should be

greater than 50 %. Either the individual results or moving averages-of-twogreater than 50 %. Either the individual results or moving averages-of-two

are plotted on are plotted on probabiprobability paper (see 12.4), a lity paper (see 12.4), a straighstraight line t line is fitted, andis fitted, and  W  W 
F F 

is is rearead d frofrom m the plot. Vthe plot. Valuealues s of of    W W 
F F 

  estimated in this manner will be  estimated in this manner will be

unbiased but will not be as precise as values derived from at least fiveunbiased but will not be as precise as values derived from at least five

failure results employing uniform missile weight increments as previouslyfailure results employing uniform missile weight increments as previously

described.described.

1111.2 .2 SelSelect Teect Test st MetMethod A hod A or Tesor Test t MetMethod B hod B for use, for use, asas

desired, or as required by the relevant material specification.desired, or as required by the relevant material specification.

Set up Set up the apparthe apparatuatus s for testfor testing in ing in accaccordordancance e witwith h 8.18.1. . If If desired, carry out a slippage check as described in 8.2 at somedesired, carry out a slippage check as described in 8.2 at some

point during the course of testing.point during the course of testing.

11.11.3 3 MeasMeasure and record the ure and record the averaverage thicknage thickness of ess of the testthe test

NNOTEOTE——
W W F F 55 W W oo 11 @@DDW W ~~ A/N  A/N 22 1/21/2!#!#

55 120120 11 @@1515~~15/1015/10 22 1/21/2!!##

55 120120 11 @@1515~~1.51.5 22 0.50.5!!##

55 135135 g g..

FIG. 2 Determination of Dart Impact Failure WeightFIG. 2 Determination of Dart Impact Failure Weight
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spespecimcimens in ens in the area the area of of impimpact to act to the nearethe nearest st 0.00.0025 mm025 mm

(0.0001 in.).(0.0001 in.).

11.11.4 4 For a For a startstarting point, select a ing point, select a missmissile weight near theile weight near the

expected impact failure weight. Add the necessary number of expected impact failure weight. Add the necessary number of 

incrincremenemental weights onto tal weights onto the dart the dart shafshaft t and put and put the lockingthe locking

collar into place so that the weights are held securely in place.collar into place so that the weights are held securely in place.

11.5 11.5 Place the first test spePlace the first test specimen over the bottom cimen over the bottom part of thepart of the

clamp, making sure that it is uniformly flat, free of folds, andclamp, making sure that it is uniformly flat, free of folds, and

that it covers the gasket at all points. Clamp in place with thethat it covers the gasket at all points. Clamp in place with the

top part of the annular clamp.top part of the annular clamp.
11.11.6 6 ActivActivate the dart ate the dart relerelease mechanase mechanism and ism and put the dartput the dart

intinto o pospositiition. on. RelReleasease e the the dardart. t. If If the the dardart t boubouncences s ofoff f thethe

specispecimen surfacemen surface, , catccatch h the dart the dart after it after it bouncbounces es to to prevpreventent

both multiple impact with the specimen surface and damage toboth multiple impact with the specimen surface and damage to

the hemispherical contact surface of the dart resulting fromthe hemispherical contact surface of the dart resulting from

impact with metal parts of the apparatus.impact with metal parts of the apparatus.

11.11.7 7 TTest a est a total of ten total of ten specspecimens at the imens at the seleselected startcted startinging

missile weight. Record the missile weight and the percentagemissile weight. Record the missile weight and the percentage

of failures.of failures.

11.11.8 8 If the failure resulIf the failure result for t for the first group of ten the first group of ten specspecimenimenss

is 0 or 100 %, increase or decrease the missile weight by 15 gis 0 or 100 %, increase or decrease the missile weight by 15 g

or more for Test Method A or 45 g or more for Test Method Bor more for Test Method A or 45 g or more for Test Method B

and test another ten specimens as previously described. Con-and test another ten specimens as previously described. Con-

tinue in this manner until a failure result between 0 and 100 %tinue in this manner until a failure result between 0 and 100 %

is obtained. Continue testing groups of ten specimens, varyingis obtained. Continue testing groups of ten specimens, varying

the the mismissilsile e weiweight ght betbetweeween n testests ts by by the the selselectected ed uniuniforformm

increment, until results encompassing the entire range from 0increment, until results encompassing the entire range from 0

to 100 % failure inclusive have been obtained.to 100 % failure inclusive have been obtained.

NNOTEOTE  5—For efficiency in testing, it is suggested that the missile weight 5—For efficiency in testing, it is suggested that the missile weight

increment selected initially be relatively large so that 0 and 100 % failureincrement selected initially be relatively large so that 0 and 100 % failure

results will be found after testing only two or three groups of specimens.results will be found after testing only two or three groups of specimens.

“Fill-in” results between the corresponding extremes of missile weight can“Fill-in” results between the corresponding extremes of missile weight can

then be obtained in subsequent testing.then be obtained in subsequent testing.

11.11.9 9 At this stage, if At this stage, if the minimthe minimum five results descrium five results described inbed in

11.1 have been obtained, testing is complete. If not, select a11.1 have been obtained, testing is complete. If not, select a

new missile weight increment less than that employed initially.new missile weight increment less than that employed initially.

TTest est additadditional groups ional groups of of specispecimens mens as as prevpreviousliously y descrdescribedibed

beginning at one weight increment below the lowest missilebeginning at one weight increment below the lowest missile

weiweight ght at at whiwhich ch 100 100 % % faifailurlure e occoccurrurred. ed. ConContintinue ue testestitingng

specimen groups at increasingly lower missile weights employ-specimen groups at increasingly lower missile weights employ-ing the new uniform increment, until a result of 0 % failure ising the new uniform increment, until a result of 0 % failure is

obtained (note that one or more of the percentage points foundobtained (note that one or more of the percentage points found

in 11.8 may be usable in this series employing a smaller weightin 11.8 may be usable in this series employing a smaller weight

inincrcrememenent)t). . If If ththe e mimininimumum m fivfive e reresusultlts s hahave ve nonow w bebeenen

obtobtainained, ed, testestinting g is is comcompleplete. te. If If notnot, , selselect ect a a stistill ll smasmallellerr

weight increment and repeat the preceding process, continuingweight increment and repeat the preceding process, continuing

in this manner until the minimum five results at uniform weightin this manner until the minimum five results at uniform weight

increments have been obtained.increments have been obtained.

12. Calculation12. Calculation

12.1 12.1 Determine imDetermine impact failure pact failure weight,weight, W  W 
F F 

, by calculation as, by calculation as

described in 12.2 or by graphing as described in 12.4. Thesedescribed in 12.2 or by graphing as described in 12.4. These

two approaches give essentially the same results.two approaches give essentially the same results.

12.2 12.2 CalcuCalculatelate W  W F F  as follows: as follows:

W W F F 55 W W LL 22 @D@DW W ~~S S  /100 /100 22 1/21/2!#!#

where:where:
W W 

F F 
   55   impact failure weight, g,  impact failure weight, g,

DDW W     55   uniform weight increment used, g,  uniform weight increment used, g,
W W 

 L  L 
   55   lowest missile weight, g, according to the particular  lowest missile weight, g, according to the particular

DDW W  used, at which 100 % failure occurred, and used, at which 100 % failure occurred, and
S S     55   sum   sum of of the percethe percentantages of ges of brebreaks at aks at eaceach h mimississilele

weight (from a weight corresponding to no failuresweight (from a weight corresponding to no failures

up to and includingup to and including   W W 
 L  L 

).).

12.3 12.3 ExampExample of le of calccalculatiulation:on:

GGiivveenn:  :  MMiissssiille  e  WWeeiigghhtt,  ,  g  g  %  %  FFaaiilluurree

91 91 00

11006  6  1100

11221  1  2200

11336  6  6600

11551  1  110000

S S  5 5  190 190

DDW W 55 15 g,15 g,   W W  L  L 
55 151 g151 g

W W F F 
55 W W  L  L 

 −  − [[DDW W   ((S S  /100 −  /100 − 1/2)]1/2)]

55 151 − [15(190/100 − 1/2)]151 − [15(190/100 − 1/2)]

55 151 − [15(1.4)]151 − [15(1.4)]
55 130 g130 g

12.4 Aver12.4 Average age succesuccessive ssive pairpairs s of of missmissile ile weighweight-pet-percentrcent

faifailurlure e resresultults, s, incincludluding ing 0 0 % % and and 100 100 % % faifailurlure e poipointsnts, , toto

obtain points for plotting. Construct a plot on probability paperobtain points for plotting. Construct a plot on probability paper

with percent failure on the probability scale and weight on thewith percent failure on the probability scale and weight on the

linear scale after having dimensioned the linear scale such thatlinear scale after having dimensioned the linear scale such that

the resultant straight line defined by the points will have a slopethe resultant straight line defined by the points will have a slope

between about 0.3 and 1.0. Draw the best fitting straight linebetween about 0.3 and 1.0. Draw the best fitting straight linethrough the points and readthrough the points and read  W  W 
F F 

 from the graph as that missile from the graph as that missile

weighweight t corrcorresponesponding to ding to the intersecthe intersection of tion of the the strastraight lineight line

with the 50 % probability line.with the 50 % probability line.

12.5 12.5 Examples of the graphical metExamples of the graphical method for determininghod for determining W  W F F 

are given in Fig. 3. For the three cases shown, values of are given in Fig. 3. For the three cases shown, values of   W W F F 

determined by calculation by 12.2 are (determined by calculation by 12.2 are (11) 138, () 138, (22) 117, and () 117, and (33))

92 g.92 g.

13. 13. RoutRoutine Inspectiine Inspection on and Accepand Acceptancetance

13.1 13.1 For routine inspectiFor routine inspection of thin plastic filon of thin plastic film of a specifiedm of a specified

gage received from an approved supplier, it shall be satisfac-gage received from an approved supplier, it shall be satisfac-

tory to accept lots on the basis of testing a minimum of tentory to accept lots on the basis of testing a minimum of ten

spespecimcimens at ens at a a spespecificified ed weiweight as ght as stastated in ted in the relevthe relevantant

matmaterierial al spespecificificatcationion. . UndUnder er thithis s proprocedcedureure, , a a resresult ult of of nono

more than five failures shall be acceptable.more than five failures shall be acceptable.

14. 14. RepoReportrt

14.1 14.1 ReporReport t the followinthe following g infoinformatrmation:ion:

14.1.1 14.1.1 Complete identificComplete identification and description of the matation and description of the mate-e-

rial tested, including type, source, manufacturer’s code, prin-rial tested, including type, source, manufacturer’s code, prin-

cipal dimensions, and previous history.cipal dimensions, and previous history.

14.1.2 14.1.2 ImpaImpact failurct failure weight, to the nearest 1 g,e weight, to the nearest 1 g,

14.1.3 14.1.3 MethMethod used,od used,

14.1.4 14.1.4 ThicThickness of film tested and range of kness of film tested and range of thicthickness forkness for

specimens tested,specimens tested,

14.1.5 14.1.5 Conditioning proConditioning procedure followed,cedure followed,

14.1.6 14.1.6 TTestinesting g techtechnique used, andnique used, and

14.1.7 14.1.7 Date of teDate of test.st.

14.14.2 2 For For rouroutintine e insinspecpectiotion n and and accaccepteptancance e testestinting g onlonlyy

(13.1) the following shall be reported, instead of items 14.1.2(13.1) the following shall be reported, instead of items 14.1.2and 14.1.6:and 14.1.6:

14.2.1 14.2.1 WWeight usedeight used, and, and

14.2.2 14.2.2 NumbNumber of er of failfailuresures..
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15. 15. PrePrecisiocision and Biasn and Bias77

15.1 15.1 TabTable 1 is based on a round robin conducted in 1989 inle 1 is based on a round robin conducted in 1989 in

accordance with Practice E 691, involving four materials testedaccordance with Practice E 691, involving four materials tested

by nine laboratories. For each material, all the samples wereby nine laboratories. For each material, all the samples were

prepreparpared ed at at one one sousourcerce, , but but the the indindiviividuadual l spespecimcimens ens werweree

prepared at the laboratories which tested them. Each test resultprepared at the laboratories which tested them. Each test result

was the average of five individual determinations. Each labo-was the average of five individual determinations. Each labo-

ratory obtained two test results for each material.ratory obtained two test results for each material.

NNOTEOTE    6—6—Caution:Caution:   The The expexplanlanatioations ns of of ““r r ”  a nd “”  a nd “ R R” ” (15(15.2 .2 thrthroughough

15.2.3) are only intended to present a meaningful way of considering the15.2.3) are only intended to present a meaningful way of considering the

approximate precision of this test method. The data presented in Table 1approximate precision of this test method. The data presented in Table 1

should not be should not be applied to acceptance or rejection of materials, as these dataapplied to acceptance or rejection of materials, as these data

apply only to the materials tested in the round robin and are unlikely to beapply only to the materials tested in the round robin and are unlikely to be

rigorously representative of other lots, formulations, conditions, materials,rigorously representative of other lots, formulations, conditions, materials,

or or labolaboratratoriories. Users es. Users of of this test this test metmethod hod shoushould ld appapply ly the the priprincinciplesples

outlined in Practice E 691 to generate data specific to their materials andoutlined in Practice E 691 to generate data specific to their materials and

lablaboraoratortory y (or (or betbetweeween n spespecificific c lablaboraoratoritories)es). . The The priprincipnciples les of of 15.215.2

through 15.2.3 would then be valid for such data.through 15.2.3 would then be valid for such data.

15.215.2  Concept of “r” and “R” in Concept of “r” and “R” in  Table 1—If  Table 1—If  S  S 
r r 
 and and  S  S 

 R R
 have have

been calculated from a large enough body of data, and for testbeen calculated from a large enough body of data, and for test

results that were averages from testing five specimens for eachresults that were averages from testing five specimens for each

test result, then:test result, then:

15.2.115.2.1   Repeatability  Repeatability—“—“r r ” ” is is the the intinterverval al reprepresresententing ing thethe

cricritictical al difdifferferencence e betbetweeween n two two testest t resresultults s for for the the samsamee

mamateteririalal, , obobtatainined ed by by ththe e sasame me opopereratator or ususining g ththe e sasameme

equipment on the same day in the same laboratory. Two testequipment on the same day in the same laboratory. Two test

results shall be judged not equivalent if they differ by moreresults shall be judged not equivalent if they differ by more

than the “than the “r r ” value for that material.” value for that material.

15.2.215.2.2   Reproducibility  Reproducibility—“—“ R R” is the interval representing the” is the interval representing the

cricritictical al difdifferferencence e betbetweeween n two two testest t resresultults s for for the the samsamee

material, obtained by different operators using different equip-material, obtained by different operators using different equip-

ment in different laboratories, not necessarily on the same day.ment in different laboratories, not necessarily on the same day.
Two test results shall be judged not equivalent if they differ byTwo test results shall be judged not equivalent if they differ by

more than the “more than the “ R R” value for that material.” value for that material.

15.2.3 15.2.3 Any judgemAny judgement in ent in accoraccordance with 15.2.1 or 15.2.2dance with 15.2.1 or 15.2.2

77 Supporting data are available from ASTM Headquarters. Request RR: D-20-Supporting data are available from ASTM Headquarters. Request RR: D-20-

1024.1024.

FIG. 3 Graphical Determination of Impact Failure WeightFIG. 3 Graphical Determination of Impact Failure Weight

TABTABLE 1 LE 1 Drop Dart Impact Data F-50Drop Dart Impact Data F-50

NNOTEOTE—Values expressed in units of grams—Values expressed in units of grams

MMaatteerriiaal  l  AAvveerraaggee    S S r r 
AA S S R R 

B B  r r C C  R R D D 

CCoommmmeerrcciiaal  l  PPoollyyeetthhyylleenne  e  554  4  22..5  5  66..4  4  77..1  1  1177..99

PPoollyypprrooppyylleenne  e  778  8  88..4  4  1144..1  1  2233..6  6  3399..44

EEVVAA--fifillm  m  33228  8  8833..6  6  112200..3  23  23344..2  2  333366..99

LLLLDDPPE  E  33772  2  3300..4  4  111111..1  1  8855..2  2  331111..11

AA S S r r  5 5   withiwithin-labn-laboratooratory ry standstandard ard deviadeviation tion for for the the indiindicated material. It cated material. It isis

obtained by pooling the within-laboratory standard deviations of the test result fromobtained by pooling the within-laboratory standard deviations of the test result fromall of the participating laboratories:all of the participating laboratories:

S S r r  5 5  [[(S [[(S11))22 + (S+ (S22))22. . .+ (. . .+ (Sn Sn ))22]n]]n]1/21/2

B B  S S R R  5 5  between-laboratories reproducibility, expressed as standard deviation: between-laboratories reproducibility, expressed as standard deviation:

S S R R  5 5  [S  [S r r 
22 ++ S  S LL

22]]1/21/2

where:where: S  S LL   is the standard deviation of laboratory means.  is the standard deviation of laboratory means.
C C  r r  5 5  within-laboratory critical interval between two test results within-laboratory critical interval between two test results  5 5  2.8 2.8  3 3  S  S r r ..
D D  R R  5 5   betwbetween een laborlaboratoriatories es criticritical cal interinterval val betwebetween en two two test test resulresultsts 5 5

2.82.8 3 3  S  S R R ..
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would have an approximate 95 % (0.95) probability of beingwould have an approximate 95 % (0.95) probability of being

correct.correct.

15.3 15.3 There are no There are no recogrecognized standnized standards by which ards by which to esti-to esti-

mate bias of this test method.mate bias of this test method.

16. 16. KeywKeywordsords

16.1 16.1 drop dart; impdrop dart; impact; plastact; plastic filmic film

APPENDIXAPPENDIX

(Nonmandatory Information)(Nonmandatory Information)

X1.X1.

TABLE TABLE X1.1 Impact VX1.1 Impact Values by Four alues by Four Test Test MethodsMethods

MaterialMaterialAA

D 3420D 3420
ProcedureProcedure

AAB B 

D 3420D 3420
ProcedureProcedure

BBC C 

D 1709D 1709
(Method A)(Method A)

   D D 42724272

J  J  J  J  g  g  J  J  fft  t  ·  ·  llb  b  ·  ·  f  f  JJ

PPPP,  ,  1  1  mmiil  l  00..330  0  00..2277    D D D D  0.070.07E E  0.090.09E E 

PPPP,  ,  2  2  mmiil  l  00..995  5  00..665  5  7755C C  0.490.49F F  5.175.17E E  7.017.01E E 

LLLLDDPPEE,  ,  1  1  mmiil  l  00..552  2  00..441  1  4477G G  0.300.30G G  0.360.36H H  0.490.49H H 

LLLLDDPPEE,  ,  33..5  5  mmiil  l  11..443  3  00..997  7  330099I I  2.002.00I I  2.462.46H H  3.343.34H H 

AA LLDPE (linear low density polyethylene).LLDPE (linear low density polyethylene).
B B  Four laboratories, two sets of data each.Four laboratories, two sets of data each.
C C 

Eight laboratories, two sets of data each.Eight laboratories, two sets of data each.D D  Minimum weight of the tester was too heavy.Minimum weight of the tester was too heavy.
E E  One laboratory, one set of data.One laboratory, one set of data.
F F  Three laboratories, one set of data each.Three laboratories, one set of data each.
G G  Two laboratories, one set of data each.Two laboratories, one set of data each.
H H  Two laboratories, one set of data each.Two laboratories, one set of data each.
I I  Five laboratories, one set of data each.Five laboratories, one set of data each.

SUMMARY OF CHANGESSUMMARY OF CHANGES

Committee D-20 has identified the location of selected changes to this standard since the last issue that mayCommittee D-20 has identified the location of selected changes to this standard since the last issue that may

impact the use of this test method.impact the use of this test method.

 D 1709  D 1709 – 97:– 97:

((11) ) MetrMetric dimensiic dimensional units were changeonal units were changed to d to hard metrihard metric toc to

harmonize with ISO 7765-1.harmonize with ISO 7765-1.

((22) ) TToleoleranrances ces werwere e addadded ed to to the the incinch-ph-pounound d dimdimensensionionalal

units in order to agree with the SI units.units in order to agree with the SI units.

((33) ) DiB was DiB was revirevised to sed to meet curremeet current format requint format requiremerements.nts.

((44) ) In 9.9, a In 9.9, a phrphrase was addease was added d to alloto allow w othother symber symbols to beols to be

used to designate failure and nonfailure.used to designate failure and nonfailure.

 D  D 1709 – 1709 – 98:98:

((11) ) Last sentLast sentence of 5.3 was revisedence of 5.3 was revised..

TheThe American Society for TAmerican Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection esting and Materials takes no position respecting the validity of any patent rights asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 

patent rights, and the risk of infringement of such rights, are entirely their own responsibility.patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn.if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for Your comments are invited either for revision of this standard or for additional standards additional standards 

and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your 

views known to the ASTM Committee on Standards, at the address shown below.views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted byThis standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PAASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.19428-2959, United States.

Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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