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: ? ? ? Introduction? (2 221 Determine Product
Fragility Determine the amount of mechanical shock the product can survive on its own by evaluating
fragility or g—factor . 2. Determine Conditions Consider the handling and transportation

environment the product will face and establish the amount of shock the product may encounter (
drop height ). 3. Calculate Cushion Requirements Use dynamic cushioning curves to determine
thickness, static loading and bearing area. ?°?

7 7 Z $ Z 28 ?? ? 9
Introduction? ( ? ??4. Recognizing Design Constraints Check for important problems
including compressive creep, cushion buckling and extreme temperature effects. 5. Design Prototypes
and Test Build a prototype and determine its actual performance. 6. Consider Vibration Effects
Determine the natural frequency of any component which is prone to vibration damage, and compare it
against the vibration characteristics of your package design. ?r? Z /% o ;

? ? ? Introduction? ( 2 ?7. Monitor Performance Monitor the
performance of your design to determine when internal changes in the design might alter the
requirements for package performance. ?B ? ? ? ?% Step 1
Determine Product Fragility?”& $% 7?2 9?29 Fragility is normally expressed in units of
g s and indicates the maximum deceleration the product can withstand without being damaged. The
more fragile a product is, the lower its g—factor  Table 15.1 . 2(H1rm 1?24 ? ?



?% Step 1 Determine Product Fragility? && 79  9?Table 15.1 Approximate fragility of typical
packaged Articles Extremely Fragile Aircraft altimeters, gyroscopes, items with delicate mechanical
alignments Very Delicate Medical diagnostic apparatus, X-ray equipment Delicate Display terminals,
printers, test instruments, hard disk drives Moderately Delicate Stereos and television receivers,
floppy disk drives Moderately Rugged Major appliances, furniture Rugged Table saws, sewing machines,
machine tools?? P>

} g ? ? ?% Step 1 Determine
Product Fragility? && ” 2 ?R The highest deceleration, which did not cause damage, is then
known to be the product s g—factor. It may be necessary to determine fragility levels for a
product in various orientations. If the g-factor is estimated too high, and the product is unable to
survive as much shock as anticipated, the packaging will be underdesigned and significant shipping
damage is likely to occur. If the g—factor is estimated too low, and the product can actually
withstand more shock than anticipated, the packaging will be overdesigned and unnecessarily

expensive. ? *x 7% ?,< ? ? 2?2 Step 2 Determine Conditions? (2?2 2
Drop heights are generally established by the product’s weight, which usually reflect how the
product will be handled(Table 15.2). 2§ ?$ n ? ? 2?2 Step 2 Determine Conditions?

(2?2 29 Table 15.2 Typical drop heights Weight Range Type of Handling Drop Height Gross
Weight in lbs. in inches 0-10 1 person throwing 42 10-20 1 person carrying 36 20-50 1 person
carrying 30 50-100 2 person carrying 24 100-250 Light equipment 18 250+ Heavy equipment handling 12+
Note: Palletized products may receive drops of up to six inches. ?p? P6 ?
: ? ? 2 Step 3 Calculate Cushion Requirements?” ( ’ ?
? To determine the amount of functional cushioning material which will provide adequate
protection for the packaged item. By functional cushioning material, we mean that portion of the
design which directly supports the load and functions to absorb shock during impacts.? ?
? ?° Step 3 Calculate Cushion Requirements? (( ? ? 2 Step 3 Calculate
Cushion Requirements? (( ? ? ?° Step 3 Calculate Cushion Requirements? (( ?
? ?° Step 3 Calculate Cushion Requirements? (( ? ?2G Using Dynamic Cushioning
Curves (Figure 15.1) An Overview Curves are generated by dropping a series of known weights onto a
cushion sample from a specified height and measuring the amount of shock experienced by the weights
as they impact the foam. In simple terms, this testing represents a product dropping on a cushion
from a height likely to be encountered during shipment. The horizontal axis represents a range of
static loadings that packaged items might apply to the cushioning material. The vertical axis
represents the shock experienced as the cushion is impacted. ?F; p p ?
? ?° Step 3 Calculate Cushion Requirements? (( ?  ??Curves are often presented for
both first impact and multiple impact (average of drops 2-5) data. An Example [Given] An object to
be packaged is a 10-inch cube weighing 60 pounds with a fragility of 50 g’ s. [Solution] 1. Since a
product typically faces repeated impacts during shipment, you will probably wish to use multiple-
impact data. 2.The typical drop height for a product of this weight may be estimated from the chart
below as 24 inches. ?Tc P Po P Pb f ? ? ?° Step 3 Calculate Cushion
Requirements? (( ? ?€ 3. Obtain the cushioning curves for the cushioning material you
wish to use. Locate curves that represent multiple impact data from a drop height of 24 inches. 4.
Determining Thickness locate our product’s fragility level (50 g’s) on the vertical axis of the
figure, and draw an imaginary horizontal line across the chart at this level. This separates the
chart into two sections: our fragility line and lower, where the packaged item will be able to
survive the anticipated shock level, and the section above our line where the shock levels are high
enough to damage the product ?P 7?7 ? ? 2 Step 3 Calculate
Cushion Requirements? (( ? U choose a thickness of 2 inches for the thinnest cushion
thickness. 5. Determining Static Loading and Bearing Area The useable part of the curve is bounded
by a static loading of 0.3 psi at the low end, and 1.4 psi at the high end. This tells us that, with
a 2-inch cushion, we can apply a static loading anywhere within this “cushioning range” and still
protect to 50 g’ s or lower. The highest static loading value within the cushioning range will result
in the most economical design because it will use less cushioning material to provide adequate
protection, thus lowering design costs. ?FD 74 7?2 Iv ? 9 {2 ?
Step 3 Calculate Cushion Requirements? (( ?  ?9The cushion bearing area is easily calculated
as the product weight divided by our chosen static loading. a) 60 / 0.3 = 200 square inches of foam
b) 60 /1.4 = 43 square inches of foam (This is a 78.5% reduction in cushioning material) Designing
to the minimum thickness is the general practice. By repeating this procedure with several



materials, you can quickly generate comparisons, which will allow you to strike an economical
balance between material cost and package size. 20k 7 7 77 9 ? ?2( Step 4 Recognizing
Design Constraints?”) & ? ?Y 1. Consider Compressive Creep Compressive creep is the
gradual loss of thickness a material may experience if placed under a constant load for an extended
period of time. Significant compressive creep will result in the packaged product loosening in the
cushion and becoming vulnerable to excessive movement inside the package during
shipment. ?: : 9 ? ? ?° Step 4 Recognizing Design Constraints? (( ? 97
As a general rule, creep of 10% is recognized as a practical upper limit. In some cases creep losses
of over 10% in thickness have been shown to result in a significant loss of cushion performance.
Should it be found that creep in excess of 10% is anticipated, designers should recalculate the
functional foam requirement using a lower static—loading figure. Spreading the loading over a larger
area will reduce compressive creep. ? ? Z? 9 ? ?° Step 4 Recognizing Design Constraints?
(( ?  ?9Buckling is the non—uniform compression of a cushion. When buckling occurs, the
energy of the impact is not transferred evenly throughout the cushion and more shock is transferred
to the package contents. Buckling usually occurs when the cushions become too tall and thin. Figure
15. 2 provides width—to—thickness coefficients for different static loading values and enable the

designer to check for buckling potential. ? ¢ 72?2 ? ? 92 Step 4 Recognizing Design

Constraints? (( ? ? 2 Step 4 Recognizing Design Constraints? (( ? ?

Step 4 Recognizing Design Constraints? (( ? ? 92 Step 4 Recognizing Design Constraints?
(( ?  9??Fxample: Let’s assume you plan to use a 3—-inch thick pad of ETHAFOAM 220 to cushion

a side of your product, which presents a static load of 1.0 psi. In this case, the coefficient is
0.7. Using the formula T x W/T =W, you can now find the minimum width: 3”x 0.7 = 2.1”. Your cushion
must be at least 2.1 inches wide or long to resist buckling. 3. Consider Extreme Temperature

Effects ?47Z ) Y ( ? ? ? 2 Step 4 Recognizing Design Constraints?

(( ? 2R As with all thermoplastic foams, when they are exposed to extremely high or low
temperatures over a considerable length of time, they may be affected. The materials become stiffer
at low temperatures and increasingly softer at higher temperatures. In extreme cases, it may become
necessary to compensate for these effects in your design.? S  ZS ? ? ?# Step 5 Design
Prototypes and Test?”$ $# # ? ?FEach packaging design must be developed separately, given
the large number of variables involved. It is highly recommended that you build and test a prototype
of your cushion design to determine its actual performance. ¢ ? ? ?# Step 6 Consider
Vibration Effects?”$ &t § ? 2 Table 15.3 Typical forcing frequencies of carriers
Carrier Frequency Range Conditions Railroad 2 — 7 Hz (suspension) Moving freight car 50 — 70 Hz
(structural) Truck 2 - 7 Hz (suspension) Normal highway travel 15 — 20 Hz (tires) 50 — 70 Hz
(structural) Aircraft 2 — 10 Hz (propeller) On aircraft floor during flight 100 200 Hz (jet)

Ships 11 Hz (on deck) Vibrations caused by 100 Hz (bulkheads) interference to the flow of water by

the ship, and from imbalance and misalignment of the propeller shaft system. ?3 p®
P2 7 h S ? ! ?
?# Step 6 Consider Vibration Effects? $$ $§ ? ?j Every mode of transport subjects the

packages being shipped to some amount of vibration at various frequencies. In order to provide
products which are prone to vibration damage with protection against such effects, it is essential
to determine the natural frequency of any component which is prone to vibration damage, and compare
it against the vibration characteristics of your package design. Every cushioning system has a range
of vibrational frequencies in which it amplifies vibration and passes on a more severe vibration to
the packaged product than it receives from the transport environment (Figure 15.3). ? k Pk ?

? ? 7 ? ?# Step 6 Consider Vibration Effects? $$ $§ 2 ?] For most vibration—sensitive
products, making sure that the package design does not amplify vibration in the product’ s natural
frequency and is enough to prevent vibrational damage from occurring during shipment. For severely
vibration—sensitive products, it may be necessary for the package design to actually attenuate the

frequencies of concern.? =~ \ ? ? # ? ?# Step 6 Consider Vibration Effects? $$ $?
$ ! ? ?# Step 6 Consider Vibration Effects? $$ $?2 % 7 ? ?# Step 6 Consider Vibration
Effects? $$ $§ ? 2F Material response is often given in diagrams similar to Figure 15.4, which

represent performance for a given thickness of material. Note that for any frequency, one can
estimate whether the package will perform in direct coupling, amplification, or attenuation mode as
a function of the static loading applied to the cushion. ? G ZG ? & # ? 9F Step 7 Monitor
Performance If it works, question it? GG ?  ?9There are many assumptions that went into your



design development. It is a good practice to monitor the performance of your design in actual use.
This will help you to determine if your design is providing more real-world performance than is
actually required, or not enough. Monitoring of packaging performance on an ongoing basis can also
help determine if further economies can be achieved without sacrificing protection. ? 99 ?
?} "9 i EOHE BEff 2 29 L2 € i £3
732°2 C ? B9 & uig o3 2 ff MR £ 2 %@
£f FRERE 1 2 +3[ 5 frr Xd 2 33 SHEAE {4872 5D €€
TEERE?> 2" qdde roxH2l P d @ r SR 2 A %@ 9
T € n ?27d d e r flororl@@ | b te e pop @
€ “28n.p €T I 5B R ke @2 4 2@ |k e
B 2y @t 20 e R 2l@, EIEHm 6 22 2 2 9p psgimedier fifk?
2 0 C ? EB 2 @ C 2 €E?B 2C PE?F?G 1 QS 2T QUVoW?X o 9
HleOO€e € € € € € @71 € B C € € "7 B gg?
0 C ? B 2 @ s 9D ? 2 %%F Mmool 28] 0-@ 0r|exIe 2 2 ?
i @244 2 22 2 EYIUSERdk Y B3MfHr hiRTh 2 9 ? 2 @2  €8L??
? 2 ° rroma@IT2040%€ MM N ) 28USERdk Y BRIMHCME, g7h L (F L {N K
,(# ad UI9 o gddlE] 0@ 0r|€ER P28 o B M € 20 e N 240
* ?°? PED 2 @ | €107 2 8 1 qA0#" M 02e 270 N AR %9
? 7 T 9 @ Wrle 22 2 2 2 2 rromE# M o Le 2T AN R
*? ? ? 21 2@ 2707 | QM2 EEh? 2 1? FAE MEOME EfE 2 29
~ PPT10?i? 22€4i+vD? 2 9 11=7@ (B? + 2 Radial ?  ? € t il 4
D 2 2 2 9 ? ¥ r ?H X 20D ?2? 7?99 °H X weolp 9 € A HE?
?2p @A X 644?10 C ? w1 XD wOeh#Ry a0
MO Lot 420 0 2 %212 0 C ? 8B 2D C °? € B ?C ?E?F?
G T QS 2T 2UVoW?X 2 9 O le01€€ € € € € € @17 € B C
€ € "dmh 2 a0 C ? WB 2 D s 9D 2 2
a2 d2op 2 2 $ ° ? 0 %§] %eD ? €412 N2y 29
? Y -21USERdk Y PHMfHr hiG7h 2 @ g1 2 2 efED D o AN 47x 209
2?2 @kY|7-USERdk Y #ffHroR hify7h 2 2 J%I ?D°?  etHFHMOW L r
BRI AVEANEE VA s —7ﬁ4{7‘75‘|°r°§ B0k Pl BBl 2D 2 €D 0 @ BT
2c 29?2 29 2 @k B Y2 BEEEl 2D 2 €ERR”PEM D [ 0#" 24
? 27 ? ﬁE?JJ?q*?TmU MoUrrBH 821 2D 22 2 2H?EEh? Lot 2 i
&M BEFFE 28 20?2  PPTI0? 2 29€iioo0 2 € NHEr Q2L P2 27 283 ] 240
c ? €4 2 rrrleD ?22p vy P09 99 il 2 qc 2 € Wr D 2p 22 22 ?
29 izl 2/ 2707 |Q2A6?#EN? Lot 2 CEERYIIMEAEN?8 202  PPT10? 2 Vd? ;Jfne
$1121r AE NHfEO 2 L ° 2 92 9L ] ML S €E??r @4 2 9?2 2
29 LD 2L S 2 €fI??7r rrrie@i77€  NMQrAMY 2 AHfR] 2L 29 2 2Hf?%ER? ol
? Wi EOME BICET 28 202  PPT10? 2 WA?E%0$1121r A€ NAEr@Q2LP ?
2 2 2P il 1P S 2 €20 @4 2 22 2 22 @l 2P S 2 €e19?
rrrie@177€ WM ANE 2 BAHERT 2P 22 2 PHii?EER? Lot Wi fEoME p
£ff 28 202  PPT10? 2 WA?BAMEO2$-21: A€ NotEP 2 T 2 2 92 9 Bl M7
S? €627 rrre@{4 20 92 20 99 B 2L S 2 €277 rrrle@i”e M AMY 2 BH R
12T 22 2 2Hfi?EN? L2t 2 i FEOME REEEE 28 202 PPT10? 2 Wd?0 Fie
$111r AE NHfE S Q2L 9 2 2 X ] MX S ? €E?? @4 2 22 2
29 Bl 27X S 2 €4F??  rrrle@f7€ MM AN 2 BHERD 2K 22 2 2Mi?FER? Lo
? i R BEFFf 28 20?2  PPT10? 2 Wd? ak??$ 2 € Natlmp 2
N\ ° 2 2 2\ Bl WS 2 € 2?2 rrrb@f{a 2 22 2 29 B 2B 1S 2 €272
rrrie@477€ W ANY 2 AHERT 2 °W 2907 |Q2A A hY ot 2 HE fE M p
fff 28 202  PPT10? 2 Wd? 9999 © € F 2 € 2 CULWEIH 2 7 7 BEHERD 1 9S 2 €
h??  rrr-@f4 2 929 2 29 Rl 28 S 2 € rrrle@t7d % MW ANE 7 JP IR Y A%
0H €2 m‘ﬂu‘?u‘ﬂr?rc D 2229 294492 15-25 ¢'s  JED 2|0 EDYet o oEte @ Lo 0fowe??
C 2?2 22540 ¢'s Al = BIEFN 028 Br0Fe%k 2 22 2 40-60 g s?
J&] 2¢° FEDYE€?7 1 0RH?R Bnq0FPF x 20— w2700? 85-115 ¢'s  E] 0 AR el
? ??7 A& % 2 22 26085 g's ] 2 WO'EM 110247 @ Bnq01e?
F 2?2 22 2 115 ¢ s and up %] 2 2202[Q2A624E0? 1 H e A e R



fff 2?8 20?2  PPT10? ? Xd?HE2?$1121r A€ NhHfE@2td 2 ? 2?2 ] 79d S ?
€H?? @4 2 22 2 99 @l 2t S 2 €277r rrrle@f2%€ MMM ANE 2 AP R 2
d 22 2 2Mli?FEh? L2t 2 il M BEFFf 28 20?2  PPT10? 2 Ydo#fsy 2
$ 2 € Nh &g a2t 9 2 2 2 Bl 11 S ? @A @4 2 99
Yy 99 1 2L S 2 €€ rrrle@i2%&Y 2 29 Yy 99 G721 201 22 2 2Hfi?FER?
oot 12 A 1 OME BEFFf 28 202  PPTI0? 2 Yd?0 ?$121r A€ N4 i 207
p 2 2 2?2 il Mp S ? €OR?r @4 2 22 Y 99 @l 2 S €
Y 2 rrrle@tne  w@AY 99 #8721 2 22 2 2ffi?FER? 2t 2 i &
M BEFEE 28 202  PPT10? 2 VA?Wg4H©o$121: A€ NhfE a2t 2 0 9 9t iy °
t S ? €77 @4 2 2 2 29 il 2 S 2 €EE??r rrrie@f7€ MM AN 79
B 20t 22 2 HiioZER? o i OME BECer 28 202 PPT10? 2 7Zd?
ERERINM 2 € 9 22?2 xR % il xS ? €filq ? @24 2 29
q 29 2 292 x yHAM|HA -2 ? 71?7 M€Ee @i ?
http://www. dow. com/perffoam/images/figl. gifcushioning curve graph 72?2?9972 29 q 2l 2
x ? € Eq70m2 8 BB A?7% fi#24d2ADetermining Cushion Thickness 24” drop height, 2-5
drop average ? B ? %] 2rx 22 ?  QHf?Eh? o i PO BEffr ?
8 20? _ PPT10? 2 7d?? 129921, !l € W L€ I 1 %€ Bl € S 2 ek
rrr@b4 2 22 2 29 2 292 €yl A B2 ? 70?7 n€ee @Ro?
http://www. dow. com/perffoam/images/fig2. gifcushion thickness graph 7?? ?z 22?2 292 ? ? ?
€ M emuq,7emtr @ 8qqe2?2' s IR LT{?“?C Determining Static Loading Range 24” drop
height, 2-5 drop average? D c ? C %] ?2r€ 2707 |Q7A02%7EN? Lok 2 i
& ME BECEE 928 20?2 PPT10? 2 7Zd? HE???q?Tr I € C ? ? W2 24 2B 7
S ? €L}?? @4 2 22 2 99 2 29 P |PA EH- 9 ? 27 ¢
- €€€ @N62http://www. dow. com/perffoam/images/fig3. gifstatic loading range graph 72?2 2{ 2 2
20 2 D - BOVEHE? 00?8 @0t 2 2 ?7-Figure 15.1 Typical dynamic
cushioning curve 2. . %] 20 2707 |Q2nh?7Eh? L ot+42 THE OE A
fff 28 202  PPTI0? ? ZA?RMEN?$1121r A€ PhE @@ aEr 7 PP 1S 2 €Y,
rrr@H4 2 22 2 22 @Rl 2L S 2 € WML rrrle@f7%€ @AM 770 Y fRT 7 2907 (0?
fifi 2% h? At obr? i W& M HEFFE 28 202 PPT10? 2 ZA?LEN?$121r A€
AntHP 2 ? 02 2 2 @l M aS? €FVr @4 ? 22 2 22 @] ?b4S @
€ 270 rrrie@17%€ M@ ANE 2 JH R 2 ‘7’70‘?|D‘?Efﬁ‘?$h9 1o e e A 1 ME
PREFE 28 202  PPT10? 2 Zd?€ 12§21 ﬁ€ PR E 2 1 PPHEL 7 aS 2 €
B2 rrr@Pa 2 22 2 22 Bl 2L 4S 2 € rrrle@i€ W70 AN 27 gYfRD 7 2282
? [li?7Eh? R FAE M BIfff 98 20?2  PPT10? 2 [d2JWl 2§ 2
€ NofEmp 2 ? 2 2 9 BRl 79 1S 2 €921 rrrl@f4 2 22 2 29 il 2
S ? EDF?r rrrle@2%€  MMAN 2 AHART ?r 2207|Q2M?%ER? 1o e A fAE
fE ME AEFEf 28 20?2  PPT10? 2 [d?p *8 2§ ° € NafEe  2LBeL23¢ 2 4 2K Bh
1 794S 2 € BO?r rrr@f4 2 22 2 29 il 284S 2 €527 rrrie@f27€ MM AM 22
B2 21 2707 |@2h?EER? oA A 1 ME BEFFF 28 202  PPT10? 2 [d?
L 2% @2 € A 222 e 2 29 210 AL 4 1S 2 €2x 2 @4 2 99
X 29 il 2L 9S 2 €2x ?  rrrle@f2%€ MM Ax  ?? %] 20 2708?1022 EER? Lo
? A WORE BECEr 28 202  PPT10? 2 [d20yiE2$121r A€ N i 207 LBk
?2 2?2 2 Bl 77 9S 2 €2x ?  rrre@b{4 2 27 x 29 il 2L 4SS 2 €72x 2
rrle@ie  WOMWAx 22 W] ?r 20wz ot £ BEOHE
fff 28 20?  PPT10? 2 [d?fN02121: A€ m@ﬁwc‘ﬂmt P2 7 2B 4 4SS 2 €2x 2
rrrlb@b4 2 22 x 29 il 2L 9S 2 €2x ?  rrrle@f2%€  MTAx  ?? LA
0 €2x 2?29 L1022t Vo fif?449 Figure 15.2 Buckling coefficients for ETHAFOAM?
// f%] 20 2787 |Q7fl?#ER? L2t 2 AR & OME FEIEff 28 202 PPT10? °
[d?PN 292? ? € a il BBEE 2 7 21HBRT 7 1S 2 €20 @4 2 22 2
29 g2 > 270 A Er 0 ? 71?7 r n€EE @IRZ?
http://www. dow. com/perffoam/images/figh. gifbuckling coefficients for ETHAFOAM 220 graph 7?2 2 2
\ ?? ?  yHl ? BrHEZEZ ? 2 29 Arn042? 122 1774 2ABuckling Coefficients
for ETHAFOAM 220 at Various Static Loadings? BB %l 2r ??D‘?ID?EFH‘?”H‘Eh? o f
Hi & M BECer 28 202  PPT10? 2 [d?°999  ° € | B 68 Lon- et ko B 2 29 2|3 fill
179 19S? €f&x ?2 rrr—@{4 2 22 x 29 2 X 70| -2 ? 277 r



1 €€€ @x ?http://www. dow. com/perffoam/images/figh. gifbuckling coefficients for ETHAFOAM select
graph 799 29992 99 X il e HBIHE\FEH—1270mH2 8 B 029 22 fig?14 2DBuckling
Coefficients for ETHAFOAM Select at Various Static Loadings?&E + fiZl 20 2907 |Q2MI?EEn?
Lot 2 i 1 OHE BEFFf 28 202  PPTI0? 2 \d?€k: {27121r !l € m 7
Ligod Ui E 2 29 21H ] 29 1S 2 € Ax 2 @4 2 22 x99 2 2 o 0 |l H
-r? ? 21?7 n€EE @fx\?http://www. dow. com/perffoam/images/fig6. gifbuckling
coefficients for ETHAFOAM nova graph “?? 2 ? 29 X JE] - ZIetMx ? 0?9
? M 0F2?28 2 §#2119CBuckling Coefficients for ETHAFOAM Nova at Various Static Loadings ?
DB fiZ] 2 2707 |Q?fh?EEh? Lt 2 HE K M MEfff 28 202 PPT10? °
\d??? 2§ 9 € WHEE LMK 3E 2 1 2B 1 S 2 €Ex 2 @4 2 99
x 9?9 fLl 2L 9S 2 €Hx 2?2 rrrie@i””€e  M?7MAx 29 %] 2 2087|072 #Eh?
o R A fEOME BEFFE 928 202  PPT10? 2 \d?0EE272$421r A€ NHEEO 2
? o 9 9 L 7 1S 2?2 €efEx 2 @4 2 22 ox 29 @l 2L 4S 2 €tjx 2
rrrle@f7%€ MWW hx 29 #7120 2707 |@2fN%Eh oL i M
BEfEf 28 202  PPT10? 2 1d?fii2$121r A€ NHEE r@EL Y 3H 2 4 2B 1 1S 2 €4F
X 2 @4 2 92 x99 @] 2L 1S 2 €#ix 2  rrrie@f7€  M?MWAx 29 i
1 20 2907|2602 #Eh? Lot 2 A 1 ME BEFFF 28 202  PPT10? 2 1d2fi>2 2
$ 2 € NqEEP 2 ? 2 2 9 #l 7 9S 2 €efix 2 @4 20 29
X 29 il 2L 9S 2 €t rrrle@f2%€ MM Ax  ?? %] 20 2708?1022 EER? Lo
? A5 R BEFEf 28 202  PPT10? 2 Jd2RUE$121r A€ Nh fE 12tk
?2 2?2 2 ALl 77 9S 2 €fiix ? @4 2 2?2 x 29 il 2L 4S 2 €#x ?
rrrle@477%€ WM rhx 2° %] 20 278?|07f?#Eh? oLt Tl o o
fff 28 20?2  PPT10? 2 “d?MRE2$121r A€ NhfEm 2 ? 2 2 9 il 727 1S 2
€pGx ? rr-@P4 2 922 x99 @l 2L 1S 2 € W2 - rrrie@f27%€ MM Ax 29
%1 21 2702 |Q2M27Eh? oL 2 i M BEfff 28 20?2  PPT10? 2 ~d?P?
{2 ? € z grte  HLBHor 2 2B 7 1S 2 €E?r @24 2 29
x 22 k2 A [A B2 ? 2707 r mE€EE  OfRT?
http://www. dow. com/perffoam/images/fig7. giftypical vibrational response of a package ”?? 9???F ?
29 X ? ?  FHe B 27028 BnF2??29% B211926Figure 15.3 Typical

vibrational response of a package ? 75 ? fiZl 20 2907 |Q2M?EER? L ot-H42
£ fE ME EEfEf 28 202 PPT10? 2 “d2KN??%1421r € peosl i oVl v EVAS AV By o
1 7919S ? €DPx ? @4 2 92 x 29 e X oA (A -2 ? 7?7 1

1 €€€E @RX?http://www. dow. com/perffoam/images/fig8. gifvibration response of a cushioning
material 7?97 2z 292 99 X ? 2 #wHeeE/H 12707 @ AnaOFLAR B B2

Figure 15.4 Vibrational response of a cushioning material ?$< 9 29 $ %l 20 2707|Q7hnoRE
h? ot ot-+2 i W OME BEFFE 28 202  PPTI0? 2 ~do@?9?§ 2 € 74
202 LSl g 2 29 2P ERD 4 1S 2 €Y 2 @4 2 22 x 29 figl 2Lqs 2 € v ?
rrrle@122€¢  MTAY 29 #8721 20 2702 |21 2%ER? oL oL 142 A5 & AE
Bieer 98 202  PPT10? ? “d2UiiR$121r A€ Nh 8 2022 3H 2 1 20 BRT 7 1S 2 €PzEe
rrr@P2{ 904028 x 29 @l 2L 9S 2 €$F?r  rrrle@fe  M?7TFx 29 gl 2r 27
? 2 fl?#h? L ot-+42 i &M BEFFf 28 202  PPT10? 2 “doMkdrr 1ZFE
Iy EERvRx 2 R E S 8d5$  +Wist  Jle3+$8=1 BN FEWENTR 2L 2 L & (€ (2 (€ 27€ D /2 0?2 °?

! 92 9 fEBfkE LW su FACULTY OF DESIGNi #frttg#tilla % Arial “KR4AfTimes New Roman
Wingdings Arial Black {keRadial Lesson 15 Introduction Introduction Introduction
Introduction& Step 1 Determine Product Fragility& Step 1 Determine Product Fragility& Step 1
Determine Product Fragility Step 2 Determine Conditions Step 2 Determine Conditions( Step 3
Calculate Cushion Requirements( Step 3 Calculate Cushion Requirements( Step 3 Calculate Cushion
Requirements( Step 3 Calculate Cushion Requirements( Step 3 Calculate Cushion Requirements( Step 3
Calculate Cushion Requirements( Step 3 Calculate Cushion Requirements( Step 3 Calculate Cushion
Requirements( Step 3 Calculate Cushion Requirements) Step 4 Recognizing Design Constraints( Step 4
Recognizing Design Constraints( Step 4 Recognizing Design Constraints( Step 4 Recognizing Design
Constraints( Step 4 Recognizing Design Constraints( Step 4 Recognizing Design Constraints( Step 4
Recognizing Design Constraints( Step 4 Recognizing Design Constraints$ Step 5 Design Prototypes and
Test$ Step 6 Consider Vibration Effects$ Step 6 Consider Vibration Effects$ Step 6 Consider
Vibration Effects$ Step 6 Consider Vibration Effects$ Step 6 Consider Vibration Effects$ Step 6



Consider Vibration EffectsG Step 7 Monitor Performance If it works, question it EH B4k Al

TR SCRS VB L A K0T P FR2LfREE21 2 LTOAD TOAD A L#L (8 @ PID HLINKS ©

A +../jiaoxueluxiang/flash/15-1 five step.exe ??2? RAK[ 00?2 7 2D@LSOalBlacEi !

Nt+8? 2 20 8?2z[ 00? ?DTimes New Roman8? ? 20 8?z[ 00? 0?DWingdingsRoman8? ? 2?0 8?z[ 00?
@?DArial Blackman8? ? 20 8?z[ 00? ”“P?D##SOal Blackman8? ? 20 8?z[ 00? ? €@? Q.07 &0 @7

n ?"d de Il orrl@@ e € Nl i >%eq1) 1 e ot ¢ IHPLHHAN
TS % & () F o+, 0 2345678 : <= 92b9o

HEQ Ab#?t?” ?2rb 2 M M O [I%?- BE2b 2 APhiffid\172?bE MEb 2 22viEISqiEE]}?E4 b 2
JEHBLL AL ?2¢Gb 2 S WSt WA?E 16 T b ? PERVEOXIEEL 7 Y8 r 29020+ (O

g O0q,0@A20,01v?8? €94 € 2y FRMETE 225, - 2g?  24KdKd P?z[ OBk 2
Mp? p p? @ ? __ _PPT9? 2 ? A2 11 —? Lesson 152 ?  ?zSeven Steps for
Cushioned Package Development , {15%% ! B |SHAE  Wekift 2.00r. A A r(2.r A 295 77242
Introduction? ( ? ?1 Packaging can be unnecessarily expensive in a couple of ways: 1.

Inadequate design results in shipment damage 2. Over—design or poor design (more protection than is
required or materials being incorrectly used ) results in excessive material cost. The procedure can

be broken down into seven basic steps. ?@> : ? ? ? Introduction?
(2 221 Determine Product Fragility Determine the amount of mechanical shock the product can
survive on its own by evaluating fragility or g-factor . 2. Determine Conditions Consider

the handling and transportation environment the product will face and establish the amount of shock
the product may encounter ( drop height ). 3. Calculate Cushion Requirements Use dynamic
cushioning curves to determine thickness, static loading and bearing area. 99
7 7 Z $ 7 ?$ ? ? 9

Introduction? ( ? ??4. Recognizing Design Constraints Check for important problems
including compressive creep, cushion buckling and extreme temperature effects. 5. Design Prototypes
and Test Build a prototype and determine its actual performance. 6. Consider Vibration Effects
Determine the natural frequency of any component which is prone to vibration damage, and compare it
against the vibration characteristics of your package design. ?r? 7 7% 0

? ? ? Introduction? (2 ??27. Monitor Performance Monltor the
performance of your design to determine when internal changes in the design might alter the
requirements for package performance. ( Another way for cushion design: Five steps for package

cushion design ) =;u ?F ” ? ? 9 U o0? ? ? 2% Step
1 Determine Product Fragility?”& $% 7 9 92?9 Fragility is normally expressed in units of
g s and indicates the maximum deceleration the product can withstand without being damaged. The
more fragile a product is, the lower its g—factor  Table 15.1 . 2(m1rm 1?4 ? ?

?% Step 1 Determine Product Fragility? && 7?2  9?2?Table 15.1 Approximate fragility of typical
packaged Articles Extremely Fragile Aircraft altimeters, gyroscopes, items with delicate mechanical
alignments Very Delicate Medical diagnostic apparatus, X-ray equipment Delicate Display terminals,
printers, test instruments, hard disk drives Moderately Delicate Stereos and television receivers,
floppy disk drives Moderately Rugged Major appliances, furniture Rugged Table saws, sewing machines,
machine tools?? P>

} g ? ? 2% Step 1 Determine
Product Fragility? && 7 2 9?2R The highest deceleration, which did not cause damage, is then
known to be the product s g—-factor. It may be necessary to determine fragility levels for a
product in various orientations. If the g—factor is estimated too high, and the product is unable to
survive as much shock as anticipated, the packaging will be underdesigned and significant shipping
damage is likely to occur. If the g—factor is estimated too low, and the product can actually
withstand more shock than anticipated, the packaging will be overdesigned and unnecessarily

expensive. ? * 7% ? < ? ? ? Step 2 Determine Conditions? (2 °
Drop heights are generally established by the product’s weight, which usually reflect how the
product will be handled(Table 15.2). ? ?$ n ? ? ? Step 2 Determine Conditions?

(2 °?? Table 15.2 Typical drop heights Weight Range Type of Handling Drop Height Gross
Weight in lbs. in inches 0-10 1 person throwing 42 10-20 1 person carrying 36 20-50 1 person
carrying 30 50-100 2 person carrying 24 100-250 Light equipment 18 250+ Heavy equipment handling 12+
Note: Palletized products may receive drops of up to six inches. ?p? P6 ?
? ? ?° Step 3 Calculate Cushion Requirements?” (
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$ (2. ? ? ? Introduction? ( 2 ?1 Packaging can be
unnecessarlly expensive in a couple of ways: 1. Inadequate design results in shipment damage 2.
Over—design or poor design (more protection than is required or materials being incorrectly used )
results in excessive material cost. The procedure can be broken down into seven basic steps. ?

@ : ? ? ? Introduction? (2 221 Determine Product Fragility
Determlne the amount of mechanical shock the product can survive on its own by evaluating
fragility or g—factor . 2. Determine Conditions Consider the handling and transportation

environment the product will face and establish the amount of shock the product may encounter (
drop height ). 3. Calculate Cushion Requirements Use dynamic cushioning curves to determine
thickness, static loading and bearing area. ?°?

7 7 Z $ Z 28 ?? ? 9
Introduction? ( ? ??4. Recognizing Design Constraints Check for important problems
including compressive creep, cushion buckling and extreme temperature effects. 5. Design Prototypes
and Test Build a prototype and determine its actual performance. 6. Consider Vibration Effects
Determine the natural frequency of any component which is prone to vibration damage, and compare it
against the vibration characteristics of your package design. ?r? Z /# o ;

? ? ? Introduction? ( 2 ?7. Monitor Performance Monitor the
performance of your design to determine when internal changes in the design might alter the
requirements for package performance. ?B ? ? ? ?% Step 1
Determine Product Fragility?”& $% 7?2 9?29 Fragility is normally expressed in units of
g s and indicates the maximum deceleration the product can withstand without being damaged. The
more fragile a product is, the lower its g—factor  Table 15.1 . 2(11r+ 1?4 ? ?

?% Step 1 Determine Product Fragility? && 7 9  9?Table 15.1 Approximate fragility of typical
packaged Articles Extremely Fragile Aircraft altimeters, gyroscopes, items with delicate mechanical
alignments Very Delicate Medical diagnostic apparatus, X-ray equipment Delicate Display terminals,
printers, test instruments, hard disk drives Moderately Delicate Stereos and television receivers,
floppy disk drives Moderately Rugged Major appliances, furniture Rugged Table saws, sewing machines,
machine tools?? P>

} g ? ? ?% Step 1 Determine
Product Fragility? && ” 2?2 9R The highest deceleration, which did not cause damage, is then
known to be the product s g—factor. It may be necessary to determine fragility levels for a
product in various orientations. If the g—factor is estimated too high, and the product is unable to
survive as much shock as anticipated, the packaging will be underdesigned and significant shipping
damage is likely to occur. If the g—factor is estimated too low, and the product can actually
withstand more shock than anticipated, the packaging will be overdesigned and unnecessarily

expensive. ? * 7% ?,< ? ? ? Step 2 Determine Conditions? (2 °
Drop heights are generally established by the product’s weight, which usually reflect how the
product will be handled(Table 15.2). 2§ ?$ n ? ? ? Step 2 Determine Conditions?

(2 ?9? Table 15.2 Typical drop heights Weight Range Type of Handling Drop Height Gross
Weight in lbs. in inches 0-10 1 person throwing 42 10-20 1 person carrying 36 20-50 1 person
carrying 30 50-100 2 person carrying 24 100-250 Light equipment 18 250+ Heavy equipment handling 12+



Note: Palletized products may receive drops of up to six inches. ?p? P6 ?
: ? ? 2 Step 3 Calculate Cushion Requirements?” ( ’ ?

?  To determine the amount of functional cushioning material which will provide adequate
protection for the packaged item. By functional cushioning material, we mean that portion of the
design which directly supports the load and functions to absorb shock during impacts.? ?

? ?° Step 3 Calculate Cushion Requirements? (( ? ? 2 Step 3 Calculate
Cushion Requirements? (( ? ? 27 Step 3 Calculate Cushion Requirements? (( ?

? ? Step 3 Calculate Cushion Requirements? (( ? ?G Using Dynamic Cushioning
Curves (Figure 15.1) An Overview Curves are generated by dropping a series of known weights onto a
cushion sample from a specified height and measuring the amount of shock experienced by the weights
as they impact the foam. In simple terms, this testing represents a product dropping on a cushion
from a height likely to be encountered during shipment. The horizontal axis represents a range of
static loadings that packaged items might apply to the cushioning material. The vertical axis
represents the shock experienced as the cushion is impacted. ?F; p p ?

? ?° Step 3 Calculate Cushion Requirements? (( ?  ??Curves are often presented for
both first impact and multiple impact (average of drops 2-5) data. An Example [Given] An object to
be packaged is a 10-inch cube weighing 60 pounds with a fragility of 50 g’ s. [Solution] 1. Since a
product typically faces repeated impacts during shipment, you will probably wish to use multiple-
impact data. 2.The typical drop height for a product of this weight may be estimated from the chart
below as 24 inches. ?Tc P Po P Pb f ? ? 2 Step 3 Calculate Cushion
Requirements? (( ? ?€ 3. Obtain the cushioning curves for the cushioning material you
wish to use. Locate curves that represent multiple impact data from a drop height of 24 inches. 4.
Determining Thickness locate our product’s fragility level (50 g’ s) on the vertical axis of the
figure, and draw an imaginary horizontal line across the chart at this level. This separates the
chart into two sections: our fragility line and lower, where the packaged item will be able to
survive the anticipated shock level, and the section above our line where the shock levels are high
enough to damage the product ?P 7?7 ? ? 2 Step 3 Calculate
Cushion Requirements? (( ? 92U choose a thickness of 2 inches for the thinnest cushion
thickness. 5. Determining Static Loading and Bearing Area The useable part of the curve is bounded
by a static loading of 0.3 psi at the low end, and 1.4 psi at the high end. This tells us that, with
a 2-inch cushion, we can apply a static loading anywhere within this “cushioning range” and still
protect to 50 g’ s or lower. The highest static loading value within the cushioning range will result
in the most economical design because it will use less cushioning material to provide adequate
protection, thus lowering design costs. ?FD 74 7?2 Iv ? 9 {2 ?
Step 3 Calculate Cushion Requirements? (( ?  ?29The cushion bearing area is easily calculated
as the product weight divided by our chosen static loading. a) 60 / 0.3 = 200 square inches of foam
b) 60 /1.4 = 43 square inches of foam (This is a 78.5% reduction in cushioning material) Designing
to the minimum thickness is the general practice. By repeating this procedure with several
materials, you can quickly generate comparisons, which will allow you to strike an economical
balance between material cost and package size. ?0k Z 7z 7?7 9 ? ?( Step 4 Recognizing
Design Constraints?”) & ? ?Y 1. Consider Compressive Creep Compressive creep is the
gradual loss of thickness a material may experience if placed under a constant load for an extended
period of time. Significant compressive creep will result in the packaged product loosening in the
cushion and becoming vulnerable to excessive movement inside the package during
shipment. ?: : 9 ? ? ?° Step 4 Recognizing Design Constraints? (( ? 99
As a general rule, creep of 10% is recognized as a practical upper limit. In some cases creep losses
of over 10% in thickness have been shown to result in a significant loss of cushion performance.
Should it be found that creep in excess of 10% is anticipated, designers should recalculate the
functional foam requirement using a lower static—loading figure. Spreading the loading over a larger
area will reduce compressive creep. ? ? Z? °? ? 27 Step 4 Recognizing Design Constraints?

(( ?  ?9Buckling is the non—uniform compression of a cushion. When buckling occurs, the

energy of the impact is not transferred evenly throughout the cushion and more shock is transferred
to the package contents. Buckling usually occurs when the cushions become too tall and thin. Figure
15. 2 provides width—to—thickness coefficients for different static loading values and enable the
designer to check for buckling potential. ? ? Z? ? ? ? Step 4 Recognizing Design
Constraints? (( ? ? ?° Step 4 Recognizing Design Constraints? (( ? ?
Step 4 Recognizing Design Constraints? (( ? ? 27 Step 4 Recognizing Design Constraints?



(( ?  9??Fxample: Let’s assume you plan to use a 3—-inch thick pad of ETHAFOAM 220 to cushion
a side of your product, which presents a static load of 1.0 psi. In this case, the coefficient is
0.7. Using the formula T x W/T = W, you can now find the minimum width: 3”x 0.7 = 2.1”. Your cushion
must be at least 2.1 inches wide or long to resist buckling. 3. Consider Extreme Temperature
Effects ?47Z ) Y ( ? ? ? 2 Step 4 Recognizing Design Constraints?

(( ? 2R As with all thermoplastic foams, when they are exposed to extremely high or low
temperatures over a considerable length of time, they may be affected. The materials become stiffer
at low temperatures and increasingly softer at higher temperatures. In extreme cases, it may become
necessary to compensate for these effects in your design.? S  ZS ? ? ?2# Step 5 Design
Prototypes and Test?”$ S # ? ?FEach packaging design must be developed separately, given
the large number of variables involved. It is highly recommended that you build and test a prototype
of your cushion design to determine its actual performance. ¢ ? ? ?# Step 6 Consider
Vibration Effects?”$ &t § 2 ? Table 15.3 Typical forcing frequencies of carriers
Carrier Frequency Range Conditions Railroad 2 — 7 Hz (suspension) Moving freight car 50 — 70 Hz
(structural) Truck 2 - 7 Hz (suspension) Normal highway travel 15 — 20 Hz (tires) 50 — 70 Hz
(structural) Aircraft 2 — 10 Hz (propeller) On aircraft floor during flight 100 200 Hz (jet)
Ships 11 Hz (on deck) Vibrations caused by 100 Hz (bulkheads) interference to the flow of water by

the ship, and from imbalance and misalignment of the propeller shaft system. ?3 p?
P2 7 h S ? ! ?
?# Step 6 Consider Vibration Effects? $$ $ 2 ?j Every mode of transport subjects the

packages being shipped to some amount of vibration at various frequencies. In order to provide
products which are prone to vibration damage with protection against such effects, it is essential
to determine the natural frequency of any component which is prone to vibration damage, and compare
it against the vibration characteristics of your package design. Every cushioning system has a range
of vibrational frequencies in which it amplifies vibration and passes on a more severe vibration to
the packaged product than it receives from the transport environment (Figure 15.3). ? k Pk ?

? ? 7 ? ?# Step 6 Consider Vibration Effects? $$ $ 2 2] For most vibration—sensitive
products, making sure that the package design does not amplify vibration in the product’ s natural
frequency and is enough to prevent vibrational damage from occurring during shipment. For severely
vibration—sensitive products, it may be necessary for the package design to actually attenuate the
frequencies of concern.? =~ \ ? ?# ? ?# Step 6 Consider Vibration Effects? $$ e

$ ! ? ?# Step 6 Consider Vibration Effects? $$ $?2 % 7 ? ?# Step 6 Consider Vibration
Effects? $$ $§ ? 2F Material response is often given in diagrams similar to Figure 15.4, which
represent performance for a given thickness of material. Note that for any frequency, one can
estimate whether the package will perform in direct coupling, amplification, or attenuation mode as
a function of the static loading applied to the cushion. ? G ZG ? & # ? 9F Step 7 Monitor
Performance If it works, question it? GG ?  ?29There are many assumptions that went into your
design development. It is a good practice to monitor the performance of your design in actual use.
This will help you to determine if your design is providing more real-world performance than is
actually required, or not enough. Monitoring of packaging performance on an ongoing basis can also

help determine if further economies can be achieved without sacrificing protection. ? ?° ?
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H ’ ? ?2 To determine the amount of functional cushioning

material which will provide adequate protection for the packaged item. By functional cushioning
material, we mean that portion of the design which directly supports the load and functions to

absorb shock during impacts. ? ? ? 92 Step 3 Calculate Cushion Requirements?
(( ? ? 2 Step 3 Calculate Cushion Requirements? (( ? ? 92 Step 3
Calculate Cushion Requirements? (( ? ? ?° Step 3 Calculate Cushion Requirements?
(( ? ?G Using Dynamic Cushioning Curves (Figure 15.1) An Overview Curves are generated by

dropping a series of known weights onto a cushion sample from a specified height and measuring the
amount of shock experienced by the weights as they impact the foam. In simple terms, this testing
represents a product dropping on a cushion from a height likely to be encountered during shipment.
The horizontal axis represents a range of static loadings that packaged items might apply to the
cushioning material. The vertical axis represents the shock experienced as the cushion is
impacted. 9?F; P P ? ? 27 Step 3 Calculate Cushion Requirements?
(( ?  ?2?Curves are often presented for both first impact and multiple impact (average of
drops 2-5) data. An Example [Given] An object to be packaged is a 10-inch cube weighing 60 pounds
with a fragility of 50 g’ s. [Solution] 1. Since a product typically faces repeated impacts during
shipment, you will probably wish to use multiple—impact data. 2.The typical drop height for a
product of this weight may be estimated from the chart below as 24 inches. ?Tc P Po P Pb
f ? ? ?° Step 3 Calculate Cushion Requirements? (( ? ?€ 3. Obtain the
cushioning curves for the cushioning material you wish to use. Locate curves that represent multiple
impact data from a drop height of 24 inches. 4. Determining Thickness locate our product’s fragility
level (50 g’s) on the vertical axis of the figure, and draw an imaginary horizontal line across the
chart at this level. This separates the chart into two sections: our fragility line and lower, where
the packaged item will be able to survive the anticipated shock level, and the section above our
line where the shock levels are high enough to damage the product ?P 7°?
Z ? ? ?° Step 3 Calculate Cushion Requirements? (( ? 9
U choose a thickness of 2 inches for the thinnest cushion thickness. 5. Determining Static Loading
and Bearing Area The useable part of the curve is bounded by a static loading of 0.3 psi at the low
end, and 1.4 psi at the high end. This tells us that, with a 2-inch cushion, we can apply a static
loading anywhere within this “cushioning range” and still protect to 50 g’ s or lower. The highest
static loading value within the cushioning range will result in the most economical design because
it will use less cushioning material to provide adequate protection, thus lowering design costs. ?
FD 74 7?2 Iv ? 92 {2 ? 92 Step 3 Calculate Cushion Requirements?
(( ?  ?29The cushion bearing area is easily calculated as the product weight divided by our
chosen static loading. a) 60 / 0.3 = 200 square inches of foam b) 60 /1.4 = 43 square inches of foam
(This is a 78.5% reduction in cushioning material) Designing to the minimum thickness is the general
practice. By repeating this procedure with several materials, you can quickly generate comparisons,
which will allow you to strike an economical balance between material cost and package size. ¢
0k Z 7 7?2 2 ? ?2( Step 4 Recognizing Design Constraints?”) & ? 2y 1.
Consider Compressive Creep Compressive creep is the gradual loss of thickness a material may
experience if placed under a constant load for an extended period of time. Significant compressive
creep will result in the packaged product loosening in the cushion and becoming vulnerable to
excessive movement inside the package during shipment. ?: : 9 ? ? 2 Step 4
Recognizing Design Constraints? (( ?  9?9As a general rule, creep of 10% is recognized as a
practical upper limit. In some cases creep losses of over 10% in thickness have been shown to result
in a significant loss of cushion performance. Should it be found that creep in excess of 10% is
anticipated, designers should recalculate the functional foam requirement using a lower static—
loading figure. Spreading the loading over a larger area will reduce compressive creep. ? ? Z? ?
? 2 Step 4 Recognizing Design Constraints? (( ?  ??Buckling is the non-uniform
compression of a cushion. When buckling occurs, the energy of the impact is not transferred evenly



throughout the cushion and more shock is transferred to the package contents. Buckling usually

e too tall and thin. Figure 15.2 provides width—to—
thickness coefficients for different static loading values and enable the designer to check for

buckling potential. ? ? Z7Z? ? ? 92 Step 4 Recognizing Design Constraints? (( ?
? 2 Step 4 Recognizing Design Constraints? (( ? ? ?° Step 4 Recognizing
Design Constraints? (( ? ? ?° Step 4 Recognizing Design Constraints? (( ? 29

Example: Let’s assume you plan to use a 3-inch thick pad of ETHAFOAM 220 to cushion a side of your
product, which presents a static load of 1.0 psi. In this case, the coefficient is 0.7. Using the
formula T x W/T = W, you can now find the minimum width: 3”x 0.7 = 2.1”7. Your cushion must be at
least 2.1 inches wide or long to resist buckling. 3. Consider Extreme Temperature Effects ?47Z )

Y ( ? ? ? ? Step 4 Recognizing Design Constraints? (( ?  9R As
with all thermoplastic foams, when they are exposed to extremely high or low temperatures over a
considerable length of time, they may be affected. The materials become stiffer at low temperatures
and increasingly softer at higher temperatures. In extreme cases, it may become necessary to
compensate for these effects in your design.? S  ZS ? ? ?# Step 5 Design Prototypes and
Test?”$ h$=: # ? “FEach packaging design must be developed separately, given the large
number of variables involved. It is highly recommended that you build and test a prototype of your
cushion design to determine its actual performance. ? ? ? ?# Step 6 Consider Vibration
Effects?”$ &t $ 2 ? Table 15.3 Typical forcing frequencies of carriers Carrier
Frequency Range Conditions Railroad 2 — 7 Hz (suspension) Moving freight car 50 — 70 Hz (structural)
Truck 2 — 7 Hz (suspension) Normal highway travel 15 — 20 Hz (tires) 50 — 70 Hz (structural)
Aircraft 2 — 10 Hz (propeller) On aircraft floor during flight 100 200 Hz (jet) Ships 11 Hz (on
deck) Vibrations caused by 100 Hz (bulkheads) interference to the flow of water by the ship, and

from imbalance and misalignment of the propeller shaft system. ?3 p?
P2 7 h S ? ! ?
?# Step 6 Consider Vibration Effects? $$ $§ ? ?j Every mode of transport subjects the

packages being shipped to some amount of vibration at various frequencies. In order to provide
products which are prone to vibration damage with protection against such effects, it is essential
to determine the natural frequency of any component which is prone to vibration damage, and compare
it against the vibration characteristics of your package design. Every cushioning system has a range
of vibrational frequencies in which it amplifies vibration and passes on a more severe vibration to
the packaged product than it receives from the transport environment (Figure 15.3). ? k Pk ?

? ? 7 ? ?# Step 6 Consider Vibration Effects? $$ $ 2 2] For most vibration—sensitive
products, making sure that the package design does not amplify vibration in the product’s natural
frequency and is enough to prevent vibrational damage from occurring during shipment. For severely
vibration—sensitive products, it may be necessary for the package design to actually attenuate the

frequencies of concern.? = \ ? ? # ? ?# Step 6 Consider Vibration Effects? $$ $?
$ ! ? ?# Step 6 Consider Vibration Effects? $$ $? % 7 2 ?# Step 6 Consider Vibration
Effects? $$ $§ ? 2F Material response is often given in diagrams similar to Figure 15.4, which

represent performance for a given thickness of material. Note that for any frequency, one can
estimate whether the package will perform in direct coupling, amplification, or attenuation mode as
a function of the static loading applied to the cushion. ? G ZG ? & # ? ?F Step 7 Monitor
Performance If it works, question it? GG ?  ?29There are many assumptions that went into your
design development. It is a good practice to monitor the performance of your design in actual use.
This will help you to determine if your design is providing more real-world performance than is
actually required, or not enough. Monitoring of packaging performance on an ongoing basis can also
help determine if further economies can be achieved without sacrificing protection. ? ?° ? 9
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