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FOREWORD

This Malaysian Standard was developed by the Working Group on Blow Moulding under the
authority of the Plastics and Plastics Products Industry Standards Committee. Development
of this standard was carried out by the Malaysian Plastics Manufacturers Association which is
the Standards-Writing Organisation appointed by SIRIM Berhad to develop standards for
plastics products.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.
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PLASTICS — BLOW-MOULDED THERMOPLASTIC CONTAINERS —
DETERMINATION OF DROP IMPACT RESISTANCE

1. Scope

1.1 This Malaysian Standard specifies three methods for determining the drop impact
resistance of blow-moulded thermoplastic containers as a summation of the effects of
material, manufacturing conditions, container design, and other factors.

1.2 The methods are as follows:

a) Method A, Static drop height;

b) Method B, Bruceton staircase; and

c) Method C, Cumulative mean failure.

2. Definition
For the purposes of this standard, the following definition applies.
21 Failure

Any rupture visible to an observer with the unaided eye and normal eyesight is considered a
failure. Any evidence of contained liquid on the outside of the container through any aperture
other than the moulded opening is also a failure. Container should be squeezed gently after
impact to determine any pinhole type failures. If a cap pops off during impact, consider that
sample as a NO TEST and replace the sample with another container.

3. Summary of test method

3.1 The drop impact resistance is determined by dropping conditioned blow-moulded
containers filled with water from a platform onto a prescribed surface. Data developed with a
water-filled container may not be representative of what might be expected with a carbonated
liquid, an aerosol pack, a product of high specific gravity, or a powder of low bulk density.

3.2 Method A consists of dropping at least 20 test containers from a fixed height and
reporting the percent failures.

3.3 Method B consists of dropping at least 20 test containers from varying heights above
and below the mean failure height of the set. A mean failure height and standard deviation are
then calculated from the data.

3.4 Method C consists of dropping containers until 20 failed containers obtained from
varying heights above and below the mean failure height of the set. The results are expressed
as height of drop versus cumulative failing.
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4, Significance and use

4.1 These methods provide measures of the drop impact resistance of the group or lot of
blown containers from which the test specimens were selected.

4.2 These methods may be used for routine inspection purposes.

4.3 These methods will evaluate the effect of construction, materials, and processing
conditions on the impact resistance of the blown containers.

4.4 Before proceeding with these test methods, reference should be made to the
specification of the material being tested. Any test specimen preparation, conditioning,
dimensions, or testing parameters, or combination thereof, covered in the materials
specification shall take precedence over those mentioned in these test methods. If there are
no material specifications, then the default conditions apply.

5. Apparatus
5.1 Drop testing machines (see Figure 1), having the following features:

a) A platform (see Figure 2) upon which to set the test specimens, which can be raised
or lowered either manually or by means of an electric motor.

b) The platform shall be adjustable so that it may be leveled but shall also be stable so
that it will not tilt under the weight of the test specimen.

c) The platform should be spring-loaded so that upon release it will move rapidly out of
the path of the test specimen and will not interfere with its fall.

d) A manually or electrically operated platform release mechanism that will hold the
platform securely when being loaded but will release the platform instantaneously and
will not interfere with its path of travel.

5.2 A surface; on which the containers are dropped consisting of a flat hot-rolled steel
plate, or equivalent, with minimum dimensions of 1 000 mm by 1 000 mm by 13 mm having
an unpolished chrome-plated surface, and securely attached to an industrial concrete surface
or floor, so that the line of drop of the containers is perpendicular to the chrome-plated
surface.

5.3 A means of measuring the height of the platform above the impact surface.

NOTE. If a more stringent impact test is desired, a positioning jig capable of holding a test container at the proper
angle for a 45° angle impact may be securely fastened to the platform. When such a jig is used, the drop height must
be measured from the lowest part of the container.
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Figure 2. Platform assembly

3



MS 1735:2004

6. Test specimens

A minimum of 20 containers shall be selected so they are representative of the lot being
tested for any one of the test methods. These shall be fitted with suitable closures.

7. Preparation of apparatus

Periodically, or before each test series, the platform of the drop impact machine may need to
be adjusted to ensure that the specimen will strike the impact area squarely on the desired
surface. If this is necessary, use the following procedure.

71 Move the platform to the approximate mean failure height of the containers to be
tested with a specimen on the platform in the desired position.

7.2 Release the platform allowing the specimen to fall onto the impact surface.

7.3 Take a snapshot picture of the container just before it strikes the impact surface. Two
photographs should be taken at right angles to each other to ascertain that the container
impacts as desired - front to back and side to side. The position of the container relative to the
impact surface as it appears in the photographs will indicate whether or not adjustments in the
platform are necessary.

NOTES:
1. The camera should be set up approximately 300 mm above and 1 800 mm from the impact area.

2. The camera from which prints are immediately available is most suitable.

7.4 Make adjustments in the platform and repeat the procedure as specified in 8.3 as
necessary.
7.5 For certain drop testing machines, it may also be necessary to check the position of

impact both above and below the approximate mean failure height.

8. Conditioning

8.1 Fill containers with tap water to their nominal fill capacity and condition them
uncapped for 24 h at 27 °C £ 2 °C.

8.2 If the test is intended for immediate quality control, fill the containers with tab water
and test at room temperature. A correlation should have been previously developed by the
testing laboratory between this type of test and that requiring 24 h conditioning.

NOTE. Conditioning temperatures other than 27 °C + 2 °C may be used if desired, provided such conditioning is
reported and adequate precautions are taken to ensure the containers are at that temperature during testing.
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9. Test methods
9.1 Method A
This method is particularly useful for quality control.

9.1.1  Set the platform at the test height agreed upon between the manufacturer and
customer. It was suggested to set the test height of 1.2 to 1.8 m if both parties are unsure of
the standard drop height.

9.1.2 Drop at least 20 containers individually recording failures and non-failures.
9.2 Method B

This method is to determine the mean failure height of the test specimens. It is called the "Up
and Down" or Bruceton Staircase Method. It consists of dropping a set of test specimens from
various heights, the drop height being raised or lowered depending on the result obtained on
the specimen most recently tested; that is, if the previous specimen failed, the drop height is
lowered; if the previous specimen did not fail, the drop height is raised.

9.2.1 Drop the first test container from 300 mm below the expected mean failure height. If
the mean failure height is unknown several trial samples should be tested via the staircase
method to obtain at least two failures and two non-failures to establish the starting height.

9.2.2 If the first test container dropped did not fail, drop the second container from a height
of 300 mm higher. If the first container failed, drop the second container from a height of 300
mm lower.

9.2.3 Continue the testing until a minimum of 20 test containers have been dropped, raising
or lowering the platform one interval 300 mm depending on the results obtained on the most
recently tested container.

9.2.4 Record the drop height and the results (failed or did not fail) on each container tested.

9.2.5 The increment in height of drop may be more or less than 300 mm. In such cases, the
appropriate increment must be reported and used in the calculations in 10.2.

9.3 Method C
9.3.1 This method is similar to Method B. However, the number of failure stipulated for

Method C is 20 failures. Refer to Table A2 for sample calculations and Figure A1 for
cumulative mean failure height.
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10. Calculations
10.1  Method A

The percentage failures is calculated as follows:

Failure, % = (X/N) x 100

where,
X is the number of failures; and
N is the number of containers tested.

10.2 Method B and Method C (see Annex A for sample calculation)
10.2.1 Mean failure height
Calculate the mean failure height from the test data obtained from Method B as follows:

h=ho+d[(AN)+ 1/2]

where,

h is the mean failure height;

d is the increment in height of drop;

N is the number of failures or non-failures whichever is lesser;

ho is the lowest height at which any one of N occurs; and

A is 12X in.where hy, hy, hs, hzetc., are the heights in progressive order of magnitude

in the range of heights where N occurs, iis the subscript of h, and n is the number of failures
or non-failures, whichever is pertinent at the level of i. The negative sign is used in the
parentheses to calculate h when N refers to failures and the positive sign when N is the
number of non-failures.

10.2.2 Standard deviation

Calculate the estimated deviation of the individual measurements from:

NB - A2
s = 1.620d —— + 0.029
N2
where,

d,Nand Aareasin 10.2.1and B = 2K i?p,
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11. Report

Report the following information:

a) a complete description of the containers tested including size, style, material, method
of processing, weight, date of manufacture, lot number, and any other information
that would be important;

b) description of contents if other than water, conditioning period, and temperature if
other than 27 °C = 2 °C;

c) the number of containers tested; and
d) the test procedure used and the following:
i) For Method A - percentage of failures and the drop height.

i) For Method B:

calculated mean failure height;

- estimated standard deviation;

- increment in height of drop;

- lowest drop height at which a container failed;* and
- highest drop height at which a container did not fail.”

iii) For Method C — Cumulative failing and the drop height.

* Indicate the range over which the containers were tested.

7
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Annex A
(informative)

Sample calculations

Al1. Method B
Test results and calculations can be done as in Table A1.

Table A1. Method B

Drop height, ft

Outcome of test

(X = failure; 0 = non-failure) ny ne i n;

in,~

Fni

0 0 0 0 0 4
0 X X 0 0 0 X X 4 4 0 4 0 0
X X 0 X 0 X 4 2 1 4 4 4
X X 2 0 2 2 4 8
Tot 10 10 10 12
as (N (N) ~n  BA g

Ten failed and ten did not fail so either failures or non-failures may be used in the calculation.

This illustration has been based on failures (negative sign used).

h, = 6N =N, =10,d =1
h=h,+d(A/N-1/2)

h=6+1(8/10- 1/2)= 6.3t

s = 1.62d(NB - A°) / N + 0.029

s =(1.62x)[(10x 12) — (8 x 8) /(10 x 10)] + 0.029 = 0.958 ft

Table A2. Method C

Height of drop, ft Number failing Percent failing Cur?:ill?:;’e %
3 3 15 15
4 2 10 25
5 3 15 40
6 4 20 60
7 5 25 85
8 3 15 100
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Cumulative % Failures

Figure A1. Cumulative mean figure height by the graphic
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Annex B
(informative)

Precision and bias

B1. An interlaboratory study was conducted using PVC bottles from one manufacturer.
The average between-laboratory coefficients of variation were as follows:

Method A 46 %
Method B 38 %
Method C 20 %

B2. Aninterlaboratory study was conducted using PE bottles from one manufacturer. The
average between laboratory coefficient of variation using Procedure B was 16 %.

B3. An interlaboratory study (seven laboratories) was conducted by the Test Methods
Subcommittee of the Plastics Bottle Institute of the Society of the Plastics Industry using one
size of PVC bottles and two sizes of PE bottles. The testing was conducted as described in
Technical Bulletin PBI-4. The procedure in PBI-4 is equivalent to Procedure A of this test
method. The results are as follows:

Drop Values expressed as % Failed Based on

Bottle, height, 20 Bottles
ml Material m Average S(r) S(R) I(r) I(R)
220 PVC 1.2 411 13.6 15.2 38.6 43.0
2000 HDPE 1.5 65.5 11.3 22.1 31.9 62.5
4000 HDPE 1.8 33.8 7.7 12.8 21.8 36.2

S(r)is the pooled within laboratory standard deviation of the average of 20 determinations.
S(R)is the total among laboratory standard deviation of the average of 20 determinations.
I(r) = 2.838(r), and /(R)= 2.83S(R). The data was analyzed using ASTM E 691. Other
materials or bottles, or both, may give somewhat different results.

NOTE. The above values are greatly influenced by testing bottles made in several cavities as if they came from a
singles population that has been found, in many cases, not to be true. Therefore, if bottles from only one cavity are
tested, the repeatability is expected to be considerably lower than the above values.

10



MS 1735:2004

Bibliography

ASTM E 691 — Practice for conducting an interlaboratory study program to determine the
precision of a test method

PBI — 4 — Test for drop impact resistance of plastic bottles

11






Acknowledgements

Technical Committee on Plastics Products:

Encik BK Goh (Chairman)
Cik Shannen Looi (Secretary)
Dato’ Dr Zahrah bte Abd Kadir
Encik Lai Kok Hwa

Dr Loo Koi Sang

Ir Low Poh Fee

Encik Vincent KC Ling

Encik Woo Khye Thye

Dr George Fernandez

Puan Zarina Rasmin

Puan Azlina Abd Latif

Dr Isa Mohd. Tan

Prof Dr Jaafar Sahari

Working Group on Blow Moulding:

Encik Goh Boon Sai (Chairman)
Cik Shannen Looi (Secretary)
Encik A Kumar

Encik Duncan Lee

Encik Goh Boon Sai

Encik Lee Sze Leong

Encik Ng Boon Lian

Guppy Plastics Industries Sdn Bhd

Malaysian Plastics Manufacturers Association

B & Z Plastics Industry Sdn Bhd

Federation of Malaysian Manufacturers

Institut Kimia Malaysia

Jabatan Kerja Raya

Malaysia Packaging Industry Berhad

Malaysian Petrochemical Association

Persatuan Perubatan Malaysia

SIRIM Berhad (Plastics and Ceramic Programme)
SIRIM Berhad (Standards Management Department)
The Institution of Engineers, Malaysia

Universiti Kebangsaan Malaysia

Polyethylene (M) Sdn Bhd

Malaysian Plastics Manufacturers Association
Polyrak Industries (M) Sdn Bhd

U-Lik (M) Sdn Bhd

Van Leer (M) Sdn Bhd

Taiko Drum Industries Sdn Bhd

Rex Plastics (M) Sdn Bhd



