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INTRODUCTION

The present thesis is being written to illustrate
some aspects of quality control imn foreign manufacturing
operations; that is, foreign to the United States. It
is obvious that the conditions and probable variastions
from U, S. practice in any manufacturing industry will
vary tremendously according to the industry under review,
In the present case we shall be dealing with menufecturing
operations involving the production of so-called "dry
cells"™ and "dry batteries"™, and to a somewhat lesser
degree with the productidn of projector arc carbons
for use in motion picture theater projection. It will
be, therefore, helpful if a brief history of these
industries be included, with a consequent discussidn of
present manufacturing methods in the United States,
before specific discussion 1s made of the problems
attendant with the mesnufacture of dry cells and pro-
Jector carbons in Southeast Asia,

The dry cell is, of course, only one of meny
different types of primary cells., Due to 1its utility
as a portable and easily handled source of electricity,
however, it is by far the most familiar type of primary
cell to the public, and represents by far the greatest
fraction of all primary cell production in terms of
units produced. The so-called dry cell with which we

are familiar today 1s, however, a relative latecomer in



the field of primary cells since the first description

(1
wes made by Georges ILeclanche ) in 1868, which wss some

(1) Leclanche, G. Pile au Peroxyde de Manganese a Seul
Liquide. Lés ilondes. Vol. 16, p. 532 (1868).

sixty-eight years efter Alessandro Volte made known his

development of the voltaic pile to the Royal Society

2
in London( ). It should be pointed out, however, that

(2) Volta, A. On the XZlectricity Excited by the Mere
Contact of Conducting Substances of Different Kinds.
Phil. Trans. Roy. Soc. Vol. 90, p. 403 (1800). (In
French).

Leclanche's development, and 1lndeed the practical
epplication of his development, pre-dated his publication
by several years., Between the time of Volta's primary
experiments and the first usege of manganese dioxide

as a depolarizer in Leclenche's cell, there were a grest
many experimental and semi-commercisl varieties of
primary electrochemicsl cells described and used with
varying success., Briefly in passing we may mention the

developments by william Cruikshank(s), william Wollaston(4),

(3) Cruikshank, W. Account of Some Important Experiments
in Gelvanic Electricity. Tilloch's Philosophicel
Magezine., Vol. 7, p. 337 (1800).

(4) \Wwollaston, W. Description of an Elementary Gelvanic
Battery. Gilbert's Ann. Physik. Vol. 54, p. 1 (1816).

(5)

b

(7)

\6) Antoine Becquerel .

Robert Hare ’

Guissepe Zamboni

(5) Zemboni, G. Dissertazione Sulla Pila Elettrica a
Secco, Giorn. Fis. Chim. Stor. Nat. Vol., 5, p. 424
(1812); Vol. 7, p. 220 (1814); Vol. 9, p. 289 (1816);



Gilbertis Ann. Physik. Vol. 51, p. 182 (1815)} Vol. 60,
p. 151 (1819); Edinbur-h Phil. J. Vol. 1, p. 588 (1819).

(6) Here, R. Notice of a Galvanic Deflagrator.
Sillimen's Journal. Vol. 4, p. 201 (1822); Vol. 5,
pp. 94, 97, 105 (1822); Vol. 7, p. 347 (1824).

(7) Bacquerel, A, Memoire sur l'Electrochemie et
1'Emploi 4'Electricite pour Operer des combinations,
Ann. Chim. Vol. 41, p. 22 (1829).

(9) (9a) (9b)

Vel William R. Grove , R.W, Bunse

’

(10) (10a
J.F. Daniell n‘l ) (102)

(8) Daniell, J. F. On Voltaic Combinations.
Philosophical iagaezine., III, Vol. 8, p. 421 (1838).

(9) Grove, w. R. Un a New Voltaic Combination.
Philosophical iiagazine. III. Vol. 14, p. 388 (1839).

(9a) Grove, W. R. On a Small Voltaic Battery of Great
Energy. Philosophical Magazine. III. Vol. 15, p. 287

(9b) Grove, W. R. Un the Voltaic Series and the Combina-
tion of Geses by Platinum. Philosophical iagazine.
IITI. Vol. 14, p. 127 (1839).

(10) Bunsen, R. W. Uber die Anwendung der Kohle zu
Voltea'shen Batterien, Pogg. Ann. Physik. Vol. 54,
p. 417 (1841).

(10a) Bunsen, R. W, Uber die Bereitung einer das Platin
in der Grove'shen Xette ersetzenden XKohle. Pogg. Ann.
Physik. Vol. 55, p. 265 (1842).

11) 12)

Benjamin Sillimen, Jr.( , Alfred Smee( , and Johann

(11) Sillimen, B., Jr. On the Use of Carbon in Grove's
Battery. Am. J, Sci. Vol. 43, p. 393 (1842); Vol. 44,
p. 180 (1842)

(12) Smee, A. On the Galvanic Properties of the
iletallic Elementary Bodies, with a Description of a
New Chemico-llechanical Battery. Philosophical
Magazine. Vol. 16, p. 315 (184v).

Poggendorff(ls). For an excellent historical survey,

(13) Poggendorff, J. Uber die mit Chromseure



Construirten Gelvenischen Ketten. Pogg. Ann. Physik.
Vol. 57, p. 101 (1842;.

(14)

the reader is referred to Vinal . This same author

(14) Vinal, G. W. Primary Batteries. New York, John
Wwiley and Sons, 1950, p. 336.

some very helpful bibliographical data in the esbove cited

reference. Also see the article on this subject in the

Encyclopaedia Brittanica(lsz and the article in Perry(ls)

(15) nmBattery". (Article) Encyclopeedia Brittanica,
1946 ¥d., Chicego, En. Brit., 1946. pp. 214-218.
Vol. 3.

(16) Perry, J. H., (Ed. in Chief). Chemical Engineer's
Handbook, N.W., McGraw-Hill, 1941. o»pp. 2754-2763.

As noted above, Georges Leclanche wes apparently
the first worker in the field who recognized and utilized
the depolarizing characteristics of manganese dio: ide

as applied to primery electro-chemical cells. His
application of this fundemental idea was, however, fer
removed from the modern dry cell, as Leclanche's
original cells were no more dry than other wet primeary
batteries of the period, the menganese dioxide being

utilized as one of the components of the depolarizing

mix which was contained in a porous cup which was, in



turn, surrounded by a glass Jjasr full of the electrolyte
.solution. It 1s interesting to note that Leclanche
unwittingly resorted to a form of air-depolarizstion
which effect has, in recent yeers, been utilized in a
fer more efficient way in the well known Evereasdy Air
Cell Battery.

Various modifications of Leclsnche's basic design
were made and used in succeeding years. Natureslly
enough, most of the modifications were aiméd at simpli-
fication of manufacture and the obtaining of higher
efficiency. It was not, however, for some twenty-five
years thet any great attention wes focused on the
problem of immobilizing the electrolyte so that the
cell could become more portable and less likely to lesk
or spill, causing damage to surrounding objects. These

17
developments have been covered in a paper by Krehbiel( ).

(17) Krehbiel. Vergleichende Untersunchung von Trochen-
elementen. Elecktrotech Zeitung. Vol. II, p. 422 (1890).

Interestingly enough, the first successful "dry" cell did
not utilize manganese dioxide as a depolarizer. Shortly
thereafter, however, the combination of a manganese
dioxide depolarizer with an immobilized electrolyte took
place, and in its crude basic form the modern dry cell
was thus born. It may be well to remark parenthetically
here, that the so-called "dry cell" is not really dry

at all, but could be more accurately described as a cell



having no liquid components. In actual practice the
moisture content of the active components of "dry"
cells may be as high as twenty-five percent.

The industrial picture in regards to primery
batteries hes seen some rather ebrupt chsnges. At
first, of course, the primary battery was the only
source of dynamic electricity. With the advent of the
electro-magnetic generator, electro-chemical sources of
dynamic electricity lost a great deal of their primacy.
However, at the ssme time, industrial developments
again and again created the need for various types of
small current sources Which could be most efficiently
filled by in situs installations of primary batteries.
A notable illustration of this trend is found when one
considers the large number of primasry cells used in
our present day by the reasilroeds and in various other
signalling epplications. Too, with the advent of the
filement electric light and consequent development of
its tiny relation, the flashlight bulb, & huge new
field was opened to primery batteries, specifically the
small dry cells, The dry cell received a large, but
very temporary boost in the early 1900's due to use in
the automobile industry as a power source for ignition

and 1ighting''®). The flashlight field hes grown

(18) Encyclopaedia Brittanica, op. cit.




steadily in terms of usage of dry cells per year, and

hes been in that respect a steadying influence on dry
cell production. The lergest single jump in dry cell
production, however, occurred in the first thirty years
of the present century with the advent of wireless
telephony and the consequent huge demand for various
types of high voltage batteries to be used in home
wireless sets. The tremendous spurt in production caused
by radio battery demands was reletively short-lived due
to the subsequent development of radio sets>operating off
reguler line current and at the seme time by the large
scale electrification of rureal districts. At the

present time the radio battery business depends largely
on the more undeveloped areas of the world and on the
increaesing demand for batteries suitable for use in
porteble redios. As we shall see, these factors play a
lerge part in the prosperity of the foreign battery
manufacturing operations with which the writer has been
concerned,

From time to time there have been brief outbursts
of enthusiasm for the so-called hand generator type of
flashlight., This flashlight consists simply of a small
dynamo actuated by & hend grip lever which serves to
provide current for the light source. None of these
developments has ever been any threat to dry battery
manufacture due to the relative lanconvenience and

fragility of the articles involved.



Exact figures are not available for the current
world-wide production of dry cells, but it 1s safe to
say that the annual production is measured in terms of
billions of cells, It is only fair to point out that the
dry cell as such is by far the least economical source of
electric curreant, but the factors which are generally
termed space utility and convenience utility have been
so predominant that the dry cell has suffered little for
its apparent economical weakness.

Once again, it is difficult to state in exact figures
the increase which has been brought about in the past
fifty years in the service life of dry cells, but 1t may
be stated generally that the modern dry cell yields
roughly five to ten times as much service as its prede-
cessor of the same size thirty to forty years ego. This
emezing increase in service has been brought about by
int ensive and continued research on the make-up of
Leclanche cells. One of the leaders in this work has
been National Carbon Company, and the accomplishments
made by the National Carbon research group can be held
directly responsible for a large part of the improvement
in the art of manufacture of dry cells.

A calculation was recently made by the writer as part
of the basis for a quiz given to the monthly paid
employees in the Singapore fectory which showed that the
ordinary "D" size cell, which is the most femiliar
flashlight size, would 1lift a 150 pound man some forty-six



feet 1f its energy level were reduced to the same point
at which it is generally considered a flashlight cell no
longer gives usable illumination in a standard torch.
The modern flashlight cell is indeed a far cry from the
original pile of Volta.

A thorough theoretical discussion of the chemical
reactions in the dry cell is fer beyond the scope of the
present paper., Although the complete picture of dry cell
reactions is not yet available, a great deal of progress
hes been made in the past few years on the theoretical
background to this problem. A fairly good introduction
to dry cell reactions may be found in Vinal(lg), although

his picture of the formation of the component hetaerolite

i3 notable mainly for the omission of the most important
factor involved, i.e., the crystal structure of the
menganese dioxide used. Basically, of course, the over-
all reaction which tekes place in a dry cell on discharge
is an oxidation-reduction reaction, as asre all electro-
chemical reactions. There are various metals used as
anodic material in dry cells, but regardless of the
metal used it is oxidized, giving up electrons to the
circuit and resulting in metallic ions going into
solution. An equal reduction reaction must, therefore,
take place at the cathode to balance this oxidation of
the anodic materil. In the familiar Leclanche cell this
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reduction results in lowering the valency of the manganese
from a quadri-valent condition to a state of tervalency.
Depending on the condi tions in the dry cell during
reaction, the severity of current drein, the original
concentrations of active materials, and the crystal
structure of the manganese dloxide, the manganese may
eventually show up as one of several components. In any
case, there are at least two distinct cathodic reactions
which take place as a result of current being drawn from
the cell, VWe suggest that the following reactions be
considered:
Cathodic Reactions:
1) Electro-chemical reaction occurring only during
periods of drain on cell:
1) MnOgp + ZnClp + 4 NH,C1 + zn*t + 20 —
MnClg + 2(Zn Clg * 2 NHz) + 2 HgO
2) Recuperation reaétions which can go on
continuously providing necessary substances
are present:
2a) MnOp + Mn Cl, + Zn Clp * 2 NHz + 2 Hg0 —
MngOz *+ HgO + Zn Clg + 2 NH el
or,
2b) MnOgp + MnClg + 2 ZnClp * 2NHz + 2 HpO —
4n0 * MngOz; + 4 NHy Cl + ZnClg
Combining,
3a) 2MnO, + 2NH(Cl + Zn'" + 2¢ —
MngOz °* HgO + ZnCly * 2NHjz
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3b) 2 MnOp + Zn' @ + 2¢ —w
Zn0 °* MngOg

From the above reactions it is immediately obvious that
e great deal of importence must be attached to the
second or recuperation reaction, Nos. 2a) and 2b) above,
since a comparison of the two final reactions, Nos. 3a)
end 3b), will show that in the one case each molecule
of manganese dioxide reduced results in immobilization
of a similar smount of ammonium ion, whereas in the other
possibility, No. 2b) above, all of the originel ammonium
chloride is releesed by the recuperation reaction., If
this condition does not obtein, a shortage of ammonium
ions will ensue and may lead to the following reaction:

2 MnOg + 3 ZnClg + 2 Zn | —> ZnClg * 4Zn0 + 2MnClg
A preponderance of reaction No, 2a) will, of course,
result in depletion of the zinc chloride of the cell
and a lowered service potential, If it is possible to
obtain & cell constituency such that the ultimete service
of the cell does not depend on the amounts of electrolyte
salts originally put into the cell, it is thus possible
to increase the service of the given cell by making use
of the meximum amount of active material, that is, the

(20)

depolarizer. As Vinal points out, the type of

(20) Vinel, op. cit., pp. 38-39.

recuperation reaction will depend pertly on the type of
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service drein which has been put on the cell, but it is
also dependent on the type of crystal structure in which
the manganese dioxide present is found.

Although terms for manganese dioxide ore have
become considerably differentisted during the past few
years, one genersally hears of "pyrolusite™ as the chief
commerciel ore of manganese dioxide. Using the more
specific modern terminology in connection with manganese
dioxide crystsl forms, the term pyrolusite has become the
appelletion of e perticularly herd and sharply cérystaline
@llotrope of mangsnese dioxide, which is, at the same
time, the poorest possible form of this material for dry
battery use.

From the above brief discussion it mey be seen that
the mangeanese dioxzide component of the dry cell is the least
easily characterized as to quality for dry cell use, and at
the same time the most important component of the cell use,
and at the same time the most important component of the
cell from a service standpoint. An immense amount of work
hes been done on the iédentification of the crystel modifi-
cations of both naturel manganese dioxide ores and the
synthetic versicns of menganese dioxide prepared by
various chemical or electrolytic means. One of the chief
approeches to this problem has been through X-ray
diffraection studies. Such tests heve been the most
definative in esteblishing a correspondence between
quality of manganese dioxide for use in dry cells and

the physical attributes of the various crystel types.
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At the seme time we should not like to give the
impression that research has been non-existant or static
in regerd to the other components of dry cells, beceause
this would be entirely incorrect. All of the meny
different dry cell components have been the subject of
intensive study by National Carbon Company, the National
Bureau of Stendards, and other battery manufacturers.

The difficulty of writing one, or even a series of
definetive equations which would describe the complete
series of reections in an operating dry cell hes been
such that with all the advances made during the past few
years, the manufacture of dfy cells remeins, in some
particulars, an art, rather than an exact science. We
should like to emphasize the point of uncertainty which
exists in connection with previously untested sources of
standard battery materiasls since this factor will be seen
to pley a large part in quality control in dry battery
menufacturing operations, especially so when such
operations are being cerried on in a relatively primitive
industriel complex,

The above theoretical discussion will apply generally
to all types of dry cells, but since the present paper
will deel mainly with the type of round cell commonly
called a "flashlight battery", we will limit our dais-
cussion of the physical meke-up of dry cells to this

familiar form without teking into account the numbers of
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flat cell batteries now being produced for higher
volteges. Even when the field to be considered is
limited to round cells per se, a fairly lerge number

of cell types ere included(zlz

(21) Letter Circulsr No. LC965. Electrical
Characteristics of Dry Cells and Bstteries (Leclanche
type). U.S. Dept. Commerce, Nat., Bur. of Stand., 1949.
Washington D.C., p. 3.

We may divide the conventionsel cell into five basic
functionel parts. The first of these is the cylindriceal
zinc can which forms the container for the cell and acts
at the same time a&s the anode material for the cell
reaction.

The 2zinc which mekes up this can must be carefully
controlled as to composition and grain size. Such
impurities as iron, copper, or arsenic are literally
poisons in a dry cell end if these materiaels are allowed
to be present in the cell either through incorporation in
the zinc or in other materials, they are likely to form
electro-galvanic couples with the zinc, so-called
"local action®™, which leads to wasteful discharge and
perforation of the zinc can with consequent leskage
trouble. (In passing, it mey be well to note that all
advertising cleims to the contrary, metel jacketed cells
are not necessarily truly leask-proof, even though such
cells do show much greater resistance to dameging

leakage. This extra resistance 1s, of course, not due to
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less likelihood of perforation in the zinc can, but is
thanks to the paper, asphelt, and steel corset that is
tied around the zinc cen. A better solution would be a
thin impervious plastic jacket, eliminating the weight
and expense of the steel jJjacket, and at the seme time
ellowing the use of & full size unit cell which 1is ruled
out by present steel Jjacketed brands, since these brands
must use a smaller basic cell in order to conform to
over-all size requirements set up by the National
Standards Association.) The grein size is important since
the free energy of the zinc atom veries according to
the slze of crystel in which it is found. Thus, the
possibility exists in a cell in which the zinc cen is not
homogeneous in grain size that a bi-metsllic couple
effect can sctually be set up between adjacent areas of
the zinc can even though the only metal present is iinc.
This problem of grain size becomes much more important if
zinc cans of the drewn or extruded varieties are used,
since these operations are prone to chesnge the greain
structure of the zinc crystel, especially in drawing.
Besides the drawn can end the extruded cean, the
industry mekes use of a soldered construction. In this
construction flet zinc strip is formed into cylinders
end lap-sesm soldered. The zinc bottom is then inserted
and a butt-soldered Jjoint is formed to secure it in place.
The use of such solder joints is permissible dque to the

fact that the hydrogen over-voltage on tin and lead is
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high enough that no couple formation results with the
zinc can even though the solder components fall well
below zinc in the electromotive series. Usually a small
percentage of cadmium is added to the zinc to be used in
dry cell can menufacture to act as a deterent to can
perforstion.

Next 1n order of spacial configuration in the dry
cell comes the sepaerator. This separator generally
consists of an orgenic jell of starch, with or without
wheat flour, and the electrolyte materials. A gresat many
electrolyte materials have been trisd in verying
proportions and although certain special compositions are
sometimes used for low temperature applications, or for
other unusual reasons, the conventionel composition
includes zinc chloride, ammonium chloride, and mecuric
chloride. This last named substence is present in very
small quantities to amaelgamate the zinc anode and to
thereby diminish local cell asction and wasteful corrosion
of the zinc. The separator, of course, serves a duplicate
purpose in that it serves at once as the vehicle for
electrolyte storage and transfer, and at the same time
isoletes the zinc can anode from the central mass of
depolerizing mix, With such a separation very little

ionic transfer tekes place when the cell is not
delivering current. Were the zinc anode to be in direct,

rather than electrolytic, contact with the depolerizing
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mass, it would, of course, discharge steadily and
immedietely, to the quick ruinetion of the cell. The
function of separator in the bottom of the cell between
the can bottom and the depolarizing mess can be filled
by several types of paper or composition weshers. The
most usual type found in conventional dry cells is a
circulsr, wax-impregnated paper wesher having short
tabs extending from the body of the washer which lie
along the can walls when the cell 1s esssembled, and thus
serve to center the depolarizing mass i1n the middle of
the can and avoid short circuit.

Generelly speeking, the gelstinous separator may be
either of the so-called "cold set™ variety or a cooked
peste. There are various factors which influence the
choice of the paste to be used which will not be gone
into et this time, except to mention that the 2ll-
starch pastes are generally of the cold set variety, while
the pastes containing flour must be cooked toc set them.
The addition of gluten in the form of wheat flour,
incidentally, serves an additional purpose in that it
reduces zinc corrosion by the protective action which it
tends to exert on this material.

A revolutionary type of separator should be mentioned
briefly here in the interest of completeness of background.
This separetor is methylcellulose which 1s ususally

utilized in the form of a coating on paper sheeting. The
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methylcellulose layer acts electrolyticelly in an
anslogous manner to the paste layer but occupies very
little space in so dolng and thus gives rise to the
possibility of larger amounts of active masteriel belng
included in the depolarizing mess. In such ceses, of
course, the electrolyte salts must be included in the
depoclarizing mass and at the seme time the mixes used
must be considerably higher in moisture content to make
up for the loss of moisture due to the absence of paste.

For many yeers some dry cells, notably the large six
inch cells, have used a paper separator with paste coating
on one side rether than & jell solution, but such cells
are essentially using & peste separator even though it is
of such thinness that provision must be mede to supply the
necessery chemicels and weter in the depolarizing mix
itselfr.

The third main component of the conventional round
dry cell is the depolarizer which forms the cathode of
the cell. Due to the physicel appearance of the
depolarizing mass when it is formed into a compact
cylinder with the carbon electrode protruding from the
center of one end, this depolarizing mess is universeally
known as a bobbin. Strictly speaking, the manganese
dioxide itself is the cathode of the cell since reduction
tekes place at the menganese dioxide atom. If manganese
dioxide were itself a good conductor and if its reduction

products were also good conductors, there would be no need
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for the carbon component Which is universsally used as

@ conducting substance in the dry cell bobbin. An
interesting substance which has both a depolarizing
effect and good conductivity 1s grephitic oxide. This
material has been used experimentally‘in dry cells but
the difficulty of producing a consistent and *"standard”
form of this substance hes prevented any serious
application to dry cell menufacture. The carbon itself
has no pert in the chemical resctions involved and in
essénce is only an extremely fine form of a current
collecting network. Since the cerbon plays no part in
the reaction, it will be seen that the only criterion as
to quelity of the cerbon to be included in the mix 1is
that of selectrical conductivity. If an extremely fine
carbon with good properties of conductivity can be found
it will obviously be possible to use considerably less
of such a product to obtain a given short circult
amperage than the amount necessary of a carbon coarser
in dispersion or of one having poorer electricsal
properties. Many types of cerbon have been tried and
are being used at the present»time in dry cell bobbins:
generally speaking, acetylene black 1s far superior to
other types of carbon in this function, allowing much
smeller ratios of carbon to ore in the mix. From
photomicrographs of acetyienefblack, it can be seen that
the extremely small particles in which this substance

occurs tend to form chains which no doubt accounts, in
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part at least, for the excellent electrical conductivity
of such bleck.

The writer has not seen sny published material on
the possible catalytic influence of such a fine grained
carbon on the depolarizing actions with which it is so
intimately associated in the dry cell; however, it seems
that this problem would be one which might warrant further
study. The adsorption qualities of this highly divided
substance, acetylene black, should be such that a
positive catalytic effect would result from its
availability as a reaction locus.

Also included in the bobbin of a dry cell are various
amounts of the previously mentioned electrolyte salts,
zinc chloride and emmonium chloride, &s well as e con-
siderable quantity of water. The limitetion on water
content is largely mechanical since in the cells of con-
ventional paste separator type with which we are primerily
concerned, the bobbin must be strong enough mechenically
to be formed in a mold, pierced with a carbon rod which is
left in position and finally handled both in the bobbin
stamping operation, and later during the assembly of the
cell. Another factor which limits the amount of
moisture which can be put into a conventional bobbin is
the danger thaf with excessive moisture, the bobbin's
friebility will be increased to the point where pleces of
the bobbin will sluff off in the paste wall--with sub-
sequent short circuits--before the paste wall becomes set

and solid.
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The carbon rod which has been mentioned above as
being embedded in the bobbin is merely a continuation of
the current collecting system formed by the cerbon
component in the depolarizer mass proper, but is usuelly
referred to (incorrectly) as the cathode. In all modern
dry cells this carbon rod is capped on the extended end
with a brass cap which forms the positive terminal of
the completed cell.

The manufacture of the carbon rod is one which
presents many complexities. Once again we must point out
that such detail is beyond the scope of this paper but
will note one of the fundemental difficulties feced by
the producer of these carbon electrodes. This is the
fact that ths electrode must be porous enough to vent the
small amounts of hydrogen formed in side reactions in the
cell while being at the same time, completely impervious
to the creepage of electrolytic salts. These salts, if
allowed to reach the brass or other metal electrode cap,
will soon result in damaging corrosion and subsequent short
circuit of the cell. ZLuckily, it is hydrogen that must
be vented and its low molecular weight aids diffusion
following Graham's Law even while the electrode in
question may be made impervious to salt solutions snd to
water veapor.

The final portion of the dry cell to be considered
are thosse entities which together mske up the top seal of

the cell. Here again, manufacturing operations differ, with
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some cell types being made up with a bleck or red colored
rosin seel which is poured into plece over a so-celled
top coller which fits fairly tightly in the snnular space
between the zinc can and the carbon rod in an assembled
cell, while other manufacturers use various types of
plastic covers which are spun or crimped into plece. One
of the best methods of cell closure is that involving a
metal cover spun onto the zinc can and fitting tightly on
top of a flanged electrode cap from which it 1s insulated
by some non-conducting peper or plastic washer. Sometimes
in such construction an inner seal of some type is used
to protect the underside of the metel cover and electrode
cap from electrolyte and at the same time to act as a
Seal against moisture exit. Usually 1n these types of
metal sealed cells, a top coller is used to isolate the
mix and paste from the metel cover. This top collasr may
be of some tvpe of impregnated paper or cardboard.

We have not considered the actual covering or lebel
of the dry cell as one of the main operating portions of
the cell since it is primerily a problem in packeging.
That it can become, nonetheless, very important to dry
battery manufacturers will be brought out in later
sections of this report.

The problem of seal effectiveness of & dry cell 1is
an importent one since diminution of cell moisture while
in storege can lead to very serious losses in delayed

service., It is for this reeson thst all manufsascturers
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strive to prevent the exit of cell moisture as completely
as possible whether or not a sealing meterial is used as
en inner seal. It may be worthshile noting thet the
problem of cell moisture control is complicated in any
location where production is being cerried on intended
for s wide veriety of climetic extremes. This pcint
also will be referred to leter in the report.

The carbon src might be said to have been discovered
&8s soon as possible in that Sir Humphrey Davy first
demonstrated this phenomenon in 1801, within a year after
the first communication had been made to the Royal Socilety

22
by Volta in regard to his bettery( ). It was not until

(22) Volta, op. cit.

1821, however, that the flame or continuous discharge
produced between charged carbons was first termed an
"arc", The first patented arc lemp was invented in 1845
by Wright in England, but even at that date the lack of

& supply of cheap and dependable current forestalled the
arc lamp from being much more than a scientific curiosity,
or at best a device of extremely limited applicetion.

Both the individuals mentioned above did their work
in Engleand, but during this same period there were several
workers in the same field in the United States who were
active in arc lighting development, some of whom were to

become figures of the first importeance a few yeers later.
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We may mention here briefly; William Wsllace, Professor
Moses G, Former, Edward weston, Charles F. Brush, Eliju
Thompson, and E, J. Houston.

The year 1876 saw two developments of the first
magnitude of importance. The first of these was Jabloch-
koff's "candle"., This was a form of cerbon arc light
which consisted basicselly of carbon electrodes mounted
parallel to one snother with & ceramic insulating material
pleced between the electrodes. In this construction, as
the electrodes burned down the ceremic materiel directly
adjacent to the arc volastalized so that a steady supply
of fresh electrode was exposed to the arc as the con-
sumption of the candle progressed. The second, and most
important, development of 1876 in the arc light field was
Charles F. Brush's development of the first open arc lamp.
Mr. Brush waes one of the most direct ancestors of the
present National Cerbon Compeny, since it was his
original orgaenization which, in later yesars, served as
the foundetion of National Carbon.

In 1879 the development of the arc cynamo by
Thompson and Houston, mentioned ebove, filled the major
remeining gap in the prectical application of arc
lighting effects to general illumination problems. From
this time onwerd, increesing use was mede of arc lighting
in verious epplications. In 1894 Marks developed the
enclosed arc lamp, but it wes not until 1899 that Bremer,

working in Germany, developed & substentially new
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approach to the production of visible light by meAans of
the cerbon arc, the "flesme arc".

Previous to Bremer's development of the flame arc,
the production of light in the cerbon arc had been
primerily due to the incandescence of the tips of the
carbon electrodes themselves and the positive crater; the
luminescence of the arc stream was distinctly & minor
factor in the over-all production of light. While cored
carbons were known before Bremer's work, the coring
meterials were primarily present to provide evenness of
illumination by mainteining a steady arc. In Bremer's
fleme arc, however, the coring materials were so selected
that &at, or somewhat below, the temperature of the
electric arc they became intensely luminescent. Generally
speeking, rere earths were and sre the favored coring
materlals for flame type esrc cearbons. In such carbons
the light producing role is almost entirely due to the
arc stream made up of these light giving materials in
vapor form, and little of the total 1light 1s directly
obtained from the carbon rods themselves., As mey be
seen, this 1s & direct reversal of the light producing
mechanism of the easrlier type of arc cearbon, and the direct
role of the carbon in producing light is even further
reduced in the flame type arc by the fact that the
sublimation of the flame materials in the arc results
in a cooler arc and consequently in a temperature at

which the carbon rods themselves radiate very little in
the visible range.
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In 1900, Steinmetz, wrking in the United State s,
produced his famous megnetite arc which was a flame type
arc in which the electrodes were composed en tirely of
metals and metallic compounds, wi th no carbon at all in
their meakeup.

Looking briefly at the further developments in arc
lighting, we may mention the enclosed flame arc developed
by Jones in 1908, working in England; the waite flame arc
lamp, invented by Macbeth in 1910 in the United States;
and finaelly, the very important development of the high
intensity search light lamp of Beck and Sperry working
respectively in Germany and the United States in 1914.

In succeeding sections of this report we sheall see the

far reaching importance of the high intensity principle in
the production of visible light by means of the electric
arc.,

It is common knowledge, of course, that the arc lamp
enjoyed a relatively brief reign of widespread use for
light ing purposes between the era of gas lighting and the
development in a practical form of the incandescent bulbdb
by Thomas Edison. Whet is perhaps overlooked 1in this
generally accepted view is that duriné the very period
that arc lighting was in rapid decline as a sowrce of
general illuminstion, it was being applied to more and
more specific problems of light production which this
type of lighting could f£ill far, far better than any

other l1light source. This increasing collateral use of arc
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lighting has gone on to the present day and with modern
technical developments it is only reasonable to expect
this progress to continue. In the present paper we are
primerily concerned with the use of arc illumination in
motion pdecture projection, but should mention at least
the lsrge use of arc illuminstion in such flelds as
studio lighting, photé engraving, photochemical reaction
stimulaetion, searchlights, blue printing, medical and

3
therapeutic fields(z ), and various and sundry scientific

(23) Coblentz, W., Dorcas, .J., and Hughes, C.W.
Radiometric iMeasurements on the Caerbon Arc and Other
Light Sources Used in Phototherapy. Scientific Papers of
the Bureau of Standards. No. 21539, p. 535 (1926).

applications.

Arc light has been used almost from the earliest
days of cinema production as a means of projecting the
imege from the film onto a screen for viewing. An obvious
exception to the use of arc light for projection purposes
of movie film was the early kinetoscope of Edlson, but as
this development was more of a one person peep show than
e projected cinema &s we know it today, i1t hardly repre-
sents an important exception. Even today, of course, our
8mm. home movies and many l16émm. movies are projected by
means of incandescent bulb illumination, but commercial
cinema projection has continued to rely on arc illumination
from its very inception. The limitations of size and

operating complexity will probably always deter application
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of arc illumination to 8mm. movies, but an increasing
number of l1lémm. projectors are now belng manufactured
for use with arc illumination due to its much better
quality as a source of light for cinema projection,
particularly with color film.

The development of cinema arc carbons has roughly
paralleled that of arc cerbon development in general,
except that the necessity of a highly concentrated light
source dictated by optical considerations Les resulted in
a more specilized spproach to the generasl problem and hsas
lergely precluded any use of the fleme type arc. As

1 (%%

Ka has pointed out, the development of the motion

(24) Kelb, W. C. Progress in Projection Lighting.
Journal of the Soclety of Motion Picture Englmeers. Vol.
35, No. 1, pp. 17-31 (1940C).

picture industry has been largely associated in the public
mind with a glamorous procession of stars, directars,
producers, and extravaganzas, with little thought being
given to the vast amount of technicel work which has gone
into the meking of modern cinema as we know it today.
Nevertheless, this technical development is perheps the
most importsnt factor in the successful growth of the
industry to 1its present size.

The first carbons used in projection lemps for motion
Pictures were generelly burned in a position inclined

from the vertical by about 20°, with the positive carbon
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in the upper position and so positioned that the crater
formed on this carbon by the arc stream from the negative
would face the condenser lens system between the arc

and the film gate on which the lens system was focused.

A stesdy development in carbons and in opticel systems

for movie projection hes gone on from that time. Generslly
speeking, the first need was far more light, both to
increase the brightness of the screen imege and to provide
sufficient flux to r£ill the larger screens of the movie
houses, which were even then increasing in si ze beyond
that of the average legitimate theater. Greater steesdiness
of the arc light was obtained by making the positive

carbon into a thick walled tube with s central core of

soft neutral carban; a change from the solid carbon rod
rreviously used. The 8teesdiness of the arc was further
improved by meking the negetive carbon somewhet smaller
then the positive carbon while mainteining its cap city

for high current by copper coeting the negative. This
diminution in size of the negative tended to obtain better
focusing of the arc stream, and hence a more even operation
with less flicker.

However, the 1limit of aveilable light from the low
intensity carbons of the type we have been describing was
soon reached since these carbons are rarely used at a
current density greater than 200 smperes per square inch.
Any further incresse of current over this figure simply

increasses the rate of volatilization of the carbons wit hout



incressing the brightness of the light source. The 1limit
of crater brilliesncy in the low intensity DC arc is about
17,500 candles per square centimeter.

It was et this Juncture that the development of the
high intensity effect pleyed such an important pert in

25
further progress in projection lighting( 2 The core of

(25) Joy, D. B., and Downes, A.C. Chsracteristics of
High Intensity Arcs. Journsl of the Society of Motion
Picture Englneers. Vol. 14, No. 3, pp. 291-301 (1930).

the positive carbon used in high intensity arc is larger
in proportion to the diemeter of the carbon then in the
low intensity type and is mede up partielly of rere esasrth
materials which become luminescent due to the bomberdment
of the electrons emeneting from the negative cearbon.
Basicelly the mechanism of photon production here is
similar to that mentioned previously in the fleme arc,
but due to different chemical characteristics of the core
and to the confining effect of the focused arc stream,
the production of light is primerily dque to s smsll ball
of extremely hot incendescent ges trapped in the positive
crater, The temperature of this gas is much higher than
that at which carbon sublimes, 3670° centigrade, and thus
the light production in this type of arc is not limited
by the vaporization temperature of the basse materiel s.
The current density in the positive carbon mey now spproach

or even exceed 2000 amperes per squere inch, and the small



31

size of the major light producing area is a further
adventage from optical considerations.

The first high intensity projection lamps were developed
mainly far large theaters snd used an uncoated positive
carbon which was rotaeted in & horizontal position with the
creter fecing a condenser lens system and the negative
carbon st an angle of about 45° position below the
positive carbon. The negative carbon were copper coeted
for cuwrent carrying cepscity. Due to the spacisal
arrangement of the carbons, then, the concentration of
magnetic flux in the gap between the csrbons is much
grester in this type of set up at the bottom of the gap
than at the top. This results in the veporized meterials
being given an electromegnetic impetus up and slightly
away from the positive creater so that vaporizetion products
do not present a problem in obscuring crater light. In
genserel, this type of illumination system is still used in
the very large cinemas.

The smaller cinemas did not receive the benefit of
high intensity projection until about 1933 when the non-
roteting high intensity projection system developed by
National Carbon Compeny, as was the original high intensity

(26)(27)(28)

system, became aveilable . The maln differences

(26) Joy, D. B., and Downes, A. C. Direct Current High
Intensity Arcs with Non-Rotating Positive Carbons. Journal
of the Society of Motion Picture Engireers. Vol. 22,

No. 1, pp. 42-49 (1934).
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(27) Joy, D. B., and Geib, E. R, The Non-Rotating High

Intensity D-C Arc for Projection. Journal of the Society

?f Mo?ion Picture Engineers. Vol. 24, No, 1, pp. 47-81
1935).

(28) Joy, D. B., Lozier, W, W., and Simon, R. W. Large
Size Non-Rotating High-Intensity Carbons and Their
Applicetion to Motion Picture Projection. Journal of the
Society of Motion Picture Engineers. Vol. 34, No., 3,

Pp- 241-251 (1940).

between the non-roteting system and the previous high
intensity systems were the use of a non-rotating positive,
horizontelly positioned and copper coated, facing awey

from the film gete into a collecting mirror, and the
re-arrangement of the negetive cerbon into a horizontal
position in line with the positive carbon, but slightly
below it. The negative carbon is fed through the collecting
mirror in this system. Actually, the opticael system of

such a projection lamp described here hed been utilized

(29)

some time before with the o0ld style low intensity

(29) Joy, D. B., and Downes, A, C. Properties of Low
Intensity Reflecting Arc Projector Carboans. Journal of
the Society of Motion Picture Engineers. Vol. 16, No, 6,
pp. 684-694 (1931).

carbons since this system with the elliptical reflector,
made it possible to increase the cone of light picked up
from the crater from about 45° to 120°.

A modification of this same approach was made in the
so-celled "hi-low" reflector lamp utilizing the high
intensity effect in which the negative carbon was slightly
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inclined to the positive, thus occluding less light from
the crater. The combinstion of high intensity principles
using horizontal cerbons with the elliptical reflector
system was a meajor advance as this combination gave
considerably greeter light than the low intensity arc but
less illuminstion then the "hi-low" lamp or the high
intensi ty condenser laemps suited for the larger theaters.
The most simplified version of the high intensity
reflector lemp is represented by the so called "one
kilowatt lamp™ which uses an arc current of about 40
amperes at & voltage of about 27 1/2 volts across the arc,
This lamp and cearbon combination was developed for the use
of smell theaters not needing the large light outputs of
earlier high intensity types, but desir ing the slmost
invaluable properties of the high intensity arc for color
film projection. The development of the one kilowatt lamp
was mede possible only by National Cerbon Company's
research efforts, since previous attempts at extremely
low current high intensity arcs had been defeated by the
tendency of the negetive carbon to form a so called carbide
tip in such arcs if operated at low current and the close
spacing demanded by a relatively low arc voltage. This
carbide tip is formed by lncomplete volatilization of the
rare earth materials and their combinations with the other
meterials maeking up the projector cerbons at low durrents
and short spacing. The development of the "orotip"™ C
carboh eliminated this trouble and mede possible the
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30
development of the one kilowett lemp in 1940( ). Thus,:

(30) Lozier, W, W., Joy, D. B., and Simon, R. W. A New
Negative Cerbon for Low-Amperage High-Intensity Trims.
Journel of the Society of Motion Picture Engineers.

Vol. 35, No. 4, pp. 349-360 (1940).

at the present time no thester, however smell, need use
low intensity arc illumination as a projection light
source, In all the arcs having both carbons horizontally
positioned, it hes been found necessary to provide
auxiliary magnetic flux to remove veporizetion products
from the arc since no such concentration of flux comes
about naturally as in the case of the rotating positive
high intensity arc.

Alternating current arcs heave also been developed
which meke use of the high intensity principle in the
lower current and voltage levels., Some of the projection
lamps utilizing alternating current arcs avoid the trouble-
some fl icker sometimes noted with such arcs by an ingenious
application involving a supply of current to the arc at
such a cycle speed thaet any flicker corresponds to the
periods during which the shutter blade is interposed
between the light source and the screen,

We list herewith some comparative figures showing the
cost per hour per 1000 screen lumens for the various
types of light sources which have been used in motion

rlcture projection:
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Type of Lamp and Trim Cost per Hour per
1000 Screen Lumens

(Per Cent)

Early D.C. Low Intensity, Condenser Type 100

Later D.C. Low Intensity, Condenser Type 72

Early D.C. High Intensity, Condenser Type 60

"Hi-Low" Reflecting High Intensity 38

Low Intensity D.C. Reflecting 24

Present D.C. High Intensity, Condenser Type 22

D. C. Simplified High Intensity 11

"One Kilowatt", High Intensity 10.5

We should touch in somewhat greaster detsil upon the

question of 1light quality from arc carbon light sourcses

(31)(32) (33)

used in motion picture projection As

(31) Joy, D.B., Lozier, W.W., and Zavesky, R.J. Recent
Improvements in Carbons for Motion Picture Studio Arc
Lighting. Journal of the Socliety of Motion Picture
Engineers. Vol. 33, No. 4, pp. 373-383 (1939).

(32) Bowditeh, F.T., Null, M.R., Zavesky, R.J. Carbon
Arcs for Motion Picture and Television Studio Light.
Journal of the Society of Motion Picture Engineers.
Vol, 46, No. 6, pp. 441-453 (1946).

(33) Lindermean, R.G., Hendley, C.W., and Rodgers, A.
Illumination in Motion Plcture Production. Journal of
the Society of wmotion Picture ZEngineers. Vol. 40, No. 6,
Pp. 333-343 (1943).

mentioned briefly aebove, the question of light quality
became extremely pressing at the time the first large
scale usage of color film in cinematography took place.
The low intensity carbon arc, while asppearing extremely
brillient to the nsked eye, contains a larger proportion
of the ldnger visible wave lengths than does sunlight,
to which our eyes are adjusted by nature. If such

yellower light from low intensity arcs is used either for



36

photogrephy or for projection of movies at a leter stege,
the color values are altered and do not eppear natursel.

A certein artificial balance can be achieved, of course,
by mesns of chemicel trensformetions in the film
emulsions, but such a solution is far from idesl. The high
intensity carbon arc cen be made to give radiant energy

in the visible spectrum which, in its distribution,
closely approaches the coclor balance of nstureal sunlight
and it is this queality of the high intensity arc which has
made this projection of color movies the success that they
are.,

Indeed, it is possible for special epplications to
obtain practically any section of the visible and neer-
visible spectrum in sn intensified form from high intensity
or fleme carbons by verying the core constituents of these

carbons(34). Of course, all carbon arcs contain the

(34) Rediastion Characteristics "National" Industrial and
Therepeutic Carbons. Catalogue Section A-4300, Carbcn
Sales Division, National Carbon Co., Inc. 23 p. (undated).

prominent cyanogen band emission around 3,800 angstrom
units, but in acdition to this practicelly any other band
can be selected for reinforcement in spectral intensity.
Examples of various emission curves from industrial and

therapeutic carbons are available(SS). As mentioned

(35) Ibid.

previously, high intensity carbons intended for motion



37

picture projection ere balanced to conform as closely as
possible to normal sunlight.

For a general discussion of recent work in the field
of projector carbons, we refer the reader to Holloway,

Bushong, and Lozier(ss), and for an interesting disserta-

(36) Hollowey, F. P., Bushong, R. ., and Lozier, w. W.

Recent Developments in Carbons for Motion-ricture

Projection. Journal of the Society of Motion Ficture
?nd T?levision Engineers. Vol. 61, No. 2, pp. 223-240
1953).

tion on the theoretical determinetion of motion picture

screen light as a function of carbon arc crater brightness

(37)

distribution to Jones . For a general modern discussion

(37) Jones, M. T. Motion Picture Screen Light as a
Function of Cerbon-Arc-Crater Brightness Distribution.
Journal of the Society of Motion Picture Engineers. Vol.
49, No. 3, pp. 218-240 (1947).

(z8)

of high intensity ercs, see Bowditch , and for some

(38) Bowditch, F. T. Light Generation by the High-
Intensity Carbon Arc. Journsl of the Society of Motion
Picture Engineers. Vol. 49, No. 3, pp. 209-217 (1947).

data on systems newly developed for cinema projection, we

refer the reader to Gretener<59) and Greider(40).

(39) Gretener, E. An Improved Light Source for Three
Dimensional and Wide Screen Projection. Journal of the
Society of Motion Picture and Television Engineers. Vol.
61, No. 4, pp. 516-524 (1953).

(40) Greider, C.E. Performance of High Intensity Carbons
in the Blown Arc. Journal of the Society of Motion Picture
end Television Engineers, Vol. 61, No. 5, pp. 525-532 (1953).
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The most important substance which goes into pro-
Jector carbons is, of course, carbon, from the standpoint
of bulk, and of function as well, The raw materials used
include the purest available forms of petroleum coke,
lamp black, tar, and pitch; the latter two are used in
their original purified and blended form &s binders, but
appear in the finished projector carbon as coke since
several baking operations take place during the course of
manufacture.

The first important step deals with these tars and
pitches which must be refined and distilled to exact
gqualities. The lamp black, which has previously been
produced by burning oil in special furnaces, must be
milled thoroughly, as must be the petroleum coke, After
milling, the so0lid materials ere blended with lots of
previous "flour"®" to insure uniformity. After such blending,
the flour can be mixed with the bonding materiasls in
heated mixers wh ich produce a plastic mass of blend.
Obviously the type of flour and binder chosen will depend
on function which the projector carbon or other type of
arc carbon is expected to fill. After mixing, the
doughy mass is extruded from huge hydraulic presses in

various sizes and cross-sectionsl shapes and with various
8ize core hole. The extruded product is sllowed to cool
and becomes fairly rigid, but not really hard. The next

step in production of the projector carbon is the baking
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of the cerbons at a high temperature and for a reasonably
long period of time to convert the bonding materisls into
coke, giving s homogeneous shell of pure carbon.

After coming from the first beke, the carbons are
cleaned, cut to the proper length, and after several
inspection operaetions ere cored with a mixture of rare
earth compounds for the high intensity positives and with
some neutral arc supporter and soft carbon for the low
intensity positive and the negative carbons. A second
period of baking then is given the carbons to coke the
binding materials used in the cores, much as the previous
baking was given the carbons to coke the binding meterials
in the shell. With various inspection operztions inter-
vening, the cerbons are then chamfered, plated (only
certain types), sawn or butted to length, and finally
marked and packed. Immediately before packing, the carbons
ere given a finasl X-ray check to show up any voids in the
core and a final inspection to pick out any visual or
dimensional rejects. In the Singapore fectory, only

hose opsrations from coring forward f#re carried out,
and it is with these we will be primerily concerned in
our discussion. For a general review of erc carbon lighting,

- 4
we refer the reader to the Encyclopaedia Brittanica( l),

(41) Lighting and Artificial Illumination. (Article).
Encylopeedia Brittanica. 1946. Ed. Chicago, ‘En.
Brit. pp. 105-115, Vol. 1l4.

, 42
and to the National Projector Carbon Handbook( ).
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(42) ©"National™ Projector Carbons. Fourth Edition,
New York, National Carbon Compeny, Inc., 1948. 100 p.

The above discussion on theoreticesl and general
aspects of the products with which the writer has been
involved was fe lt necessary since the manufacturing
problems associated with these products and the corresponding
quality control operations are fairly unique and it was
felt that such a background dissertation was necessary
before any specific discussion of the writer's own work
in this field was tasken up.

This introductory section will be closed now with a
short description of the work done and the training
received by the writer during his approximately one year's
stay at the Edgewater plant of National Carbon Company in
Cleveland, Ohio. This work served as background for his
assumption of the responsibilities of quality control
and evaluation work at National Carbon (Esstern) Limiteqd,
located in Singepore.

The first several weeks of the tour of duty in
Edgewater were devoted to study of the various operating
departments of the large Zdgewater plant in company with
the various general inspectors working there. This
treining not only gave an opportunity for gaining an
over-all picture of dry cell menufacturing techniques,
but wes also useful in that inspection operations and

quality control check points were stressed and much
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background in this phese of the work was obtained.

Following this period of general survey in company
with the inspection staff, a number of weeks were spent
in various of the more important production departments
working with the departmental foremen and in obtaining a
someﬁhet more detailed plicture of certein phases of individual
opersting depertments than was possible in the first
survey made with the inspectors. The writer, during this
period, maede & point of drawing up orgenizetional charts
for each of the departments in which he worked vwith
refersnce to inspection and quality control personnel
especially. Unfortunetely, this work was largely wasted
for reasons which will be brought out a bit later.

It wes the writer's good fortune to be in training
during a period of rapid expansion of evaluation and
development work at the Edgewater plant. While the actual
manufacturing operations of National Carbon Company have
bteen tremendously increesed during the past few years, the
me jor portion of the evaluation and development work was
still being done at the Edgewater plant in 1951. Several
factors sccount for this centralization of development
work, one of them being the fact that the resesrch
laboratories of the entire company are located in physical
conjunction with the Edgeweter plant, even though they
are s completely separate sdministrative unit in the
company framework. A second factor in the plecement of

the development section at Edgeweter was the veriety of
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types of production which was being carried on there at
thaet time. Ilost of the newer plants have been designed
for a more specialized output, wherees the Edgewater
plant in 1951 weas still capable of producing practically
every type of dry cell or battery being marketed. Since
development's function is to mediate between research and
operation, one cen see that the centrelization of develbp-
ment work at idgewester was inevitable even eside from the
fact that previous maenufacturing centralization had
brought it ebout.

| The spring and summer of 1951 were, of course, a
period of industriel and developmental concentration in
most industries due to the then recent broasdening of the
Korean wer situstion. Coupled with the netural need for
more technicel workers at such a time was the additional
shortege caused by the absence of those men returning to,
or being inducted into, the armed services. Thus it was
that the writer was given an opportunity to work in the
development laboratories as a development engireer réther
then being more or less forced to spend the entire
projected year of training in verious temporery jobs
sround the plant. |

Experience has since shown thet the eight to nine

months time spent in the development laboratory at
Edgeweter has been fer more helpful in building up
technical experience on battery chemistry and construction

than any similer period could have been if spent in the
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factory proper. It is, of course, ridiculous to hold thet
factory experience 1s not necessary and beneficisl, but

it heas been the writer's erxperience that all too often

the factory training is cerried out in a very careless way
on the part of those persons responsible for the training
of the incoming engireer, There are exceptions, of courss,
but it seemed to this writer and to his fellow trainess

in Edgewater, thet frequently it wes & question of one
foreman's passing the neophyte slong to another with a
comment something like, "You're supposed to have this guy
in your depsrtment for & week; I don't know what you're
supposed to do with him, but you can let him walk asround
and watch the work s long &8s he doesn't get in the way.n"
With the best intentions in the world, it is hard for

any trainee to get the maximum benefit from the time spent
in & treicing program such as this. Being thrown into a
high priority development program, the writer was freed
from this epplicetion of the laissez faire principle,
since development programs cannot be run on such a
hephazard basis. Systematic work, experimentation, and
conferences were rather the rule of the day.

It is perhsps not necessery to go into any great
deteil on the theoreticsl problems which concerned the
writer during his work in the development laborsastory at
Edgewater. It is, however, germene to note that of the
twenty-odd technicesl reports written during that period,

most Oof them dealt with problems introduced into dry cell
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manufecture by tropicel storege and usege conditions.
This was an excellent opportunity since the writer's
work wes to be in tropicael or semi-tropiceal locations,
plus the fect that the studies mede covered prectically
all phases of dry cell construction from the causes and
effects of electrolyte diffusion in electrodes of dry
cells, to determinations of electrolyte transfer between
components of dry cells, to over-all studises of construc-
tional defects of conventionsl round cells stored under
extremely abusive conditions of heat and temperature.

It was a source of satisfection to the writer that
he wes sble to mrke some positive contribution to the
study of conventional type round cells under extreme
conditions, and even though this contribution was small
in the over-2ll picture, it was one of the building
blocks for an over-a&ll summation of results and future
aims made by the depasrtmental head shortly before the
end of the writer's tour in Edgewater.

Towerds the end of the scheduled year's training in
Edgewater, a period of approximsestely two and a half months
was spent in the specificaetions and quality control
division of the company, which wes centralized at Edgewater
for all battery problems. In any orgenization as huge
as Netionaesl Cerbon Company it is natural to expect a
high development of compeny stendards and such indeed 1is
the case in the National Carbon organizetion. The quality

and specificetions division not only establishes
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specifications in conjunction with the development
laboratory, but also rules on permissable modifications
for those foreign plants unable for one reason or

another to meet exect materiel specifications., This

latter function, reasonasbly enough, often leads to the
necessity for evaluation tests, which, once again, are
carried out in conjunction with the development laboratory.

Progressing as he did from the development laboretory
to the quality section, the writer experienced no bresk in
continuity, but rether wes given a different view of the
same over-&all mechanism. In view of impending overseas
work, problems in correspondence perteining to such
locetions formed the work of the writer while irn the
quality and specifications division. The perscnal
contacts here were equally good from the long range
standpoint, as made in the evaluation and development
laboratory, since, as quality control head at Singapore
it hes been the writer's function to cerry on, among
other things, much of the correspondence and quality
reporting directed to the specifications and quality
division in Edgewster.

This work in Specificetions was followed up by =a
final rether quick refresher tour through the plent at
Edgewéter, which was a grest deel more helpful than the
earlier plent tour had been due to the fact that the
writer, with one year's experience behind him, knew more

about the operations involved and therefore about the



points worth concentrating on in his depertmental

studies .
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DISCUSSION

In the introduction of this paper we have attempted
to outline a background of informsation on modern day dry
cell and projector carbon menufacture, as well as to
give a brief picture of the writer's treining preperatory
to joining the foreign asctivities of Union Carbide
International Compeny, &s quality control head in the
National Cerbon (Eastern) plant in Singepore. In this
discussion we will now deal more specifically with the
work which the writer has done for the past three years
at this locstion.

Singapore, £€s a geogreaphicel entity, is surprisingly
unknown to maeny people in the United States, surprisingly
unknown becsuse it has long been the most important port,
both for entrepot tresde and outwerd shipping, in British
Maleya; & country which produces more tin and more
naturel rubber than the rest of the world combined.
Singepore may generelly be seid to be a part of Sritish
Malaya with quelificstions, as herein undernoted, and 1is
most definitely not part of India or of China, &s so
meny people seem to think. Physically, Singepore is an
island, roughly ten by twenty miles in extent, loceted
epproximetely a mile off the southern most tip of Asis,
the end of the Malsy Penninsula. The dominent city on the
islend is slso called Singspore. The population in

mid-lg?zswas estimated at 1,123,172 excluding armed
forces ). This population is dominested by the Chinese
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(43) Colony of Singapore Annual Report 1953, Singapore,
Government Printing Office, 1953,

segment of approximestely 860,000, which is followed by
the subjects of iiaslay blood, with about 138,000, and by
Indians and Peskistenis, 87,0C0. The Europeens make up &
raether diminutive fourth with about 16,000, As can be
understood from the population distribution, Singapore is
besicelly a colony of Chinese languege and habits,
modified by the local Meley customs and climate, and
veneered over with a thin cest of dominent whites.

Politicelly, Singspore is a Crown Colony, separate
end distinct from the Federation of Maleya and from
Penang. The former political unit of the Straits
Settlements, comprising Singspore, Penang, and Malacca,
has now been dissolved. For a general review of the

44
Colony, see the Annuel Report, 1955( ).

(44) TIbia.

Since the end of the Jepasnese war, the governing
powers in Singaspore hsve seen that the Colony's old role
as a trade center and entrepot for Malaya and British
Borneo, while increasingly large in extent, was not
enough to cushion any economic slumps which might occur
due to loss of world maerkets for locel produce. To

partially buffer this condition, encouragement hes been
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glven to industry's setting up of manufacturing plants

in Singespore. Until 1948 there was no income tax levied
in the Colony on eithér personal or corporate income, and
this, of course, scted @as an added inducement. It might
be mentioned here, parenthetically, that the British
suthorities in Singepors have been most fair in all their
dealings with non-British firms who have elected to set
np manufacturing units in Singepore. IExchange control
and import licensing has been most reasonable and in
general, very liberal.

It was into this healthy economic atmosphere that
National Carbon's foreign department (the predecessor of
Union Carblde International) decided to enter. This
decisidn was further urged by the necessity of setting up
manufacturing facilities somewhere in the Pound Ares,
which were at the seme time in such & location that they
could serve large soft currency areas conveaiently and
be in a position to obtain the liberal exchange control
end import licensing so necessery for internationsl trade
of any kind.

The first in situs planning for National Carbon
(Eastern) Limited was started in 1946, and construction of
the actual plant followed soon afterwards with some of
the senior staff arriving in 1947, and the junior expatriate
staff arriving in the very early part of 1948, when
production commenced. At that time the National Cerbon

(Eastern) plant in Singapore was designed to menufscture a
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small range of dry cells and batteries with many of the
menufacturing operations being cerried out in a fashion
a great deal more dependant on manual labor than the
current practice in similar operation in the United
States, Since thet time, the business has prospered
beyond the most optimistic forecasts, and at the
present time, Netional Carbon Eestern's production of
dry cells is well over twice the original design figure.
Construction of an erc cerbon manufacturing unit wes
begun in 1950, and installation of equipment proceeded
throughout 1951 and '52, with production getting under
way in 1953 in this unit.

Like any other institution, a menufacturing plant is
colored by its surroundings. In addition to the points
previously mentioned of good transport facilities, liberal
forelgn exchange, and geographical sptness of site, there
are two further major factors which heve influenced the
operation of the Singapore plant to a large extent, The
first of these is climate. Some people feel that
Singapore's climate is horrible, others find it idylliec.
No matter which view one tends to, the climate in Singapore
is certainly werm, and certainly humid. Being only about
seventy miles north of the equator, Singapore has, of
course, no winter or summer, and does not esven experience
the sharply demarcated line between wet and dry se=ssons
which is found on the China coast to the northeast, and

more particularly in Burma and Indiae to the northwest,
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The relative humidity in Singapore rérely goes below
60% and is frequently over 95% while a day-time
temperature of under 80V is not common. Sling psychrometers
of standard design and recording thermo hydrograph
instruments are used for humidity determinetions. These
factors of climate make rew material and finished
product storage & major problem in dry cell manufacturing.

In many cases, a great deal of extra work is necessary
to overcome the harmful effects of the high humidity
particularly. From & quality control standpolnt, this
humidity elso plays havoc with control instruments from
the most sensitive potsentiameter to a relatively crude
platform scale. vne of the writer's first decisions as
quality control head in Singapore was to establish primary
standards for s8ll the various measuring instruments,
refined or crude, with storage of these stasndards in air
conditioned or desiccated enclosures.

The second additional conditioning factor applying
to manufacturing operestions in Singspore is the nature of
the population and the political considerations which
apply to this population at the present juncture in world
effairs. As mentioned #bove, Singaspore, &s a unit, 1is
largely Chinese in population and is even more so in terms
of factory worker population, since the Malays in general
are a very easy going, non-competitive race, the members
of which prefer to work &s chauffeurs, gerdeners, etc.,

thater than as production line labor. The attitude of the
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Singapore Malay population, which attitude has regretably
been partially assimilated by the Chinese, is best des-
cribed by the phrase, "Tidaek apa" or "Tidapa", which,
very broadly translated means a combination of "So what",
"Never mind"™, "I couldn't care less", and "It can wait
'till tomorrow",

This sort of mental attitude has unfortunstely been
coupled with the worst features of the welfere state
philosophy, in modem Singapore. The British have become
so chary of seeming to rule in colonial areas that they
panic at even the suggestion of local pressure. It is no
tribute to America that we have nagged st Britain for so
many years to pull out of her colonial possessions., It
is rather & beautiful example of unqualified "experts"
poking their noses in with absolutely no knowledge of
prevailing conditions. The lessons of the past few years
have shown all too grephically the horrible results of
the cession of power in Southeast Asia by European
nations to fanatic minorities of Asians.

Be that es it may, Britaein seems to be in retreat
even in Singapore, and 1is hurrying her own downfall here
by giving way to the most far-fetched demand for welfsre
state institutions. As a result of this tendency, hastened
during the years of labor government in‘England, the local
populacs, pafticularly among the Chlnese, have gone & long
way down the road of belief and practice which leads to

the ultimate "hand-out" government. Such conditions do
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.not, of course, make for the best labor atmosphere in
the world and it is only Singapore's population pressure
which has made the lebor situation here as liveble as it
has been.

It might be interesting to mention here one of the
outstanding faux pas of so-called American Foreign Policy
in this area. Several years ego a notorious leftist
labor eagitator was selected by the U.S. Department of
State for an extended visit to America, all expenses
paid. Within & few months after his return to Singspore,
this same men did everything within his power to cripple
and disrupt the operations of National Carbon (Eastern)
Limited, a 100 per cent American owned firm, by a wildcat
and completely unjustified strike. It is a sed commentary
on the way Americen texpeyers', both individuals' and
Tfirms', money is spent.

With the exception, however, of the incident mentioned
above, and following the complete fasilure of this strike,
labor relations heve been extremely good in National Carbon
(Eastern) Limited due to, in lerge part, the very liberal
attitude taken by management. The points noted above,
however, are worthy of mention since it is not aslways
possible to be absolutely sure that a zealous scrap
drive, for insteance, is accomplishing all it might were
the local workers solidly co-operative.

The problem of language, of course, enters into all

questions of manufecturing operations in Singapore,
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since few of the workers speak English. This point has
been found a most unhandy one at times in the writer's

own job of quelity control. Many of the supervisors at
the monthly paid level are Eurasian, while others are
Chinese; all of these people of necessity have been chosen
from Znglish speaking segments of the populetion., Most

of the Chinese as well as the Malays and Indians employed
in National Carbon (Eastern) Limited speak the bestardized
Malay of Singapore, commonly celled "Bazaar lalay", This
polyglot language 1is the simplest form of rudimentary
Malay, coupled with many lcan words of English; and a
spesking knowledge of it is relatively easy to obtain.
However, as the writer has found, even with & working
knowledge of this Bazaar iMalay, it is very easy to meet
with blank looks from Chinese workers in the factory;

in any cese, however, he hes found that the time spent on
acquiring the local kBnguage has been well invested,
especially so since few other buropeans in National

Carbon (Eastern) Limited speak ilalay.

Let us hasten to add that Bazasr Malay, es spoken in
Singapore between races, is a far cry from the beautiful
elided language of the educated lialay sSpeeking to his peer.

The total strength of the National Carbon (Eastern)
Limited plant and office is approximately 475 (1955),
made up mostly of Chinese in the more demanding production
jobs, with a few Malays and quite a few Tamils from

southern India also employed. This latter group of Tamils
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represents one of the Dravidian races of southern India
which, as a group, is the most primitive and least
gifted of any Indian species, which is saying a lot.
These Temils generally work as sweepers or clean-up men,
and will concern us little in quality control work,
although meny of the clerk class in Sinzapore come from
the same Dravidian group, but are termed Malayalems, and
are generally somewhet brighter than the average Tamil.

when the writer arrived in Singapore, the abortive
strike mentioned above hed just started. This strike
followed a period of several months durlng which the
communist agitators hed become increasingly bold and
insolent within the plent and during which many of the
workers deliberately caused scrsp and low gquality produc-
tion. This, coupled with & raw materisl problem, due in
lerge pert to lack of sdequate raw material control, had
led to 8 seriocus drop in cuality snd a rise in scrap.
The situstion was somewhat eggraveted by the fact thet no
senior quelity control personnel had been avail able in
the Singapore plant for over a year, which led to a less
efficient queality control at the same time.

Coming, &s the writer did, into the plent at thet
time, he found the situstion bad in that sloppy methods
and deliberste mischlief hed created a very careless
attitude toward quelity on the part of the supervisors
end workers, but good frcm the standpoint that with

cessation of labor trouble after the strike there was
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presented a field in which management's efforts towerds
better quality coulé not be ignored by the rank and file
of supervisors esnd workers. At the seme time, a good
effect of the strike wes that it resulted.in the clearing
out of the deliberately careless workers snd presented in
most cases & new and untreined l=bor staff which coulé be
taught proper work methods from the beginning.

In connection with the training and supervision of
Asian workers, it must bte understood thet these workers
are essentially differeit from the average producticn
worker in American industry in thst they sre generslly
less intelligent, much less schooled, and much, much less
incl ined to indulge in thinking aimed at bettering the
operstion of which they are a pert. As is generally
recognized now 1n Americe, a large percentage of the
worthwhile suggestions for Improving operations end methods
nowadays come from the hourly pald workers directly
concerned with the job under review., Such a co-operative
and independent attitude of thought mekes the quality and
production engineer's job much easier, not only due to
the direct contributions received from the workers, tut
due to the fect that generally once the reasons for an
improvement chenge in any operation is erpleined, the
production people will co-operate intelligently. By and
lerge, the Asian worker does not, or will not, contribute
to job betterment in this fashion. This factor mekes it

necgcessary to approach quality control from a rather more
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arbitrary standpoint in that it is useless to hope for

eny grass roots initiative. If this stagnasnt attitude of
mind on the part of the Asian worker were completely
consistent, it would be possible for the quality control
men to depend at leesest on rigid adherance to instructions
on the part of the worker, if nothing else. Tnfortunetely,
the Asian worker is all too ready to do things in =a

sloppy, haphezsrd way, and thus must be wstched and
checked continually to obviate poor quality products due
to sloppy handling or procedure.

The net result of all this 1s that generally speseking,
a much higher proportion of inspection staff must be
maintained on eny given operstion in such plants es that
one in Singepore, than would be necessary in the United
States. This incresse in inspection staff 1s equally
necessary on the monthly paid level, since the type of
individuel usueally found in junior supervisory jobs tends
to have the seme faults, albeit on a less pronounced
scele, #s the coollse shifting bars of meterisl.

The bettery plant operstions in Singspore will be
covered from a quality standpoint at this time, with
following sections devoted to the arc cerbon plant and
other collateral activities. The writer would like to
emphasize at this point thet while most of the gquality
control details brought out in the following pages are

either new since his tenure in Singspore, or revisions
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of existing methods, the object is not to give the
impression thet the grest improvement which hes resulted
in Singepore quality control during the past three years
is due to any one-men effort on his part. Wwithout the
co-operation of all the other foreign assigned personnel,
the writer's efforts for e codification and extension of
the gquality control system in Singapore would have come
to very little,.

The quality control operations in Singapore National
Carbon (Eastern) battery plent can be conveniently broken
down 1nto four msjor divisions:

l. Reaw materiesl exeminestion and control.

2. Process quality control.

3., Xvaluation, development, and experimentation.

4, Solution of unexpected difficulties in manu-

facturing.

A total of thirteen monthly paid assistahts are now
(1955) under the writer's direction, filling jobs as
follows: eight depsrtmentel or assistant departmental
inspectors, two analytical essistents, one general
inspector, and two generel staff asssistents. In esddition,
roughly forty full time hourly peid inspectors come under
the control of Works Laboratory in Singeporse.

As we have mentioned sbove, the Singapore factory
owes its location to & number of fectors, one of these
being the desirability of a locaticn in the soft currency

area of the British Commonweelth. A corolery of such
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location 1s the possibility of obteining certain raw
materisasls from soft currency sources to avoid using any
more hard currency exchange for raw meteriel purchsse

than is absolutely necessary. Another resson for
ettempting to obtain as great a percentege of the necessary
raw materials from locelities other than the United States,
is that almost alweys such materiels are asvaileble at

lower prices from European or other sources than from

the United States. ©OSince Singapore 1s a dutyfree port

on practically all meterials (the only exceptions are
liguors, tobeccos, phermaceuticels, and cosmetics), and
since the Colony is located closer to Europe thanvto the
United Staetes, it can be seen that other economic factors
such &s shipping costs reinforce the desirability of
obtaining necessery raw meterials from non-United Stetes
sources. Assuming a given quality of meterisl, it is only
naturel that dry cell producers, like esnyone else, should
prefer to buy their raw materials at the cheapest price.

In the years since National Cerbon Compeny was formed
in the United States, a sizeable literature has grown up
on product and materiasl specifications. These specificsations
are, of course, available to the Singaspore fectory far
guidance, both in purchasing reaw materiels and in pro-
duction of National Carbon products. On the surface 1t
might seem that.raw materiel procurement beccmes a matter
of feeding the pertinent specificetions to the wvasrious

prospéctive suppliers, and then sitting back and waiting
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for the bids to roll in. Unfortunately, it is not quite
so simple &s tkhis, since all too often the exect type of -
meterial specified &s used in America is not svalleble
in the same form from other sources. The difference may
be one simply of nomenclature, or possibly one of
different aspproach to the same problem on the part of
European i1ndustry 1in general.

In such cases it becomes the quality control
section's job to reinterpret the specifications in some
degree, 1f necessery, alweys keeping in mind the essentials
from which deviation cannot be comsidered at any cost.
In more serious ceses, of course, clearence must be
obtained from higher mensgement. Most often the
denoument of any serious question regarding raw materiasl
quelity 1is a series of eveluastion tests run on the material
in question. We will cover this phase of quality control
work in grester detail 1lster on.

Due to the necessity of meinteining far larger
stocks than usual in the United States of raw materials
in en opercstion so fer from its major sources of supply,
a steady flow of meteriel shipments reaches Singepore for
National Carbon (Eastern) Limited. Since it is necessary
to maintain this.forward stock of raw meterisls as a
cushion against possible dock strikes, lost shipments, etc.,
it is essential to determine as far as possible the
quelity of all incoming goods immedistely upon receipt,

so that i1f necessary, due to condemnation of the shipment,
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an lmmediate reorder to correct the situetion can be
pleced. A system was set up in Singapore to accomplish
this aim and was written up &s comprehensively as
possible as one of & series of "Standerd Vorks Laboratory
Methods"™ which the writer hes built up during the past
three years. |
This codification of methods, procedures, and
technicel records has been one of the guiding principles
of the writer's work in Singepore. We have striven
unceasingly to inculcate the idea that these "Standard
Works Laborastory Methods" are tools to be used as aids
to routine work cerried out in the Works Laborstory sand
not stumbling blocks put in the way of the typicel Asien
leboratory assistant. In this codificetion of methods,
it has been found necessary to think in terms of the
failings of the Asien mind, which 1is essentielly static
and to welk the tightrope between incompleteness of
instruction and complete negation of individusl initistive.
On the one hand we have found that, given any formal
loop hole in an instruction, the typicel Singsporian will
use such a loop hole later on as a certe blanche excuse
for failing to do something which obviously wes covered
by the spirit of the instruction, if not the letter.
Thus, while the codification of method and procedure has
been & major advance in Works Lsboratory practice in
Singapore during the pest three years, it has elweys been

necessary to write such procedures in such a way that all
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possibilities for the future which could be envisioned
were covered.

In the cese of raw material examinetion, the standeard
method takes up about five single spaced typewritten peges,
and covers all necesssary points from the initistion of
the sample order for any raw material shipment through
such considerations &s the number of containers to be
opened and sampled for any shipment, the amount of sample
to be teken from eech container, the proper method for
teking this ssmple, deteiled instructions on the
eppropriate tests to be applied to esech raw material or
part sempled, the method of recording the results of
the appropriate tests, the method of calculating the
conversion factor for individusl battery parts, the
correct circuletion of results, and fineally, the procedurse
to be followed in case substanderd material is revealed
by the applied tests. The application of this psrticuler
lab method has been so successful that all the ssmpling
end testing of routine incoming raw material shipments
is now being carried on with very little direct supervision
by the writer.

At the present time each and every part or material
which comes into the National Carbon plent is checked
and the results recorded by the raw material record
system. To facilitate the recording of such results, the

writer has drawn up approximately sixty individueal
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mimeographed forms which cover the range of raw meterials
and are so constructed that a complete record of the raw
material quality is easily prepared and with a minimum of
time and effort.

Before the writer's arrival in Singapore, no raw
material shipments had been tested for about eighteen
months, and it was felt necessary to carry out retroactive
testing on some of the materials still in stock which
would heve the most pronounch effect on bettery quality.

The conversion factor for battery perts mentioned
above 1s developed for each individual shipment of raw
meterial which comes in the form of eslready fabriceted
individual pesrts, such as brass caps, etc. This factor is
a weight number conversion which is used for accountanéy
and inventory purposes, Before the Singapore Works
Laboratory began this factor evaluation, the accountancy
and inventory figures were based only on packing slip
numbers and weights and the factors thus arrived at have
proved to be very unsatisfactory.

Raw meterial examination and check, while not
particularly difficult in itself, is one of the major
time consuming functions of the Singapore Works Laboratory,
and as such, the time spent on its orgsnization eand
streamlining has pald off meny times already 1in easing the
work loed of the laboratory staff and in speeding up the
check of incoming shipments so that if necessery these

shipments can be released directly to production.
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One other minor function of the Works Leboratory
comes under the general head of raw material examination,
but is one which will tend to increase from this time
forward. This is the hourly running exemination of
battery parts produced in the Singapore factory from
bulk raw materiael. This phase of production has only
recently been initiated, but present plans are that it
will grow rapidly 1in the future. The checks made for
this type of raw material examination will be limited
to dimensional and sppearance checks, unlike the tests
given to incoming rew material which include as well
some feairly compliceted chemical analyses.

The second phase of quality control work in the
Singapore National Carbon (Eestern) Limited battery
plant was listed sbove as "process quality control".
Perhaps this is too broad a classificetion, because the
term, s we use it here, is meant to cover a great deal
more thean mere inspection operations throughout the
mesnufacturing system, although such inspection details
are a most necessary part of the over-all frame work of
quality control in the National Carbon plant.

Deeling with this phase of process quality control
first then, we must indicate the organization of the plant
as to operating divisions. There are four such major
divisions as follows:

1. The can manufacturing department in which the

raw materials for the manufecture of soldered
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cans are asssembled into the various sizes and
types of zinc containers which are used in the
range of products manufaectured by National
Carbon (Eestern) Limited.

2. The mixing end stemping department in which
the components of the depolarizer mix are
blended, mixed, and conditioned and then stamped
into the bobbins used in round cell construc-
tion.

3. The cooking or assembly department in which
the various components such as cans, bobbins,
paper parts, and separator paste are
assembled znd sealed into individual cells.
This department includes facilities for the
manufacture of electrolytic peste and for the
metal top sealing of the familiar flashlight
cell which forms the largest part of the
Singapore plant's production.

4, The finishing department in which the cells,
after a preliminary perlod, asre cleaned,
tested, and are furnished with suitable jackets
and lsbels preparatory to final packing in
cartons and wooden cases.

These operating divisions of the battery plant are

served by several auxiliary departments such as the
Engineering Department, the Stores Department, Works

Laborstory, etc.
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At the time the writer first arrived in Singapore,
the production of the cylindricel zinc cans was being
carried out by relatively primitive hand methods. The
low locel cost of labor in comperison to the United
States makes possible the use of less efficient methods
in msnufacturing operations, and the hand construction
of cans would definitely be classified &s a rather
inefficient method, even though it has the advantage of
requiring very little capital expenditure for equipment.

The first sction that was taken in regsrd to
quality in the cen department was to list all process
conditions which might have a bearing on the quality of
the finished product, and to evaluate thess various
points as to relative importance and s to whether or
not a decided<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>