HCLTech | s

Analyzing the efficiency of
drop and vibration test
methods for packaging
systems




Table of contents

Abbreviations
Terms and definitions
Abstract
Introduction
Distribution test methods
Distribution test methods comparison
The efficiency of drop test
Efficiency calculation for drop test from ISTA1G

Comparison of the efficiency of drop test from ISTA1G
and ASTM D7386

The efficiency of vehicle vibration test
Efficiency calculation for random vibration test from ISTA1G

Comparison of the efficiency of random vibration test from
ISTA1G and ASTM D7386

Benefits of calculating the efficiency of drop & vibration test
procedures

Conclusion
References

Author info

Analyzing the efficiency of drop and vibration test

methods for packaging systems

10

|l

13

13

14

15



Abbreviations

ASTM American Society for Testing and Materials

Assurance Level

British Standards Institution

European Committee for Standardization
FMCG Fast-Moving Consumer Goods
ISTA International Safe Transit Association

International Organization for Standardization

(Power Spectral Density) defines the intensity of the random
vibration signal vs frequency
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Terms and definitions

Force is external energy capable of changing the state of rest or motion of
a particular body.

Mass is a measure of the amount of matter in an object. The mass of an
object is independent of its location. It is the quantity that depends solely
upon inertia.

Weight is a force of attraction between the object and the earth’s gravity.
Acceleration is the rate at which an object’s velocity changes over time.
Speed is the distance traveled by an object per unit of time.

Velocity refers to both the speed and direction of motion of an object.

Impact velocity is the velocity of an object when it undergoes a collision
with another object or the ground.

G-force is the measure of the net effect of the acceleration that a body
experiences and the acceleration that gravity is trying to impart. It plays a
role when a body travels at very high speed; it experiences a force of 4 g,
or four times as heavy as its normal weight.
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Abstract

Many methods and standards exist worldwide for testing packaging
systems, ensuring they meet product and supply chain requirements. Most
international organizations developed their own test methods derived
from global standards like ISTA, ISO, CEN, BS| and ASTM (D7386 & D4169)
to qualify packaging performance. With the availability of numerous
packaging performance test methods, picking a suitable test procedure
becomes a complex job.

This whitepaper aims to assess the efficiency of drop and vibration test
methods by analyzing the amount of stress and energy involved in their
testing. It seeks to distinguish the effective drop and vibration test
procedures from the globally available variety of ship-test methods.

Introduction

The packaging system is crucial in delivering the products effectively and
securely to users while preserving their integrity. It is utilized across
diverse industries, from medical and pharma to FMCG. Imperfect
packaging can directly impact the product, packaging integrity and
performance requirements, jeopardizing the quality of healthcare users in
the medical and pharmaceutical industries. Therefore, it is imperative for
the packaging to survive and withstand various hazardous environments
ensuring the security of the product throughout its shelf life.

Packaging is exposed to mechanical and environmental stress throughout
handling, storage and distribution worldwide. Among all the factors, the
two most important mechanical impacts are the stresses generated by
the drop and vibration during handling and shipping.

Packaging stresses and strains can be accurately tested, including these hazardous elements.

Box compression . . . Atmospheric /
/ stacking VR e SIEE/ DI Climatic conditions

The box compression test A package vibration test Packages at risk of being Assessing the ability of the
will measure the ability of a aims to simulate the types of dropped or damaged during packages to withstand the
cardboard box to withstand vibrations that packages handling and shipping. Drop various atmospheric conditions
maximum load from above experience during test measures the resistance of by exposing them to a wide

boxes while stacking. transportation and shipping. packages to shock and impact. range of temperatures and

humidities.
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Quialifying or testing the packages during the design and development
phase is beneficial to ensuring optimal packaging and excellence of the
package system. Global testing procedures and standards determine how
a specific package system will perform when exposed to various
real-world ambiances and requirements. To achieve this, commercial
industries collaborate with standalone certified package testing labs to
qualify and provide excellent packaging solutions.

Distribution test methods

Various international Original Equipment Manufacturers (OEMs) have
developed their own packaging drop and random vibration test standards
for their specific distribution cycle, following ship test procedures like
ASTM D7386, ASTM D4169 and the ISTA series. The most common test
methodologies, which adhere to packaging test standards like ISTA, ISO,
CEN, BSI and ASTM, are given below.

Universal packaging drop test methods

ISTA Procedure Series 1: 1A, 1B, 1C, 1D, 1G, 1H, Series 2: 2A, 2B, 2C, Series 3: 3A, 3B, 3E, 3F, 3H,
3K, Series 6: SAMSCLUB, AMAZON.COM-SIOC, AMAZON.COM-Over
Boxing, FEDEX-A, FEDEX-B

ASTM D5276 Standard test method for drop test of loaded containers by free fall

ISO 2248 Packaging — Complete filled transport packages — Vertical impact test
by dropping

ASTM D6179 Standard test methods for rough handling of unitized loads and large

shipping cases and crates

ASTM D1596 Standard test method for dynamic shock cushioning characteristics of
packaging materials

Universal vehicle vibration test methods

ISTA Procedure Series 1: 1A, 1B, 1C, 1D, 1G, TH, Series 2: 2A, 2B, 2C, Series 3: 3A, 3B, 3E, 3F,
3H, 3K, Series 6: SAMSCLUB, AMAZON.COM-SIOC, AMAZON.COM-Over
Boxing, FEDEX-A, FEDEX-B

ASTM D999 Standard test methods for vibration testing of shipping containers

ASTM D3580 Standard test methods for vibration (vertical linear motion) test of
products

ASTM D4728 Standard test method for random vibration testing of shipping

containers (truck and air)

ASTM D7387 Standard test method for vibration testing of intermediate bulk
containers (IBCs) used for shipping liquid hazardous materials
(dangerous goods)

ISO 2247 Packaging: Complete, filled transport packages and unit loads.
Vibration tests at low frequency

ISO 8318 Packaging: Complete, filled transport packages and unit loads.
Sinusoidal vibration test using a variable frequency

ISO 13355 Packaging: Complete filled transport packages and unit loads.
Vertical random vibration tests
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Distribution test methods
comparison

The globally recommended laboratory ship test practices are ASTM D7386
and ISTA1G. They evaluate the ability of package units weighing equal to but
not greater than 150 lbs. (68 kg) and intended for the package delivery
system to withstand hazards associated with the distribution environment.
This is accomplished by subjecting them to a test plan consisting of a
sequence of anticipated hazard elements encountered in the distribution
cycles.

Outline comparison of the global distribution test methods
ISTA1G-2014 ASTM D7386-16

Scope Packaged products Packaged products weighing 150 lbs. (68 kg)
weighing 150 lbs. (68 kg)  or less (Test Specimen-4)
or less

Test Sequence 1. Atmospheric 1. Atmospheric conditioning

preconditioning 2. Handling (A)

3. Vibration under load (D1)
4. High altitude (K)

2. Random vibration

3. Shock (Drop
Horizontal/Incline)
5. Handling (A2)

6. Vibration for test/pickup and delivery
vehicle (D3)

7. Handling (A3)

8. Concentrated impacts (L)

Comparing ISTA1G and ASTM D7386 is vital as both test methods address
drop and vibration as significant distribution hazards as well as are more
suitable for packaged products weighing 150 lbs. (68 kg) or less. ISTA1G
challenge assesses the strength and robustness of the product and package
combination, serving as useful screening tests, particularly when used as a
consistent benchmark over time. Since ISTA 1G is applicable for any type of
distribution with the basic requirement of random vibration and shock
testing, it can be readily comparable with ASTM D7386.

The efficiency of drop test

Evaluating the potential hazards encountered during the package
distribution cycle, such as manual handling tasks like loading, unloading,
stacking, sorting, pickup and delivery, is extremely crucial. The hazards from
these operations are shocks caused by impacts with other packages or solid
objects and free-fall drops. The drop test determines the shipping unit’s
ability to withstand these hazards during handling by subjecting the package
to free-fall from recommended heights in different orientations, considering
factors like size, weight and shape of the shipper box.

Analyzing the energies exerted over the package while performing the drop
test helps assess efficiency. This involves examining the quantity, quality,
duration and sequences of mechanical forces applied during the drop test to
measure the overall stress.
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With the above-mentioned strateqy, the drop test methods from two global
standards, ISTA 1G and ASTM D7386, can be compared to identify their
efficiency.

The recommended drop heights from ISTA1G and ASTM D7386 for an
orientation of rectangular boxes, if the weight of the package with the
product is 20 lbs. (9.07185 kg) or less, are as follows:

p height
Weight Ti:t number
me of drops Assurance level 1 Assurance level 2 Assurance level 3

ISTA1G-14 30in. (0.762 m)
10 Drops: 20 in.(0.508 m) 10 Drops: 14.in.(0.3556 m) 10 Drops: 12 in. (0.3048 m)

ASTM
D7386-16 18 7 Drops: 26 in. (0.6604 m) 7 Drops: 20 in. (0.508 m) 7 Drops: 16 in. (0.4064 m)

1Drop: 38 in. (0.9652 m) 1Drop: 32 in. (0.8128 m) 1Drop: 20 in. (0.508 m)

Formulas help to equate the entities used to determine the stress, forces
and energies exerted on the package during drop tests.

F = force (N)
m = mass of an object (kqg)

a = acceleration (m/s?)

h = Drop height (m)
Impact acceleration = (V-0) / (0.003 sec)
g = gravitational acceleration

_ Acceleration (m/s?)
9.8 m/s? t = time for the dropped package to
impact the floor (s)

V, = impact velocity (m/s)
g’ s = Gravitational Force Equivalent

0.003 s (Burgess 1994)

Efficiency calculation for drop test from ISTA1G

ISTA1G Drop Test Entities:
Weight=20 lb (9.07185 Kg)
Height=30 in (0.762 m)
g=9.8 m/s?

While handling the package, one of the potential sources of product damage
can result from dropped packages. Identifying the impact velocity of a falling
package is required because it is related to product-package damage. A
package falling from an ISTA 1G recommended height 0.762 m (30 in.) will
attain an impact velocity as below.

V,=2gh = /2 (9.8-5-)(0762 m)

=3.865m/s

The time required for the package to fall 0.762 m (30 in.) can be calculated,

2h 20762 m)
981

=0.394s
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Experiments have determined that if the package falls on a concrete floor,
the impact velocity to zero is approximately 0.003 s (Burgess 1994).

The impact acceleration can be equated with the help of acceleration
principles because acceleration is a change in velocity over time.

Acceleration = (V-0) / (0.003 s) = (3.865 -0) / (0.003)
=1288.203 m/s?

G-Force can be derived by using the acceleration of the package during fall
and gravitational acceleration.

g's = Accelaration (m/s?) _ 1288.203 (m/s?)
9.8 m/s? 9.8 m/s2
=131.449g’s

An impact of 131.4 g force is equal to 131.4 times the package weight fora
single (30 in.) drop per ISTA1G free fall test procedure. Such stresses can
often produce damage to the product package.

Comparison of the efficiency of drop test from ISTA1G
and ASTM D7386

Similarly, the impact velocity, time, acceleration and g's for ASTM D7386 can
be derived and compared with ISTA entities to analyze the overall stresses
used to exert on the shipping by two test methods.

DROP TEST for packaged products under 20 lbs. by ISTA 1G & ASTM D7386

ASTH 7386 L 1)
10 drops 10 drops 7 drops 1drops
@30in @20in @26in @ 38in

t=v(2h/q) Time (s) 0.394 0.322 0.367 0444
_ Impact Velocity
V,=-[2gh ) 3.865 3155 3598 4.349
Impact Acceleration Impact Acceleration
= (V-0)/(0.003 5) (m/s?) 1288.203 1051.813 199.252 1449825

Gravitational
equivalence force

= Accelaration (m/s?) ; 131.449 107.328 122.373 147.941
~ 98m/isz (times of package
weight for 1 drop)

Overall g's for total drop counts per height 1314.493 1073.279 856.608 147.941

Thus, the gross g's are provided with a measurable force from both the ISTA
1G and ASTM D7386 (AL. 1) drop-test methods. By comparing the G forces
generated from these two drop-test methods, it is evident that ASTM D7386
(AL.1) exerts more stress on the package than ISTA1G.
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The efficiency of vehicle
vibration test

A package vibration test ensures the package can withstand vibration
conditions and maintain its integrity during vehicle transportation and
shipping. It is necessary to perform the vibration test if the package is
planned to ship through high-vibration-generating transportation such
as road trailers, rails, pickup and delivery vehicles and cargo planes.

Examining the recommended magnitude, frequency range, duration and
direction of vibration can determine the efficiency of vibration test methods.

Comparison of package vibration test

. 30 minutes -
: 120 minutes - . s o
60 minutes - Over-the-road trailers (D1) e
Random vibration (D3)

SAICDCENEE R (With compression load)

0.0001 0.0007 0.001
3 0.02 3 0.035
5 0.02 4 0.035
7 0.001 7 0.0003
4.0 0.01 12 0.001 13 0.0003
15 0.004 15 0.001
24 0.004 24 0.001
100 0.01 28 0.001 29 0.0001
36 0.001 50 0.0001
42 0.003 70 0.002
200 0.001 75 0.003 100 0.002
0.000004 0.00005
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Formulas help to equate the entities used to determine the stress and
energies exerted on the package during vibration tests.

G, = root-mean-square acceleration
(or RMS acceleration)

A = Area under the curve
|,= Laboratory test intensity in G

I, = Original field intensity in G___

T,= Time duration of the original field
profile in minutes

T, = Laboratory test time in minutes

Efficiency calculation for random vibration test
from ISTA1G

ISTA1G Vibration entities: Overall Vibration Duration = 60 mins; Overall

G, =115

During physical transportation, packages undergo complex mechanical
vibration with a varying range of acceleration levels, which can stress the
product package to the extent of causing damage. Identifying the Power
Spectral Density (PSD) profile used to simulate the vibration table during
testing is crucial. Analyzing the vibration profile summaries enables capturing
the intensity or effectiveness of a vibration facilitating the comparison
between different vehicle vibration test procedures, i.e., ISTA1G and ASTM
D7386.

Acceleration vs. Time
30 GRMS

Acceleration (G)

Per ISTA1G, breakpoints shall be programmed into the vibration controller to
produce the acceleration versus frequency profile (spectrum) with an overall
G, level of 115.

Thus, G =115is the total acceleration content for random vibration.

The area under the PSD curve test profile that provides the acceleration
content under the spectrum must be calculated to calculate the efficiency of
a vibration test procedure.
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Qrms = '\/K
A = (9ms)® = (115)°
A=1.3225 g2

The PSD profile can be accelerated to create simulation input that will
reduce the real-time field data to a reasonable laboratory test time. Using
time acceleration of vibration testing with k=0.5 and never accelerating a
time more than a ratio of 1:5 (Wallin, 2007).

Original field intensity can be calculated with the help of the recommended
lab test intensity of 115 G

| =k _ 115
"B b
=0514G

S

Time duration of the original field profile can be equated:

T (1) = 60 (%)
T, =300 mins

By examining the original with the laboratory vibration field intensity and
test-time duration, the stresses can be compared between different vibration

testing.
Random Vibration Spectrum

01

0.01
N
T
>
(o))
o
[%)
o

0.001

0.0001

1 10 100 1000
Frequency, Hz

Comparison of the efficiency of random vibration test
from ISTA1G and ASTM D7386

Likewise, the area under the curve of vibration test profile for ASTM D7386
(D1 & D3) can be derived and compared with ISTA 1G to analyze the overall
quality of vibration used to exert on the shipping units by two test methods.
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Vibration test for packaged products under 20 lbs. by ISTA1G & ASTM D7386

115G (D1:053G,, | (D3):046G,,

rms

for 60 mins for120 mins for 30 mins

| . "
= _ & Original field
Iy N intensity (G, ) 0514 0.237 0.206
LV Time duration of
T= T, ( : ) the original field 3000 600.0 150.0
° profile (mins)
Area under lab ) Argza under curve , ) )
intensity = (G ) (@ 1 1.3225 0.53) = 0.2809 (0.4 0.2116

Area under origigal Argea UmEEr @RS

intensity = (G, ) @ (0514/=0265 | (0237/=0056 | (0.206)=0.042
— TO
Tt - _‘_)2 laboratory test time (mins) 25488 4.813

T = to . 600
(H) G

T, = 25.488 mins

_
==

Thus, testing the packaging system for 25.488 minutes using ISTA1G (115 G__)

rms

is equal to exposing the packaging systems to the same amount of stress as
we were testing for 120 minutes using ASTM D7386 (D1) over the road trailer.

PSD from ISTA1G & ASTM D7386 Comparison of Area Under Curves
o1 1
01
. 001 -
z
~ AY \ 0.01
& 0001 A S
2 | o a8 & 0001
o LTI T4 T NNE T Iy
o
5 2 00001
\
\
0 000001
0 0000001
1 10 100 1,000 1 0 100 1,000
Frequency, Hz Frequency, Hz
@ ASTMD7386 (D) @ ISTAIG @ ASTM D7386 (D3) Il AsTMD7386 (D) [l ISTAIG [l ASTM D7386 (D3)

Therefore, the efficiency of each vibration profile can be determined by
identifying the area under each PSD test profile curve from both the ISTA1G
and ASTM D7386 (D1 & D3) vibration test methods. Comparing the areas of
the two vibration test methods reveals that ISTA 1G exerts more stresses/
simulated vibrations on the package than ASTM D7386 (D1 & D3).
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Benefits of calculating
the efficiency of drop and
vibration test procedures

The most powerful test procedure can be easily determined among numerous methods
available on the market.

The calculated stress exerted on the shipper units would act as a supplement for the
ship test rationale documents.

The efficiency of different drop and vibration test methods can be readily compared.

If the actual vibration and drop testing have been rationalized with this calculation, the cost
of transportation, sample manufacturing, testing and labor can be eliminated.

Conclusion

While numerous test procedures exist for package drop and random
vibration tests are universally available, the finest method can be identi-
fied by analyzing the amount of stress and energy involved in their testing.
This strategy aids in distinguishing the effective drop and vibration test
methods from the numerous globally available ship test procedures. It is
particularly beneficial for the R&D of medical device packaging, where
verification and validation are vital phases for qualifying the packaging
system.

In modern medical device companies, there is a trend toward
research-driven digitalization aimed at consolidating IT portfolios,
enhancing business efficiency and minimizing operational costs. With
development centers in over 30 countries, HCLTech is well-positioned to
deliver end-to-end engineering and R&D services that can transform the
medical device landscape.

We are a strategic partner to seven of the top ten medical device OEMs.
Our strategy, implementation and product support expertise across the
medical devices' R&D value chain help deliver Clinical Trial Management
Services (CTMS). In the last 15 years, we have successfully developed over
100 medical devices, including class Il and class Il equipment.
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