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Abstract

Rotational molding is a plastics processing technique that is ideally suited to producing relatively
large, hollow, seamless parts which are partially or totally enclosed. Designers of plastic parts turn to
rotational molding to produce small or large parts of unusual shape that cannot be produced as one
piece by other processes, e.g., blow molding and thermoforming. In this paper, in order to enhance the

quality of rotational molding plastic products,

1) surface features for the plastic products are

characterized by using an image analysis system, 2) maximum tensile strength for the plastic products
that are made of materials that consist of Samsung-Atofina R901U, pigments and two different kinds of
calcium carbonate (OMYA CaCOs) is measured and compared with each other by using an Instron
universal testing machine, 3) thickness for the plastic products is non-destructively measured to
investigate the quality of the plastic products by using an A-scan ultrasonic tester.
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Fig. 1 Diagram for rotational molding machines
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N

Fig. 2 Diagram for pivot arm motion in rotational

molding machine'”
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Fig. 4 Image test apparatus (Image-Pro)

Fig. 5 Specimen for the surface image test
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Fig. 6 Interior surface features of rotational molding
products using the surface image tester



(a) Green specimen

(b) White specimen

(d) Yellow specimen-2

Fig. 7 Exterior surface features of rotational
molding products using the surface image

tester
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Table 1 Material Properties of R901UY

Al g @4 R900U | R901U | R902U | R903U
ASTM D1238
Oz} 2= :
E§AF 190°C/2 16ke g/10min 4.0 5.0 6.0 3.2
1%‘»% ASTM D1505 g/cmjl 0.938 | 0937 0.933 0.938
ANAAE kggem 180 170 160 200
A &EFaA) ASTM D638 % 1400 1200 1050 1400
ZIPE ASTM D790 kedem® 7350 | 7,100 5,500 | 7.600
Izod ZA7}T ASTM D256 kg cm/cm 40 50 55 55
Vicat 933 ASTM D1525 lkg T 115 113 112 115
AL FHs2= ASTM D746 C <-80 <-80 <-80 <-80
Shore A= ASTM D2240 D Scale 63 63 56 63
N2y =T A7 A ASTM DI1693(Fso) hrs 1,000 1,000 1,000 1,000
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OM-2T) specimen after tensile test
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Table 2 Average maximum tensile strength in the different materials

Tensile strength (Unit : kgi/cm®)
Type 1 | Type IV
RO01U 170
R901U + pigments 170.3 194.6
R901U + pigments +OM-2T 179.69 185.69
R901U + pigments + OM-2 175 201

Stress (kgffcm®)

1 225
200

175 4

—Type | Average E 1354 T Tpe v Average
8 10
Ug) 754
4 s 10 15 2 3 o s 10 15 » P
% Strain % Strain
(a) Type I (b) Type IV

Fig. 13 Stress-strain curve for type I and type IV specimen of (R901U + pigments)

=1 E=S)

204 200

175 1754
150 "g 150
_E_m‘ — Type | Average E =] —— Type IV Average
210] % 100
] H
2 7 5’, 75
7]

b 504

s P

H I % ® m 3 .
% Strain % Strain
(2) Type I (b) Type IV

Fig. 14 Stress-strain

Strass (kgffem?)

curve for type I and type IV specimen of (R901U + pigments + OM-2T)

—— Type IV Average

—— Type | Average

Stress (kgficm?)
H

10 5 0 25

o
«d

T T v J
5 w0 15 20 E

% Strain % Strain
(a) Type I (b) Type IV

Fig. 15 Stress-strain curve for type I and type IV specimen of (R901U + pigments + OM-2)
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Fig. 18 A typical measurement by Vernier Calipers

(a) The upper part

Figz. 19 A
the non-destructive test
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Fig. 21 Ultrasonic test

(@ Parts of the upper part of the rotational
molding product

(b) Parts of the lower part of the rotational
molding product
Fig. 22 Parts for verification of ultrasonic test
results
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Table 3 Comparison between the non-destructive

test results using
methods (A, B) and

ultrasonic  testing

measurement by

Vernier Calipers for the upper part of
the rotational molding product

Thickness by
Non-Destructive Test] Thickness by
Location (mm) Vernier Calipers

Method A |Method B (mm)

(1.725m/s) |(2,150m/s)
1 39 4.7 4.7
2 35 3.6 3.65
3 4.0 4.2 425
4 4.0 4.2 4.2
5 5.0 5.8 5.8
6 4.7 54 5.4
7 49 5.9 59
8 4.0 4.2 4.2
9 2.8 3.0 3.0
10 3.0 3.1 3.1
11 3.7 39 3.85
12 3.4 3.6 3.6
13 3.1 3.1 3.1
14 3.8 4.2 4.2
15 35 3.8 3.8
16 3.9 4.2 42
17 4.3 4.8 4.8
18 39 4.4 44
19 45 49 49
20 5.0 5.6 5.6
21 45 5.1 5.1
22 4.7 5.5 55
23 |7 49 5.2 5.2
24 3.8 4.3 4.25
25 3.4 3.8 3.75
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Table 4 Comparison between the non-destructive
test results using ultrasonic testing
methods (A, B) and measurement by
Vernier Calipers for the lower part of
the rotational molding product

Thickness by
Non-Destructive Test| Thickness by

Location (mm) Vernier Calipers
Method A [Method B (mm)
(2.555my/s) [(2.318m/s)

26 5.2 4.7 4.7

27 5.2 4.8 4.9

28 5.6 5.1 5.0

29 5.2 4.7 4.65

30 4.2 3.8 3.75

31 4.8 4.2 4.2

32 5.7 5.1 5.1

33 6.0 5.3 5.3

34 4.7 4.4 4.3

35 4.5 4.0 3.95

36 3.6 3.2 3.2

37 4.1 3.9 3.7

38 3.2 2.9 3.0

39 3.4 3.1 3.05

40 3.2 2.9 2.9

41 4.1 3.7 3.7

42 4.0 3.6 3.55

43 5.0 4.6 4.6

44 5.7 5.2 5.1

45 3.7 3.4 3.3
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