(5) Alliance with counterparts in countries having advanced packaging technology
Such basic activitics of the Center, as standards testings and a certain areas of
contract testings, may be performed by its staff with the planned recruitment and the
training programs. However, to Keep abreast of rapidly advancing packaging technology,
and to provide with appropriate technical guidance and technical information services
required in accordance with the sophistication of the industries, the Center is
' recommended to make most of the support available from the similar organizations in
countrics with advanced packaging technology through teaming up with these
organizations, particularly until the packaging sector in Singapore can devclop their
ability to be the partner of the Center in developing packaging technology in this country.

5.3.4 Socioeconomic Effects of Packaging Technology Center -
Development

The project to develop the Packaging Technology Center is cxpected to generate the
following cffects. Although the project is not onfy one way to achieve such goals, but is
sure to maximize the cffects if propcrly administered. '

(1) Economic effccts
1) To encourage iniport substitution for packaging materials
Quality improvement of locally produced packaging materials will substitute for
imported ones that dominate the market. Note that not all ‘the imported packaging
materials can be replaced with local products; there must be critical mass to support

local pmd_uc_ti_on.

2) To achieve cost reduction by decreasing damage to cxportéd goods

Since many products exported from Singapore use imported raw materials and
components, the decrease in damage and Joss to exported products through improved
packaging \_..v(.)ul'd.lead. fo thc. decrease in materials import, thereby to have positive
impacts on the country's foreign exchange.

3) To make social contribution through le_ah packaging

If excess packaging is reduced for locally sold products, in addition to export
products, it will contribute significantly to the society by reducing the waste disposal
cost.
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4) To explore new export markets
Improved packagmg can extend shelf life of products particularly foodstuff leading
to geographical expansion of potential cxport markets.

(2) Other indirect and intangiblc benefits
1) Accumulation of advanced packaging tcchnology and promotion of product :
development . '
Introduction and diffusion of production tcchhokogy will replace previous packaging
improvement practices based on copying or trial and error with package design and
management techniques on a scientific basis., Once advanced packaging technology
takes Toot throughout the country, it will serve as a basis of developing proprietary

design, technology, and materials.

2) Strcamlining of physical distribution system
Improved and uniform packaging will promote standardization of physical
distribution systems and will enable the streamlining of distribution operation, such as

integrated transportation,

3) Improvement of packaging quality

Establishment and improvement of testing standard and product specifications for
packaging and cushioning materials, together with lmprovcment of testing service, will
facilitate specification and certification tests, lcading to promotion of certification by a
third party organization, and improvement of packaging quality.

4) Contribution to international competitiveness of manufacturing industry

For any country particularly Singapore, the improvement of product quality in terms
of performance and precision is essential for the manufacfuring industry to raise its
international competitiveness. The packaging sector is an important element of
supporting such quality improvement. Also the powerful packaging sector will reduce
time—to-market for products, which is a cntlcal factor in determining the

manufacturer's international competltlveness

5} Promotion of supporting industries

The packaging industry, particular converters, is made up of relatively small
enterprises. Thus, promotion of the packaging sector directly leads to promotion and
strengthening of SMEs.  This clearly helps ameliorate two major issues facing the
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manufacturing sector in Singapore, a widening gap between foreign-affiliate
corporations and local cnterprises, and the lack of supporting industries.

6) Development of the packaging sector to export industry

Neighboring countries face the issues related to packaging, similar to those in
Singapore, which are solved by overseas parent companies in the case of MNCs. Once
Singapore has the advanced packaging scctor, it will be able to meet needs in
neighboring countrics for improved packaging. For instance, the packaging industry
‘can grow to 1) expand their production bases in neighboring countries, 2) export
packaging materials, and 3) extend consulting service to the users in neighboring
countries. At the same time, the Packaging Technology Center is expected to provide
the packaging industry and users in neighboring countries with the following services:
a) research and study on transportation and distribution environment, b) development
test, ¢) standards tests and quality certification tests, and d) human resource

development.
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Table 5-1 ltems to be managed In Product Quaiity in
: Food Industry

Breakdown of Quality - Ifems to be managed

Quality of Materials Raw materials used
Migration of substances

Rangé{stability of quality characleristics

Quality of Prc-)cessing Priniing

Processiﬁg includiﬁg .]aminaiion
Mixing df insecis
Atiachhlem_of foreign matiers

Microbes




Table 5-2 Services to be provided by the Packaging Center

Services

Ttems

Standards and Certification

Availability of Singapore Standards and other overseas national and international

standards on packaging
Guidance and assistance in various SISIR's Centification Mark Schemes (e.g. UN

Registration Mark, SISIR Certification Mark, Good Manufactering Practice and the

-SISIR IS0 9000 Certification Scheme.)

Calibration of measuring and manufacturing equipment
Consultancy and training on quality assurance system

Testing and Analysis

Ability to perform physical, chemical, environmental and other specialized testings
1o evaluate packaging protection, performance ard compatibility to product

Expertise to develop testing methods and standards for packaging

Food Seience and Technology

Assistance in selecting suitable packaging for food products
Consultancy in food processing technology (¢.g. blast freezing, canning, aseptic

processing, ete.)
Product formulation and development

Pilot plant facilities for canning and aseptic processing
R & D project {e.g. shetf-life cxtension, MAP, etc.)

Chemical and Pharmaceutical

Assistance in selecting and evaluating packaging for chemical and pharmaceutical

products
Evaluation of packaging for transport of dangerous goods (e.g. chemical, solvent, ctc.)

Electronic and Electrical Technology

Fvaluation of packaging for electronic and electrical products with regard to
transportational and environmental issues |
Fvaluation of electrostatic resistivity of packaging material

Material Technolugy

Assistance in selecting and evaluating packaging material
Opiimization and identification of packaging material
Material failure analysis (c.g. tear, corrosion, contamination, etc.)

Production and Process

Development and evaluation of production process including plant tayout and
monitoring and control system
Automation of packaging process to ensure efficient process flow

Computer—integrated manufacturing (CIM) consultancy

Industrial planning

Design and Fabrication

Designing and fabricaling machines and equipment for special requirements

Industrial Design

Through SISIR's strategic coopcration“with frogdesign's Global Creative Network (a
world-renown industrial design company), we can refer clients to a source of award
winning, world class packaging concepts

R&D

(:‘o—operative research programme {o evaluate and develop packaging technclogy
and material
R & D joinl project with other sciences (e.g. Food Science, Matcrials, etc.}

'I\&arketing & Commercial

Assistance in feasibility study, strategy formulation and business planning for

packaging manufacturers
Providing market research, trend analysis and other vital information for business

Identification of new packaging product applications

Information Center

Maintains up-to—date information in technical and commercial development of
packaging technology, market trends and regulations

Offers a wide range of technical reference, journals, patents, regulations and annual
reports of local and overseas organizations, trade leaflets, catalogues and directories

Consullahby and Training

Assistance in selecting and marketing prototype packaging, field testing and scale—
up production
Seminars and training for packaging technology

Provides a one—stop packaging consultancy service
Assistance in solving engineering and technical problems related to packaging

Source: The Packaging Center Brochure



Table 5-3 Major Equipments for Packaging Testing at SISiR

~ ELECTRONICS TEST CENTER -

Type of Test Name of Equipment Test Characteristics Capacitics

(internal dimensions,
max. force, weight of
specimen)

Weiss Technik high ~70 to 180°C 79 x 84 x 74em

femperature change rate  |15% 10 95% R.H. '

BMA walk-in -20to0 100°C 209 x 204 x 216cm

temperature/umidity 10% to 95% R.H.

chamber

Environmental Test Walk~—in temperature 2716 56°C 3.2x2x4m

chamber

3 Table temperatiire —~7010 150C a

humidity chambers 30% to 98% R.H.

2 Heraeus Voetsch -80% to 180°C 74.5 x 88.0 x 76.5cm '

temperature humidity 10% to 98% R.H.

chambers

Heraeus Voetsch low atmospheric 60 x 70 x 80cm

pressure chamber pressure to 1 mbar

RMS high frequency 5Hz to SkHz 5kg =30g

vibrator 10kg = 17.5¢

Vibration Test LDS random and sine 5Hz to 3,000Hz

vibration Maximum
Force:  2,722kgf
Velocily:  1.5m/s

Displacement: 38mm

Acccleratoin:  60kg

Prop Test LADB drop fester Drop height: 1.5m specimen: 45kg
LANSMONT Model Max. loag: 1,000kg
95/115 .
Shock Test LAB shock tester Half sinéml(]Og Max. ioadimllrﬁ(g -
‘ ' 6ms Max. size of specimen:
25 x 25cm
ETS 406 C, static decay  {NEPA Codes 56A
Elecirostatic Tests meter MIL-8TD--81705 B
ETS 805 IC tube ASTM-D-257 o o

resistivity meter

Electrostatic discharge
tester for IC

Source: LNE report



— PAPER AND PAPERBOARD LABORATORY ~

Name of Equipment

Remarks

TMI compression tester

For RCT, ECT

2 Burst teriers (for paper)
(TMI and Frank)

2 Burst testers (for corrugated board)
(TMI and Frank)

Whiteness and brightness tcster

Instron fensile tester

Maximum load: 25kN
Velocity: 500mmy/min

“Climatized room

Machinery and control system 10 be improved
int order to maintain standard conditions

-~ POLYMER TECHNOLOGY CENTER -

Selection of equipments which can be used for packaging materials testing

Name of Equipment

Remarks

Infrared spectrophotometer with high iemperature
hot cell accessories

ZWICK type 1445
Universal testing machines (with environmental
chamber from —40 10 150°C)

Max. load: 1,000daN
Velocity: S500mm/min

Dart tester (free falling woight machine)

Slip and blocking tester




- FOOD TECHNCOLOGY CENTER -

Selection of Equipments which can be used for packaging

and packaging materials testing

Type of Test

Name of Equipment

Remarks

Chemical Analysis

(migrants, monomers,
solvents odours)

Spectropholometer UV/VIS
atomic absorption and

Gas chromaiographs (EC)

High performance liquid
chromatographs (HF LC)

GC/1.C Mass spectrophotometer

To be adapted 1o packaging
problems

Analysis of Plastic

Infra-red spectrophotometer
Components of Laminates
Permeability Tests Oxygene psrmeabilimeter To be adapted in order totest
Oxtran 100 not only packaging materials but
ready to use packagings
CO?2 permeabilimeter
Permatran C 2z
Waler vapor permeabilimeter
W1A Oxtran
Sensoric Tesl Sensoric analysis room To be adapted 1o packaging

problems




- CHEMICAL TECHNOLOGY CENTER -

Selection of equipments which cen be used for packaging materials festing

Name of Equipmeni Remarks

Atomic absorption specirophotometer

High pressure liquid chromatographs

Gas-liguid chromatographs

GC-LMC Mass specirometer

GC Fourier transform infrared spectrophotometer

UV-visible specirophotometer




Table 5-4 Government Development Assistance For Local Enterprises

Government Agencies: AAC

Financial Assistance
Tax Incentives

Development Programs

Local Industry

Upgrading Program

Automation *

Computerization

Productivity &

Training

Technology

Business & Export

Development

- Automation Applications Center

: Economic Development Board

: Ex-:lerprise Promotion Centers Pte Lid
: Mational Computer Board

: National Productivity Board

. Trade Development Board



Table 5-5 Testing ltems on Fosd Packaging to be handled by the Packaging Centaer

Field Characteristics for Evalnation Evaluation Items

WVTR
Oxygen
Nitrogen
Permeability co2 -
Absorb Content
Elotion
Ingredient

Tensil Strength
Elongation

Tear Strength

Tmpact Strength

Drop Strength

_ Pressure Strength
Content Preservation Mechanical Strength Stick Strength
Flexo—Crack Strength
Anti-Vibratein Pichole
Lamination Sirength
Cold Tolerance

Heat Tolerance

Water Tolerance

Fat Permeability

Qil Tolerance
Tolerance to Content Anti—Stress Cracking
Chemical Tolerance
Adhesive Affinity
Microbe

High Temperature -
Seal Strength Low Temperature
Drenched

Hot Tuck Distance

Elecirostaticity Surface Resistance
Static Attenvation Prop

Mechanical Functionarity :Slipping Static Friction
Kinetic Friction

Blocking

Cuil

Pitch Stability

Dead Holding

Hot Lamination Sirength
Heat Shrinking

Water Proof
Laminate Strength Hot Water Proof
Retorting Proof
Processing/Distribution Content

Half MW Thickness
Others ¥ ~ray Proof
Ingredient Disorption
Hazyness

Gross

Image Clarity
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Table 5-7 Training Course for JP! Package Consultants

Subject

Course

General

* General Theory

Packaging Management

Physical Distribution Management
Packaging Systems and Processes
Package Design

Materials

Carton Box

Finished Paper

Plastic Film

Plastic Container

Metal Confainer

Glass Container

Corragated Fiberboard

Sealing/Tying Materials

Quality Evaluation of Packaging Materials

Transport Packaging

Distribution Environment

Export Packaging

Corrosion Prevénlive Technd]ogy
Moisture Proof Technology

Wooden Box Packaging Plan
Packaged Freight/Containers Tests
Automation of Packaging

Assembly Packaging Technology
Cushioning Packaging (Basic Designing)
Cushioning Packaging (Application)
Shock Test Technology (Sample Tests)
Case Study/Light Cargo Package Plan
Case Study/Heavy Cargo Package Plan

Consumer Packaging

Market Research

Product Planning

Display and Layout

Color

Sanitation/Safety of Packaging
Food Packaging

Preservation and Distribution of Food
Printing

Pharmaceuticals Packaging
Consumer Packaging Machine
Case Study/Package Design

Case Study[Food/Phhnnaceu!ica]s Package Design




Packaging printing

NT Seal printing
BT Printing
RT Offset printing
Gravure printing
Flexo printing
Packaging material processing
Marking

Pakcaged freight

BT Freight

Packaging machine

NT Quter packaging machinery
©« De-palletizer
+ Palletizer
» Labeller
Inner packaging machine
» Filling machine
Packing machine
BT Machine
RT Conveying equipment
Printer
Feeder
Pncumatic conveyor
Conveyer
Washer

Packaging {echnology

UF Capping
NT Wrapping
Can
Tying/undling
+ Bundling
« Tying
Packing
Box packaging
Bottle packaging
Sealing
Bag packaging
Marking
Labelling
RT Packaging production process
Packaging production line

Packaging production process

BT Production process
+ Process
RT Packaging technology

Packaging materials

UF Packaging waste

NT Casing for meat

BT Material

RT Fiberboard
Multiple corrugated material
Plastic film
Packaging paper
“Laminated paper

Notes:

Broader Term

BT
NT Narrower Term

Related Term
Upper Reference

Source: JMCST

Table 5-8 Example of Keywords related to Packaging in *JICST Database”

Packaging material processing
BY Processing
RT Culling
. Folding
Adhesive
Painting
Lamination
Press
Packaging printing
Packaging material processing machine
NT Carton box processing maching
Can making machine
Bag making maching
Botile making machine
Corrugated fiberboard processing maching
BT Machine
RT Cutter
Packaging indusiry
BT Indusiry
Packaging paper
NT Kiaft paper
Grease-proof paper
BT Paper
RT Painting
Painting material
Packaging material
Packaging {est
BT Test
RT Food inspection
Packaging waste
USE Packaging material
ANI Solid waste
Packaging auxiliary material
NT. Cap seal
Closure
+ Acrosol valve
+ Crown cork
. Cap
+ Cork
+ Lid
Tying/bundling material
+ Pressure sensilive lape
« Band
» String
Label
RT Material
Sealing
Palstics
Hermetricat sealing
Packaging container
BT Container
RT ‘Transporiing container
Solid wasle
‘Wast disposai
Packaging production ling .
BT Production line
RT Packaping technology
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Tabla 5-10 Recommended Manning Plan for the Packaging Center

Senior Staff Staff Assistant Staff
Manager] (Scieitist) {(Engineer) {Technician)
Program ‘ A B A B C A B C
1 Accumulation of packaging tcchno]ogy at

the cen

%) @ & | O O
& b

3 Coltection and accumulation of packaging

b | 0|11 OO

5 Collection/dissemination of technical
information

i lechiologyt T
7 Stepping up of efforts against
cnvirominental issues

SECIOT:

9 Promotion of standardization in
packaging

Human resource dévelopn{eni
SE/S.W; Asia

~ Training center for
o Testing center for S.E. & S.W. Asia '
s regions (@) © [ & Q O

12

Note: @ Program manager, @ Key staff, A Supporting staft, (O Assistant staff



Table 5-11 Staff Training Plan for the Packaging Center

Réquired

Minimum requirement for:

] - Senior L
il e O R i
training Statt
1 Packaging technology in Basic 1 month | 2weeks X
general Standardization 2 months
Standard development 2 years .
2 Physical distribution Basic 1 month | 3 weeks X h
in general *1} Physical distribution 2 years
techinology
3 Transporl packaging Basic 2 months | 3 weeks X X X
malerials " iQuality control 1 month
4 Transport packaging technology *2) 3 months | 3 weeks ps
5 Transport packaging design *3) 6 months | §weeks
& Package testing *4) 3 months | 3 weeks X X X
Notes:

*1} including pallet & containers

*2) Corrosion preventive technology, moisture proof technology, collective packaging, ete.

*3) Cushioning packaging design, corrugated container packaging design, ete.

*4) Methodology, equipment operation, analysis, and evaluation



Table 5-12 Testing Machines and Measwing Instruments for

Transportation and Distribution -

No Descripiiun. Uses Applied Standards
1 {Compression Tester* Compression test for packages IS0 2872, NS Z 0212
and containers I1SO 2874, NS Z 0200
2 [Vibration Test Vibration test for packaged IS0 2247, 8318
System* freights 118 Z 0232
3 {Shock Test System Shock test for packaged freighis IEC 68-2~27, JIS C 4041
and products ASTM D 3332
4 {Drop Tester* Drop test for packaged ISO 2248, JIS Z 0202
freights J1S Z 0200
5 |Electric Hook* Drop test for large packaged ISO 2248 i
freights S Z2 0262, JIS Z (200
6 |Incline Impact Horizontal shock test for IS0 2244
Tester* packaged freighis _ JS 20205
7 {Bump Tester Bump test for packaged freights IEC 68-2-29
' JIS C 0042
8 |Acceleration Measuring Acceleration measuring for 1EC 68-2-27
Syslem* 2-7 ilem JIS C 0041
9 |Constant Temp.—humidity  |Predisposition for 1-7 itemt and environmental IS0 2233, JISZ 0203
Chamber* -ltest for temperature and humidity S C 0010
10 |Constant Low Temperature | Predisposition for 1-7 item and environmental |1SO 2233
Chamber* test for femperature and humidity JIS Z.0203
11 |Waier Spray Test Waler spray esi for packages ISO 2875
Chamber and containers HS Z. 0216
12 |Dynamic Compression Dynamic characteristic test ASTM D 1596
Tester for cushioning materials JIS Z.0235
13 |Distribution Environmental  |Distribution eavironnent (écce]era!ion, ISO 4180/2
Recording System* thermo-humidity) measuring, analysis
14 [Scale Measuring mass for packaged

freights

Note: * indicates tesling instument equipped in the Packaging Technology Center.



Table 5-13 Tosters and Measuring Insituments for

Packaging Material Quality Control

No Description Uses Applied Standards
1 |Ring Crash Tester Test for crush of paperboard JIS P 8126
2 |Mullen type Test for bursting strength of IS0 2758
Bursting Tester paper and paperboard JISP 8131
3 |Elmendorf type Test for tearing strength of IS0 1974
Tearing Tester paper angd film JIS P 8116
4 |Strograph Test for tensile strength of paper IS0 1924, JSP8113
: and paperboard JIS 21702
5 |Bekk Smoothness Test for smoothiess of paper and JIS P 8119
Tesier paperboard
6 |Gurley type Test for air permeability of NS P 8117
Densomeler papet and paperboard
7 |Folding Endurance Test for folding endurance of ISO 3626
Tester papet and paperboard JISP 8115
8 {Puncture Tesler Test for puncture of paperboard ISO 3036
JISP 8134
9 |Adhesion Tester Test for adhesion of corrugated JIS Z. 0402
fiberboard
10 |Precision Sample Accurate cutting of test specimens JISP 8113
Cutter
11 |Abrasion Resistance Test for abrasion resistance folding JIS P 8136, HS P 8114
Tester cndnraucé, crush of paper JIS P 8126
12 {Friclion Tesier Determining coefficient of friclion HS P 8147
ASTM D 189

of paper and plastics

Total Cost (CIF)




Tablp 5-14 Testing Instrument and Functlons requlred for Testing of Feod Packaging

Evaluating Functlon Major Test Ttem Testing Instrument
1. Quality of Material « Compositlon + Gas Chromalographs *

L + Struciure « Infrared Spectrophotometer
2. Safty of Material + Compound + Voratile Residue Tester

« Extraction
+ Migration

+ Gas Chromatographs *

3. Physical Properly of Material

« Tensil Strength

+ Burst Strength

- Compression Strength
- Folding Strength

« Punciure Streugth
Tear Strength

« Tensil Tester

« Abration Tester

+ Shock Tesler

+ Burst Tester

« Tear ester

« Ring Crush Tester

4. Functional Properly
1) Mecanical

» Slipablity

+ Dead Folding

Hinging

Packaging Machine Adoptability

.

+

» Friction Tester
+ Hinge Tester

2} Ihysical

+ Gas Permeability

+ Water Vapor Transmission

» Chemical Compound Permeability
Optical

Thermal Resistance

.

+ Gas Permeability Fester =

+ Water Vapor Transmission Tester
+ Spectrophotometer

» Carolimetric Tester

3 Chemical

+ Chemical Resistance
+ Anti-1usting

4) Biological

« Contamination
« Anti—bacierial

5. Physical Strength of Package/Container

+ Compression Strength
+ Pressure Strength

|- Seal Strenglh

- Pressure Tester
» Tensil Tester

6. Functional Property of Package/Container

1} Mechanical » Sealing + Torque Meler
» Packaging Machine Adoptability « Tensil Tester
« Opening
2) TPhysical T Leakage/Pinhole « Pinhole Tester
- Gas Tight « Gas Permeability Tester *
+ Fleat Sealing + Sealing Strength Tester
- Gas Harrier « Tensil Tester
- Moisture Absorption
3) Chemical + Flavor Retention + Wealher Tester

Anti-weather

4) Biological

Insec! Infestation

< Insect Infestation Test Box

7. Quality Preservation for Conlents

« Tamper Proof
+ Dreterioration

+ Environmenial Simulator
« Testing Instrumen to delermine
deteriorations

8. Transporiation of Package/Container

+ Anti-vibration
- Anti-shock

» Anli~dropping
+ Anti-pinhole
« Anli-clintate
Handlng

« Vibration Tester

9, Markeling Properly of Package/Container

» Consumer Appealing
+ Displaying
+ Labelling

10, End Use Properiy

+ Easy Opening
- Re-sealabilily
+ Handting

+ Storaging

+ Dispensing

11. Dispossbility

+ Re~usability

- Recyclability

« Incinerability

+ Bio-degradability

Note: * Tesling instrument equipped in the Food Technology Center, SISIR
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Explanatory note for Table 5~16:

The following cstimates the costs required for packaging test based on the normal testing practices.

In the case of distribution environmental test, the fest itself will be completed usually within 0.5 days,
though it varies depending on the aumber of fesﬁng iterns included. All the testing equipment used for this
test will be occupied during this period exclusively for this purpose, In addition, the product 1o be tested
are kept in the climaiic simulation chamber for 24 hours as a preparation ireatment. Thus, the testing
period in fotal is around 1.5 déys hlcludillg the preparation treatment. (Other tests can be undertaken
simultaneously using equipment other than the above.) Further, before the test is carried out, detailed
discussion is held to determine the testing method and testing items. Generally spcaking, a report is
compiled to summarize the testing result after the testing. Thus, one set of test normally takes 1 week (or 5
working days) including preparatory treatment (20 degrees C and 65%RH), vibration test, drop or iuclinéd
plane test, and compression fest, according to "General testing method for evaluation of packaged cargo;
JIS Z0200". Testing organizations ask their customer to atlow them to take 2—-3 weeks in such case, t'aking

into account the time for coordination work and waiting time, elc.

Since the test is assumed to be undertaken by a erew consisting of a staff and an assistant staff, one
contract testing requires 3 man—days x 2 (6 man-days in total), on the basis of the above. A joint research
is estimated to take 8 times of that of a contract testing. -

Fach staff can spend 60% of their working hours fo contract festing and/or joint résearches. This is
the maximum level of operation when taking into account the scheduling of working hours of the crew and
machine operation. The reinaining 40% of working hours is used for own research, fraining, or other lasks.

Therefore, assuming full operation at 240 working days per year, one man-day costs as follows:

{Unit: Singapore dollar)

Monihly base 1 year salary  w/bonus & CPF w/ overhead cost Man-day cost

Sﬁl(l:)[y M)=@X12  (©=MXLTT  (D=(c)X25  (d)X0.6/240days
Sesior staff 4,100 49,200 87,084 217,710 544
Staff 2,225 © 26,700 47,259 118,148 295
Assistant staff 1,300 15,600 27,612 69,030 173

{continued on the next page)



Thus, one contract testing costs:

Costs for senior staff and sfaff ($544+$255)/2 x 3days
Costs for assistant staff $173 x 3days
Total; $1,780/contract festing

‘The following estimates machine costs for testing, One lesting crew can handle maximum 46 fests in
one year, assuming that as discussed in the above, one conlract iesting takes one week on the average, 240
working days (or 48 weeks) a year with iwo weeks spent for maintenance a year. Since there are 4 ‘crews
in the Center, they can underfake maximum 184 fcsis a year. One fest exciusively use machines for 1.5
days. If the four crews undertake tests at this level, the equipment will afimost be fully utilized. (The tests
which does not use the climatie simulation chamber, can be undertaken in addition to the above.) If the
pay operation rate of the equipment is assumed 70%, pay operation time of the equipment for the fests '
other ih'an contract testing and joint research, is 14.3% (or 10% of 70%), thus, costs to be burden by the
contract testing and joint research are the remaining 85.7% of the to1al costs. Therefore, machine cost per

contract testin & is:

5$717,200 (total of depreciation expenses, utility costs, and maintenance costs) x 0.857/184 tests

=5$3,340/test
A joint research costs 8 times of a contract testing cost.
Providing that only hwo festing crews undertake these fests, the maximom number of fesis io be

handled is decreased to 92, and the machine cost iincreases to:

- 5$717,200 x 0.857/92 tests =S$6,680/test

(Explanatory note completed)
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Flgure 5-2 Recommended Organization Chart for the Program

(1) Development planning (Programs 1 &10)

Implementation by the Packaging Center

Manager

(Propram manager)

Senior Staff A Staff A
(Planving) (Planning assistance)
Senior Staff B Staff B
Wmm (Planning assistance)
Staff (; ]
{Administration)

(2) Technology development & technicat assistance {Programs 2, 3,4, 8 & 13)

Manager

(Program director)

{3) Project coordinatilon (Programs 7 & 9)

TEREE

Assistant Staff A

(Project operation
assigtance)

Manager

‘(Frogram manager)

Assistans Staff B

{Praject opecation :
assistance)

Senior Staff A Staff A
(Project supeevision/ (Praject operation)
operation)
Senior Staff B Staff B
® rojzileﬁzerSiOW (Project operation)
. Staff C
: (Key coordinator)
E ------ Senior Staff A
3 {Program advisor)
L Senior Staff B
(Program advisor)

{4) Human resource development (Programs 115 12)

! Manager

(Program manager)

Assistant Staff C

{Coordination
asgistance)

Staff C

Senior St_aff A

{HRID planning}

Senior Staff B

" (HRD planning)

{Key coordinator)

(5) Infoermation service and marketing (Pragrams 5 & 8)

Manager

Assistant Staff C

(Coordination
gssistance}

{(Program manager)

Staff C

Assistant Staff C

(Key coordinator)

{Coordination
assisiance}










ANNEX

DETAILED EVALUATION REPORT ON PACKAGING MATERIALS
AND PACKAGING DESIGN CAPABILITY OF SINGAPORE






1. Beverage Can Carton Cases

1.1 Purpose

The purpose was to conduct tests to determine how the structure of a carton case for
carbonated beverages in cans influences the effects of the transportation environment
(humidity, vibration), and to gvaluate the packaing materials and package design

technology.

1.2 Sampies

a. Four carton cases each holding two dozen 350ml cans (Chinese fabrication)
b. One carton case holding two dozen 350ml cans (Japanese fabrication)

1.3 Equipment

a. Climatic simulation chamber
b. Vibration machine

¢. Acceleration measurement system

1.4 Method
1.4.1 Preparatory Steps

Considering the transportation environment when goods are shipped by truck in
Southeast Asia, the sample was placed in a climatic simulation chamber where 40 deg. C
and 80% RH were maintained for 12 hours.

1.4.2 Vibration Test

1.4.2.1 Logarithmic frequency sweep test (Figure 1-1}

(1) Scope : _ _ _
1) Testing was performed on the basis of vibration test method A-1 (logarithmic
frequency sweep), as per JIS Z 0200~87, that specifies evaluation test methods.



This test provides a method for reproducing the vibration that a package is subjected
to during transportation, and is w.idély used. This was also used to determine the
“resonance frequency of the package in transit.

2) Test conditions were set as a peak accleration of +1.2G as peak acceleration, 5-
100Hz as range of oscillation, and excitation time of 20min, on the assumption of a
trip by truck over a distance of 1 ,000km., . | '

3) Five cartons were stacked and held to the v1brat10n table by a mbber belt. Axi
acceleration plck—up sensor was affixed to the upper part of a can in the center of the
uppermost case, the acceleration measurement system was connected to an amplifier,
and acceleration waveform (waves) were observed using an the measurement system's

oscilloscope, that also received an acceleration signal from the vibration table.

(2) Results
1) There was no damage to the test samples.
2) By means of simultaneous observation of the acceleration of the uppermost carton
on the vibration table, it was found that there was resonance of about 13 times the
0.5G at the table top at 20Hz, or about 6.4G. ' '

1.4.2.2 Constand frequency test (Figurei-2)

(1) Scope

1) In order to evaluate the quality of the packaging of the sample on the basis of the
test results obtained in the above—described test, severe conditions of vibration
resonance frcquency were avoided and conditions were set at peak acceleration of
1.2G, frequency steady at 15Hz, for a period of 30 minutes.

2) The five cartons were stacked, on top of a Japancsc—made beer case to which they
were secured using gummed tape, the entire being held to the vibration table by a
rubber belt,

(2) Resulis (Figure 1-2)
1) There was no deformation of carbonated apple drink cans on the topmost level.
2) There was no deformation of thje lower beer cans.
3) Contents escaped from most cans of carbonated apple drink in the middle three
cases, at the part scored for the tab,



1.5 Overall Evaluation

Comparison was made of the quality of Japanese—- and Chinese-made beverage cans
and their packaging using vibration tests.

Japanesc-made beer cans, being on the lowermost level, were subjected to the most
severc conditions from the static load weight above and dynamic load weight, but there
was no deformation_of cither the cans or the case; The explanation for this can be sought
in the ways that measures had been taken to prev-cnt a weight from being brought to bear
directly on the tab score, namely, thickness of the top parts of the cans, the relatively large
height of the upper ﬁm, the difficulty whereby load could be transmitted to the tab-score
part of the lid, and the part of the carton end flaps that might come into contact with the
tabs had been precut and removed.

The lid of the Chinese-made cans was thin, and the rim height was not great. Further,
the materials from which the carton was made were not of good quality; and the static load
was transmitted by the flaps to the upper part of the can, Improvements are necessary
because damage to even just one can means the marketability of the entire contents of the

case is lost.



Figure 1-1




2. Color Monitor Packaging (1)

2.1 Purpose

The purpose of this test was by means of drop tests to simulate dropping of the goods
during transportétion, and horizontal vibration, to evaluate whether the shock—-absorptive
protective packaging is adequatc.

2.2 Samples

a. 14" color monitor, packaged
b. Dummy packaged product for the transportation environment test

2.3 Equipment

Drop tester

Vibration test system

Acceleration test measurement system

Personal computer systern; acceleration measurement analysis software
Distribution environmental record system

e ap g

2.4 Method
2,41 Drop Test (Figure 2-1)

(1) Testitems

1) Narrow-line alignment cross marks were made on the surface of the picture tube of
the 14" color monitor and on the case, to determine if the monitor moved when the
package was dropped.

2) A triaxial acceleration pickup was attached to the picture tube surface, and records
were made of measurements, by use of the acceleration test measurement systcm and
a computer monitor.

3) Drop testing was performed on the basis of methods given in JIS Z 0200-07. The
drop tester was used for one corner drop, three edge drops and six flat face drops, all
from 60cm.

(2) Distribution environmental record system
1) The test package was a wooden box (360 x 300 x 300mm, 10kg) confaining a
corrugated carton provided with 30-times polystyrene foam comer pads for
protection,
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2) Drop tests were from 50cm, on two flat faces, edge, and comer; the acceleration was

measured and transmitted to a computer for analysis of the data.

(3) Results
1) There was no damage to the monitor and no movement of the picture tube. There
were cracks, however, that appeared in the corner parts of the cushioning material
(polystyrene foam, 50 times foaming). o |
2) Acceleration data obtained by drops and use of the distribution environmental
record system were analyzed and it was found that there was little deviation. (Figure

2-4),



Figure 2-1

Figure 2-2



Figure 2-3
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3. Color Monitor Packaging (2)

3.1 Purpose

To judge the adequacy of shock absorptive packaging design by analyzing the density
of the power spectrum by measurement of vibration of the vehicle, and by random input of
that data to the distribution cnvironment record system, random vibrations equivalent to
those occurring during actual transportation are reproduced and imparted to the test sample.

3.2 Sample

One péckaged 14" color monitor

3.3 Equipment

a. The distribution environmental recording device system
b. Vibration test equipment

¢. Acceleration measuring system

34 WMethod
3.4.1 Distribution Environmerital Record System

(1) The distribution environmental recording device was installed on the bed of a truck
and vibration measurements were made when traversing two sections of road
representative of that of Singapore.

(2) The recording equipment provided up to 200 data jtems to RAM memory in
sequence of magnitude of tridirectional set accelerations above a specific level (0.G).
These data were converted by computer software to spectroscopically analyze powers
vector density (PSD). Results are as shown in Figure 3-1 and 3-2. (Figure 3-3)

34.2 Random Vibration Test (Figure 3-4)

(1) The method meost widely used in recent years for reproducing vibration imparted by
the movement of a transport vehicle is to control the vibration of a vibration table so
as to subject the test sample to random vibrations equivalent to the PSD for each
mode of transport which are used for distribution of the subject goods. The PSD arc
analyzed by the test method for random vibration testing of packaged goods given in



ASTM D 4728-91, or by use of actual vibration measurements, in addition to which
there is MIL-STD~-810D that gives a method for supplementing PSD values that are
input from vibration tests. On the basis of this method the vibration control PSD
spectrum was created by processing of the PSD data from 3.4.1, and the vibration
table was caused to vibrate for 30 minutes with the test sample held by a rubber belt
s0 that it would not fall from the table. Tests were also made for 30 minutes as per

Figure 3-5.

3.5 Evaluation

(1) It is necessary to carry out studies, both domestically and at the transportation
destination, as the basis for simulation of testing of packages during transportation, in
addition to studying the actual conditions such as vibration, Shdck, temperature,
humidity, etc. that are major environmental influcnces experienced by packages

during the distribution phase.
(2) The present tests corrcspond to preliminary tests for the above. No problems

affecting the test samples arose.
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Figre 3-3

Figure 3-4
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4, Corrugated Carton Case

A1 Purpose

The purpose of this test was to determine whether the packaging materials had
sufficient strength to withstand the compression that the corrugated carton is subjected to
when stacked during actual conditions such as seen when packaged goods are in the

distribution phase.

4.2 Samples

Five corrugated carton case (400 x 340 x 340 double wall corrugated)

4.3 Equipment

a. Climatic simulation chamber

b. Compression tester

4.4 Method
4.4.1 Preliminary Treatment

Prior to the compression tests, the transport packages were subjected to environmental
condition 5 in JIS 7 0203-87, namely 20 deg. C and 65% RH in a climatic simulation
chamber for 24 hours.

4.4.2 Compression Test (Figure 4-1)

(1) Scopc
After the packages were removed from the chamber they were submitted to a 10mm

per minute of compression by the compression tester, and recordings were made.
(2) Results

By adjustment of the records made following application of the initial load of 40kgf,
the average maximum load value of 245kgf was obtained.
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4.5 OQverall Evaluation

Compression tests arc ordinarily performed in Japan as described above, with
considcration given to the number of léycrs of packages stacked in warchouses and during
transport. The strength of the samples were about 80% of that of comparable Japancse
packages. The ambient temperature in Singapore is 30 deg. C, and the relative humidity is
normally an average of 85%; and unless consideration is given to the influence of these
conditions when measvring resistance to compression, the results of the above tests are not
valid, whereas if they are considered, the strength is taken as half of what it should be.
Considerable 'buckling of packages was evident when conditions in Singaporean
warchouses were inspected (Figure 4-2).

It is recommended that this type of test be repeated numerous times with suitable
modifications.
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Figure 4-2
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5. 3.5" Hard Disk Drive Devices in Packages

5.1 Purpose

To cvaluate the suitability of the design and materials for packaging 3.5" hard disk
drive devices, on assumption of the conditions that would be encountered in the

transportation process.

5.2 Materials and Method

a. Vibration machine and printer

The package was subjected to 5-—300Hz, 0.5G of sinusoidal vibration, and the
resonance frequency of the frequency of resonance vibration was sought (Figure 5-1:
excitation recorded data).
b. Drop tester, personal computer, acceleration measurement system

The packaged HDD device was dropped from a height of 36" and the shock effect
was measured by use of the acceleration measurement system (Fig 5-2: acceleration
data).
¢. Compression tester

The package was subjected to compression to determine the load withstandable
before bending, and the displacement (Figure 5-3: load and displacement record).
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1 TEST SPECIMEN
TYPE:
DIMENSION:
VEIGRT:

SAMPLE SJ1ZE:

2 TEST REQUIREMENT
STANDARD:
PRE - CONDITION:

ADDITIONAL REGUIREMENTS:

Conclusion :

3.5" Hard Drive Shipping Carton _ reaL X ] pury [ |
510mm (L) 350mm__(W) 250mm_ (H)

Nil

11 Canoins

ASTM 999, 775, 642

23 °C 65  %RH

pecification

| Vibration Test,
f Dropt Test,

I Compression Test,

were carried out according to ASTM 999, 775, 642 and
Peripheral Test specification Requirements.
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| Vibration Test for 3.5" HARD DRIVES PACKAGING (

1. Test Resuits

1.1 Sweep Test

F:8T{OQF)
SN Sample Axis of Resonance Frequencies/Hz and Remarks
No Vibration their respective 'g’ value
1 1) z 13.00 Hz with 2.00g Accelerometer
) attached 1o drive #5
) :
2 |)] Boxt X 14.00 Hz with 1.06g Accelerometer
) attached to drive #5
) .
3 1) Y 2.00 Hz with 0.90g Accelerometer
75.0 Hz with 0.97g attached to drive #5
4 ) zZ 14.65 Mz with 1.30¢g Accelerometer
1) attached to drive #5
)
5 1) Box 2 X 16.00 Hz with 1.10g Accelerometer -
) attached to drive #5
)
6 |) Y 18.50 Hz with 0.80g Accelerometer
65.00 Hz with 1.00g attached to drive #5
71 Z 18.00 Hz with 1.77g Accelerometer
) attached to drive #5
) .
8 |} Box 3 X 18.00 Hz with 1.25g Accelerometer
) attached to drive #5
)
9 Y 20.00 Hz with 1.06g Accelerometer

80.00 Hz with 0.77g

atta'ched to drive #5

1.2 Orientation of carton Box
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1 DROP TEST FOR 3.5 HARD DRIVES PACKAGING

1.

Test Resulls .

1.1 Table shows drop test results of 36" proP
SN Sample No | Drop face Shock Levelfg Remarks
CHi1 CH2 CH32
1 3 52.5 54.0 48.1
2 1 44.0 47.9 44.8 - graph not plotted
3 Box 4 2 45.7 39.7 56.3
4 4 40.4 45.3 42.9 - graph not plotted
.8 5 413 20.5 74.2
6 6 36.9 62.1 40.3
7 3 524 46.2 51.3
8 1 41.8 48.8 47.7
] Box 5 2 55.0 38.5 62.5
10 4 59.7 56.4 48.7
11 5 376 36.3 63.8
12 6 385 7214 356
13 3 441 50.8 54.1
14 1 45.7 493 509 - graph not plotted
15 Box 6 2 39.3 40.2 49.6
16 4 49.7 511 40.2
17 5 417 38.6 71.6
18 6 40.8 64.1 49,5 - accelerometer of CH1 found
off specimen after carton was
open after test
1.2 Orientation ol Carton Box
. JD:I"
49
3
1.3 Placement of accelerometers
B ocnt
Kunooonnn f oo
‘SJo " E
TOP VIEW
OF CARYON
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SHOCK TEST REPORT

FEST Date: JUL. -20-1993

TEST Time: 13:54:00

FILE NAME: cc4d3 TEST SPECTMEN : 4

S T T R S S B

ACCELERATION ;
{ 10.0 G/DIVI---~

DURATION [40. 0 ms/DIV]

CH 1 CH 2 £H 3 CH O
LOWPASS FILTER 0.3 KHz 0.3 KHz D.3 KHz 1 0 Kriz
ACCELERATION 52.5 G 54.0 6 48 1 G
DURAT 10N 19.10 ms 18.20 ms 20. 50 ms |EF?R[N?[
VELOCITY CHANGE 5.60 m/s 5. 63 m/s 553 m/s
OROP HE 1GHT : . ACCELEROME TER LOCATION o
GAS PRESSURE = kgtf/cm?
SPECIMEN WEIGHT : kgf
RESULTS :

Remarks @ FACE3 DRoOP

Figure 5-2
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I COMPRESSION TEST FOR 3.5" HARD DRIVES PACKAGING (

1. Test Results
SN Sample Nc Maximum Resistance Derived Defliection/mm* Remarks
Load/kg
1 Box 7 790 51.2
2 "BoxB 770 59.3
3 Box 9 800 64.3
4 Box 10 820 61.0
5 Box 11 755 59.6
Average 787 61,08
* Note 1. The X-Y compressive force vs time plotter was setat
50mm/min recording speed agalnst the compressive force.
2. The compression were carried out at fixed rate of 12mm/min.
3 Therefore 50mm distance on the horizontal axis of the
compressive force vs time graph represents 12mm of
compressive deflection. Hence compressive force vs
Deflection graphs were then derived.
4. ‘Derived Deflections’ were derived from 3.

A-23




SRy
L X

. €-§ .msm_..h

=1

ot

]
] A
=3
i
B 1
.......... o. bt et b teain i mn = g b i pmn 11 8 mmrm s § R a.
2 J . “
w | ”
: w
1 i . . . A o
..mw .....ﬂ....:..:;..:...!,.......il.ﬂ......,.:.iu..I...”....u....i..w - _
. I . | . B . i
: : ! ; : i .
Lo L T P s
: : ! ! 1 i ! : : :
i P ! : . .
J | . ,_ i i ! : :
P _ ,. ]
VT B e
i : L i
i i H
1 H
5 L
_ i N
R T T R
g1 LR LR
i . . [ i
" ] f H i
A Lo ] _ . L,
i et b ete ] e
o R !
! : L
; ,
H H
1
i ;
_ : P
— - 0.
. R . =
[ Lxeg o TS| :
oo :
X :
- i -
: 8

o
=3
-

1 OSAL JavmY

ot
a

HESOAQL

Y

"

- 200

o ——— - —%

A-24



6. Pallet Using New Materialsy

6.1 Purpose

To test through actual usc pallets made of a newly developed material to evaluate the
capability of packaging development.

6.2 Materiais and Method

a. Climatic simulation chamber
Preparatory treatment of materials: 23 deg.C and 65% RH +35 for 48 hours
b. Compression tester
Test of deformation (bending) under compression
c. Electric hook
- Height of drop: 1.1m (Figure 6—1: record when compression tester was used)

1) Materials not specified here 1o maintain secrecy for the sake of the company that has developed them.
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Laboratory Test

1. The Laboratory Test on the pailet and wooden pallet consist of
the following tests:

1 Compression Test
2  Drop Test
3 Fork Deflection Test
4  Bending Test
1.5 Fork slip aand Object slip Test
1.6  Static Stack Test
2. Test specimen specifications:
2.1 Type of Test specimens:
2.1.1 Original - pallet
2.1.2 New design pallet
2.1.3 Wooden paliet
selected randomly from samples provided by manufacturer.

2.2 Number of specimens: Various according to test

2.3  Pre-condition of test specimen : 23°C + /- 2, 65% RH + /- 5% for at least
48 hours.

2.4  Environment of test : Indoor Laboratery in SISIR premises.

3. Test Design

According to JIS Z0602, Z0606, standard and apparatus requirements.

4, Other Reference Standards

ASTM D1185m 1SO8611 & BS2629
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Test Apparatus and Requirements

5.1

o}

52

Compression Test
Datum chosen at 0.25 ton for a corner pad
Maximum load was 1.1 ton for a corner pad

Deflections (mm) were measured from 0.25 ton load to 1.1 ton (or
maximum load which a break occurs less than 1.1 ton)

3 original ' pallets, 1 wooden pallet, 3 new design
pallets were required

Apparatus : a)  compression tester
b) 2 pieces of 200 x 200 x 25mm steel plate
c) 2 dial guage
Drop Test
Drop height - 1.1m for pallet; 0.5m for wooden pallet
Apparatus : Electric release hook
3 original paliets and 1 wooden paliet were required
Fork Deflection Test
Static load of 1 ton uniform load was used

Test duration was 10 minutes

Creep test of 20 hours was carried on 1st original
pallet

Deflection measurement will be taken at centre and two edge distances
between their respective pads and ground.

A levelled ground was required

3 original pallet are required
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5.5

Apparatus : a) 2 fork of 100mm x 50mm x 1.5 times
' pallet length (2.3mm thick)

b} 1.2m x tm x 25.4mm steel plate
c)  weight of 1ton
d} 3 dial guage

Bending Test

Daium chosen at 0.1 ton

Maxmum load was 1.25 ton

Deflections were measured ffom 0.1 ton to 1.25 ton (or maximum load
which a break occur less than 1.25 ton)

3 original pailets, 1 wooden paliet, 3 new design
pallets were required

Apparatus : &)  a compression tester

b) 2 pieces of dia. 60mm steel pipe {( 4 mm
thickness)

c) 2 pieces |-beam
d) 2 dial guage
Static Stack Test
Test duration of 6 months
3 tier pallets each with 1 ton load monthly measurement of creep
3 new design pallets

Veneer caliper
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Fork slip and Object slip Test

Obtain angle which object/pallet start to slip
One new design pallet
Apparatus. ca) 2 p.iec':'es'of forks

b) 1 fabricated 30kg object
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6. Laboratory Test Result
6.1  Compression Test Result of original pallet and Wooden pallet.
SN TEST | SPECIMEN ] LOCATION| COMPRESSION | BREAKING SPECIMEN REMARKS
DAYE NO NO DEFLECTION POINT TYPE
{PALLET) 1mm “1ton
1 23/4 1 1 30.8 0.92 ) Break/crack length 350mm
) betore limit of 1.1 ton
2 23/4 1 3 284 1.10 ) Break/crack length 190mm
: )
3 23/4 1 4 30.5 1.00 ) Break/crack length 250mm
) before limit of 1.1 ton .
4 23/4 2 1 28.0 1.10 ) PALLET Break/erack length 250mm
) WITH
5 23/4 2 3 36.1 0.95 ) g Break/crack Iang‘th 220mm
} SUPPORTING before limit of 1.1 ton
5 23/4 2 4 0.7 0.95 ] PADS Break/crack length 140mm
) beilore imit of 1.1 1on
7 23/4 2 9 237 . ) No visual damage
)
-] 23/4 2 5 24.3 - ) No visual damage
)
9 2314 4 Whole 3.5 - ) No visual damage
pallet )
10 2414 w1 1 21 - ) ]
) WOODEN )
) 2aja Wi 3 28 - ) PALLET )
) WITH )
12 24/4 wh 3 26 - ) 9 ) Ne visual damage
)} SUPPORTING )
13 2414 1wt 4 2.4 - ) PADS )
) )

Compression Test location on pallet diagram {from. bottom)

2

BROADWAY

Paliel # Tes! Date

jow

ottom View

|
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6.2  Compression Test Result of New Design pallet.

F:D6.2
SN Specimen | Type of Location |Deflection/mm| Breaking - Remarks
No Specimen No Point

1 Ni 1 58.8 1 tlon 26mm crack due to
NEW - . ' stress concentration

2 N2 DESIGN 2 87.8 Nil 30mm crack due to
' _ stress concentration

3 N3 PALLET 3 57.7 0.95ton |38mm crack due to
stress concentration

4 N4 4 83.9 1.1ton |38ram crack duelo
stress concentration

Test Date : 24/6/93

>
L

/<

EROAL WAY

0w

ﬂ

£

\\
N
%\

3 8 4
Bottom View :
The average breaking strength of the new design 7 pallet is 1 ton

accompanied by a crackline formed along the stress concentration area
between pad and platform as illustrated by diagram below.

O

i Y

~Leack Ine

Boom Yiew
( top right
Sartion }
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6.3  Pallet Drop Test Result of original pallet.
F:D6.3
SN -Specimen Type of Drop HYmm | Y/mm ¥Y'/mm VR/%* -
No Specimen i :

1 5 Paltet 1000 1439 1438 | 0.0689

2 6 Pallet 1000 1439 1438 0.069

3 7 Pallet 1000 1439 1438 0.069
4 w2 Wooden Pallet 500 1493 1485 0.536
Variation Rate, UR % =Y - Y’ x 100

Precondition of specimen for at least 48 hours = 23°C, 65% RH.

Date of Test : 11/05/93
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6.4

nN —

Fork Deflection Test Result of original

pallet.

Precondition of specimen : 23°C, 65%RH for at least 48hours
Date of test : 25/05/93

No. of specimen tested : 3 pallets
SPECIMEN NO 17
F:D8.4 i o ;
SN L/mm Sttt | &, farm ,S', [t Remarks
1 1200 751 76.6 754 No'load
2 1200 67.2 68.5 66.2 600 kg load
3 1200 66.3 66.4 66.6 830 kg load
4 1200 66.6 66.2 66.3 1053 kg load
5 1000 75.3 - 742 No load
6 1000 66.0 - 66.5 1053 kg load
7 1200 64.0 65.2 65.5 1053 kg load after 20hrs
SPECIMEN NO 18
SN L/mm &, Joa &y I g;j.um Remarks
1 1200 70.5 70.2 70.6 No load
2 1200 66.6 66.3 66.3 1053 kg load
3 1000 71.7 - 70.2 No load
4 1000 66.2 - 66.1 1053 kg load
SPECIMEN NO 19
SN L/mm S, [ram Sy Few 6‘.‘ o Remarks
1 1200 70.2 70.5 705 No load
2 1200 66.6 66.0 66.8 1053 kg load
3 1000 75.3 - 71.3 No load
4 1000 60.4 - 65.6 1053 kg load
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Average Test result of specimen #17, #18 & #19

F.36.4c _
SN Umm | & fuewe | € /wawe | §3 /v Hemarks
1 1200 71.9 72.4 72.2 No load
2 1200 66.6 66.2 66.6 1053 kg
3 1000 74.1 - 71.9 No load
4 1000 67.2 - 66.1 1053 kg
5 1200 64.0 . 652 65.5 1053 kg after 20 hours

ol

——) —— ey e m— r— o}

i
. T

follet

S, 5_1 6 S are distance between respective pallet pad base and ground
according to above diagram.
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6.5 Bending Test Result of original pallet.

F:08.5
SN Speclmen Type of L/mm Deflection/mm D % Hemarks
No Specimen '

1 8. ' 26.6 29.0 232 Break at

' 0.55 ton

2 9 1200 41.0 46.1 3.63 Break at

PALLET 1.475 ton

3 10 41.2 40.8 3.42 Break at

1.188 ton

4 w3 Wooden Pallet | 1100 | 171 | 165 1.40 Break at

2.45 ton

5 11 _ 308 3i2 - 258 Break at

0.2751on

6 12 1000 47.2 46.2 3.89 Break at

PALLET , 2.2ton

7 13 ' 40.1 0.6 3.36 Break at

1.075 ton

Date of Test : 18/05/93

The allowable bending strength of the original paliet is 0.25 ton
(average). The graph of bending strength against time of each specimen is available

in Appendix B.
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8.6 Bending Test Result of new design pallet with sharp angle.
F:D6.6 ] )
SN Specimen Type of L/mm Deflection/mm D% Remarks
No’ Specimen

1 N7 1200 38.2 38.0 3.18 Break at

0.8ton

2 N8 1200 318 32.0 2.66 Break at
NEW 0.657 ton

3 N9 DESIGN 1200 3741 36.0 3.05 Break at

’ 1.025 ton

4 N10 1600 34.0 34.6 2.86 Break at
PALLET 0.725 ton

5 N1 1000 34.0 32.6 2.78 Break at

0.75 ton

6 Ni2° 1000 30.6 328 2.64 Break at
0.7751ton

The allowable bending strength of the new design

pallet i1s 0.75 ton

(average). The graph of bending strength against time of each specimen is available
in Appendix B.
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Practical Usadae Test

1. The practical Usage Test for the - pallet consist of the
following tests: ’

Fo:rklift rapid release {drop) test

1.1
1.2 Forklift transportation test
1.3  Forklift push/pull pallet arrangement test
1.4  Forklift halfway insertion lift test
1.5 Forklift carelss insertion test
2. . Test specimen specifications:

2.1  Type of Test specimens:
pallet
new prototype design
_selected randomly from samples provided by manufacturer
- 2.2 Number of specimen :1 unit, sample #N13

2.3 Simulated weight on test speciments:
1008 kg and 1232 kg of copper slag bags (56 kg each bag) were
used for practical tests. The load was evenly spaced then plastic
shrink wrapped round pallet.

2.4  Pre-condition of test specimen : None

2.5 Environment of test : indoor and outdoor testing ground in SISIR

premises.

3. Date and time of test : 02/07/93 at 1330 hours.
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5.

Test Details and Results

5.1

5.2

Forklift rapid retease (drop) test. '

This test was carried out indoor (concrete ground) as wel! as outdoor
(bitumen ground). The pallet with 1232 kg of load was
repeatedly lifted by forklift up to a height of 30cm away from ground and
followed by a sudden quick release to drop the pallet onto the ground
for 5 times indoor. . Visual inspection was then carried out on specimen.
No damage, crack or deformation was found on specimen. Outdoor test
was conducted with the same specimen and load after the indoor test
proofed successful. The specimen was repeatedly lifted to height of
153cm away from ground and followed by a sudden quick release to
drop the pallet onto the ground for 3 times. Visual inspection was then
conducted on specimen. No damage, crack or deformatlon was found
on test specimen. o

Forklift transportation test.

An initial load of 1008 kg was placed on the test specimen. A diesel
powered forklift was used for transport simulation test. The objective of
this test was to observe the specimen’s performance on forklift while it
perform the following actions outdoor:

0 sudden sideways manuveur at high speed travel

o full speed travel of forklift over uneven bitumen ground
‘o 5 minutes continous forkdit travél

o zig-zag movement of forklift

o emergency braking of forklift at full speed operation

When visual inspection showed no damage, crack or deformation on test
specimen after test, the pallet was loaded up to a total of 1232 kg. The
same test was repeated again with the forklift performing the same
actions mentioned earlier. Final visual inspection showed that the
specimen suffered no damage, crack or deformation.
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5.3  Forklift push/pull pallet-arrangement test.

This test was carried out indoor on concrete ground. The forklit
inserted the forks only 3% way below the pallet with 1232 kg load then lift
one end of the paliet 10cm above ground with the other end still in
contact with the fioor, pushing and pulling of the pallet was performed
together with sideways movement of the pallet when left and right turn
of the forkiift was was performed. The test was to simulate pallet
arrangement in @ warehouse when space limitation is experienced. After
testing for a duration of 5 minutes at an area of 6m x 2m, the pallet was
lited for visual inspection. No cracks, damage or deformation was
found.

5.4  Forklift halfway insertion lift test.
The forks of the forklift were inserted 3% way under the pallet with 1232
kg load then lifted to a height of 1.5m. No crack or damage was found
on pallet although slight deformation (sagging) was visible at the sides
of the specimen along the sides of the forklift, but the pallet returned to
its original shape immediately after the test.

55 Forklift careless insertion test.

Crack and chip off on the far end
pallet pad was found when the fork
smash deep into the side of the pad
then lifted. However the rest of the
pallet was not damaged and stability
of pallet was not affected after the
pallet was lowered back onto the
ground. The pallet was fully loaded
with 1232kg load throughout the test.

Eottom Yiew of Pallet
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