1.

Spesimen B1L

Luas penampang B1L : 60 mm x 88 mm =

Baris 1 :

aprwdNE

3,14 x (4,5 mm)?

3,14 x (3 mm)?

3,14 x (3,5mm)?

3,14 x (3 mm)?
3,14 x (3 mm)?

63,585 mm?
28,26 mm?
38,465 mm?
28,26 mm?
28,26 mm?

+

Total Baris 1

Baris 2 :

abrwbdE

3,14 x (2,5 mm)?

3,14 x (4 mm)?
3,14 x (4 mm)?
3,14 x (2 mm)?

3,14 x (2 mm)?

186,83 mm?

19,625 mm?2
50,24 mm?
50,24 mm?
12,56 mm?
12,56 mm?

+

Total Baris 2

Baris 3 ;

1. 3,14 x (2,2 mm)?2

145,225 mm?

15,1976 mm?
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5280 mm?



Baris 4 :

1. 3,14 x (3 mm)?2 28,26 mm?
2. 3,14 x (4,5 mm)?2 63,585 mm?2
3. 3,14 x (3 mm)?2 28,26 mm?
+
Total Baris 4 120,105 mm?
Baris 5:
1. 3,14 x (3 mm)? 28,26 mm?
2. 3,14 x (5 mm)? 78,5 mm?
3. 3,14 x (2 mm)? 12,56 mm?
4. 3,14 x (5 mm)? 78,5 mm?
5. 3,14 x (2,8 mm)? 8,792 mm?
+
Total Baris 5 206,612 mm?2
Baris 6 :
1. 3,14 x (1,8 mm)? 10,1736 mm?2
2. 3,14 x (2,8 mm)? 8,792 mm?
3. 3,14 x (2,8 mm)? 8,792 mm?
+
Total Baris 6 27,7576 mm?2
Baris 7 :
1. 3,14 x (3 mm)? 28,26 mm?

Baris 8 :

1. 3,14 x (5,7 mm)?

102,0186 mm?



2. 3,14 x (4,8 mm)?2
3. 3,14 x (5 mm)?

72,3456 mmzZ
78,5 mm2

+

Total Baris 8 252,8642 mm?2
Baris 9 :
1. 3,14 x (3,6 mm)?2 40,6944 mm?2
Baris 10 :
1. 3,14 x (2,5 mm)?2 19,625 mm?2
2. 3,14 x (4 mm)? 50,24 mm?
3. 3,14 x (2 mm)? 12,56 mm?
+
Total Baris 10 82,425 mm?
Baris 11 :
1. 3,14 x (5 mm)?2 78,5 mm?
2. 3,14 x (2,8 mm)?2 8,792 mm?
3. 3,14 x (2 mm)? 12,56 mm?
+
Total Baris 11 99,852 mm?
Baris 12 ;
1. 3,14 x (5,5 mm)?2 94,985 mm?
2. 3,14 x (3,1 mm)?2 30,1754 mm?
3. 3,14 x (3 mm)? 28,26 mm?
+
Total Baris 12 153,4204 mm?



Total pada penampang patahan B1L :

186,83 mmz2 + 145,225 mm2 + 15,1976 mm?2 + 120,105 mm?2 + 206,612 mm? +
27,7576 mm2 + 28,26 mm?2 + 252,8642 mm? + 40,6944 mm? + 82,425 mm? +
99,852 mm? + 153,4204 mm? = 1330,9832 mm?Z

Total luas serat pada penampang patahan B1L :

1330,9832 ’
—— = 332,7458 mm

Maka dapat dihitung prosentasi serat pada spesimen B1L dengan :

Luas Total Serat 332,7458 mm?
x 100 = >—x 100 = 6,3%
Luas Penampang 5280 mm




2. Spesimen C1L

Luas penampang B1L : 60 mm x 88 mm = 5280 mm?
Perbesaran = 19x
Perbesaran B1L dan D1L = 20x = 1,0526
Perbesaran C1L 19x
Agar luas permukaan sama, maka :
Luas penampang B1L x 1,0526 = Luas Penampang C1L
Maka:
5280 x 1,0526 = 5557,895 mm?
Baris 1:
1. 3,14 x (3,2 mm)? = 32,1536 mm?
2. 3,14 x (4 mm)? = 50,24 mm?2
3. 3,14 x (5 mm)2 = 78,5 mm2
+

Total Baris 1 = 160,8936 mm?
Baris 2 :

1. 3,14 x (3,5 mm)? = 38,465 mm?

2. 3,14 x (4,2 mm)? = 55,3896 mm?

+

Total Baris 2 = 93,8546 mm?
Baris 3 :

1. 3,14 x (4 mm)? = 50,24 mm?

2. 3,14 x (6 mm)? = 113,04 mm?2



3. 3,14 x (4,8 mm)?
4. 3,14 x (4 mm)?
5. 3,14 x (2,8 mm)?2

72,3456 mm?
50,24 mm?
24,6176 mm?

Total Baris 3

Baris 4 :

3,14 x (4 mm)?
3,14 x (6 mm)?
3,14 x (3,7 mm)?
3,14 x (3 mm)?
3,14 x (2 mm)?
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310,4832 mm?

50,24 mm?
113,04 mm?2
42,9866 mm?2
28,26 mm?
12,56 mm?

Total Baris 4 = 247,0866 mm?2
Baris 5 :

1. 3,14 x (3 mm)? = 28,26 mm?2

2. 3,14 x (4 mm)? 50,24 mm?2

3. 3,14 x (5,5 mm)? = 94,985 mm?2

Total Baris 5 = 173,485 mm?
Baris 6 :

1. 3,14 x (5 mm)? = 78,5 mm?

2. 3,14 x (3 mm)? 28,26 mm?

3. 3,14 x (4,1 mm)? 52,7834 mm?

4. 3,14 x (3,1 mm)? 30,1754 mm?

5. 3,14 x (3 mm)? 28,26 mm?

6. 3,14 x (3 mm)? = 28,26 mm?

Total Baris 6

246,2388 mm?



Baris 7 :

1. 3,14 x (6 mm)? = 113,04 mmz2

2. 3,14 x (5 mm)? = 78,5 mm2

3. 3,14 x (4,8 mm)? = 72,3456 mm?2

4. 3,14 x (2,3 mm)? = 16,6106 mm2

5. 3,14 x (5 mm)? = 78,5 mm?

6. 3,14 x (3,7 mm)?2 = 42,9866 mm?2

Total Baris 7 = 401,9829 mm2
Baris 8 :

1. 3,14 x (5,5 mm)? = 94,985 mm?2

2. 3,14 x (3,5 mm)? = 38,465 mm?2

3. 3,14 x (3,8 mm)? = 45,3416 mm?

4. 3,14 x (3 mm)2 = 28,26 mm?2

5. 3,14 x (3,2 mm)? = 32,1536 mm?

6. 3,14 x (2,4 mm)?2 = 18,0864 mm2

Total Baris 8 = 257,2916 mm?
Baris 9 :

1. 3,14 x (2,2 mm)? = 15,1976 mm2

2. 3,14 x (1,8 mm)?2 10,1736 mm2

3. 3,14 x (2 mm)? = 12,56 mm?

Total Baris 9 = 37,9312 mm?



Baris 10 :

3,14 x (3,3 mm)?
3,14 x (4 mm)?

3,14 x (3,1 mm)?
3,14 x (3,5 mm)?

A

34,1946 mm?2
50,24 mm?
30,1754 mm?2
38,465 mm?

Total Baris 10

Baris 11 :

3,14 x (4 mm)?
3,14 x (3,8 mm)?
3,14 x (5 mm)?
3,14 x (2,8 mm)?
3,14 x (2 mm)?
3,14 x (3,4 mm)?
3,14 x (2,5 mm)?
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153,075 mm?

50,24 mm?
45,3416 mm?
78,5 mm2
24,6176 mm?
12,56 mm?
36,2984 mm?2
19,625 mm?2

Total Baris 11

Baris 12 :

3,14 x (3 mm)?
3,14 x (4,2 mm)?
3,14 x (5,8 mm)?
3,14 x (3 mm)?
3,14 x (5 mm)?
3,14 x (5 mm)?
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267,1826 mmz2

28,26 mm?
55,3896 mm?
105,6296 mm?
28,26 mm?
78,5 mm2
78,5 mm2

Total Baris 12

374,5392 mm?



Total pada penampang patahan C1L :

160,8936 mm? + 93,8546 mm? + 310,4832 mm? + 247,0866 mm? + 173,485 mm?
+ 246,2388 mm? + 401,9829 mm? + 257,2916 mm? + 37,9312 mm? + 153,075
mm?2 + 267,1826 mm2 + 374,5392 mm? = 2724,0443

2724,0443 x 1,0526 = 2867,32903018 mm?2

Total luas serat pada penampang patahan C1L :

2867,32903018
4

= 716,8322575 mm?

Luas Total Serat _ 716,8322575 mm?
Luas Penampang x "~ 5557,895 mm?>

x 100 = 12,89 %



Persen Serat dengan Matriks

3. Spesimen D1

Luas penampang D1L : 60 mm x 88 mm = 5280 mm?
Baris 1:
1. 3,14 x (6,5 mm)?2 = 132,665 mm?
2. 3,14 x (5,1 mm)?2 = 81,6714 mm?
+
Total Baris 1 = 214,3364 mm?
Baris 2 :
1. 3,14 x (1 mm)? = 3,14 mm?
2. 3,14 x (6 mm)? = 113,04 mm?2
3. 3,14 x (2,7 mm)? = 22,8906 mm?2
4. 3,14 x (3 mm)? = 28,26 mm?
5. 3,14 x (4,8 mm)? = 72,3456 mm?2
+
Total Baris 2 = 239,6762 mm?2
Baris 3 :
1. 3,14 x (3,5 mm)? = 38,465 mm?
2. 3,14 x (3 mm)? = 28,26 mm?
3. 3,14 x (4 mm)? = 50,24 mm?
+

Total Baris 3 = 116,965 mm?2



Baris 4 :

1. 3,14 x (4 mm)?
2. 3,14 x (3 mm)?
3. 3,14 x (5,8 mm)?

50,24 mm?
28,26 mm?
105,6296 mm?

+

Total Baris 4

Baris 5 :

3,14 x (6 mm)?

3,14 x (4,2 mm)?
3,14 x (3,4 mm)?
3,14 x (1,3 mm)?
3,14 x (4,2 mm)?
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184,1296 mm?

113,04 mm?2
55,3896 mm?
36,2984 mm?2
5,3066 mm?
55,3896 mm?

+

Total Baris 5

Baris 6 :

1. 3,14 x (4 mm)?
2. 3,14 x (3,2 mm)?
3. 3,14 x (3 mm)2

265,4242 mm?2

50,24 mmz2
32,1536 mmz2
28,26 mm?

+

Total Baris 6

110,6536 mm?



Baris 7 :
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3,14 x (4 mm)?
3,14 x (4,8 mm)?
3,14 x (4 mm)?
3,14 x (5,7 mm)?
3,14 x (3,1 mm)?
3,14 x (2,4 mm)?

50,24 mm?
72,3456 mm?
50,24 mm?
102,0186 mm?
30,1754 mm?2
18,0864 mm?

Total Baris 7

Baris 8 :

No akowodE

3,14 x (2,8 mm)?
3,14 x (5,1 mm)?
3,14 x (3 mm)?
3,14 x (3 mm)?
3,14 x (4 mm)?
3,14 x (7,5 mm)?
3,14 x (5,3 mm)?

323,106 mmz2

24,6176 mm?
81,6714 mm?
28,26 mm?
28,26 mm?
50,24 mm?
176,625 mm?2
88,2026 mm?2

Total Baris 8

Baris 9 :
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3,14 x (2 mm)?
3,14 x (5,2 mm)?
3,14 x (3 mm)?
3,14 x (4 mm)?
3,14 x (4 mm)?
3,14 x (3,5 mm)?

477,8766 mm?

12,56 mm?
84,9056 mm?2
28,26 mm?
50,24 mm?
50,24 mm?
38,465 mm?

Total Baris 9

264,6706 mm2



Baris 10 :

3,14 x (5,2 mm)?
3,14 x (6 mm)?
3,14 x (6 mm)?
3,14 x (4 mm)?

A

84,9056 mm?
113,04 mm?2
113,04 mm?2
50,24 mm?

+

Total Baris 10

361,2256 mm?

Baris 11 :
1. 3,14 x (6 mm)? 113,04 mm?2
2. 3,14 x (2,5 mm)? 19,625 mm?2
3. 3,14 x (2,5 mm)? 19,625 mm?2
+
Total Baris 11 152,29 mm?2
Baris 12 :
1. 3,14 x (3 mm)? 28,26 mm?
2. 3,14 x (2 mm)? 12,56 mm?
3. 3,14 x (5,1 mm)? 81,6714 mm?
4. 3,14 x (4 mm)2 50,24 mm?2
+

Total Baris 12

Total pada penampang patahan D1L :

172,7314 mm?



214,3364 mm?2 + 239,6762 mm?2 + 116,965 mm?2 + 184,1296 mm?2 + 265,4242 mm?
+ 110,6536 mm? + 323,106 mm?2 + 477,8766 mm?2 + 264,6706 mm?2 + 361,2256
mm?2 + 152,29 mmz2 + 172,7314 mm?2 = 2883,0852 mm?

Total luas serat pada penampang patahan D1L :

2883,0852 ’
—— = 720,7713 mm

Luas Total Serat 720,7713 mm?
x 100 = >—x 100 = 13,65%
Luas Penampang 5280 mm




Persentase Kenaikan Kekuatan Impact

a. Komposit Epoxy Berpenguat Serat ljuk 3 cm Terhadap Epoxy Murni.

% Kenaikan Kekuatan Impact
_ Komposit 3 cm — Epoxy Murni

100
Epoxy Murni x
) 6,3546 — 1,8584 kJ /m?
% Kenaikan Kekuatan Impact = 1.8584 kj /m? x 100

% Kenaikan Kekuatan Impact = 241,9393%

b. Komposit Epoxy Berpenguat Serat Ijuk 6 cm Terhadap Epoxy Murni.

% Kenaikan Kekuatan Impact
_ Komposit 6 cm — Epoxy Murni

Epoxy Murni
) 7,4578 — 1,8584 kJ /m?
% Kenaikan Kekuatan Impact = 18584 k) /m? x 100
, m

% Kenaikan Kekuatan Impact = 301,3022%

c. Komposit Epoxy Berpenguat Serat ljuk 6 cm Terhadap Epoxy Murni.

% Kenaikan Kekuatan Impact
_ Komposit 9 cm — Epoxy Murni

= 100
Epoxy Murni x
) 8,363 — 1,8584 kJ /m*
% Kenaikan Kekuatan Impact = 18584 k) /m? x 100
, m

% Kenaikan Kekuatan Impact = 350,0107%



d. Komposit Epoxy Berpenguat Serat ljuk 6 cm Terhadap Komposit Epoxy
Berpenguat Serat ljuk 3 cm.
% Kenaikan Kekuatan Impact

_ Komposit 6 cm — Komposit 3 cm 100
B Komposit 3 cm x

. 7,4578 — 6,3546 kJ /m?
% Kenaikan Kekuatan Impact = 6.3546 k] /m? x 100
, m

% Kenaikan Kekuatan Impact = 17,3607%

e. Komposit Epoxy Berpenguat Serat ljuk 9 cm Terhadap Komposit Epoxy
Berpenguat Serat ljuk 6 cm.

% Kenaikan Kekuatan Impact

Komposit 9 cm — Komposit 6 cm
= x 100

Komposit 6 cm

) 8,363 — 7,4578 kJ /m*
% Kenaikan Kekuatan Impact = 74578 K Jm? x 100
, m

% Kenaikan Kekuatan Impact = 12,1376%

f.  Komposit Epoxy Berpenguat Serat ljuk 9 cm Terhadap Komposit Epoxy
Berpenguat Serat ljuk 3 cm.

% Kenaikan Kekuatan Impact

Komposit 9 cm — Komposit 3 cm
= x 100

Komposit 3 cm

, 8,363 — 6,3546 kJ /m?
% Kenaikan Kekuatan Impact = 6.3546 k) /m? x 100

% Kenaikan Kekuatan Impact = 31,6055%



Rata-rata

a. Epoxy Murni.

Al + A2 + A4 + A5 + A6
5

Rata —rata A =

1,595+ 1,923 + 2,23 + 1,816 + 1,728
5

Rata —rata A =

Rata — rata A = 1,8584 kJ /m?

b. Komposit Epoxy Berpenguat Serat ljuk 3 cm.

B1+ B2+ B4+ B5 + B6
5

Rata — rata B =

7,336 + 6,093 + 7,042 + 6,134 + 5,168
5

Rata — rata B =

Rata — rata B = 6,3546 kJ /m?*

c. Komposit Epoxy Berpenguat Serat ljuk 6 cm.

C1+C2+C4+C5+C6
5

Rata — rata C =

9,62+ 7,377+ 5,73+ 8,3 + 6,262
5

Rata — rata C =

Rata — rata C = 7,4578 kJ /m?

d. Komposit Epoxy Berpenguat Serat ljuk 9 cm.

D1+ D3 + D4+ D5+ D6
5

Rata — rata D =

9,342 + 8,896 + 7,027 + 7,518 + 9,032

5
Rata —rata D = 8,363 kJ /m?

Rata —rata D =



A. Data Hasil Pengujian Impact Epoxy Murni
Spesifikasi data hasil pengujian dapat dilihat pada tabel berikut :

Standar Deviasi

Tabel 1. Hasil pengujian impact epoxy murni.

Date of Testing 24-Jun-13 Methode of Tested :Notch/edgewise
Material Tested Epoxy Murni | Velocity of Impact 3,8 m/s?
Humidity 55,0% Pendulum Energy 2]
Temp. 22°C Correction Energy 0,007 J
Methode ISO 179/1eU | Span Length 62 mm
Impact
) ) Impact | Corrected

Kode Width | Thickness Charpy | Type of
No. ] Energy | Energy )

Spesimen | (mm) | (mm) Strength | Failure

(Joule) | (Joule)
(kJ/m2)

1 Al 10,48 | 12,32 0,213 0,206 1,595 C
2 A2 10,75 | 11,90 0,253 0,246 1,923 C
3. A4 10,76 | 12,71 0,312 0,305 2,230 C
4 A5 10,22 | 12,22 0,256 0,249 1,816 C
5 A6 11,40 | 11,35 0,211 0,204 1,728 C
Mean 1,859
Standard Deviation 0,240
Standard Deviation (%) 13%

Dapat dilihat pada tabel 1 bahwa kekuatan impact tertinggi pada epoxy murni ada

pada spesimen A4 dengan kekuatan sebesar 2,230 kJ/m2 dan terendah ada pada

spesimen Al dengan kekuatan sebesar 1,595 kJ/m2. Selain itu, Type of Failure

pada keseluruhan spesimen diberikan kode “C”, yaitu Crack dimana spesimen

mengalami patah total dan tidak ada matriks yang tersisa menempel.

Presentasi standar deviasi yang terjadi pada epoxy murni masih cukup tinggi yaitu

13%, selain itu nilai standar deviasi yang terjadi sebesar 0,240. Hal ini disebabkan




hasil dari pengujian yang terlalu bervariatif sehingga grafik yang terjadi akan

menjadi naik dan turun secara signifikan.



B. Data Hasil Pengujian Impact Komposit Serat ljuk 3 cm
Spesifikasi hasil pengujian impact komposit serat ijuk 3 cm dapat dilihat sebagai
berikut :

Tabel 2. Hasil pengujian komposit serat ijuk 3 cm.

Date of Testing ; 24-Jun-13 Methode of Tested : Notch/edgewise
Material Tested : Komposit ljuk 3 cm Velocity of Impact : 3,8 m/s?
Humidity : 55,0% Pendulum Energy : 2]
Temp. : 22°C Correction Energy : 0,007 J
Methode : ISO 179/1eU Span Length : 62 mm
Impact Impact
) ) Corrected
No. Kode Width | Thickness | Energ Energy Charpy | Type of
Spesimen | (mm) | (mm) y (oule) Strength | Failure
(Joule) (kd/m2)
1 B1 9,62 12,81 0,911 | 0,904 7,336 C
2 B2 10,37 | 11,98 0,764 0,757 6,093 C
3. B3 10,51 | 12,70 0,947 0,940 7,042 C
4 BS 10,64 | 12,35 0,813 0,806 6,134 C
5 B6 11,25 | 12,04 0,707 0,700 5,168 C
Mean 6,355
Standard Deviation 0,860
Standard Deviation (%) 14%

Dari tabel 2 dapat dilihat bahwa kekuatan impact komposit serat ijuk 3 cm ada
pada spesimen Bl dengan nilai sebesar 7,336 kJ/m?, dan terendah ada pada
spesimen B5 dengan nilai sebesar 5,168 kJ/m2. Selain itu type of failure pada
komposit serat ijuk 3 cm ini adalah tipe “C”, yaitu totally crack atau patah secara
menyeluruh tanpa menyisakan serat ataupun matriks yang masih menyambung

pada lokasi patahan.

Persentase standar deviasi yang terjadi pada komposit serat ijuk 3 cm terlihat

meningkat dibandingkan dengan epoxy murni, yaitu sebesar 14% dan nilai standar




deviasinya sebesar 0,860. Kenaikan persentase ini disebabkan semakin
bervariatifnya nilai yang tercatat dari pengujian impact.



C. Data Hasil Pengujian Impact Komposit Serat ljuk 6 cm.
Spesifikasi hasil pengujian impact komposit serat ijuk 6 cm dapat dilihat sebagai
berikut :

Tabel 3. Hasil pengujian impact komposit serat ijuk 6 cm.

Date of Testing : 24-Jun-13 Methode of Tested : Notch/edgewise
Material Tested : Komposit ljuk 6 cm | Velocity of Impact : 3,8 m/s?
Humidity : 55,0% Pendulum Energy : 2]
Temp. : 22°C Correction Energy : 0,007 J
Methode ; ISO 179/1eU | Span Length ; 62 mm
Impact
) ) Impact | Corrected

Kode Width | Thickness Charpy | Type of
No. ) Energy | Energy )

Spesimen | (mm) | (mm) Strength | Failure

(Joule) | (Joule)
(kJ/m2)

1 Cl 10,28 | 12,61 1,254 1,247 9,620 C
2 C2 9,45 12,48 0,877 0,870 7,377 C
3. Cc4 10,78 | 12,11 0,755 | 0,748 5,730 C
4 C5 10,60 | 12,98 1,149 1,142 8,300 C
5 C6 10,53 | 12,80 0,851 | 0,844 6,262 C
Mean 7,458
Standard Deviation 1,566
Standard Deviation (%) 21%

Dari tabel 3 dapat dilihat bahwa kekuatan impact komposit serat ijuk 6 cm ada
pada spesimen C1 dengan nilai sebesar 9,620 kJ/m?, dan terendah ada pada
spesimen C4 dengan nilai sebesar 5,730 kJ/m2. Selain itu type of failure pada
komposit serat ijuk 6 cm ini adalah tipe “C”, yaitu totally crack atau patah secara
menyeluruh tanpa menyisakan serat ataupun matriks yang masih menyambung

pada lokasi patahan.




Persentase standar deviasi yang terjadi pada komposit serat ijuk 6 cm terlihat
meningkat dibandingkan dengan epoxy murni dan komposit serat ijuk 3 cm, yaitu
sebesar 21% dan nilai standar deviasinya sebesar 1,566. Hal ini terjadi karena
banyaknya hasil pengujian yang nilainya jauh dari rata-rata, sehingga grafiknya

tampak naik dan turun secara drastis.



D. Data Hasil Pengujian Impact Komposit Serat ljuk 9 cm.
Spesifikasi hasil pengujian impact komposit serat ijuk 9 cm dapat dilihat sebagai
berikut :

Tabel 4. Hasil pengujian impact komposit serat ijuk 9 cm.

Date of Testing 24-Jun-13 Methode of Tested : Notch/edgewise
Material Tested : Komposit ljuk 9 cm | Velocity of Impact 3,8 m/s?
Humidity 55,0% Pendulum Energy 2]
Temp. 22°C Correction Energy 0,007J
Methode ISO 179/1eU | Span Length 62 mm
Impact
) ) Impact | Corrected

Kode Width | Thickness Charpy | Type of
No. ] Energy | Energy )

Spesimen | (mm) | (mm) Strength | Failure

(Joule) | (Joule)
(kJ/m2)

1 D1 10,86 | 12,34 1,259 1,252 9,342 C
2 D3 9,69 11,89 1,032 1,025 8,896 C
3. D4 10,19 | 12,29 0,887 | 0,880 7,027 C
4 D5 10,59 | 12,46 0,999 | 0,992 7,528 C
5 D6 10,53 | 12,65 1,209 1,202 9,032 C
Mean 8,363
Standard Deviation 1,024
Standard Deviation (%) 12%

Dari tabel 4 dapat dilihat bahwa kekuatan impact komposit serat ijuk 9 cm ada
pada spesimen D1 dengan nilai sebesar 9,342 kJ/m2, dan terendah ada pada
spesimen D4 dengan nilai sebesar 7,027 kJ/m2. Selain itu type of failure pada
komposit serat ijuk 6 cm ini adalah tipe “C”, yaitu totally crack atau patah secara
menyeluruh tanpa menyisakan serat ataupun matriks yang masih menyambung

pada lokasi patahan.

Persentase standar deviasi yang terjadi pada komposit serat ijuk 9 cm justru

terlihat menurun dibandingkan dengan epoxy murni, komposit serat ijuk 3 cm,




maupun komposit serat ijuk 6 yaitu sebesar 12% dan nilai standar deviasinya
sebesar 1,024. Hal ini terjadi karena nilai simpangan pada tiap spesimen terhadap
hasil rata-rata dari keseluruhan spesimen tidak begitu besar dan berarti bahwa
hasil pengujian impact pada komposit serat ijuk 9 cm tidak terlalu variatif

dibandingkan ketiga variasi sebelumnya.

Dari tabel hasil pengujian tiap variasi didapatkan variasi persentase dan nilai
deviasi yang terjadi, yaitu sebesar 13%, dengan standar deviasi sebesar 0,240
untuk epoxy murni, kemudian 14% dengan nilai standar deviasinya sebesar 0,860
untuk komposit serat ijuk 3 cm, lalu 21% dengan nilai standar deviasinya sebesar
1,566 untuk komposit serat ijuk 6 cm dan 12% dengan nilai standar deviasinya
sebesar 1,024 untuk komposit serat ijuk 9 cm. Sehingga komposit serat ijuk 9 cm
adalah variasi dengan persentase deviasi terkecil karena nilai hasil pengujian
impact-nya tidak terlalu variatif, dan komposit serat ijuk 6 cm adalah variasi
dengan persentase terbesar karena nilai hasil pengujian impact-nya terlalu

bervariasi.

Kenaikan persentase standar deviasi tersebut terjadi karena nilai kekuatan impact
yang makin bervariatif akibat kegagalan spesimen karena semakin sulitnya
pembuatan spesimen komposit serat dibandingkan pembuatan spesimen epoxy
murni. Sehingga kegagalan dalam proses pembuatan semakin meningkat yang
menyebabkan hasilnya bervariasi dimana dalam satu papan komposit distribusi
serat dan juga distribusi campuran antara resin dengan hardenernya tidak merata.
Namun pada komposit 9 cm terlihat menurunnya persentase deviasi, hal ini terjadi
karena pada saat pembuatan komposit dengan serat ijuk 9 ini lebih mudah dalam

pengaturan seratnya karena lebih panjang dibandingkan serat 3 cm dan 6 cm.



Persentase Serat Pada Cetakan

1. Komposit Serat ljuk 3 cm

a. Berat Serat
Berat Cetakan
Berat Serat + Cetakan

Maka,

Berat Serat

b. Persentasi Serat
Berat Papan Komposit
Berat Serat

Maka,

Persentasi Serat

71,05 gr

95,78 gr

Berat Serat + Cetakan - Berat Cetakan
95,78 gr - 71,05 gr

24,73 gr

= 184,88

= 24,73 gr

24,73 gr
184,88 gr

= 13,3%



2. Komposit Serat ljuk 6 cm

a. Berat Serat
Berat Cetakan
Berat Serat + Cetakan

Maka,

Berat Serat

b. Persentasi Serat
Berat Papan Komposit
Berat Serat

Maka,

Persentasi Serat

71,05 gr

95,71 gr

Berat Serat + Cetakan - Berat Cetakan
95,71 gr - 71,05 gr
24,66 gr

= 185,85 gr

= 24,66 gr

24,66 gr
185,85 gr

= 13,2%



3. Komposit Serat ljuk 9 cm

c. Berat Serat
Berat Cetakan
Berat Serat + Cetakan

Maka,

Berat Serat

d. Persentasi Serat
Berat Papan Komposit
Berat Serat

Maka,

Persentasi Serat

118,26 gr

143,35 gr

Berat Serat + Cetakan - Berat Cetakan
143,35 gr - 118,26 gr
25,09 gr

= 185,79 gr

= 25,09 gr

25,09 gr
185,79 gr

= 13,5%



Persen Serat yang Mengalami Pull-out

Spesimen B1 L:

©ooN R wdPE

NP R RERRREPERRRER
O ©W O ~NO U~ WNEREO

Baris 1; kolom G
Baris 1; kolom L

Baris 2; kolom G dan H

Baris 2; kolom D

Baris 2, 3, 4 dan 5; kolom J

Baris 3; kolom N
Baris 4; kolom H
Baris 4; kolom M
Baris 5; kolom A

. Baris 5; kolom D dan E

. Baris 5, 6, 7 dan 8; kolom |
. Baris 5; kolom P

. Baris 6; kolom J

. Baris 6; kolom N

. Baris 8; kolom K

. Baris 9; kolom O

. Baris 10; kolom A
. Baris 10; kolom E
. Baris 11; kolom D
. Baris 12; kolom E

(3,5 mm)® x 3,14
(3 mm)® x 3,14

(4 mm)® x 3,14

(2,5 mm)® x 3,14
(4 mm)® x 3,14

(2,2 mm)? x 3,14
(4,5 mm)® x 3,14
(3 mm)? x 3,14

(3 mm)? x 3,14

5 mm)? x 3,14

(

3 mm)?x 3,14

(

(2,8 mm)® x 3,14
(2,8 mm)® x 3,14
(2,8 mm)® x 3,14
(5 mm)? x 3,14

(3,6 mm)? x 3,14
(2,5 mm)® x 3,14
(4 mm)® x 3,14

(5 mm)® x 3,14

(2,8 mm)® x 3,14

= 38,465 mm?
= 28,26 mm?
= 50,24 mm?
= 19,625 mm?
= 50,24 mm?
= 15,197 mm?
= 63,585 mm?
= 28,26 mm?
= 28,26 mm?
= 78,5 mm?

= 28,26 mm?
= 24,617 mm?
= 24,617 mm?
= 24,617 mm?
= 78,5 mm?

= 40,69 mm?
=19,625 mm?
= 50,24 mm?
= 78,5 mm?

= 24,617 mm?

794,918/4 = 198,7295

+
794,918 mm?

(198,7295/5280) x 100 = 3,764 % serat pullout dari keseluruhan

penampang

(198,7295/332,7458) x 100 = 59,72% serat pullout dari keseluruhan serat

pada penampang patahan.



Spesimen C1L :

1. Baris 1; kolom K =@ mm)¥4x314 =12,56 mm?
2. Baris 2; kolom L = (4,2 mm)?/4 x 3,14 = 13,8474 mm?
3. Baris 4; kolom H = (6 mm)?/4x3,14 =2826 mm’
4. Baris 5; kolom J dan K = (B3 mm)?/4x3,14 =7,065mm?’
5. Baris 5; kolom L = (4mm)?/4x3,14 =1256 mm’
6. Baris 6; kolom F, G dan H =(@Bmm)¥4x3,14 =7,065 mm?
7. Baris 7 dan 8; kolom O =(65mm)¥4x3,14 =19,625 mm?
8. Baris 10; kolom | = (3,5 mm)%/4 x 3,14 =9,616 mm?
9. Baris 11; kolom A = (4mm)¥/4x3,14 =1256 mm?
10. Baris 11; kolom O = (2,5 mm)%/4 x 3,14 = 4,906 mm?
11. Baris 11 dan 12; kolom O = (34 mm)%/4 x 3,14 =9,0746 mm?

12. Baris 12; kolom N, O,PdanQ = (5mm)¥4x 3,14 =19,625 mm?

+

= 156,764

(156,764/5280) x 100 = 2,969 % serat pullout dari keseluruhan penampang

(156,764/716,8322575) x 100 = 21,87% serat pullout dari keseluruhan serat pada
penampang patahan.



Spesimen D1L :

1. Baris 1; kolom G, H dan | = (5,1 mm)?/4 x 3,14 =20,418 mm?
2. Baris 6; kolom A dan B = (4mm)’/4x314  =12,56 mm?
3. Baris 6; kolom P, Q dan R = (3mm)%4x314  =7,065 mm?
4. Baris 7; kolom C dan D = (4mm)’/4x314  =12,56 mm?
5. Baris 8; kolom | = (3mm)%4x314  =7,065 mm?
6. Baris 9; kolom I = (3 mm)?/4 x 3,14 = 7,065 mm?
7. Baris 9 dan 10; kolom J = (6 mm)¥/4 x 3,14 = 28,26 mm?
8. Baris 10; kolom F = (5,2 mm)?/4 x 3,14  =21,226 mm?
9. Baris 11 dan 12; kolom Fdan G = (5,1 mm)%/4 x 3,14  =20,418 mm?
+
136,637 mm?

(136,637/5280) x 100 = 2,588 % serat pullout dari keseluruhan penampang

(136,637/720,7713) x 100 = 18,957% serat pullout dari keseluruhan serat pada
penampang patahan.
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4. Summary of Test Method
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impact ling pxidway batwesn the sepports and dimctly oppotite
the moich.
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precedance over thows required by this fest methed. Table 1 of
Classification I #0040 LHsts the ASTM paterals standards that
cumemtly exist. If there s no materal specification, then the
requirements of this st method apply.

3.2 The exceus epargy panduluns impact test indicates the
anargy to break standard test specicsems of specified size emder
stipulated conditions of specinwn moenting, motching (soess
concaniration), and pendnlum velecity at impact.

33 For this test method, e coorgy lost by the penduine
during the breakags of the specimen i the mos of the smergies
requized to nitiam facuo of the specimws; to propagate the
fractere acrous the specimes; to throw the foe ends of the
brochen specimen {toss smargy) to bend the specimen; to
prodace wibraticn in the pendelnns ares; to prodoce vibmtion or
horizcmial moversnt of the mackine fame or base; to ower-
conve fiction in the pendnbem bearing and in the sxcew sneagy
indicating mechaniom, and to overcome windags (penduhm
air drag)y; to indant or deform., plastically, the specimem at the
Ine of Impact; and to owercome the fiction camsed by the
rubbing of the srildng nose over the face of the bant speciman.

Hum 5 TI':Iu-:n:ltl o Ihl::rn'lmlullhumhﬁmmd.lul'
the beslsn & very lage lraction of e
listal emergy o u-'h:uh:tni r:'h'r:lv dase sl brillle msteriib
My procdure has been cablished fow |:l.|.rr.|.|.q_lh: Iviek emcy fioe e

Chaarpry micthesl

34 For tough, dnctile, fher-filled, or cloth-laminated mate-
rials, the factere propagation energy is wsually large compared
to the fachre mitaticn anergy. When terting these materials,
snargy Josses dus o Eactrs propagation, vibration, fiction
batarsan the siriking nowe amd the specimen has the potential to
become quite significant, even when the specinwa is accurately
machined and positioned, and the macking is in good cenditicn
mﬁﬂquhwulw(mﬂmﬁj Sigmificant wnergy lowses
due to0 bending and i when testing soft materals
have also bean obsarved.

Mo —Allsugh the Mame nd the bie of e machne dould b
sulfsenly mgid and samive Inh.—.l.l:ﬁ: ol wegh g
wilhrnil sl (F . the pesdubim amm cannod be made
wefy missive bocsuse the gesala Fﬂllflhmﬂlmulhun:ﬂnl:ﬂ
mlumdpmmulhluﬁqu:: 'I.u.tnﬁﬁ:lhlknﬂm:
precaaly a1 he cenlsr of g the il of thiet jucinlucl
i whien miad with bidlle dpecimen %n'l:hrln.du:bp:u‘.lul—.n
wibeaticn [the amounl varying with te Segn ol e pendulon) will e
with lough epotisins sven when the arliing nose is jpeogerly posilionad

315 In & wwell-desizned macking of sefficient dgidity and
e=xis the losses dno to wibmaton and fctiom in the panduine
bearing and in the excess snergy indicating mechanism shomld
b very small Vibmational loswes are obsarved whea wide
specimens of tough materials are tested im machines of
imsufficient mass. or in machings that arg ot securely fastened
to 2 heavy base.

3.6 Eince this twat method parmits a wariston in the width of
the wpecimans and since the width dictates, for many materials,
whather a britdls, low-snergy break (25 svidenced by Littls or oo
drawing down or oecidng and by a melatvely low emeogy
ahsorption) or a ductle, high-emergy break (a5 evidenced by
considerable drawing or necking down in the region bekind the
notch and by a mlatively high snergy absorption) will oceur, it

is necessary that the width be stated in the specification
covering that material and that the width be staied along with
the impact valee.

5.7 This test method requires thoat the specimen boeak
completsly Ramults obtmined when testng materials with a
pendniem that does not have sefficient snergy to complets the
breaking of the extrumse fikars and tous the breken pisces skall
be considered a deparmre from samdand and should zot be
repozted a5 a standard reszlt. Impact values azmot be dinscthy
compared for amy two materials that experiencs diffureat types
of failums.

3B The value of thizs impact tust method bes mainky in the
arvas of quality control and materals specification. ¥ taro
groups of specimens of supposedly the samc pabemal show
sigmificanthy different energy abeorptbons, crfical widihs, or
critical temparatures, i s parmited to ascame that they e
made of differont matorials or wemn exposed to difuremt
processing or conditioming sovironmsats. The fact that a
material shows twice the ensegy absorpton of ancther under
these conditioms of test does not indicate that this same
relationskip will exist emder another set of st conditions.

§. Apparsiuz

6.1 Permdulum fmpact Machime—The maching shall congist
of & massive bass on which are mownted a pair of sapposts for
bolding the specimwsn and to which i compected, throngh a
rigid framo and bearings, cne of @ sumber of pendune-typa
meshzrhnmiujﬁalmw:uj‘hhhfmmnﬁﬂah
particular specimsn fo be tested (or ome basic
designed to accept »dd-on wedghts), plus a pendulum holding
and relsasing mechamism and 2 mechandsm for indicating the
GECOLS SDETgy Temaining im the pendulm after breakimg
specimsn. The specimven anvil, pendelum, and frame shall be
suficientiy rigd to maintain comrect aligmment of the striking
adge and speciesen, both ot the meoment of Impact and duning
the propazation of the fracteme, and to mizimire soergy lotses
due to vibrateon. The base shall be saScisntly massive wo that
the impact will ot causs it to move The maching shall be
designed. coostrocted, and maimtained so that eoergy losses
dne to pendnbem 2ir dag (windage), fiction in the pendulum
bearings, and fricton and inertia in the excess wnsrgy mdicat-
ing mechanizm are bald to 2 minisom.

§.1.1 Pendulwee—The simple pendnlum shall comsist of a
single or mult-membered are with 2 bearing oo oxe «nd and
a head, confaizing the siriking nose, oo the other Althongh a
lazgs proportion of the mass of the pendulums chould be
conctsnrated in the head, the arm mmst be suffciently rgid 1o
maintxin the proper cleamnces and geemetrc mlatiooships
betvesn the maching parts and the specimen and to minimizg
vibrational soergy losses, which are always inchuded in the
mexnred impact vale. A machine with a simple pendnhim
dexign iz dlstrated in Fig. 1. Instremonts with & compoend-
pendnlem dexign also have bean found to be acoeptable for
msa. A com design is dusrated i Fig. 2

§.1.1.1 The mackine shall be provided with a basic pendn-
hie capable of delivening an enargy of 2.7 = 004 T [20 =
Q.10 f-Tbd). This pendelun shall be used for specinwems that
sxtract less tham B % of this eoargy when brsaking a speci-
men. Hoavier pendufems: or additional weizhts deigned to



S
FE3. 1 Zimipés Baam [Charpy-Typs| impact Maohine

attach to the beuic pendniem shall be provided for specimans.
that requize more wnergy to brezk. A series of pundutoms sech
that each has fwice the emargy of the mext lighter ome has hean
found cozvemient.

6112 The afectve of the shall be
batwean 0325 and 0406 m [12.8 an 16.0 in] so that the
requized alevation of the stiking now is obmined by raiuing the
panduhims o an angle betesen S0 and 30 above the borizontal

6.1.2 Sovbmey Edge—The stiking edge (nose) of the pan-
delne chall boe made of kardenod stesl, tapered to have an
inclnded angle of 43 = I” and skall be rounded to a mdius of
307 £ 012 mm [0.125 = 0.005 in.]. The pendniem shall be
alizned = such a2 way that when f & i itz fres hemging
position, the cemter of percmsion of the pendulie shall ba
within +2.54 mm [0.10 i=n ] of the middls of the ling of contuct
mads by the stiking nose upea the face of 2 standard specimsa
of sguare cross secton. The distance fem the axis of seppedt
to the center of parcassion is detrmingd expermentally from
the paricd of moton of seall ampliteds cucillations of the
panduhims by mean: of the following equation-

£ = (ghaty i

Fl3. 2 Exampds of Compeound—Pesndul um—Typs Maobl re

whars:

I = distance from the axis of wmpport to the confur of
PROTEELION, M.,

g = loml gevintonal accelention (known to 2n accuracy

of one part in one thomsand), m's”

31416 (2= 39.48), a=d

paccd im 5, of a wingle complete wwing (bo and fra)
determinged from 2t least 20 comsecative and unintur-
rupied swings. The angle of aring shall ba leas than 5°
wach side of centar.

6.1.3 Penduleem Folding and Releasng Mechanesm—The
mechamize shall be designed, constrocted, and operated so that
it will misase the penduhim withest imparting accelembon or
vibration to the penduhm. The positon of the pandnlum
bolding and mleaiing mechanizes shall be such that the vertical
bigdght of @l of the soiking nose shall be §10 = 2 mm [24.0
+ 0005 m.]. This will prodoce a velodty of the striking nose
at the msomant of iexpact of approximatety 3 46 m [11.4 f]s e

v= 1 TR T
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FI3. ¥ Relstionchip of Arvedl, Epescimen, and Hriking Edge to
Each Otter for Charpy Tect Method

whams:

v = valocity of the sirking ness at the moment of inxpact,
F = local grwitational accelemtion, and

k= vurtical beight of fall of the striking nose.

This aasures no windage or friction.

.04 Specmen Supports—The fest specinven shall be sop-
poried against two rigd anvils in such a pesdtion that its cemter
of gawity and the center of the netch shall lis oo tangent o the
arc of travel of the cemter of percussion of the pundotum drawm
at the posttion of mpact The cdpes of the azvils shall be
rousded to a radins of 3.17 = 0.12 mes [0.125 + (U805 in] and
the anvils’ Bnes of contact (span) with the specimen shall be
1016 = 0.5 mm [4.0 = 002 in]) apart {ses Fig. 3). A jig for
psitinning the specimen on the sepports should be supplisd by
the maching marmfactamar.

Motk T—Same machines curssntly i wee employ a
Dt oflsined wnder dhiese condiaom are valal 1

6.0.3 Frxoesy Emergy fndfomsor—Mleam: shall be provided
for defermining snergy memaining in the pendulnm after
breakring a speciman. Cne acceptable method is the use of &

intar and dial mechanism which indicate the beight of mwe of
the pendniem beyond the point of impact in terms of soergy
ramoved from that specific pendulne: More modern instore-
ovemts wie an electronic digital display or compater te mesnre
the emsrgy loss amd imdicate the breaking eoergy of the

108 Den sgpan

4 Sarpporting deis n svalbshic from AS T Hosdqearion. Roguest Rocach
Ropent i T30

speciman. The indicated remaiming energy mmst be comected
for pendunm bearing friction, pointer friction, pointer insrtia,
and pendnine windsgs. The sqnipment mamfctmer shoold
provide graphs or tables to aid in the caloulatiom of the
comection friction and windspe. Instroctioss for making thass
comectiozs 2o found in Azmex Al and Annex 42, Many digital
indicating systepas automatically cormect for windage amd
friction. The equipment manefachmer should be consalted for
information on how this i performsed.

§.1.6 The calibmtion procedure in Appendix X2 showld be
used to evtablizh the acouracy of the equipment A check of the
calitration of an impact maching is diffienlt to make mmder
dynansic conditems. The basic parapweters normally are
checked wmder stafic comditons. If the machine passes the
siatic fests, then it is assumsed to be accerate. Appandix X2,
bowever, alsc descrbes 2 dyzamic test for checking cestain
features of the macking and specimen. For some macking
designs, it might be mecessary to change the recommended
mpthed of obtaining the requied calibmtion measurements.
Additional instrectioes for adjesting a particular maching
should be sepplied by the manufacmrer. Other method:s of
performing the required chechs are acceptable provided that
thery are proven to result in an egeivalent accamacy.

6.2 Specimer Nodchimg Machme—Notching skall be done
on 2 pxilling mvaching, sngine lxthe, or other smitsble macking
el A carhide-tipped or Industrial diamcnd-tpped motching
cutter is recompvended. Both cutter speed and fosd mte shall be
comirollable. Provision for cooling the specinses s recom-
mended. Water and compressed air are suitabls coclants for
many plastics.

§.2.1 The profils of the cutting tooth or testh shall ba such
a5 to produce a nodch in the test specimen of the contour and
deprth specified in Fig. 4 and in the mannar specified in Section
£

621 A single-tooth cutter skall be wied for motching the
speciman, unleds it is demenstrated that notches of an equiva-
et quality are prodnced with a pwlti-tooth cotter. Single-tooth
cuttars are preferred bscamse of the sass of grinding the catter
to e specizen contowr and becanse of the moother cuf oo the
specimen. The cwtting edge shall be groend and boned cane-
felly to ensmre sharpness and feedor from nicks and B,
Teols with no raie and a work mebief angle of 13 to 20" have
bean found satisfactory.

6.3 Microweters—Apparatus for meavaeoent of the width
of tha i shall comply with the mquiremsents of Test
Mothods I 5947, Apparatas for the mesmrement of the depth
of plastic material remaining in the spwcimven ender the noich
shall comply with requimemsants of Test Methods D 3847,
provided bowerar that the one anvil or presser foot skall be a
taperad blade conforming fo the disemsioms given in Fig 3.
The oppesing anvil or presser Soot shall be flat and comforming
o Test Mathods It 5847,

T. Test Speimen

7.1 The test specimen shall conform to the dimensions and
geometry of Fig 4. sxcept as osodified in accordance with
7.2-1.5. To snsum the comsct contour and comditions of the
specified nodch, all specimems shall be notched in accorndance
with Section 8.
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FK3. B Hotoh Depth Mescuremend on Tect Spaoimenc

7.2 Molded specimans shall have 2 width betareen 300 and
127 mes [001E and 00500 in]. Use the specimen width as
specifiod = the matorial specification or a5 agresd wpon
batwean the supplisr 2ad the costomer

7211 The type of meld and molding maching weed and the
fiow behador in the maold codty will infnencs the srength
chizined. It is possible that reszlts fom a specimen taken from

one &xd of 2 meolded bar will ghw diferent mesults than a
speciman taken from the other end. Cooperating labomatories
should therefore agres on stemdard mwolds conformimg to
Practice D 647, and upon 2 stzndard eeolding procedors for the
material noder investigaton.

7.21 A crittcal Imvestigatica of the mechanics of tmpact
teating has shows that s made upon specimans mnder 635
mps 3250 in] in width absorh pore snergy doe to creshimg,
bending and twisting than do wider specimaens. Specimcms
6.37 mm [0.250 in] or over in width 2r¢ therefors recom-
mended. The mspomsibility for deteomining the minimmm
spaciman width chall b the ivestigator’s, aith doe mdfurence
to the specification for that eabterial

7.2.3 The mmpact mantance of a plasic metemal will be
diffurent if the motch is parpendicnlar to, mther than parallal ta,
the directicn of molding.

7.3 For shest matarials, the specimans shall be cut from the
shoset in both the lengthwice and crosswise directons nnles
otharwise specifisd The width of the speciman shall ke the
thickzass of the sheet if the thegt thickness is betwrsen 3.00 and
12.7 pam [0.118 and 0.500 in.]. Sheat material thicker than 12.7
mes [0UF00 =] shall b machined down to 12.7 mam [0.500 m.].
It is acoeptabls to test specimens with a 12.7-mm [0.500-in.]
SUATE cToss sedton either edgewise or Satwise s oot o the
shost. When specimaens are tmsted Satwise, the notch ckall ba
mads oo the mackined surface if the wpecimon iz mackined cn
one face cnly. Whea the specimen i oot fom a thick shest,
notaton shall be made of the portion of the thdckness of the
shost from which the specimes was out, for exampls, cantar,
top, or bottom surfaca.
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73.1 The iopact resistance of a plastic matermal will be
differant if the notch is parpendicalar to, mther than parallal to,
the grain of an anisctropic bar cut from a sheot. Specimens cut
from sheets that are suspected of baing aniotropic skall be
prwparsd and tested both langthwize amd coosrwine to the
directicn of the azdsotopy.

T4 Tha practice of camenting, balting, clamping, or othar-
wive combiming specimens of substandard width to formm a
composite test specimen s not recommended and should be
avoided simce test revalts will ba sericusly aSocted by inarface
affects or afects of solvents and cemeats on wnergy ahsorption
of composite test spacimens, or both, I Chazpy test dam ca
sach thin matedals are reguired, bowever, and if poasble
sonurcas of wror are recognized and acceptatble, the following
technique of preparing composites ought o be nilized The
test specimscms shall be a composite of individnal thin wpecd-
ozams tofaling 6.33 to 12.7 mum [0.125 to 0.500 n] in width.
Individea] peezobers of the compedite shall be alizned acca-
rataly with sach other amd clamped, bolted, or cemented
together. Care pvast be taken to select 2 sobvent or adbesive that
mﬂmta&ctﬂnm]unmumufﬂnmhmlmiwum
If wolvents or sobmmnt-comtaining sdhecives ars employed, a
condiioning procedzrs shall be sstabliched to somre complete
rametal of the solvent prior to st The composdte specimens
sbzall be machined to propar dimsnsicns axd then notched Im
all sach cases, the use of composite specimems shall be noted
in the mepont of test results.

7.5 Each specimen shall be fee of twist and shall ba
boended by mumally perpendicalar padrs of plans, paralieled
sarfaces and free Som scratches, pits, and sink macic, The
specimans shall be checked for confomeity with thewe require-
ety by wivnal obsenvaton against straight edges, squarss or
flat plates, and by measuring with micrometer calipers. Amy
specimen showing obsanable or ewaszmable deparure fom
oz or more of those mogquirsessats dhall be mijected or
machingd to the proper size and skape befome tatimg A
ipecimen that has a slight twist to ity notched face of 0.07 mm
[0.002 in ] at the point of contect with the pendninm sixding
edge will ba likely te bave a characterstc fracmre surface with
considerable greater Eacture ama than for 2 normal break. In
this cawe, the ansrEy fo break and toss the brokan sectiom will
b comsidemably lamgar (20 to 30 %) tian for & normal break.

8. Notching Test Specimens

Mot H—“'h:nhi.lntlﬂnl]ﬁ:kﬁnlh:, il s it &
sty e eflie of dl I in e 3 it meludng
cutier denensiony, soich depuh, colles l|l:l:|ﬂ.|n]ﬁ:|:|] emle Tis caablish
that the fi 3 He, i i alvisshle o olch scveral
l|mm4hm.ﬂﬂp1hﬁhhdm-dhllcﬂ
e af each el in mxasnl with &g i X1 Adjus
the mchag m.-J!n.u: m required The specimens m‘l b delermine
natching condiacim dhall net be sl b meks Sacmmation of impad
rosdeur

8.1 Naoich Dvmersors—The inchuded angle of the notch
shall ba 23 + 17 with a dins of curvatume at the apex of 0.253
+ 007 mes [0.010 = 0002 ). The plane hisecting the notch

angle shall be perpeadicular to the face of the test specimsa
within X°,

E.1.1 Thenotch & a cofical factor of thds test. I is extramely
important, therefore, that dimensions of the notch in the
specimen am verified Thers is evidence that the combowr of
motches cutin materials of widely differing pinvsical propectics
By the same cutter will differ. It i sopseticses necessary to alter
the cotter dimapsions in order to produce the required notch
comtour for certain mateeials.

£.1.2 Both the notch and the cofter need to make the notch
shall be inspected, 2t a minivmne, after ewary 300 nodches. The
speciman uved to werfy the notch skall be the sars material
that & being prepared for testing. Fellow the procedurs in
Appendix X1 when impecting and verifying the motch in the
speciman. If the angls or mdms of the motch doss not meet the
requirements of B.1, the cutter shonld be replaced.

M F—Th:udlmﬂ'ﬂ:nmﬁ_kmtmnh-hﬁlul:nu
i Ty g i af the meich on & @np of ol mesl tha
& imerted b T Surng (e moiching |

M H—When the tiise maleral o beiig isiied on & repetit: s,
aral il id demensiraial tha e solch @ e specamen ek the: ool af
dhe lip ol the cumer snd that e poich meet dhe oalne rajuresemls
when chodiad = with Appendis X1, then it & sccepible
chak the conteas of e Hp of e cumer sicad of the naich in the
SpEiimen

£.2 Notoh Depir—The depth of the plastic matenial remain-
ing in the specimsn under the notch shall b 10.16 = 0.05 mm
[2.#00 = Q.00 m]. This dimensicn skall be memmrsed with
apparatus in accordance with §.3. The tapersd blads will be
fitted 1o thie motch. Tha speciesen will be approxieately vertcal
betesn the azvili. Peosition the edge of the nop-candty (wider
wdge) surface cantered oo the micrometer's Sat circular @il

£.3 Cutter Speed and Feed Raie—The cufter spesd and feed
spesd should be selected based ox the maturial beimg tested.
Tha geality of the notch will be advemssly afocted by thermal
doforesations and strovses imduced during the cofting cperation
if proper conditioms ars ot salected * The notching panmetars
zsed shall not alter the pinnical state of the materal, sach as by
maiing the mepoaatum of a thermoplwtc abowm i glas
tramition tacsperatas.

£3]1 In general, high cubter speeds, slow fead mies, and
lack of coolant indwece mors thermal dansage tham & show catber
spesd, fast faed speed, and the mie of a coclazt. Too high a foed
spesd cutter speed mato, however, bas besz shown to cause
impacting and cracking of the specimen. The range of catter
spesd feed matios posiible to produce acceptabls notches has
bean shown to be sxtended by the use of 2 suitable coolamt

£3.1.1 For soms thermeoplastics, smitable notches have besn
produced using cuttar spesds foms 54 to 150 ma'min and a foed
mate of B9 to 160 mxmimin withont a water coolant. Satisfctory
motches also have besa produced nsing the same cutter spesds
at foed spesds of from 36 to 160 mom/min with water coclant.

£.3.12 Embsdded tharmecouples bave besa mied to detee-
mine the temperabers rise in the material near the apex of the
motch dering pachining. Tharmeal srusses induced during the
motching oparation have been cbierved in transparent matscials
by wiewing the specimen ot low magnification betwesa croused

! Seprriorg dwin o aswisble froe ASTM Hosdgeries Rogees Reeesh
Ropart RR: (01085
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polar in monockromatic bHght The specieezs nsed to datar-
ming meparatee s siall not be wsed to make determinations.
of opact resistance.

832 The foed ratv and the cuber spesd shall rumain
constaxnt throwghout the notching opaaton.

84 It is acceptable to motch specimszs ndividually or in a
groep. [n sither case, howewer, an nmmotched backup or dupmy
bar shall be placed behind the last specimen in the sampls
holder to prevent distorition and chipping by the catter as it
axits from the last teat specimsen.

8.5 All speciesa having cos dimseamvion loss than 12.7 mm
[0.300 in] skall have the notch cat oo the shortar side.
Compression molded specimens shall be notched on the sids
parzllal to the dinection of application of meldizg precure. The
mmpact reaistance of a plastic matenal will be difereat of the
noich i papendicular to mther than paradlal to the direction of
molding, a5 with or across the grain of an amisotropic bar oot
from a plats.

9. Conditioning

2.1 Check the matecials specification for the material thatis
baing tested. If there are no comdifioning requitements stabed
by the material 1pnc:ﬁ.:a'h.q:m,'ﬂmmt1.]mrmmshﬂh
conditioned at 13 + 2°C [73 * 3.6F] and 50 = 5% mlative
hemidity for not less than 40 b afier notching and poer to
testing in accordemce with Procedurs A of Prctics D615,
unless documented (betoeen supplir and costomer) that
shm'hrcn:-nﬂi.l:inu.im tims i sufficient for 2 given material to
reach n-:I'J.mplﬂ TRELEIADCE.

%2 For hygroscopic materials, sach as mylons, the material
specifications (for example, Classification Sysum D £065) call
fior testing dry—as-molded specisens. Swch requitemants ke
precedence ower the above roubne preconditioming o 50 %
ralative umidity. These specimens shall ko sealed I orater
wapor-iepermaestles containers 2 soon as mxolded . When notch-
g thewe specimen:, minfmive the sxpos=me tms durng
noiching and e the specimens to a dry contizmer after
noiching to allow for full cooling of the specimens prior to
testing.

23 Tesr Condiiions—Conduct tests n e standard labora-
tory atmeosphare of 23 * I°C [73 £ 36°F] and 30 + 5 %
ralative dmexidity, noless otherwise specified. In cases of
disagreamsent, the tolerances whall be =1°C and =2 % mlative
hemidity.

18, Procedure

10.1 Specmen Preparation:

10.1.]1 Prepare the test specimens in accondance with the
procedures in Section 7. At least five and prefembly tem or
more individeal determinatioms of impact resistance shall ba
mads to determing the aveags Impact resistance for a partce-
lar sampla. The specimens shall ba of nominal width caly.
10.1.2 Noich the specimens in accordance with the proce-
dure in Section &

10.1.3 Conditton the specimems im accordance with the
muaterials specification for the material that i being tested If
there ame no coadifioning requirements detxdled = the materials
spectfication, follow the condittoning mquinmsents o Secton
2

10.2 Machme Preparaion

10.2.1 Estmate the bresking smsrgy for the sample 2md
welect 2 penduhmm of sitable enargy. Salect the Lightest
standard pendutum that is expectsd to bmeak all specimems in
the growp with an snergy boas of not mome than B3 % of in
capacity (ses §.1). If the breaking snergy cannot be eotimated,
the comect penduhim can be determined by performing trial
rems. (Cantion shonld be wsed to avedd dymaging the pandeihim
by welecting a pendulun that s too Lght for a particular
sazapla.

Mes 11— .Lhn:r -uq-.ih:l'nulﬂ.ll!:-::ndnh] B & Gl Ef

welily. [ a perl hpe e, b . e velocaty decressed as the

!’I..I.I.r:ml’:.:l Fen specimens ul kone an mnpacl cnsgy apprach-
iy e capacity of e pendulem, hees is imulTicient cgy 10 compleis
the lweak and i, By svodisg the higher 15 % scale encegy pealinga, the
welndity ol ke peradulum will nad b raduced Below 133 i O e otk
hand, (he use afla pendulem (el oo vy would reduce the sesilivay
ol e reading

10.2.2 Afier imstalling the welected pendulur on the ma-
ching, check the machine for conformuity with the maquiremants
of Secticn & before starting the tests.

10.2.3 When using 2 machine squipped with a pointer 2nd
dial mechamism or an electronic indicator that does not
antomaticallty corect for windage and fricton, determing the
windage and frictics comection factors for the macking befom
teating specimens. Windige and friction corection Smctors
shall be determined o= a daily bacis and shall be calcelated
sach tme wwights are added to the pendnbem or the penduinm
is changed Rafer to Annex Al for information on comtructing
windage and friction comrection charts or refir fo Ammex A2 for
a procedore fo calonlais the windags and fhctien coomection. IS
axcassive ficton is mdicated (wes X212 and X113) the
machine shall be adjusted bafors teating specimens. Follow the
maching manufxciurer’s instuctions to commct for excessive
windage and fiction

Mis [I—The sciusl sorrection Gl Fo winda ge mnd [viction will be
somnaller than these Mo in an aciual i E e enerpy sbscrbed by
the apecmen prevents the pendulem fhom making & fll swing The
ndr:l.l.u‘.l'h':ﬂ.'nil::rn'd'ﬁ:qn:mm Buzefisre, musdl be includad =
e caleulstion of te hine ¢

10.2.4 Somo pachine equipped with an slectronic digital
display or computer antematically compensate for windage and
Friction

10.3 Specimen Testng:

10.3.1 Chack all of the wpecimens in the sampls gromp for
conformity with the mequiremsants of Ssctions 7and B and 1001,

10.3.2 Mosxmre and recond the width of sach speciman aftar
notching to the nearsst MOZS pm [0.00] @] Memmre the
width in ome location adjacent to the notch centered about the
anticipated fractars plans.

10.3.3 Measure and record the depth of materal remaining
in the under the notch of sach specimen o the nearest
0027 mm [0.00] in]. The tapered blade will be fitted to the
motch The specimen will bs approxinuately vertbcal betwesn
the amvils. Position the sdpe of the non-cawity (wider edgs)
surface so that it v centared on the mvicTomater's flat cinenlar
anvil Ses Fig. 5.

10.3.4 Peaition a feat wpecimon borizontally on the supports
and xzainst the amvils so that it will be impacted on the face
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oppoiite the notch (see Fig. 3). The notch should ke cemturad
batwreen the amrils. A canteaing jig is nsafml for thiz porposa.
10.3.5 Eaiso and wecum the pendnlum in the mlsswe macha-
nisms Fare the eEcec: energy imdicating mochasiom.
10.3.6 Esleawe the pandulm, allowing the soiking edge of
the pandelne to Impact the specimen Mobe the indicated

SOATTY
1037 Calculate the et broaldng energy (see 11.1). If the
n4t breaiing endogy is greater than B3 %@ of the pundulom’s
nomizal wnergy, the wroop pandnlum was nsed Discard the
resnlt. Select and install a pendulum with a greater awailable
anargy or 3dd additional weight to the pendahm, detaormine the
winduge and friction cormecticn fcior, and mepeat the test oo a
04w Epecioven
1038 If the proper pendubem was meed, test the mpaining
specimens a5 described i 1003.1-10.3.5. Eesults from wpaci-
meams that do not braak should be discarded A specimon that
dess not break completely imio fwo or more pieces b Dot
considersd to be broken.

1039 After 2ll of the specimans for the sample baw beesn
tested, calculate the imspact mesistancs, in joules per metw, for
wach individual specimen (e 11.2).

10.3.10 Calcolate the avemge Impact msiance for the
groeap of specimens (see 11.3). Vale obtamed from specimans
that did not break completely shall not be included in the
AUUATR.
10311 Calpulate the standard devixton for the growp of
specimens (ses 11.4)

11. Calculation

11.1 Met Hrenhwgfmg}-—iihmnﬂurindapm.dﬁr-
tion lows emergy from the indicated ROATEY.

11.2 fmpact Rensnence—Divids the et breaking energy by
the measured width of sach individnal specimen.

11.3 Caloulate the average impact revistence for a goup of
specimens by adding the individnal impact resistnce valoes
for the proup and dividing the sum by the toml nember of
Specimens in the .

11.4 Calculate the standard deviaticn as follows and repert
it to twno wgnificant fignres:

dm WA A X Nm=1) 3
whars:
5 satizoated standard deviation,
X vahe of iingle cheenation,

n mnsher of obhsarvations, and
X arithmetic mean of the set of obwerrabons.
1} Eepert

1X]1 Report the following infoemation:

12.1.1 Corplete identification of the matarial testedd, incled-
mg type source, mancfactmmr’s code mmmbar, and previous
history.

1212 Astatemsat of how the specimens wem prepamed, the
testing condiions used, the nember of howrs the specimans
wure conditioned after motching, and for chest materials, the
direction of testing with rmspect to anisotopy, if amy

1213 The capacity of the pendubem, I

1X14 The span.

12.1.5 The width and depth mnder the motch of sach speci-
men tested.

12.1.5 Tha toml mmber of specimens tested per sampls of
matarial {that i five, fen, or mom).

12.1.7 Tha =mwrags impact meivtance, Jim. Iepact mesis-
tance i mot to be mported for otier than complote breaks.
Raperting recules in kIm® is optional {see Appendiz X4).

12.1.%8 The standand deviation of the valses of the fmpact
mesdstance of the specimens in 10.3.11.

13. Precisien and Bias
13.1 Table ! is based om a round robin® conducted in 1987
in accordance with Practice E 691, imwohing five ousteaials
tewted by ning ibomtories. For sach muaterdal, all samples wrem
at ome source, but the imdividnal specimen: wem
notched and conditioned at tha lsboratories which tested tham.
Exch labomatory teated 2z average of nine specimens for sach
material Warsisp—The sxplanaticzs of rand £ (13.2-132.3)
are mtendsd caly to present @ meezingful way of considening
the approximate precizion of this tesi method The dam
presanted in Table 1 should not be applied to 2cceptance or
mejection of materials, as thess dat apply cnly to the muatszials
tested = the round robin and 2m wnbkaly to be ngoroushy
reprasantaive of other lots, fomeunlations, condittons, materals,
or lzboratoniss. Usem of thiv test method should apply the
principles cutiined in Practice E 891 tov genards data specific
to their materials and labomatory, or betarean specific laborin-
ries. The principles of 13 2-13.2.3 aronld then ba valid for snch
data

13.2 Comcept af r and B ov Table [ —1f5_and 53 hawo boen
calculated froee a large saomgh body of data, 2nd for teat resmlts
that were zverages Tom tesing nine specimens for sach test
result, thea:

13.2.1 Fepeatabaliny—r i the ierval epmssnting the crit-
cal difference between two et manbis for the sams material,
obtaized by the same operior niing the same equipment oo the

"‘hﬂnﬂ-ﬂ.l:aul.ﬂkl’rm-'_'ﬂhl: 1] ]
Booport R D20-1081 and 1134

TAELE 1 Fraciclon for Charpy Tect
‘Walusm in ®ibf ol Width

Mumitsr of

e - . S = [ 3 i aox
Phanolic L] u [=T=1] L o4 T
Heimiorms:
-wia- 1.8 [=1- .. =R 1] 018 o0 T
Poyoarbossls 3 ES [=e ] =X ] o 1.18 ]
Polypropyisrs 408 =R L] [=F ) o3 1.18 g
BT 103 ons =L ] ik r} 1./ g
A5 = wis 7 ik for Ew mnl B om
otbirssd by zooling B wis L - ] of b i Fzmr
mll of B pEriomang Ebomcrsn

L - T e - T
Hy = batwmar-m oo e wprTad ook 't

B £7 4 BI2

warE 5 = phirds devisbon o! Etomeory mesns
“r & wihin-mborsitny ortosl el bebassn o e et = 28 W 5
T = cetwms- mborwicrem criscsl risrvel betewen baT e remute = 2 H 5 Ug
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same day in the sams laboratory. Two st mesults shall be
jadged not equivalent if they differ by more than the rvaloe for
that material

1322 Reproducibility—R is the imerval repressnting the
critical differsnes betwwen two test peanlts for tho samse
mxierial, obtuined by diferent cparators nsing diferent equip-
meat in different laboratories, not necessarily oo the @ame day
Two test results shall b ndged not equivalent if they diffar by
more than the R vahe for that exaterdial.

13.2.3 Any jedgement in accordance with 13.2.]1 er 13.22
wonld bave an approxiemate 93 % (0.97) probabality of beimg
COTTRCT.

13.3 Themw are oo recognized standards by which o est-
mate hias of this test mathnd
14, Kevwords

14.]1 Charpy impact, impact msistance; notch sensitvity;
motched specimea

{&landarery Informstom)
Al INSTRUCTIONS FOR THE CONSTRUCTICN OF A WINDAGE AND FRICTION CORRECTION CHART

All The comstuction and wve of the chart bemin descrited
s baned upon the aumexption that the friction and windxgs
losses are proportional to the angle throngh which these loss
tongues are applisd to the pendelnm Fig ALl shows the
asvzmed anergy bos warsus the angle of the pandulem positicn
dering the pendens swing The comecton chart io ba de-
scribed is primcipally the left half of Fig ALl The windage
and friction commection charts should be available fom com-
mircial testing maching monefacmrurs. The soergy lossas
desimnated & A or B 2me described in 10.3.

Al Bt the comstruction of the cormection chart (Fig.
AlZ) by laying off to somw convenient linsar scale oo the
absciusa of a graph the angle of pemdnlem peositon for the
portion of the swing beyond the free hanging position. Far
convenisncs, place the fres hanging reference point on the
right and of the abscisia with the amgular displacement
momeaning Unearly io the lefi The absciisa i mfemred to as
Scale C. Althengh angelar displacamsant is e quantity to be
repreeated Bnoarhy cm the abscisaa, this displacarant is more
convendsatly sxprecied o terms of indicated snargy mead from
the maching dial This yislds a noalimear Scale C with indicated
pandulur snergy mcresing to the right

Al3 On the nght hand ordinate lay off 2 bnear Scale B
siarting with zaro at the bofiom and stopping at the mawieme
uxpected pendulem ficton and windage vale at the top.
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Fi3. &12 Eampls Windage and Frisktion Comeofion Chart

Al4 Onthe loft ordimets comstroct 2 lmsar Scals O ranging
from zero at the bettors to 1.1 timaes the maximem ordinaie
valne appearing om Scale B, bt make the scals twrice the scale
mied in the constraction of Scale B.

AlLS Adjeining Scale D dew a2 curve OA which & the
focus of points whewe coordinates have eqmual valees of enargy
comrection on Scale D and indicated energy on Scale C. This
curve is referred to s Scale A and nolizes the same divisiens
and sumbsring system 2: the adjoining Scale D,

ALS Ieroructions for Using Chart-

AlS] Lot and mark om Scale A the reading A chtained
from the fres swing of the pendulum with the pointer prepo-
sitioned I the free hanging or maximem mdicated ey
poiiticn on the dial

AlS2 Locate and mark co Scals B the reading B chtained
after sewaral frea swings with the poiwter pnshed =p closs o
zaro indicated soergy positiom of the &zl by the penduinme in
accordancs with instroctions in 1003,
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Al S35 Connect the fwo points thas chizined by a straight
Ling.

Al §4 From the indicated impact energy on Scale © project
up io the comtructed bine and across to the Jeft to obixin the
comection for windage and fricton from Scals D

AlGS Subtract this comection from the indicated Dmpact
reading 0 obtain the exergy delhvered to the wpecimen.

Al PROCEDUEE FOR THE CALCTLATION OF WENDAGE AND FEICTION OOERECTION

A1l The procsdes for the calonlation of the windage and
friction. comecton in this ammex is based om the squations
dewaloped by darmaton in Appendix ¥3. This procedams is
accaptable a1 a sehsthte for the graphical procedars descrited
in Amnex Al and is applicabls to wmall electromic calonlator
and comgpmter analysiz

A2%T Calculate I, the distamce from the axis of sappart to
the caater of parcussion as indicated = 6.3, It is aameed beare
that the centur of pearcassion is approximately the same as the
centar of srike.

A13 Measere the maximem beight, &y, of the center of
parcassion {cemter of sike) of the pendnbem af the stz of the
tast an indicated in X216

Al4 Momnure and record the snergy cormectiom, £y, for
windage of the plus frictiom in the &ial, as deter-
mzined with the £ret swing of the pendele: with no specimen
in the featimg device. This comecton mmst be mad on the
wnergy soale, Fuy, approprizie for the pendene msed.

A25 Without rssting the positicn of the indicator ob-
tamed In A 4, meamrs the snergy comection, Fn, for pende-
lem windage affer two additicmal meleases of the penduhmm
with no specimen In the testng device.

AlS Calculate B follows:

E; = fall-scale reading for pendelnes weed, T [#-1k4],
L = distance from foloum fo center of strike of pear
duhim, m [],
by = maxizmme beight of center of strike of pendulem at
start of test, o [f], and
P = mazimme angle pendnhim will frevel with coe
swing of the pendubum.
AT Measume specimen bmaking snergy. . J [f-Ibd].
AXE Calcelate P for specimesn mezursment £, as
B o= cen [1 = [k N1 - ESE M (ALT)
whare:
B = zgle pendulem tavels for 2 given specimen, and
E. = dial reading breaking smergy for a specimea, T [ft-Iaf].

AS Caleelatu tofal comection snergy, Eo- as:

Eq = (E, — (EyTNEB) + (EgT) (A23)

whars:

Er- = tofal comection snergy for the breaking szargy, £,
of a specimen, J [f-1bd], and

Ey = soargy commection for windage of the pendenm, T
[E1d].

A1l Calcalam the impect resisvtance wiing the following
forzmla:

B =con I = [{AJLH1 - ESE M [AZT) o= (E, =~ Ept (AZH)
whirs: :

E, - ion for windagn of pandulum phas I = ﬁanmm of speciomen, Jim [&-Ddfin | of width,
friction in dial, ¥ [27b]. ¢ = width of speciman or width of notch, m Jim ]
APPENDIXES
(Nonmasdatory Ieformaden)

xl. PROCEDTRE FOR THE DNSFECTION AND VERIFICATION OF MOTCH
X1.1 The purposs of this procedere is to describe the X121 Oproal Dewoe, with minimue magpification. of

micToscopic methad to be msed for determining the madies and
angle of the notch. Thess meavamements could alvo be mada
uzing a comparstor if available.

Mo X1.1—The aoich dhall hive & eadias of 025 = 005 mm [Q0MHD
02 in] end e angle ol 45 = 1°

X121 Apparatus:

&0, Filar glass scale and camaers attachmont

X1.2.2 Troesparent Templote, that will be devwsloped in this
procaders.

X1.2.3 Ruier.

X1.2.4 Compazs.
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X1.2.3 Plrstc
4545907,

X13 A tronsparsat templyte mest be developed for each
magnification and for sach microscope weed It is prefumable
that sach bbomtory stndardize on coe micmoscope and ome
mxgnification. It is not necessary fior sach labomtory to nse the
same magnification becauss sach mxicroscope and camers
combination have sopwwhat diferent blowup mtios.

X13.1 Set the mapnificaticn of the optical dewvice at a
suitable magnification with a minieme eagnification of &0

X132 Placs the Filar glass :lids on the mxicroscope plat-
forms. Form the microscops o the most distinct of the Filar
scale is wisible

X13.3 Take a photograph of the Filar scale (e
Fig. L1}

X134 Create a texoplate similar to that shows in
Fig. X121

X13.4.1 Fizd the spproximate center of the piecs of paper.

X1342 Dmaw a wt of papsndimnlar cocndinates throngh
the ceniur point.

X13.4.3 Draw a family of concentric circles that are spaced
in accerdance with the dimunsions of the Filar scale. This task
s accomplished by frit setting a mechanical compas at a
distance of 0.1 mm [0.00M in] 2 ruferenced by the magnified
photegraph of the Filar syepiecs. Subssquent circles shall ba
spaced 0.02 me apart [0U00] in], as rings, with the owher fng
baing 0.4 mm [0.01€ =] fos the centar.

X13.5 Photooopy the paper with the concsntnc circles to
mzios 3 tramsparent template of the conceniric circle.

X13.6 Constract Fig. X13 by tking a wccod pisce of
papar. finding its approximate center, and marking thds podnt
Ciraw ons bine thromgh this cenber point. Label this line wero
dagzes (0"). Draw a second Ine parpendicular to the £rt lne
thromgh this center point. Label thiz line 80", From the: cemter
draw a bne that is 44" mlative fo the 0°. Labal the lime 42°.
Dirow amother ling at 46" Labal the line 25",

Drafirng  Sefr Squares  (Trangles),

Xl4 Plxe a microscope glass slide oo the micoscops
platform. Placs the notchod specipsen om top of the dlide. Focus

More 1—100 felemnee
Mo 2] i mijor seale, 001 mm mined el
FE3. X1.1 Fllar Scals

Mor |—Magailication = 1005

FE. X1.2 Examipls of Trancparent Templats for Detemining
Radiue of Moboh

the microscope. Move the specimen around using the platform
adjusting kmobs exiil the speciesea’s notch is centered and mear
the botiom of the viewing ama. Take a pictam of the notch.

X141 Dedfermmanon of Notchng Redwr (Fig. 1.4):

X1.41.1 Place the piclure on a sheat of paper. Position the
piclume o that bottom of the motch I the picture face
dowmwards and is abont $4 oo [2.5 in ] from the bottom of the
papar. Tape the picture down to the paper.

X141 Drew two lines alomg the sides of the motch
projecting down to 3 point whers they intersect below the nodch
Point I (wee Fig. X1.4E).

X1.413 Cpen the compas: to about 51 me [2 in]. Using
Point I s a mference. drvw taro ancs interwecting both sides of
the notch (wee Fig X1.4C). These intemsctos are alled la
and 1b.

X14.14 Close the copxpass bo abont 38 mm [1.5 ). Using
Point 1a as the refumnce point, daw 2z arc (2a) above the
notch, drewr a secomd arc (2h) that intemects with arc Za at
Point I. Dmaw a lime betwesn I and J. This establishes the
cantarling of the notch (wee Fig. X1.41)

X1.41.5 Place the tanspamnt template on top of the pichm
and align the cemter of the concentzic circles with the dovan
cantarling of the notch (wee Fig. X1.4E)

X1.41.6 Elide the mmplate doamn the cexturling of the notch
until one concemtric circle tonches both wides of the notch.
Record the rading of the notch and comzpars it xgainst the limis
of 0.2 to 0.3 p=m [D.00F to 0.012 in].

X1.41.7 Examinge the notch to ensure that thore are no fat
wpots along the measumed mdins.
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Fi3. X1 Exampis of Trancpanent Templabs for Detsrmining
Angle of Moboh

K142 Defermoerion off Noick Angle—Place tanspamnt
tamplate for determining notch angle (Fig. X1.3) on top of the
photograph aftizched to the shest of paper. Robbe the pichum so
that the nodch tip is pointed towards you. Position the cesiur
point of the tamplate on top of the Point I established in 0™ axis
of &% template with the fght side straight pertion of the notch.
Check the laft side simaight porfion of the notch o ensre that
this portten falls betaeen the 44° and 46" lines. If not, replace
thie blade

X1.5 A pictome of a notch shall be taken at loast cvary 500
noiches or i a control saesple gives 2 vale cutids it I-uigma
Emits. for that test.

X1.6 If the notch in the control specinsen s mot within the
Tequiremexts, a pictere of the notching blade should ke taken
and anabyzed by the samo procede=re msed for the speciman
notch If the nodching blade dess not meet ASTM requitemants
or shows darsxge, it sheoald ba replaced with & newr blade which

X1.7 Ifa cuotiar has the comect dinsansions, but doss not cud
the comect notch in the wpecimen, it will ba mecessary fo
wralzate othar conditions {outier and feod wpeds) to obtain the

X1 CALTERATION OF PENDULLAL TYPE HAMMIER IWPACT MACHINES FOR USE WITH FLASTIC SPECTAMENG

X211 This calitmation procedurs applies specifally to the
Charpy imspact machine.

X212 Locaie the impact maching on & wrdy base. It chall
not walk om the base and the hase thall mot vibrate appreciably:
Lioas of epargy from vibmatons will give high readings. It is
recommvended that the impact testr ba baolted to a base having
a mass of at Jeaswt 23 kg if it is nsed at capacitios higher than 2.7
T2 flak].

X213 Check the lewel of the machine in beth directions oo
tha plane of the base with spirit lewels moented in the base, by
a machinist’s vel if a abifaciory mfmoce soice is
available, or with 2 plumb bob. The mackine should be made

12

laval #o within tax™' 0,001 in the plane of swing and to within
tzn” 0.0{2 in the place pespendicalar to the swing.

K14 Coxtact the machine mamnfacturer for 3 procadunr fo
anamre the striker radin: & in telemance (3.17 = 0,12 mm) (e
53).

X213 Check the teanmverse location of the center of the
pendnbem wriking edge that skall be within (.40 mm [0.016
in] of the center of the 2mvil. Beadjust the shaft bearings or
melocate the anvil or smaighton the pendulum shadt as necessary
to attain the proper milaticuship befwean the fro canbars.

XI46 Chedk the pendnlem am for sraighmess within 1.2
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mm [0.07 in] with a staightedge or by sightng down the
shaft. This am is sometimes beat by allowing the pendnlum to
slam xgaimst the caich when high—capacity wedghts are oo the
pendatuns.

X217 Center 3 notched 12.7-mm wqnare metal bar having
oppostie sides paralle]l within 0.02F pem and 125 mm long oo
tha Charpy anvils. Place a thin oidl film on the stiking edge of
the pendulom with an ciled cloth and let the siriking edge rest
ganthy against the bar. A thin ling of ail shonld be tansfamed
acroas the entine width of the bar, therebry werifying that the
sirking sdge i In confact across the sotire specimen width

1% When the penduluim i hamging froo in s Jowsst
position, the snengy reading mast ba within 0.2 % of foll scale.

X219 Swing the pemdnbem to a honzonial positon, and
suppart it by the striking sdge in this position with a vestical
bar. Allow the cther and of this bar to et at the center of a load
pan oz 2 balanced scale. Subtract the wedght of the bar Som the
total wedght to find the edfective weizht of the pendulum. The
affective pendubem weight should be within 0.4 % of the
requized weedght for that pendnium capacity. If waight ment be
added or mmeonsed, fake care to balance the added or mmotved
waight without affecting the cemter of percuswion relative to the
siriking edge. It is not advisable to add weight to the cpposite
side of the bearing axis from the stiking edge to decease the
affective weight of the pendutom since the distributed mass bas
thi potextial o msult in brge energy losses from vibration of
thie pandahuns.

X110 Calczlate the effectve langth of the pendeines arm
or the distamcs to the center of parcnssion from the axds of
rotation by the procedums in Note 5. The effective length mmst
be within the tolerance smaed = 8.3,

K1.1] Dweikomine the vertical distance of fall of the pende-
bem striking edge fom its latched beight to ifs lowest podnt
This distamce should be 6§10 = I mm. This measurement is
made with a halfwidth specimsen positomed on the amwils.
Place a thin il film on the specimen and bring the striking «dze
against it The upper snd of the oil line on the striking edge is
the center of sike. Meamre the change in wartical bedght of
the center of strike from the hiched to the free bang position
(the lowest poind). This wertical fall distance is adjmsted by
warying the position of the pendalum latch

X211 Ifa pointer and dial psechaniom is nsed to mdicate
the soergy, the podnter fucticn should be adjusted so tat the
pointer will jost maintzin its position anywhers oo the scals.
Tha striking pin of the pointer shewld be secemely fastened to
the pointer. Friction washen with glased serfaces shonld be
replaced with new washers. Friction washers shonld be on
aithar side of the peintar collar The [ast frcton washer
installed showld be backed by 2 beary metal wasker. Pressure
om this el washar is produoced by a thin bent spring washer
and locknwts. If the spring washer is placed next fo the fber
frictinn washer, the pointer will %end to vibmte during invpact.

X213 The Gwe-swing mading of the pendulum (withowt
speciman) from the tched beight should be less than 2.5 % of
pemdnbem capacity on the first swing. If the mading i knghar
than this, the fricton in the mdicating mechanizm is sroesave
or the bearings are disty. Te clean the bearings, dip them in
rease wobwnt and spin dry = am air jet Clean the bearings
umii] they spin fealy or meplace them. Chl wery lightly with
instroment ofl before replacing. A mproducible method of
wiarting the: pemdniem from the proper beight mmst bo devived.

X114 The shaft sbout which the pendulnm rotabes shall
koo o dedectable radial play, loss than 0.0 mm [0.002 m].
An end play of 0.25 mp [0.010 in.] is parmizsible whkn a
2.5 [2.2-Tb{] axdal force is applied in alternate directons.

X217 The maching should not be used to indicate mom
than E3 % of the exergy capacity of the pendnbem. Extm
waight added to the pendelues will moeass avilable energy of
the maching. This weight mmst be added 5o as 0 maintain the
canber of parcession within the tolsrance stated in 6.3, Comect
afective weight for any range is calcalated as followrs:

F=E 'k 201)
whars:
¥ ='ﬂ:ﬁ4ﬁr|rmpnn.dnlmww.51ﬂ,"¢ﬂ'hi]l:m}LH]
E, = potuntial or available energy of the machinme, J [# =
Thi], and

k& = the vertical distencs of &2l of the pendatum silking
edge, m [f] (see 2101
Each 4.5 M [1 Tbf] of added effecthe wedght increasss tha

capacity of the maching by 2.7 T [ £t = Ibf].

M X0 1T the pendulum it desipaad For use with add-om weight, il
i fetommcnled fhal they Be oblainsd thicugh the eguipmen
manulec ure

X3 DERTVATION OF FENDULUM IMUPACT CORBECTION ECUATIONS

¥3.1 From right miangle distamces i Fig. X3.1:

L=k = Lcoi B (33.10

X321 The potential snargy gain of pandules £ is:
E, - g e
X33 Combining Fq ¥3.1 and Eq ¥3.2 gives the following:
L-E/Wg=IocomB Rkl

X34 The maxizmme soargy of the pendelues is the potential

13

anargy at the start of the test, K, or
Fup = bl
i3.5 The potential emscgy mained by the peadulem, E &

related to the absorptiom of snergy of 2 speciman, F,, by the
followring equaticn:

3.4

Fa

X34 Combining Eq X3.3-33.7 gives the following:

E,= E, 1.5)
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Fl =) = b
o (]
b= Fgl k]

310 The emssgy comecton, £, on the first swing of the
pendnlem ocoors ot the mawivmme pendolom angle, B
Subwittuiing in Fq 336 gves the following:

E, = m@__ +(E2) {3
| X311 Comhbining Eq X3.§ and Eq X3.11 gives the follow-
ng:

h Ere = (Fy - (E TN E ) + (FalT) )

AL 3.1 Swing of Pendulum from s Asct Pocitdon
X312 Nomenclore:

Em EWEy, = Lk, (1 — coa B) (X35
¥3.7 Solving Eq X3.6 for B gives the following: & = inwecept of total comection snergy sraight line,
L E, = wnagy coomction, ncleding both pendelnm wind-
B o= 1 - R, AHI - EE T k) azs plus dial Eiction, T,
; . . . E; = nagy comection for pendnbem windsge oxnby, 1,
FEI;{FMPL;_}B.!.'&HWH]WE cormection, -, i E, = o of she fulume (a1 the start of
’ tast), I,
= g + b (X33 E, = potential sosrgy gain of pandulum from the pands-
. - lnm mest position, J,
..EP At the rero point of the pendubem the pormtial caergy E = { broaki of spac I
L Er- = toml wmergy comection for a given breaking anergy,
E. T,
§ = sccelamation of gravity, mis?,
b [ = divtance cenber of grawity of pendehim rses wert-
Fo ralty from the rest posdtbon of the pendnbem, m
v k., = maximum beight of the cemter of gravity of the
. peandulom, ==,
- m = slope of toml commection smergy staight bne,
= L = divtance fom foloram fo cexter of gravity of pex-
! kA dubem B,
f -L W, = weight of pemdubem 2: determsined in X113, kg
o A ,I’ﬂ'j mﬂ' .
FIG. X3.2 Total Energy Comsotion for Pendulum Windage and B = wgle of pendulom poistien Tom the pandulum rest
Dial Friotion 2c a Funobion of Pendulum Pociion position
R4 TNIT CONVERSIONS
X4l Joules par metmm camnot be convered directy imbe TRIbAn = {30 STH ] 958 S
i ibiin. = £3.4 Fn
kilojomles per squars mweimg. hid = "
Mom X4.1—The optional wnits of ilim® [HbGin "] e oy be . .
regquiral, hesslioe, e comm-atdaoml as umder the nolch most b= IH‘HII:E;:;- :I'I;J:Tmm’
reparnd. 19 i % = 107 e

RN = 21 ki

¥4 The following examples are approaimations:

THBERLET in = 1 355 Sn
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SUMMARY OF CHANGES

This section identifics the location of selected changes to this %est method. For the cozvemience of the user,
Committes D20 kas highlightod those changoes that impact the use of this test method. This section also inchades
descriptions of the changes or reasoms for the changes, or both

D6110-04: mexure sotch depth i paragraph 8.2

(/) Add refarsace o D5%47 m paragraph 2.1 (5) Added paragraphs 10.3.2 and 10.3.3 on clanifying notch
(2) Changed roquirements for micromesr in paragraph 6.3. dopth measunng techniqus. Reaumbared subsequeat sections.
(5) Removed roquiremseat to mill draft angle from specimens.  (4) Added Figure 6.

(#) Changed notch depth dimsnsioms to 10.16 * 005 mmin  (7) Permissive language removed.

crder to azee with Figure 4. and clarified procedure to  (#) Impenal mits added for refursmce.

ASTW bk ro umwmmm—mnmmnmm
0 Sun ytancies L of Fuw - St of Sw velcly of any such patacd gt and' Sw ek
of infngement of such nghts, aw Y Nar owe oy

The PR T e mny Serw by B sopormdie ischracel comorties aod Mot be reviseed svecy e peers ang
£nof revises. stfhw resppeoved or wethchers. YOLr cormmmnie am rviieg et v revison of Su stenciers’ o o sotona! stenceras
- shousd be = ASTM irte Your i oerwitd atn G of e
epormtile techrvoe’ commies mmmym ¥ you fowl B! your havn mot LR % You shoukd
ks your s kncwn © Sw ASTM Commties on Stancec af S addrem mhown Selow

Thw = copyry Ly ASTM 100 Berr tarter D, PO Sox CF00, Vet Constobooren, PA MMIS2058
United Stetwe orirdy (mnple o o) of thin Zer rmy O oy v ASTM at the above
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Foreword

IS0 fthe Intemational Organization for Standandization) s 3 worldwioe federation of national standarts bodies
150 membear bodies). The work of ng Intemational Standards |s nommally camed out through 150
committees. Each member body IntErested In a subject for which a technical commitize has been
estabilshed has the right o be represanted on tat commiize. Intemational onganizations, govemmental and
. In Nason with IS0, aso take part b the work. 150 collaborates closely with the

Intesrational Electrotechnical Commission (1EC) on all mathers of slectimiechnical standardizagion.

Intesmational Standars are drafted In accomance wim the rulss given In the ISOIEC Directves, Part 2.
The main task of technical commitiess s to prepare Intematonal Standards. Draft Infemational Standards
agopled by the technical comminees are circulabed to e member bodles for voling. Publication 3 an
Intesmational Standand requires approval by 3 least 75 % of the member bodies casting a vole.

Adtention s drawn to the possibiity Mat some of the elements of this document may be e sublect of patent
m.lmmlmmmumﬁpﬁaueummmammﬂw =

150 1791 was prepared by Technical Commiiies 1S06TC 61, Plasics, Subcommitiee 5C 2, AMechanica’
ErODeTies.

This second ediion cancels and reglaces the first editon (150 17%1:2000), which has been tEchnicaly
reyised. The main changes are 35 ilioas:

— anew subciause (E.5) has baan added, defining the span bebween the specimean suppors and Indicatng
a comenient position at which it can be measured;

— amm.mc.nﬁbaenadﬂad.gﬂngameﬂnﬂﬂ'maamﬂngheMmﬂ'mmma
notched Specimen.

This second edifon also Incorporates e Amendment 130 1781 20000Amdad 122005,

IS0 179 congists of the Tollowing parts, under the general The Piastics — Defermination of Charpy Impact
Droperties;

— Fan 1: Non-insEnsmenied impact test

— PartZ instrumented Impact fest

¥ 150 20— A1 g ey
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INTERHATIONAL STANDARD IS0 173-122010(E)

Plastics — Determination of Charpy impact properties —

Part 1:
Non-instrumented impact test

1 Scope

11 This part of IS0 179 spacifies 3 method for debermining the Charpy Impact strength of plastics under
defined condltions. A mumbsr of diffierent types of spacimen and test configurations ame defined. Cifferant test

paramelers are speciied acconding o Me type of materal, the type of test spacimen and the type of notch,
12  The meihod can be used to Invessgale the bahaviowr of spacfied types of spacimen under the Impact

condiions defined and for estimating the briffiensss or of specimens wilin Te Imitatons Inherent
In he tesl condtions. It Can akso be wsed Tor e raton of comparathve data fom similar types of
medal

13  The method has a greater range of applcablity than that given In 150 16001 and is more sultable for
the testing of matenals showing Interaminar shear fracture or of materiais exhibiting surtace effects due 1o
ervironmental faciors.

1.4  The method Is sultabie for use with the following range of materias:

— nigid temmepiastic moudng and extrusion matenals (Inciuding Miked and reinforced. cOMPOUNGS In
addition to unfilied types) and rigid thermoplasiics shests;

— rigd thermosetting mouiding materais (incuding flled and renforced cOMpOUNGs) and rigid Menmosasting
shests, inciuding laminates|

— fibrereinforced  thesmiosetting and  themmopiastic composhss Incoporaing  unidrectional o mult-
drectional reinforcements [sUch 38 Mats, wowen Tabrics, wowven nowvings, chopped sirands, combingtion
and hyorid reimforcements, rovings and milled fNes) of INCHpOrETng shests made from pre-mpregnated
materiats {preprege), Inciuding Sied and reinforced compounas;

— tharmotropic quid-crystal polymers.
15 Motched samples are not nomally suliable for uSe Wil nigld callular matenals, long-bre-reinonzed
composhas o thenmotropic liguid-crystal polymers. In these cases, unnoiched samples may be used

15 The melhod fs suiied to the use of Specimens moulded 10 the chesen dimensions, machined from e
gentral portion of 3 standard MURpUPOSE test specimen (see IS0 3167) or machined from Snished or
Mnmmaﬂuaﬁmr@s.mmmmwmm.

17 The meihod specifies prefemed dmensions for e fest spacimen. Tests which are camied out on
specimens of different dmanslons of with diferent notches, or Specimens which are prepared under dzrant
conditions, resulis which are not comparable. Omer factors, such as Me energy capacty of the
apparaius, the Impact velocity and the conditioning of the spacimens can @iso Influence the msults.

Consaquently, when comparaive data ane required, these factors must be carefully conroiled and recomed.

& 130 20— 0 rights e v 1
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18 The method should not be used 35 a source of data for design calculabions. Information on the typlcal
behaviour of 3 material can be obiained, howavar, by testing at diferert temperatures, by varying the rotch
radius and'or the spegmen Tickness and oy testing spegmens preparsd under diferent congitions.

2  Hormative references

The foliowing referenced Socuments ame Indispensable for the appicasion of this document For dated
references, only the ediion cited apples. For undated references, the latest edBion of the referenced
gocument (Inciuging any amendments ) apolies.

IS0 201, Plastics — Standand atmespheres for condiioning and testing

IS0 293, Plastics — Compression maulding of fest speckmens of hermoplastc materials

IS0 204-1, Plastics — Injection mowding of fest specimens of thermoplasic materials — Part 1. General
princlpies, and mowding of multipurpese and bar tes! specimens

IS0 204-3, Piastics — injfection moulding of fest specimens of hermopiasic maferals — Part 3; Small piates
IS0 205, Plastics — Compression moulding of fest specimens of thermaseling maferials

IS0 1266-11, Ftvereinworcad piasics — Memods of producing fest plates — Part 11; Injeciion mouwding of
BMC and piher ong-Mhre moulding compounds — Smell piafes

IS0 2502, Statistical inferpretation of fest resuits — EsOmation of the mean — Confdence intenal
IS0 2616, Plasics — Preparation of o5t specimens by machining
IS0 3167, PRasics — MUBpUIPOSE fest specimens

IS0 10724-1, Plasics — injection moulding of fest specimens of hammosefing powder moulding compounds
{PLACS] — Part 1: Ganeral principles and mowiiing of MUBIPUTDOSE t25! SPECImEns

IS0 13802, Plastics — Verfication of penduwim impact-iestng machines— Chapy, Izod and tensie
impact-fesing

3 Terms and definitions

For e purpases of this document, the following terms and definitions: apoly.

31
Charpy unnotched Impact strength
aﬁﬂnmagymm beeaking an unnotched specmen, refemsd o the onginal cross-sectional anss of

e spacimen

HOTE tb:mmdhmnlupﬁmmrmmm}j.
32

Charpy notched impact strength

Ay
Impact energy absomed In breaking a notched specimen, refamed o the onginal croes-sectional area of the

specimen af the noich, where N - A, B or C, depending on the nolch type (see 6.2.1.1.2)

NCTE E b= mypressed In kiojoules par square mstne (kAmE)L

2 & 190 I — A0 dights e v
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me dmension b, with Impact on the namow longiudinl sarface & x ! of the
specimen (se2 Figure 1, left, and Figures 2 and 4)

direcsion of biow paralel to the dmension &, with Impact on e broad longtudinal surface & «< ! of the
specimen (se2 Figure 1, right, and Figures 3 and £)

3.5
nirnal impact

n
{aminar-reimforced  plastics) Impact with e direclion of biow nomal 1o e plane of EimMocement (s
Figwe £)

3E
I;plnnmhll'r.pmt

flaminar-reinforced plastics! Impact with the direction of blow paraliel to Me plane of reinforcement [see
Figure 4)

4 Principle
The test i, near s ends a8 a horzontal baam, ks Impacied by a & Dlow of a shiker,
Hmﬂellﬁlrr'pa:l bebaeen the supports, and bent at a high, mlﬂ?ﬂﬂivm.

In e case of Impact wih nobched specimans, the Ine of Impact Is drectly opposha the single notch
[aaeﬁg:ei.ﬁmﬁg:ezj.

3  Apparatus

51 Test maching

The principies, characiersics and verificalion of sultable tBst machines are detalled In 150 13802

150 13602 gescribas pantla verifcation and full verificalion. In the case of full verfication, some Hems are

diicul to vertly when the appashs & assembled. Such verficallons are assumed 10 be Incumbe on the
MmN CHneT.

52 Milcromsaiers and gauges
Mizrometsrs and gauges capable of measunng e eszential dmensions of tes? speEmens 10 an acouracy of

0,02 mm are required. For measuring the dmerslon &, of noiched specimans, the micromater shal have a
spindle Wil 3 measuring tip having 3 suliable profie to it the shape of he notch,

180 0 = A i rme v 3
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2 .,

f
q |

dxh_::——_ 3___:———__
5?%__ -— s | .

‘ L] ‘ L ]

3} Edgewise Impact b} Flatwize Impact

§

dirssciion of Do
rodl of pendulum
fest specimen
nobch

sLpport

(LI TV R Y

Flgure 1 — Siriking sdge and support blocks for fyps 1 test specimen at moment of Impac

B Testspecimens
E.1 Praparation

611 Moulding and sxtrusion compounds
Specimens shall be prepared In accordance with the relevant material specification. The spegmens shall be
gither direclly compression mowlded In accordance with 130 233 or 130 285 or Injecion moulded from &e

matarial In aceoniance wim 150 234-1, 150 294-3 or IS0 107241, a5 appropriate, or machined In accomance
with 150 2518 from shest that has been compression of Injection moulded from the compound. Type 1

specimens may be cut from mutipurposs test specimens complying with 150 3157, hype A
12 Sheets

Specimens shall be machined from shests In accordance with 150 2616,

1.3 Long-Nbre-reinforced materials

A panal shall be preparsd In accondance Wil 150 1266-11 or another specitied or agreed LPON preparaton
procedure. Specimens shall be machined In accondance with 150 2818,

4 & 180 2010 — Al rights niseafvied
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Ky
1 dirsciion of biow

Fligura 2 — Charpy sdgewias Impact |8} with single-nofched specimen

1 dirsclion of biow

Fligura 3 — Chany Matwi=s Impact [T

& 180 20 — A gt e v 5
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Ecgmalss Flasslz=
=) i
Marmal (n}
1 1
&= i3
&
-2,
Farale (g}
.1
-
Ky

1 diresciion of bow
Edgemise (=] and fxtsise [T) mdicabs e direcon of e biow with respect i the spedmen thickness, &, and specimen
width, b Momal (n) and parales] (2] Indicate the dirscion of B biow wih nespect o Fe Eminafe plane.

The Charpy n" and “ep® iesis ae used for laminates, while both the Chamy "en® and “ep" sz are used for other
maderials. The Champy “in" and Tp° st ars umed for teshing maierisls exhibitng surtsoe e cs.

Figure 4 — Schema of designations describing the direction of blow

E 180 I — A0 g rasien s
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£.14 Chaecking

The specmens shall be Tee of twtst and shall have mutualy perpendicular paraliel surfaces. The surfaces
ard edges shall be free from scratches, pits, SInk Marks and fiash.

The specimens shal be checked for corformity with these reguirements by visual cbservaion against
straighiecges, set squares and Nlat piaies, and by MEasuring win micromeer callpers.

Spedmens showing measurable oF oosenvadie epartuns Trom one of more of these requirements shall be
refecied or machined io proper size and shape bafore testing.

E.15 Motching

151  Machined nolches shall be prepared In accomance with 150 2316, The profile of the cutiing toom
shall be such 36 10 produce In the specimen a notch of the contour and depth shown In Figure 5, at ight
angies 10 It principal axes [se2 Note).

HOTE The: radius of the Robch Bp can be: measured by the method given In Aneex .

6152  Specmens wih mouldeddn nolches may be used If specified for e matenial being tested
(58 Note).

NOTE Spedmens with mouldedHn molches do nof give resulls comparabls o Fose oblained fom spedmens wfth
machined nofches.

L5 3T

776% /?
N oy

45" al”

3) Type & b} TypaB € Type
Radus of notch tip Radius of notch tip Radlus of notch bp
ryg= (0,25 £ 0,05) mm o= 1,00 £ 0,05) mm ray= (0,10 + 0,02} mm

Flgure 5 — Match typss

E.2 Anlsctropy

Certain types of sheet or panel matenal or spesmen taken fom Infecion-moulted piates can show dferent
Impacd properties, depending on the direction In Mg plane of the sheet or panel. In suth cases, It ks customarny
1o cunl groups of test specimens with thalr major oes respectvely parallel and perpandicular o the direction of
5ome fealure of the shest or pans which |5 efther wisipe or Infemed from Enowiedge of e method of
manufaciure.

150 2 — A1 Pl Dk v T
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E.3 Shape and dimenzabong

631 Matsrials not axhibiing Intsriaminar shear fracture

£31.1  Moulding and sxiresion compounds

E3.1.1.1  Type 1 test specimans, unnotched of with one of three diferent types of nobch, shall b2 usad 35
gpecified In Tables 1 and 2 and shown In Flgures 2 and 5. The notch shall be located at the centre of the

specimen. Type 1 specimens (se2 Table 1) may be taken from the central part of the type A mutipupose test
specimeEn specifiad In 150 3167

Tabla 1 — Specimen fypsas, spacimsen dimenslons and apans betassn apecimen supports

{see Figures 2 and 5)
Dimensions in milkmetres
Langtne widira Thickracs® 2pan
Epaalman trpa
i 5 A L
1 &2 100 £0.2 4002 2
» 25k o
1or 15 »
* 11k or 136 &k or B4

1 Tha sowcimen drme e [P o, 5, wdB, & et wegth, i et daflred by h o b

2 Epwcireet Nypum 3 oared 3wl b st onlp o st an descr bl in &5 2

=1l mn fof it erias ieiloroed i a e aliechuie, 15 i ol D w8 @ laige akh ke (e 83 2 3

1 Pyafeiied Tk (1 D g b Sl from b ekl OF @ peos, & dhal b oegull 1D e Dhcifad of e el of el U 5
102 i (i 83135

Table 2 — Mathod niotch fypes and noteh dimensions —
Matsfaie Rt SxPIDILINg IMieriaminar SHear hactire o

Dimensions in milliretres

Hotoh Hp radius, Aamaining
Meithcd decignation Ipeoimen | e crection | Motoh hpe " “”ndhu"h"";‘g':

(see FQurE 5 | (see Figune 2)

150 1751 Himab & 0,25+ 0,05 g0:02

120 17731123 B 1,00+ Q05 g0:02
Edgrsize

B 1M e 1 c 040+ 0,02 gn+0z

B0 1TErel= Linnofched

10 1 7TE-1HF Flabwize Linnodiched

u I e Sl ih Dabold Tiorn alwed of prociets, Tha D Susics o U afesid of Seoalurd aball b ackded 10 T el el on. Ll Alonoed

e el el ol De Draled s e rraechl feed & ol ofde i efsion
B Praipned retiexd

£ Eapecely o B alal o soiecs effects (s 8.3.1.1.5)

a8 o S T — S g e et
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63112 The prefemed type of notch Is type A (se2 Table 2 and Figure 5. For most materias, unnotched
SPECITENS OF SDECIMENs WM 3 singie typa A notch hesied by edgewise Impact (see 3.3) are sutadie. If
SPECImENs Wi a type A noich do ot break during the test, spacimens with a type C notch shall be used. if
informiaton on the notoh sensitivity of the matenial is desined, spacimens with nolch types A, B and C shail be

£31.13  Unnotched or double-nolched spasimens tested by flatwise Impact (see 3.4) £an be used o sty
surface effects (5ee 1.3 and Annex A},

6312  Shesi materals

The recommended value of the thickness, &, i 4 mm. [ e specimen kst fom a shest or 3 plece akean
Trom a snucture, the thiciness of the speciman, up o 10,2 mm, shal b2 the same a5 the thickness of e
sheed of the sichre.

Specimens takien from pleces thicker than 10,2 mm shall be machined io {10 £0,2) mem from one surface,
provided Mat Me sheet 15 homogenecus In s thickness and contains oniy one type of reirforcament unifonmiy
distribuied. If unnotched or double-notched specimens are tested by fiatwise Impact, he onginal surtace shall
be tested under tansion.

B.32 Matarials axhibiing Interiaminar shear fracturs (8.0, long-Abne-reinforced matsnals)

6321  Unnolched specimens of type2 or3 are used. Apart from the thickness, the specimen
amensions are not specfled. The most mporiant parameer s he 3o of e span Detween T specimen
SUppOrs to the specimen dimension i the of e bicw (522 Tabie 1)

Usually specimans are tested In tha normal drection (see Figure 4).

£322  “Flatwise nomma testng (see Figure 4) the widih of spacimen shall be 10 mm for materals
reinforcad Wi @ fne structure (thin fbacs and paralel yams) and 15 mm for materais reinformed with 3 large
stiich structure (roving tabrics) or an Imegquiary manufactured struchure.

Eﬂgeaﬁepaﬁiertaslnguseeﬂgle-d] when iesting specimens In the parallel drection, the
spaﬂnmrln'ﬂ'lﬂ-:ﬂp-a'paﬂma‘h biow direction shall be the thickness of e sheat from which the
SPECimEn Was CAn.

6324  The length, I, of the specimen shal be chosen to give a3 span-io-thickness rato, Lk, of 20 for
type 2 specimens and 5 for type 3 spedimens aithough, If the apparatus does not alow a ratio L - 6, 3 rato
1ih= 8 may be used, especialy Tor thin sheets, as Indicated In Table 1.

6325  Wih fype2 specimens, failure ocours; with type 2 specimens, Imeraminar shear
fallure of e shest Usualy ocours. mum?#ﬁpasmralu-EMummmmmmmma

MHOTE In some cases (hin-Sabric reindforcement), shear Saliune doss not oocur. In e @oe of hype 3 specimens, Fe
Traciurs siaris as 3 single or muitipes shear Tallure amd conbres as encle Sl

&4 HNumbar of (est specimans

6.4.1 Uniess olheratse specified In the standard for the maleral being tested, a st conssting of
10 spagmens shal be teshad, When the cosMcent of vanabion [ses 150 2502) has avalue of less han 5%, a
mirimum rumber of fve test spacimens |6 suMcket

642 I laminaies are tested In ®e nomma and paraliel directions, 10 specimens shall be wsed for each
dlreciion.

o P00 — G i e e S
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Tabls 3 — Misthod dealgnation and specimen typss — Matsrials sxhibiting Intsriaminar shear fracturs

Weethiod Spem-nimanm .
jscianation i Lk Type of Ll Sohematio
Tarzion 1 —
I e ]
'1'2'|I'I_:"' - 2 2 Compression c B
[ -
Euckling b —————
|: — __,—'—"_'_'-:-'-:"_J
Shear 5 —— _—_—J
]
L il
Bo 1713 [ ]
— 3 EorB FMulipee shear ms
_ _,_;-'-"_'_'-::I
e e
L e
Erear folowed by fenslleE acihure = — e
- ‘0" b the forrnal O rection and ‘B b e parallel diection sl e i e b plares [ Figune 4

&5 [Dafinitlon of span between spaciman supports, [

The span between e SpECimen supports, 1, |5 0efined a5 the distance bebween the lings of contact of the
FpECIMEn Wit e supports. Figure & shows the span, £, and a sultabie way In which It can be calculated by

measurng the mdius of the supports and the distance betwean tham.

L1

S 150 200 — A gl ey
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L-ir

Figurs & — Span, [, and sultabls measursmsant position

E.6 Conditioning

Unfess: othanwise spedified In the standard for Te materlal under test, e specimens shall b2 condBoned Tor
at b=ast 16 h at (Z3+2)"C and (504 5] % meiathve umidty In accorisnce with 150 294, uniess other
condiions are agresd upon by the Interssi=d pardes. In the case of notched specimens, the condiioning tme

I5 after noazhing.

T  Procedure

7.1 Conduct Me test In the same aimosphere 35 that usad for condbioning, Uniess othanasa agread Upon
by the Interested parties, &g Tor testing at high or low femperatunss.

72 Measure e Tickness, k, and width, &, of each lest spacimen, In the centre, o ®e nearest 0,02 mm In
the case of notched specimens, canzfully Measune e remaining width, by, 1o e nearsst 0,02 mm.

In T2 case of Injecton-moulded spedmens, It 1s not necessarny 10 measure he dmansions of 2ach speciman.
It ks suMicient fo measue one specimen Som a sei to make sure that the dimanslans comespond 10 Tose In
Tabde 1. With mutiple-cavity moulds, ensure fat the dimensions of e spe@mens are the same for each
cavity.

Check Me span Detween the SDecMen sUpports and adust 1 If necessary, In accomiance with Tabie 1
ard 6.5

7.3  Check that the Impact machine is able to perfomm e test with the spaciied velocity of Impact and that It
I In the comect range of absorbed enangy, #, which snall be between 10°% and B0 % of the avallable energy

at Impact, £ If mare than one of the pendulums comfom o these nequirements, the pendulum having the
highest enemgy shall be used.

T4 Determine the fictonal losses and comest the absorbed energy In accomiance with |50 13302

& 180 2010 — K1 ighis D veed 11
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7.5 LM Me panauum to Me prescribed hesght and support It Place the spasimen on the suppors In he
machine In such 3 marner Mat the suiking edge will hit the cenire of the specimen. Carefully align nobched
specimens 50 that the centra of Me notch 15 located drecty In the plane of Impact (see Figure 1, laft).

75 FRelease the pendulum. Record e Impact energy absorbed by e specimen and apply any necessary
comections for fictonal losses, eic. [sea T4

77 For mouidng and extrusion compounds, Tour types of fallure, designated by the following code-etters,
Can Qe

C  complete break: @ break In whikch the specimen SEaIEtes INbD T OF MOre pIecas

H hinge break: an | break such that bom of the held together
mmmmwhﬁmuan@mmﬁmmm“ iy oy 3

P partal break: an Incompicte break that does not meet the definition for hinge oreak
N non-break: these 15 no break, and the specimen is orly distorted, possily combined with stress
whitening

&8 Calculation and expression of results
8.1 Unnofched s pecimens

Caicuiae the Champy Impact strength of unnotched Specimens, 1.y, expressed In kicoules per square metre,
using the foilowing equation:

i, 5
a5 10 mn

wharne
£, s the comected enamgy, In joules, bearbad by breaking he test spacimen;
k  Is the thickness, In milimetres, of the 5t specimen;
& Isthewidm, In millimetres, of the t26! specimen.

8.2 MNotched apacimens

Calcuide the Charpy Impact sirength of notched specimens, a,, expressed In Kllojoules per square metre,
with noiches A, B or C, using the following equation:

3 ;_: =104 @

]
wharne
E. s ihe comected enamgy, In joules, absorbed by breaking the test spacimen;
h  Is the thickness, In milimetres, of the 15t specimean;
by, IS the remaining width, In milimetres, of the best specimen.

12 & 1S90 I — A g e
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B.3 Siatietical parametars
Caiculiaia a8 e best resull the arfhmedc mean of the Indhidual test results and, | required, the sEndand

geviation of tha mean value, Using the procedure given In 150 2602, For each type of falure within one
samgie, the relevant numbers of specimens shall ba given and mean values shail be calcuiated

B.4 Slgnifcant Agures
Report all calcuiated mean values to two signitcant figures.

9 Precision

See Annex B

10 Test report

The test repon shall Inciude the following Information:

a) anrefarence to this part of IS0 179,

b) the method used, designated In accordance with Table 2, eg.
Crarp lmnact leal IBO1TE-1 1 & A
Specdmen lype (see Table 1) |

Diracilon of blow {oss Flgure 4)
Type of notch {see Flgure §)

of In accordance Wil Table 3, g

Champy Impact test 101751 2 n

Spec|men type (see Table 1)
Dlrectlon of blow (see Flgum 4]

g) al Informiation necessary for kentfication of the materal tested, Including fype, SOUCE, MarkfaciLIers
m,mmm,mmamtmm;

) a descripion of the nature and form of the matedal, Le whether 3 product, samifinished product, test
piate or specimen, and Incuding principal dimensions, shape, method of marufaciure, eic., where these
are: [,

g] the velocity of Impact;

|  the nominal pendulum ensngy;
the method of test specimen preparation;

h} I e materal ks in the fom of a produet or 3 semifinished product, the onentation of the test specimen In
relation o the produc or semifinkshed product from which it was cuf;

) the number of specimens tasted
the standan used for condioning and festing, special congltioning treatment I
. required by the for the material or P =y =

180 T — A P e i 13
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K} the types) of fallure chearnved;
I} the ndividusl test resuits, presanted 35 Tollows (5ee akso Table 4);
1) group the resulis accordng o e Tires basic types of fallure:
C compiste break, Insuding hinge break H
P partial break
N ron-oreak,

2) select the most frequent type and record the mean value, x, of the Impact strengh as the test resul
for this type of fallure, Tollowed by e lethar C or P for e type of tlure,

I) e most requent faiure type is N, Fecond the letter N only,

4) add (petween brackets) e letter G, P or N for the sacond most frequent tallure type, but oniy If Its
Fequency Is highar than 13 (If not relevant, Insert an astertck);

m} the standand deviations of the mean values, If requined;
n) the daiajs) of festing.

Tabls 4 — Prassntation of results

Typs of Tallurs Designaiion
5] P M
K ' - I.":I
£ i " o5 F]
r ’ IR0 M)
" x " =
(] x " =T
" x 1] 1M
. . H e
iCh : M HIZ)
- Fl K HiF)
r Maan vl of inpic atranglh for Faoel Fisguen faluse trpa, aoodul g Eype ML
. Pail Il Frecqumt b Brpsn
$C3, TP o E-u..lﬂﬁ sl Fegquent lalure fp, 1o b mecorded oy If it Feguency i e
Hn Vs
. Pl i el

14 180 IO — A0 g i

— o — R - TIHE Ceweriomcasd 4167 . P e - [ T SRR Y S O SRNUN 1 8



Annex A
{informative)

150 173-1-2010(E)

Additional methods for investigating the influence of surface effects

The failowing additional methods with double V-nalches can be used fior matenals descrbed In B.3.1.

If the Influence of sUMface effects on Moderste- or high-mpact matenas |5 1o be measured, fatwise Impact

be usad with double V-notches. Two notchas are made perpendicular fo Me ing of Impact. The length of
E‘mnﬂ:ﬂ‘nl&mmﬂmnhﬁg:r&ht

Table A1 — Paramatars for tests on double-nofched apecimens

Dimensions In milllimeires

Methed dacignaticn” Ep‘;“ﬁ"‘““ Blow dirsstion | Notoh fype "m'“"l_:”"“- “"'m“;‘“- by,
Dioubie noich
IS0 17T 1 =atwse A 0,25 £ 0,05 §D+02
IS0 17511198 1 Zatwise z 1,00 £ 0,05 §0+02
IS0 1TS-IC 1 Zabwize c 0,10 £ 0,02 E0+02
U sperarieim aie b fom seeets of ook, D Deckness of Teesleel o poched st Be ek D: e dgreton

5 S0 i — 5 it e i

R - o=

13
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1 dinssciion of biow

Figure A 1 — Doubls-notched spaciman

16 180 T — A gl et
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Annex B
(informative)

Precision data

B.1 General

B.1.1  Tables B.1 and B.2 are based on round robins ! performed In accordance with ASTM EE31. For each
matenal, al the test bars were prapared Dy ONe SOURE, excapt for notching. Motches were verfied by the
laboratory responsibie for specimen distribution. Tables B.1 and B.2 ame presented by analysis, day 1 and
day? Each analysis Is based on participaling laboratories testing 10 specmens of each maiena. One
specimen [detenmination) s a test result Tor calculating he staistics 35 per ASTM EB31 siatistical software

B.12 Tame B.1 I basad on 3 round robin Involving nine [aboratores and thires matenais and Tabie B2 1S
based on & mund pobin Invohing seven laboratones and bao matenals. The [aboratones and matenals wers

grouped by the required velocity (2.5 mis or 3,8 mis) due bo fe dfficulty In finding laboratonies that had the
brp-a-mmmmwt%mrgzm ]u-ea

HCTE The follcwing explanations of r and R (see Clause B2 are only imended o present & meaning®al way of
onsidering the spprocmads predsion of this fest method The dats Im Tables B and B.2 ar= not imlemded io be
rigorossly applied o screpiance of ejection of maierial, as hose dabn are specfic o the round robin and might not be
represeniative of offer ok, oondtions, makrials or sbomimnes. sers of his st method are remmmended o apply e
prieciples of AETM E531 fo pereeraie dal spedific fo thedr aboraiony and maierialks, or betwsen specfic sboratorss. The
primciples. of Clause B2 would then e valld for such dats

B.2 Concept of r and E

If 5, and s, have been cakculated Fom 3 large enough DOdY of B3ta, and for test reswits that were from one test
determination, ther:

For the repaatabllity, » (comparing two fest resulls for fie same material, cotained by the same operator
Lsing mie same pment an the 5ame the two test resulis showuld be judged not equivalent i e
b}rnﬂeﬂmm&%mfmﬂﬂnﬁaﬂmh | e

For the reproducibility, & {comparing two results for the same materal, obtained by dfTerent operatons using
giferent aquipment on difarent days), the two fBst results should be judged not equivaient I thay difer by
Rre Tan Me A-vaile for that matenal.

Any Juckgment In accomiance with the above would have an approwmaisly 95 % (0,55) pronabiity of baing
comect

1} Eupporting data are availabie om he Sxonstanist of TCS100 2 at AENOR.

1B 20— A0 vl e e 17
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Tabls 6.1 — Precialon data for Chanpy Impact at 2.9 mis
Al walues In kNmE

Matsrial AVETAg x™ agt = &d
ABE 134= o4y 1,856 132 Wy
Day 1 G=PET 852 0E1 127 1,71 3,55
Poiypropiians 1042 063 1,58 117 4,43
ABE 1344 04 1,50 125 iy
Day 2 GFPET B4 os0 129 1,68 3,E2
Poiypropgiene 1080 0,BE 145 1,82 4,06
By b e it aberatof stafdand devieion
B b i T Detweenh bty standard dedation
B or=2EA
L -1
Table B 2 — Precialon data for Chanpy Impact at 3.8 mis
Al walues In kXNm?
Madmrial EErags 28 b - B
Day 1 Fotycaronabe 81,55 %30 8,37 14,85 3,43
Fofyunstham:s ] 53T 6,21 15,03 7,38
Day 2 Polycartonate 91,72 3.BE E&3 0,7 18,16
Folrunsthams 5232 532 788 - 22,00

1, i v wilT - alol alofp wlkadeid deverlon
1. T Dowvvamed bt Lood il 0oy i ) Chiretenlc
r= 3 B3y

g e,

18 150 0 — 20 b i i
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Annex C
(informative)

Determining the notch tip radius using a CCD microscope

C1 The Champy test resut Is sometimes very sensltive in e @dus of Me noich dp. In such cases, It Is
for e radius 1 be measured accurdiely. This annex usirabes the effact of nolch fip radus on the

Charpy Impact sirengih and descrines the CCD micoscope memod as a sutable way of measuring the notch
radius.

C2 Figure C.1 5hows the effect of the noich radius on the Charpy Impact strength of four typss of piastics
miaterial

C3 Table &1 companes firee methods of defermining e notch Rdus.

C4 Figure C.2 shows a TCD microscope and a wiew of a typécal nofch. The notch @dies can be determined
from measwrements at three polnts, using he folowing equations:

:;':'+_'|-':'-r.-:|.t +dv+e=0
(x4 alZE+ o+ TR = o2+ 40 o
Py = (24 + B2 _ )2
whanz
randy 3 the - and y-cordnates of 3 point;
a,bande are constantis;

™ Is the noich radiLs.

& IS0 20— A0 g T v 15
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i Y
B 1
P ? =g
& 3 § & g ¥
10
o
4 E { a o 9
# i g ?
J 4
1
2
0o - 0 -
pi1s 02 2025 03 038 X 015 02 025 03 035 X
“r‘i. i
B 100
PET PC (M=18 = 109
B i o "
- -
{ E &0 L
4
i .‘l]
z
0
i - 0
015 0.2 B2 93 035 X o4 42 025 03 038 X
Diresction of bicer & Motzh types A

oy

notch Ep radius (mm
impact srength (kSm?)
FF bilock copolymer
PF homopohsmer

[

Flgurs .1 — Efect of niotch Hp radies on Charpy Impact atmsngth

armas i= fmdg BigwmE &

B 50 200 — 5 gl Dol e



Table C.1 — Methods for determining the notch tip radius

1SO 173-1:2010{E)

Deteotion
Method Principie Determination Prooedure oapability Remarsc
mm
Noich profie cbtained
uzing CCO microscope Operation Iz quick and
ot | s {magnitcation 300 simple.
microscope Digtai 10 ~500% 11000 | gyuperior depth of feia
method Simple. good
orecizion Radus calculated by digital I beneqcial for 3D
processirg Image measurement.
(see Clauze C4)
Optica Magnifed mage compared
Comparator | comparzon with with 3 tranzparent tempiate Method doas mot
—ethod tempiate Comparon | Depared v odvancelt | w100 | determine actasi voke
(ASTMDE10) | incirect method, tp o 0z wthin 3 PE -
nxX simpie spechied range
Fhysical cutine
race of notch SRR Styluz Iz suscatie 1o
sty Wi reede AEYCE W Sy pre—
nsrument e T Digtal acguire nokch profie. 1/1 000 <
—— a"::tdby Fndius Calculstert ty digfed c;.ae mcm
vibeation processing. :
Figure C.2 — Typical CCD microscopea and view of a typical notch
© 150 2010 - Al dghts rewerved 21
arwes o det Sjecwat AND| orter X 279627 Dosrmcaded 41000 03] P\ Sirgle caer fcemes ouly  Copythg ane natwaddng peritted
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Epoxy resins

MEE Y. SHELLEY
TRADE NANMES  Arxldite, DER, Epi-Cure, Epi-Res, Epikos, Epom, Epotud, wc.
CASS Thermowet polymens, sfter cusing {the coorad use resine are
1
maca RS TYees DOEBA (dighycadyl ether of bupbaeol A), novolacs, peracid
mvadne, hydantoin nees, e
OTHER INGECDENTS IN CPOXY FORMULATION Diloents, neeruous modifiers (o affect
Pexiiility, sooghewse, pesd senengsh, adhesion, sac ), fillers, colones and dyws,
other sdditives (wg.. rheclogical additives, fume reterdants).
MACR APPUCATIONS  Prosactive costings (for appliance, sutomotive primers, pipees,
wic ). Encapsulation of wlectrical wnd eliczonic devios. Adisevives. Bonding
sraterials for demtal umes. Replacemmet of welding and riveting in sircraft and
sutomobiles. In povites for mabmish = spuoe dusary, prissed drcuitry,
prwsuse vessels and pipes Corserucson uses such ws flocring, puvang, snd sirport
TUNWAY TP,
PROPIATIES OF DOTAL NTEREST  Wide range of propertivs dependiog on the
formulation and proosssiny, Chemical and i
- Excullint adbesdon to « vasiety of surfaces. Good electricul e thermmud
Eoultion Bethr mechurical properties then most other csaxble plioscc Discolor
when exposed to UV, Some wre skon sensasicens,
¥ — n
Specific gravity - Unéillsd 12-13 ()
Bisphenol molding compouncds (gl fiber-rednforoed/  16-21 (4]
rrvirvers-filecd)
Bisphenol malding compounds (low density glas 0s-10
sphere-filled)
Shwwt molding compounds 04 @
Novoler molding compounds 1L6-206 (3
Casting resine, silice-filled 1520 (¢
Casting resing, aluminum-filled 14-18 (2]
Casting resine, Seadbiliznd 096-135 ()
Casting resine, cycloaliphatic L1s-121
Water abscrption % 1/Bin. Sack specimen, 24 h
Bisphenol molding compounds 010 @
Shewt molding compounds 14-186 e
Casting resiew, silice-filled a1
Casting nesies, abamnismfilled n1-£0 (2]
Casting resies, flaccibiliend 02785
Fillament wound (B) wekl glass fiber-cvinforosd) nse a4

Pulypasr Date imatbock Copyighe © 1099 by Onelond Uiy Pross, e AT righan smasrvnd.



Terwin modulus MPa

Compressive modalus MPa

Palyor Dt Mok Copyright © 1999 by Orwdond Uinivarsty Tras, T AZ righas raasevad.
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Elongation st boak s

Flexural stremgth MPa
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Epasy mesion

PROFTATY HITS: COMCATION S AL HITERNCT
Conmprassive strength WFa Bisphenal mesldegy compesandds T 1 4]
(e dempaty jrlass sphere-filled)
Shewt malding compounls (1 L )
Shewt malding compounls Fn-IA0 )
Mimsralas molding compoumls EFD-30 ]
Falament werare] (Bl wil glass 30 B4
Slmer-nerdersal]
Surfacw wmsdom
Paripmes e P Wk fmilim ) Fatararee
DGEEA with 6wl N-Nadistirylereeproprylamine, cuned i L] 4R 5}
DXSEEA with shoichiosrsrtric amerasd of tristhy lenstetraming. -] n1 =
curad
DGEEA, 2 3-{dagdycizhony - L &-phesryline) propsms. chain o 5.2 (L8]
extemded with bepiemal A
Lrerfacial termsiom ™
Pl T T [ bindion irmbiem ")
Paly{bubsdisns) v spoxy mmin ] 1L.57
i ] 1.0
Paly(bubsdisne-stat-acrylonitrils) 12 wil AN v spicy resin’ =3 123
i ] nsy
Paly(bubsdisne-stub-acrylonitriles) 286 wi AN v spiay resin’ o i -] ns5s
Epsrcy ream: LHGYHA, rhain exdendsd weich blephenol A
PROFTATY HITS: OO DN TRORE: MALLE RIFRNCT
Vislume sesistiviby chmom Fillsad wth ylass 1= L6
Falead wuth el 1o
Dislectric stemygth Ve Fillead st glass %0 (3]
Falead wuth el LRl
Disdectric comstant At 1 MH: L6
Filled sty gl 44
Filleed wss: ereewerul 51
Falpswi Dats Plaebeol: Tosprprighit 1D 1599 by Ohadesnd Undvsrainy P, e A0 rigiis redssoad ¥



Thwrmal comdactivity Wm7 K™ Casting grade, 293K 019 E9
Casting grade, 300-500K 019034 (9, 1)
Foum, d = 0.02-0068 g cm ™ oMe-0m2 9, 11)
Foum, d = 0.080-0.128 g em ™ 0035-0080 (9, 11)
Filled with 50% alumranem 17-34 9,12
Filled with 25% ALLO, 035052 ©.12)
Filled with 50% ALLO, 052-0.49 12
Filled with 75% ALO, 1417 12
Filled with 30% micx n24 o5
Fillwd with 50% mics 039 o.5
Fillwd with silics 042-034 (9.812)
Filament wound (B0 wit gl 77 34
fibwer-reinforoed)
Deflcson barperature K Under Sexcrad lowd, 182 MPa (e
Bisphenol maolding ., 380-550
gl fiber-rvinforced / minesdSlled
Bisphenol maolding compounds, I70-30
Shewt maolding 560
Canting nesow and compouncds 30-560
(unfilled)
Casting nestms and compounds 30-560
(e e-Elad)
Casting nesimw and compouncds 380500
(aluzranumm-filled)
Casting nestew and compounds 29630
(flecbiized )
Casting nesis and compounds I0-510
(eycioudiphatic)
Radiation nesttance, hali-value dose = uir’
Candiorn Dose s (Gy h ') Vakus MGy Aateacce
Filla with glooe Ser 0" 25- 100+ (13, 14)
Fillsd with graphite w' 0 (13, 14)
Fillee! with mineral floar w 10-30 (13, 14)
Fillexd with mineesd flowr (85% guars:z send) 500 7 (13, 15)
Filleal with cotton w 1 (13, 1)

“Itinad ae the abeorbed dome thae sectuces 3 propeety (fecirsl stength) o 505 of the itial value.
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Processing semperescre K wmnm @
Transfer 30470
Shwet molding compoands
IN-420
Transfur a05-a20
Neowvolae melding composmds
Comnprwadon 210450
Injection 220450
Transfur 30430
Maolding prwsus MPa Bisplwmol molding compounds 0734 @
Shweet erclding compeonands As-14
Compression msio - Bisplwmel molding compounds 20-70 (2]
Shwet melding compoands 20
Neowolae molding composnds 15-25
Mald shrinkage (Sewar) - Bsplerol molding compounds 0000t )
Shwet molding 0001
Neowolae selding compeonds 0.00s-0.00%
Castiog, resine 0.0005-0.0
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