Exploring The Rationale Behind Canning
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Objective: Confirm that canning is an efficient method of using a given amount of material to create containers

that maximize volume.

A prototype of the cans that we can see everywhere in our daily lives was first proposed in France and put into actual use by
Napoleon in 1804. The tin cans of today were developed in England in 1810, and canning was introduced in Japan in 1871.

By examining the cylindrical shape that is the most common for today’s cans, the student can understand that cans are
manufactured under very rational concepts. Canning is superior in terms of efficiency of materials, ease of completel sealing an
sterilization, strength, portability, ease of opening, and many other factors. This example deals with the “efficiencialsf’ mater
factor. The cylindrical shape was arrived at not only because it is suitable for canning any type of food, but rathexpasttiae sh
maximizes the volume that can be obtained from a given amount of steel or other material. Students confirm this fachey doing t
applicable math on graphic calculators.

( Example of a Classroom Session ] «——7.40 cm——>

(1) Determine the surface area and volume of an actual can.
Measurement of Can A (mandarin oranges, Company H) shown in Figure 1 yields a
diameter of 7.40 centimeters, and cylinder height of 9.53 centimeters.
Based on these measured values, calculate the amount of steel used in Can A

9.53 cm———>

(surface area of ca®) and the volum&/b of the can. @2@“
The surface area of the can (a cylinder) can be obtained using the following formula:
2 x (area of top) + (area of side).
_ o7.4rf 72 R
S,—2><3.14><D7D +2x3'14D7D x 9.53 - ~<
= 307.41228(cn?) w
) ) ) ) ) ) (Figure 1)
Likewise, the volume of cylindéro, is calculated using the following formula: (area
of bottom)x (height).
or.4cf

Vo =314x 777 X953
= 409.662298(cn)

These calculations can be performed by using the RUN menu of the graphic
calculator. Since the graphic calculator displays the calculation procedure (input
formula) on the screen, there are fewer calculation errors. The following shows how (Figure 2)
to perform the calculation.

PressfiENy). (Figure 2)

Use the cursor key@i@ ) to highlight RUN, and then piegs
This prepares the graphic calculator for the actual calculation. (Figure 3)

(Figure 3)



(2)
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The above obtains the surface area of 307.41228(Eigure 4)

(Figure 4)
3.14X)([AJ7.4(=20) (X)9.53
i i I.14R(T, 4+20209, 53
The above obtains the volume of 409.662298 ¢Rigure 5) A68 tisoag
(Figure 5)

Determine the maximum possible volume

Next, determine the maximum possible volume of the can (cylinder) when you have
material with a surface area of 307.41228,acmhich was obtained from classroom
example (1).

If the radius of the bottom of the can (cylinderX igentimeters), the height of the
cylinder ish (centimeters), the surfaces are&i$307.41228 ci fixed), and the

volume isy (cm?):

SU Z D72 + 27K ceeeeerreerennes (1)
y= 27CHh e (2)
This becomes:
- 21X
h = S)anz .................. Q)

Substituting (1)’ in equation (2) yields:
S —2mx?
271X

y =m*x

= x-mx’
2

y =153.70614x — 3.14x" ..... (3)

If the material (area) is fixed and the value of radisiknown, the volume of the
cany can be obtained using formula (3). This means the graph function of the
graphic calculator can be used to obtain the maximum valu€erbe procedure is
shown below.

Press{iENy .

Use the cursor keys@i@ ) to highlight GRAPH. (Figure 6) (Figure 6)
Grarh Func i4'=s

PressEd. (Figure 7) ﬁ
e
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(Figure 7)



Adjust the graph scale @ndy-ax-s range and scale values) before drawing the

graph.
PresslstF) (F3) (v-wiN) to display the screen for setting rectangular coordinates. Ll e bl indon
(Figure 8) max =6
scalesl

- . Ymin =-3.1
Use the cursor up and down ke@ ) to highlight items and change the values @¢ max :3.1
necessary. scalefl

[THIT FRIG[ETD

The following are the required settings for this example:

(Figure 8)
Highlight Xmin (minimum value ok-axis), and press @.
Highlight max (maximum value ofaxis), and press 1.
Highlight scale (scale ofaxis), and press (&g,
Highlight Ymin (minimum value of-axis), and press B4. /Uieu Wi medos N
Highlight max (maximum value gfaxis), and press 608 . .
scale: ]
Highlight scale (scale gfaxis), and press [g. (Figure 9) Ymin @
max = GEE
IMIT |TRIG|=TD
PressXg again to return to the display shown in Figure 7. (Fi /9)
igure
Press 153.70610467) (=) 3.14(x67) (A)3[eg to input the formula, p N
y =153.70614 — 3.14¢. (Figure 10) Grarh_Func Y=
V18153, TAG14H-3. 14K
g
i
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Press[F6) (DrAW) or [ to draw the graph of = 153.70614 — 3.14¢. (Figure 11)

(Figure 10)
Determine the maximum value pfrom Figure 11. The trace function helps to
determine the approximate maximum value.
PressstFy (F1) (TRACE), and use the cursor left and right ke@sp) to move the
trace cursor (+) on the graph.
As you move the trace cursor, the coordinates at its current position are shown at|'
bottom of the screen.
The Screen shows the maximum valug 8f413.92097591 whex= (Figure 11)

4.0476190476. (Figure 12)

The graph analysis function can also be used to instantly provide greater precisio y1=133. 761453, 145

the maximum value of shown on the display in Figure 11.

PresstF] (F5) (G-sLv) [F2) (vAX) to obtain the maximum value pE 413.92352897

whenx = 4.0394306932.
“=U.OUE190UTE Y=Ul3.92097591

(Figure 12)



(3) Compare the maximum possible volume to the actual volume of the can.

Compare actual can volunwg (409.662298 cff), and the maximum possible
volumeVmax (413.92352897 cfthat can be obtained from the fixed amount of
material (surface area 307.41228%derived from classroom examples 1 and 2.

b= VY xq00 = 4096622080
Via 413.92352897

= 98.97052702 (%)

This indicates a material efficiency of 98.97052702%, which means that Can A is
designed to use the given amount of material in a very efficient manner.

Examination of other cans also produces numerous other examples of efficient
design. Drum B (Company S), for example, has a radius of 57.8 centimeters and
material efficiency of 97%. Coffee can C (Company M) has a radius of 15.6
centimeters, a height of 17.3 centimeters, and material efficiency of 99.8%.

The above example uses the graphic calculator to perform the calculations required
to fully confirm the rationale behind cans seen we use in the real world.

< Note 1 >

For example, let’s consider the method for determining the minimum material
(surface area) if Can A volum¥,, which is fixed at 409.662298 ém

When the surface areayigcn?) and the radius is (cm):

2V,
=2mx* x =2
y X

608y 4 819.354596 ‘L/

Now we can use the graphic calculator’s graph function to draw the graphs show \‘

Figures 13 and 14. The trace function is used again to obtain the minimum value

y (305.29882572 &min) whenx = 4.0255211308. Actual Can A surface g8as (Figure 13)
307.41228 crh Using a minimum valueSinin) of 100, the actual material (surface

areaS) has a value of 100.6922576. This means that the design of Can Ais very
efficient. W1=5.28K2+0819. 32459

MIH
W=Y. 0255211308 Y=305.298H2512

(Figure 14)
Reference: Canning Handbook (1995), Canners Association of Japan
Hagoromo Foods Home Page (http://hagoromofoods.co.jp)



